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Abstract
This research investigates the impact of human attitudes, human persuasion and human ethics towards
the adoption of sustainable technology among the small and medium-sized enterprises (SMEs) in
Malaysia. There is a lacuna in the literature of the focusing on the human factors (attitudes, persuasions
and ethical belief) of adoption of sustainable technology in the SMEs context in emerging economy such
as Malaysia. The study develops a comprehensive model of sustainable technology adoption
considering the strengths and limitations of the existing models. The main theories utilized this paper
include the theory of reasoned action (TRA), theory of planned behavior (TPB), attribution theory (AT),
environmental attitudes model and the triple bottom line model. The theoretical framework developed for
this study is based on the premise of the above theories. A total of 234 sample taken from 2369 SMEs in
Malaysia. The major �nding of this research suggest that affective attitudes, cognitive attitudes,
reasoned persuasion, sentimental persuasion, anthropocentrism and altruism signi�cantly impact
adoption mechanism of sustainable technology in a Malaysian setting. These �ndings are later
highlighted in this paper. The implications, limitations and future research avenue are highlighted in the
paper.

1. Introduction
Developing sustainable technological innovation is more than a goal for the future. It is a survival
approach that will inform and ensure the long-term survival of humanity as well as make improvements
in humans’ daily lifestyles. Research proves that the acquisition of sustainable technology will eventually
reduce the possibility of environmental degradation, pollution and climate change (Parrish, 2007; Guerra
et al., 2016; Irandoust, 2016; Moon et al., 2016; Fu et al., 2018; Meijeret al.,2019).Sustainability is a form
of development that meets the needs of the present without compromising the ability of future
generations to meet their needs (Berardi, 2013). Despite its prominence, this de�nition does not provide a
clear description from an organizational and technological innovation standpoint. As such, organizations
often �nd it di�cult, with their roles and their perspective to produce new technological innovation that
contributes to sustainability (Gmelin&Seuring, 2014). Therefore, sustainable technological innovation can
be best de�ned as the innovation that has the potential in reducing long-term risks associated with
resource depletion, �uctuations in energy costs, product liabilities, pollution, waste management and
treatment (Shrivastava, 1995; Gmelin&Seuring, 2014; Choet al.,2019; Adnan et al., 2019).

In today’s world, the development and implementation of sustainable technology is not only an
unavoidable social and environmental issue; it is also a major challenge for many companies (Goeppet
al.,2014; Xia et al., 2019). Technological innovation implementation should balance both economic
progress and natural resource consumption, without endangering the ecosystem (Bohnsacket al., 2014;
Ion & Gheorghe, 2014; Xia et al., 2019). Thus, sustainable development and new technological innovation
are nowadays recognized as the most important source of economic, social and environmental growth.
With the aim of decreasing the cost of usability, many industries are consequently bene�ting from this,
prompting new technologies that are widely adopted (Maet al.,2009; Talukder, 2019). As mentioned by
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Carrigan, Moraes and Leek (2011), the question that needs answering is: can SMEs contribute to
sustainability? Their core ability and role in fostering societal change towards a more sustainable and
environment-friendly mode of living is still being explored.

This research �lls a gap in the literature on sustainable technology adoption within SMEs context in a
developing country such as Malaysia. The study aims to provide an evaluation of each contributory
antecedent created by the technology to assist SMEs to achieve their objectives. Previous research on
innovation management focused more on the external factors of the adoption process (i.e. management,
government, social and organization factors). Conversely, there is less research focusing on the internal
factors (attitudes, persuasions and ethical belief) of adoption (Boonset al., 2013; Brunkeet al.,2014;
Longet al.,2016; Fu et al., 2018; Adnan et al., 2019). Thus, this research focuses on organizational
attitudes, persuasions and ethical belief, and their effects on the adoption process of sustainable
technology. The key issues surrounding sustainable innovations have expanded, where ethical values
and organizations’ concerns shift between greater or lesser inclination towards the environmental
concern. In order to test organizational attitudes, persuasions and ethical belief, four main theories were
executed and expand. The theory of reasoned action (TRA) and theory of planned behavior (TPB) are the
theory that best explain attitudes. Attribution theory (AT) will further explain the persuasions, whilst
Thompson and Barton’s Environmental Attitudes Model (EAM) will explain individuals’ belief. All four
theories are used and expanded to explain the current phenomenon of organizational attitudes towards
sustainable technology.

Sustainable technology is attributed to the deep connection between organizations’ beliefs, actions,
decisions and practices in their everyday lives. This will allow the expansion of the theoretical model in
innovation management, �lling in the gap in the current theoretical framework. Fewer studies have
considered the possibility of creating opportunities for increased organizational performance through
sustainable technology. Furthermore, antecedents to measure the levels of sustainable technology
adoption are also scarce. Therefore, this research can elucidate an organization’s perceptions of and
expectations from the possible outcomes of adopting the sustainable technology. This expectation
outcome were derived and expended from the three bottom line model (TBL) that consist of economy
(pro�t), social (people) and environment (planet) (Quazi& Talukder, 2010; Agamuthu& Victor, 2011;
Carrigan et al., 2011; Nagalingamet al., 2013; Bohnsacket al.,2014; Bourlakiset al.,2014; Chen & Tung,
2014; Iveroth& Bengtsson, 2014; Bachoket al., 2015; Adnan et al, 2019; Meijeret al.,2019). Hence, the
objective of the study is to investigate the impact of human attitudes, human persuasion and human
ethical belief impact on the organizational decision to adopt sustainable technology. The study also
explains the impact of moderating variables (Organizational size, duration of business and industry
sector) on perception and adoption.

1.1.1 Literature review, theory and model

Radical innovation is de�ned as the foundational creations that serve as the basis of many subsequent
technical developments (Datta & Jessup, 2013; Choiet al.,2016). An alternative meaning for the term is
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the involvement of product commercialization, based on the signi�cant leaps made in technological
development. This generates the potential for entirely new features and improved performance or cost,
compared with the existing choices, offering a substantial increase in consumer bene�ts (Vowleset al.,
2011; Changet al.,2012; Pinoet al.,2016). Radical innovation needs to be unique, novel and original to
impact on future technology development (Datta & Jessup, 2013; Keupp& Gassmann, 2013).

Radical innovation is essential for any organization or nations’ economic growth and prosperity and
solving environmental problems (Buschgenset al.,2013; Choiet al.,2016). Research has shown that
adopting radical innovation can only bring about a small percentage of success; therefore, organizations
tend to not take the risk of implementing it (Buschgenset al.,2013; Talukder, 2014). Corporations that
cannot emulate this form of innovation will �nd it di�cult to stay in the market for a longer period of
time, despite their need to survive in order to maintain future markets.

This research proposes the adoption of sustainable technology which is categorized as a radical
technology because organizations need to change and develop a new set of processes and operations
for the creation of products and services. Due to its radical nature, the adoption of sustainable
technology is a change that needs the full cooperation of various levels of stakeholders such as
employees, management, suppliers, customers and clients. To contribute to sustainability, innovation
serves as an important means of implementing new and signi�cantly improved products, processes,
marketing methods and organizational methods in business practices, organizational workplaces and
external relations (Nagalingamet al.,2013; Klewitz& Hansen, 2014).

One of the main reasons for organizations undertaking sustainable technology approach is to reduce
operating costs and minimize the environmental impacts of business process (Mishraet al.,2014).
Organizations encounter a major task on supplying sustainable development accordingly to the demand
of clients, consumers and the society (Liuet al, 2012). Excelling on social and environmental dimensions
may improve business performance, especially in the current social status where the consumers possess
greater awareness on their social responsibility (Achabou&Dekhili, 2013). In achieving sustainable
technological innovations, there are four main keys of development such as sustainable living,
sustainable resource, sustainable process, and sustainable product that need to be taken from both
individuals and organizations to ensure the success of sustainable business (Achabou&Dekhili, 2013;
Huijtset al.,2014; Gmelin&Seuring, 2014; Xia et al., 2019).

Our study designs an enhanced model of sustainable technology adoption considering the strengths and
limitations of the relevant theories existing in the extant literature. Details of the relevant theories are as
follows:

1. The theory of reasoned action (TRA), (Fishbein &Ajzen, 1980)posits that attitudes towards behavior are
described as an individual’s positive or negative feelings (evaluating effect) about performing that
behavior. Attitudes are sets of beliefs about a certain object or an act, which may translate into the
intention to carry out the act.
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2. The theory of planned behavior (TPB), (Ajzen, 1991.This theory is based on the arguments that the
assumption made is that people make rational choices by evaluating and weighing the perceived positive
and negative expected outcomes, thus focusing on attaining their goals. This theory also proposes that
the intention to behave captures the motivation to exert certain behavior, and hence in�uences the
behavior. TPB uses the same construct as TRA, with the additional construct of perceived behavior
control, which is considered a component that controls organizations behavior through their ‘ethical
belief’. The salient points of this theory are an organization’s own attitude, subjective norms, perceived
behavioral control, intentions and behavior.
3. Attribution theory (AT) (Heider, 1958). The main premise of this theory is that it highlights the
importance of both internal and external on organization attitudes. Theory explains that an organization’s
action is de�ned by their inner and outer traits. An organization’s personality and situation can be
attributed to the actions they have taken; actions are taken if the organization has synchronized both
their inner and outer attributes. An organization’s attitude is the internal factor that in�uences certain
behaviors, while persuasion is the external factor. Theory is used to �nd the causative factor of a certain
incident or action, bringing out in organization’s direct or indirect involvement.
4. Environmental attitude model (EAM) (Thompson & Barton, 1994). This theory is based on the
arguments that there are two types of ethical attitudes towards the environment: eco-centric and
anthropocentric. These ethical attitudes serve as an organization’s moral reasoning towards an
environmental dilemma, which is perceived as the human relationship with the environment. Organization
awareness of environmental values should be the main focus in creating a more sustainable society. This
referred to anthropocentrism as the belief in human superiority over the environment. Thompson and
Barton (1994) agreed with this notion; they describe organizations who value the environment for the
material and physical bene�ts it provides, and who argue for the bene�ts of adopting sustainability.
The enhanced and comprehensive model includes several modi�cations that these existing models lack.
The human attitudes (affective, cognitive and behavioral) and human persuasion (credibility, persuasion
and sentiment) elements are based on TRA, TPB and AT. The third category, human ethical belief
(anthropocentrism, eco-centrism and altruism)is explained by Thompson and Barton’s (1994) EAM.

The human attitudes re�ect that an individual’s intention to adopt a new technology is in�uenced by their
personality (attitudes) and surroundings (subjective norms). Attribution theory describes the surrounding
that affects an individual’s decision as situational (persuasion), whereby the organization’s situation will
act as the trigger for their intention to adopt new technology. Both attitudes and persuasion are essential
in explaining the function of human attitudes towards sustainable technology adoption. Both are
integrated into the research to acknowledge the top management opinions of the environmental issues
that can in�uence its adoption of sustainable technology in the SMEs context.

The third category is human ethical belief, derived from Thompson and Barton’s (1994) EAM. Researchers
who have utilized this model identi�ed ethical belief as an element, as it explains how an organization
makes ethical decisions about the environment. It helps explain the individual perception of
environmental values, which is why it is considered an essential inclusion for the research model. It will
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explain why organizations base their acceptance of sustainable technology on their ethical beliefs
concerning the environment.

Organizational demographic characteristics are also added into the model outlined below in Fig. 1 which
will be used as a control variable of the research to explain the level of adoption from different
organizations. These include the size of the SMEs, duration in the business and the industry sectors.

1.1.2. Hypothesis development and their justi�cation of
their selection
Human attitudes

Research reveals that human attitudes have strong impact on the adoption of sustainable technology
(Juvan&Dolnicar, 2014; Burcharthet al.,2014; Juvan&Dolnicar, 2014; Adnan et al, 2019). Creating
organizational awareness toward sustainability affects the decision-making process by triggering
emotions, beliefs and actions in the organization (Iveroth& Bengtsson, 2014; Jeonget al.,2014). When an
organization emphasizes to change the beliefs and emotions of its employees, then the employees will
re-evaluate their responsibilities toward the environment and society (Burcharthet al.,2014).Emotional
state of an individual employee can lead to an attachment, a feeling of respect, responsibility and joy
towards the environment. According to Sanchez, Sanchez andHyder (2014), individuals’ behaviour plays
an essential role as their action determines the outcome of the environment. Social and personal norm
have also been found to have a strong impact on individuals’ behavior (Hirsh, 2014; Fu et al., 2018).
Based on the above deliberations, it would be justi�ed to present the following hypotheses for testing:

H1:Affective attitude has a positive impact on the adoption of sustainable technology.

H2: Cognitive attitude has a positive impact on the adoption of sustainable technology.

H3: Behavioral attitude has a positive impact on the adoption of sustainable technology.

Human persuasion

Extant research suggests that although individuals’ attitudes can affect their behavior towards certain
things, if given times and effort, most people can be persuaded through many ways (Shrumet al.,2012). A
study by Matthes, Wonnebergerand Schmuck (2014) shows that emotional and reasoned persuasion can
attract different types of individuals about sustainability. Credibility in enforcing values, images and
strong impressions towards sustainability also helps to persuade individuals’ attitude towards innovation
(Salvadoet al.,2014). Gossling& Buckley (2014) suggested that persuasive communication plays an
important role in creating awareness and affecting individuals’ moral responsibility towards the
environment. Persuasions are meant to in�uence individuals to accept a certain practice or routine.
Through these strategies, one can in�uence individual’s thinking, feeling and action (Higgins & Walker,
2012; Adnan et al., 2019). Therefore, the following hypotheses are worthy testing:
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H4: Credibility persuasion has a positive impact on the adoption of sustainable technology.

H5: Sentiment persuasion has a positive impact on the adoption of sustainable technology.

H6: Reasoned persuasion has a positive impact on the adoption of sustainable technology.

Human ethics

Anthropocentrism and Eco-centrism are two different attitudes which individuals’ have towards the
environment. Anthropocentrism individuals feel that the environment needs to be protected because of its
value to improve human quality of life while Eco-centric individuals feel that nature deserves to be
protected because of its intrinsic value (Thompson & Barton, 1994). Different types of environmental
attitudes may provide different types of approach and appeal. Research suggested that the attitudes
showed by present generation lean more towards the anthropocentrism in which individuals value the
environment as something that can generate pro�t and it should be well maintained for a long-term
investment (Kopnina, 2014). Individuals that have high awareness towards the climate change and
environmental issue are more inclined to have the Eco-centrism attitudes which makes them prefer to
preserve the environment (Kontenkamp & Moore, 2001). Every decision that the organizations make will
always affect the people around them. On the other hand, the development of altruistic attitude tends to
rely on mis�ts of others. Individuals that acquire this attribute are affected more on their surroundings
rather than themselves. Each decision that they made will always be considerate towards the peoples
around them; how does they fair; will the decision bene�ts others, does it bring misfortune to others.
These questions will always play in the mind of an altruistic individual (Verdugo et al., 2009; Hirsh, 2014;
Moraes&Millani, 2014; Fu et al., 2018). Therefore, the following hypotheses are proposed:

H7: Anthropocentric attitude has apositive impact on the adoption of sustainable technology.

H8: Eco-centrism attitude has apositive impact on the adoption of sustainable technology.

H9: Altruism attitude has apositive impact on the adoption of sustainable technology.

SMEs Demographics

The characteristic of an organization provides a substantial indicator to measure the capability of a
certain organization in adopting innovation or a new practice. In terms of sustainability, the capacity of
an organization needs to be analyzed whether they have su�cient time, resources or information to make
an adoption (Bourlakiset al.,2014). The capability for an organization to survive in the current market can
be identi�ed as an important aspect to measure organizational behavior and attitudes (Stamm&Lubinski,
2011). The SMEs size, duration in business and industry sector can determined the capability for the
organization to make business decision and strategic development for the environmental sustainability
(Eggerset al.,2013). Therefore, the following hypothesis has been proposed:

H10:SMEs’characteristic has a moderating impact on the adoption of sustainable technology.
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2. Methods And Statistical Techniques
The study was conducted among the small and medium sized organizations in Malaysia. Date were
collected using survey questionnaire. Table 1 shows the construct of measurement and the sources.
Survey questionnaires were distributed randomly to 2360 SMEs in Malaysia. The access to Malaysian
SMEs was obtained by cooperating with the Association of SMEs in Malaysia. Although 242
questionnaires were received after two reminders, a total of 234 sets of completed questionnaires were
used, while 3 respondents opt out in the middle of the participation and the rest 5 survey questionnaires
were disquali�ed as the respondents did not answer the questions appropriately. Partial Least Square
Structural Equation Model (PLS-SEM) was used to analyze the data. PLS-SEM can measure multiple
construct variables at the same time, allowing the researchers to evaluate multiple theories within one
model. As for this research that used 4 basic theories that been expand and modi�ed according
sustainable technology literature, using PLS-SEM is essential to gain an accurate measurement of the
data collected (Hair et al., 2012; Hairet al.,2013; Sarstedtet al.,2014; Sarstedtet al.,2014). According to
Hair, Hult, Ringle and Sarstedt (2013) the minimum sample size required for the analysis is ten times the
maximum number of variables used in the research model. The appropriate sample size has been
suggested to be a minimum of 15 subjects for each predictor (variables) for a thorough multivariate
analysis suggested by Hair, Anderson, Tatham and Black (1998).
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Table 1
Construct of measurement and the sources

Affective Attitudes Sources

I feel proud of supporting
sustainable technology for
SMEs

I feel positive towards
sustainable technology for
SMEs

I am happy to accept the
changes in SMEs towards
sustainability

I feel glad that sustainable
technology has become a trend
among SMEs

Overall, I feel grateful that
SMEs want to adopt
sustainable technology

Bhanthumnavin&Bhantumnavin, (2014), Dulcic, Pavlic&Silic
(2012), Hair, Hult, Ringle, &Sarstedt, (2013), Matthes, Wonneberger,
and Schmuck, (2014)

Cognitive Attitudes  

I believe sustainable
technology can help improve
the environment

I believe that sustainable
technology can increase the
country’s development

I believe sustainable
technology can reduce
pollution

I believe that SMEs can
contribute in reducing
environmental issues

Overall, I believe SMEs need
sustainable technology to save
the environment

Bhanthumnavin&Bhantumnavin, (2014), Dulcic, Pavlic&Silic
(2012), Hair, Hult, Ringle, &Sarstedt, (2013), Lee & Lee, (2014) and
Mishra, Akman& Mishra, 2014.

Behavior al Attitudes  
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Affective Attitudes Sources

I agree with the idea of
sustainable technology for
SMEs

I will attend courses about
sustainable technology

I want to know more about
sustainable technology

I always discuss about
sustainable technology with
my employees

Overall, I have developed an
interest to adopt sustainable
technology

Chen & Chao (2011), Dulcic, Pavlic&Silic (2012), Hair, Hult, Ringle,
&Sarstedt, (2013), Mishra, Akman& Mishra (2014) Rizzuto,
Schwarz & schwarz (2014)

Credibility Persuasion  

A well-known sustainable
technology is attractive to be
adopted

Sustainable technology that
guaranteed is an important
criterion for adoption

Professional recommendation
is an important criterion for
adoption

Internationally renowned
sustainable technology is
suitable for adoption

Overall, I’m convinced to adopt
sustainable technology

Dulcic, Pavlic&Silic (2012), Hair, Hult, Ringle, &Sarstedt, (2013),
and Sanchez, Sanchez &Hyder 2014.

Sentimental Persuasion  
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Affective Attitudes Sources

Environmental crisis saddens
me; hence I will adopt
sustainable technology

Environmental degradation
angers me; I think sustainability
is the answer

Climate change worries me,
and this drives me to adopt
sustainability

I worry for safety & welfare
condition without adoption of
sustainability

Overall, environmental damage
affects my emotions to adopt
sustainability

Dulcic, Pavlic&Silic (2012) and Hair, Hult, Ringle, &Sarstedt, (2013).

Anthropocentrism  

SMEs need to respect the
environment to survive in the
current market

Maintaining the environment
will attract more customers

A sustainable environment can
supply su�cient natural
resources

Sustainable technology needs
to be adopted for the survival
of all SMEs

Dulcic, Pavlic&Silic (2012), Hair, Hult, Ringle, &Sarstedt, (2013),
Kim, Jang & Kim (2014), and Matthes, Wonneberger and Schmuck,
(2014).

Eco-centrism  

I have the responsibility to
ensure the environment is
protected and sustained

I consider myself as a person
who is concerned about the
environment

I’m frustrated when people do
not care for the environment

Overall, I am obligated to save
the environment for its intrinsic
value

Hair, Hult, Ringle, &Sarstedt, (2013), Han (2015), Jebarajakirthy&
Lobo (2014), Matthes, Wonneberger, and Schmuck (2014)

Altruism  
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Affective Attitudes Sources

I feel obligated to save the
environment for everyone’s
safety

I’m ready to adopt sustainable
technology for a better future
for everyone

It’s my responsibility to ensure
a comfortable environment for
my employee

Sustainability will help support
the survival of other SMEs

Overall, I am responsible to
adopt sustainability for
humankind

Dulcic, Pavlic&Silic (2012), Hair, Hult, Ringle, &Sarstedt, (2013),
Vecchio & Annunziata (2015), and Verdugo, Bonnes, Fonllem, Sing,
Armenta &Carrus (2009).

Adoption of Sustainable
Technology

 

Frequency of usage

Actual amount of time spent

Usage level

Number of technologies used

Sophistication level of
technology used

Kim, Kim & Goh (2011), Quazi& Talukder (2010), Talukder (2011),
Talukder (2012), Talukder (2014), and Talukder &Quazi (2011).

To test the reliability of the variables the researchers used PLS-SEM algorithm to show reliability levels by
generating a composite reliability introduced by Joreskog (1971). In PLS-SEM, the variables need to have
an outer loading exceed 0.50 to be interpreted as important. Any variables that have below 0.50, it was be
put under consideration as a strong candidate for removal, unless it can be retain by experts’ opinion
(Hair et al., 2012; Hairet al.,2013; Sarstedtet al.,2014). The composite reliability values between 0.70 and
0.90 can be regarded as satisfactory in an advance theoretical research.

The research data were further tested for its convergent validity and discriminant validity. To measures
and establish convergent validity on the variables is by their average variance extracted value (AVE). The
AVE is equivalent to the communality of a construct. An AVE value of 0.50 or higher indicates that on
average the construct explains more than half of the variance of the variables. In contrary, an AVE of less
than 0.50 indicates that on average more error remains in the items than the variance explained by the
construct. Convergent validity assessment builds on the AVE values as the evaluation criterion.
Discriminant validity is the extent to which a variable is truly distinct from other variables by empirical
standards. This show that a variable is unique and captures phenomena that are not presented by other
variables in the theoretical research model. The Fornell-Larcker criterion is a conservative approach to
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assess discriminant validity. This method compares the square root of every AVE values with the latent
variable correlations. Thus, the square root of each variable’s AVE should be greater than its highest
correlation with any other variables. (Hairet al.,2013).Table 2 shows factor loading, reliability, convergent
validity and discriminant validity.
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Table 2
Factor loading, reliability, convergent and discriminant validity

Variables Measurements

Items

Factor

Loadings

Indicator
Reliability

Composite
Reliability

Convergent
Validity
(AVE)

Discriminant
Validity

Affective
attitude

Affective 1 .874 .764 .959 .823 Yes

Affective 2 .907 .823

Affective 3 .911 .830

Affective 4 .917 .841

Affective 5 .927 .860

Cognitive
attitude

Cognitive 1 .862 .743 .927 .718 Yes

Cognitive 2 .873 .762

Cognitive 3 .863 .745

Cognitive 4 .857 .734

Cognitive 5 .778 .605

Behavioral
attitude

Behavioral 1 .874 .764 .942 .765 Yes

Behavioral 2 .890 .792

Behavioral 3 .881 .776

Behavioral 4 .826 .682

Behavioral 5 .900 .810

Credibility
persuasion

Credibility 1 .890 .792 .951 .795 Yes

Credibility 2 .893 .797

Credibility 3 .898 .806

Credibility 4 .902 .814

Credibility 5 .875 .766

Sentiment
persuasion

Sentiment 1 .828 .686 .941 .760 Yes

Sentiment 2 .844 .712

Sentiment 3 .892 .796

Sentiment 4 .893 .797

Sentiment 5 .899 .808

Reasoned Reasoned 1 .888 .789 .939 .756 Yes
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Variables Measurements

Items

Factor

Loadings

Indicator
Reliability

Composite
Reliability

Convergent
Validity
(AVE)

Discriminant
Validity

persuasion

Reasoned 2 .860 .740

Reasoned 3 .868 .753

Reasoned 4 .858 .736

Reasoned 5 .873 .762

Anthropo-
centrism
belief

Anthropo 1 .878 .771 .944 .773 Yes

Anthropo 2 .886 .785

Anthropo 3 .895 .801

Anthropo 4 .894 .799

Anthropo 5 .840 .706

Eco-
centrism
belief

Ecocentrism 1 .854 .729 .944 .770 Yes

Ecocentrism 2 .877 .769

Ecocentrism 3 .894 .799

Ecocentrism 4 .864 .746

Ecocentrism 5 .898 .806

Altruism
belief

Altruism 1 .877 .769 .944 .771 Yes

Altruism 2 .853 .728

Altruism 3 .902 .814

Altruism 4 .849 .721

Altruism 5 .906 .821

Adoption Frequency .896 .803 .928 .722 Yes

Duration .864 .746

Usage .846 .716

Types .873 .762

Sophisticated .764 .583

To further analyze this data, the researcher usedSmartPLS, which canmeasure the constructs. By using
the PLS-SEM algorithm to run a path coe�cient model analysis, this research can determine
organizational attitudes towards sustainable technology. The researchers evaluated the theoretical
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research framework and further determined the coe�cient of determination. Furthermore, a blindfolding
and predictive relevance was calculated to summarize the results. An important-performance matrix
analysis was further concluded the �ndings and at the end a modelling categorical moderator effects
was calculated to determine a demographic effect of adoption of sustainable technology.

3. Data Analysis And Findings
Demographic information

Table 3 summarizes the respondents’ demographics, including the type of SMEs, age of businesses,
number of employees, annual sales turnover and location of the establishment. Service-oriented SMEs
constitute 44.4%, while product-oriented organizations represent 55.6% of the respondents’ cohort. This
distribution of organizations’ type re�ects that product-oriented organizations are keener towards
sustainable development as they have exposed themselves to sustainable technology more than service-
oriented SMEs.

 
Table 3

Demographic characteristics
Characteristic   Frequency Percentage (%)

Type of SMEs Service-oriented 104 44.4

  Product-oriented 130 55.6

Duration in business More the 20 years 25 10.7

  16 to 20 years 20 8.5

  11 to 15 years 43 18.4

  6 to 10 years 81 34.6

  Less than 5 years 65 27.8

Number of employees 75 to 200 employees 40 17.1

  5 to 75 employees 94 40.2

  Less than 5 employees 100 42.7

Sales revenue MYR15 million to MYR50 million 38 16.2

  MYR300,000 to MYR15 million 106 45.3

  Less than MYR300,000 90 38.5

TOTAL   234 100
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A total of 25 SMEs (10.7%) that took part in this survey have been established for more than 20 years,
while 8.5% has been operational for 16 to 20 years. A 18.4% of the SMEs have run the business for 11 to
15 years and another 34.6% for a period of 6 to 10 years. The rest 27.8% represents a group of
newcomers in the business world where they have only started their business less than 5 years. With the
data provided in Table 1, the SMEs that took part in this survey mostly came from organizations that
have less than 5 employees, which consist of 42.7% while 40.2% came from organizations that have 5 to
75 employees. For a medium size organization, a total of 17.1% has taken part in this survey. Although
most of the SMEs that took part in this survey are from the small-scale organizations, the highest
percentage for the sales turnover are between MYR300,000 to MYR15 million which consists of 45.3%,
while the second highest is the organizations that accumulated less than MYR300,000 a year that is
made of 38.5%. The organizations that gain sales turnover between MYR15 million to MYR50 million that
is a total of 16.2% in this survey. This data has shown two important aspects. The �rst aspect is that the
SMEs that have taken part in this survey have re�ected the current status of SMEs in Malaysia, with
micro-organizations as the highest number of organizations Malaysia, followed by small scale
organizations and medium size organizations. The second aspect is that the micro and small
organization lean more aware of sustainable development and are willing to take part in sustainable
adoption studies.

Composite reliability

Internal consistency reliability that is also known as composite reliability is the modern version of
Cronbach’ Alpha which provides an estimate the reliability based on the inter-correlations of the observed
indicator variables. According to Nunally and Bernstein (1994)composite reliability values from 0.60 to
0.70 are acceptable in exploratory research while in more advance research, values between 0.70 and
0.90 can be regarded as satisfactory. As shown in Table 2, it indicates that the composite reliability
values of 0.959 (Affective), 0.927 (Cognitive), and 0.942 (Behavioral), demonstrated that all three
organizational attitudes variables have high levels of internal consistency reliability. The same results
can be seen in Table 2 for organizational persuasion, which shows high level of composite reliability
values of 0.951 (Credibility), 0.941 (Sentiment), and 0.939 (Reasoned). In Table 2, the values for
organizational ethical belief and adoption variables also show high internal consistency reliability values
of 0.944 (Anthropocentrism), 0.944 (Eco-centrism, 0.944 (Altruism), and 0.928 (Adoption).

Convergent validity

To measure and establish convergent validity of the variables, the researcher used average variance
extracted value (AVE). The AVE values of affective (0.823), cognitive (0.718), behavioral (0.765),
credibility (0.795), sentiment (0.760), reasoned (0.756), anthropocentrism (0.773), eco-centrism (0.770),
altruism (0.771), adoption of sustainable technology (0.722)are well above the required minimum level of
0.50. Thus, the independent and dependent variables of the theoretical research model have high levels
of convergent validity.

Discriminant validity
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As indicated in Table 2, the results of Fornell-Larcker criterion assessment with the square root of the AVE
are assembled diagonally. The value was compared to all the correlation values of each column. Table 4
shows that the square root of all variables is greater than the highest values of other correlation which
indicates that all variables are discriminately valid.

 
Table 4

Summary of quality assessment
Variables Composite Reliability Convergent Validity Discriminant Validity

Affective attitude .959 .823 Yes(0.907 > 0.425)

Cognitive attitude .927 .718 Yes(0.847 > 0.663)

Behavioral attitude .942 .765 Yes(0.875 > 0.743)

Credibility persuasion .951 .795 Yes(0.892 > 0.663)

Sentiment persuasion .941 .760 Yes(0.872 > 0.707)

Reasoned persuasion .939 .756 Yes(0.870 > 0.646)

Anthropocentrism belief .944 .773 Yes(0.879 > 0.595)

Eco-centrism belief .944 .770 Yes(0.878 > 0.733)

Altruism belief .944 .771 Yes(0.878 > 0.514)

Sustainable technology .928 .722 Yes(0.850 > 0.501)

Structural model

By running the PLS-SEM analysis, estimates are obtained for the structural model relationships which
represent the hypothesized relationships among the variables. The path coe�cients have standardized
values between − 1 and + 1. The path coe�cient that shows signi�cant and positive value are affective
(0.341), altruism (0.295) and reasoned (-0.105). Other path coe�cient values are cognitive (-0.016),
behavioral (0.080), credibility (0.057), sentiment (0.033), anthropocentrism (0.018), and eco-centrism
(-0.058).

Although the path coe�cient can estimate the signi�cant values of a variable, ultimately it depends on its
standard error that is obtained by means of bootstrapping. In bootstrapping, subsamples are randomly
drawn from the original set of data. Each subsample is then used to estimate the model. This process is
repeated until a large number of random subsamples have been created. In this research, the total of
subsamples is 10,000 to represent SMEs in Malaysia. The bootstrapping will be applied to compute the t
value. The empirical t value needs to be larger than the critical value, to determine whether the coe�cient
is signi�cant at a certain error probability. After computing the t values, any value that is more than 1.65
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(signi�cant level = 10%) will be considered as signi�cant. The PLS path show that the relationship
between affective attitude towards adoption is very signi�cant at t value of 7.205 (> 1.65). The
relationship between cognitive and behavioral attitudes shows non-signi�cant relationship towards
adoption of sustainable technology where the t value is 0.223 (< 1.65), and 1.223 (< 1.65). Even the
persuasion variables show a non-signi�cant relationship towards the adoption as the t value for
credibility is 0.708 (< 1.65), while sentiment has a t value of 0.369 (< 1.65) and reasoned is 1.171 (< 1.65).
In terms of ethical belief, only altruism belief has a strong signi�cant value towards the adoption at t
value of 3.440 (> 1.65), while anthropocentrism and eco-centrism have a non-signi�cant relationship at t
values of 0.233 (< 1.65), and 0.692 (< 1.65).

This study also reports the p values that correspond to the probability of erroneously rejecting the null
hypothesis. To determine the p values as a signi�cance value, the value needs to be described as
signi�cance when p < 0.001, p < 0.05, and p < 0.10. Anything that is higher than 0.10 is considered as non-
signi�cant. The variables that show very signi�cance values (p < 0.001) is affective and altruism.

The most commonly used measure to evaluate the structural model is the coe�cient of determination.
The coe�cient of determination (R² value) ranged from 0 to 1, with higher levels indicating higher levels
of predictive accuracy. In the research of organizational attitudes, R² value of 0.20 and above are
considered as high predictive accuracy. In this research, R² value of 0.26, 0.13, or 0.02 for dependent
variable can be respectively described as substantial, moderate, or weak (Cohen, 1988; Henseleret al.,
2009; Hairet al.,2011; Wonget al.,2016). The coe�cient of determination (R² value) for adoption shows a
substantial value of 0.262. The change in the R² value when a speci�ed independent variable is omitted
from the model can be used to evaluate whether the variables have substantive impact on the dependent
variables. This measure is referred to as the f² effect size. Assessing the f² are that values of 0.02, 0.15,
and 0.35, respectively, represent small, medium, and large effects of the independent variables (Cohen
1988). Indicated in Table 5, the f² effect size for all the relationship between independent and dependent
variables are listed. The relationships that have weak effect size are cognitive → adoption (0.000),
behavioral→ adoption (0.003), credibility → adoption (0.002), sentiment →adoption (0.001), reasoned →
adoption (0.004), anthropocentrism → adoption (0.000), and eco-centrism → adoption (0.002). The
relationship that has a small f² effect size is altruism → adoption (0.037), and there is only one
relationship that considered having medium f² effect size, which is affective → adoption (0.121).
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Table 5
Summary of results

  Path Coe�cients f  Effect Size q² Effect Size

Affective → Adoption .341 .121 .079

Cognitive → Adoption − .016 .000 − .001

Behavioral → Adoption .080 .003 .001

Credibility → Adoption .057 .002 − .001

Sentiment → Adoption .033 .001 − .001

Reasoned → Adoption − .105 .004 .001

Anthropocentrism → Adoption .018 .000 .000

Eco-centrism → Adoption − .058 .002 .001

Altruism → Adoption .295 .037 .022

In addition to evaluating the magnitude of the R² values as a criterion of predictive accuracy, this study
also determines the Q² value. This measure is an indicator of the theoretical research model’s predictive
relevance. It will accurately predict the data points of the construct measurements of each independent
and dependent variable. The Q² value for adoption variables carry the value of 0.169, which indicates that
the dependable variable has predictive relevance (Hairet al.,2013; Wonget al.,2016).Like the f² effect size
approach for assessing R² values, the relative impact of predictive relevance can be compared by means
of the measure to the q² effect size. As indicated in Table 4, the q² effect size that is considered as weak
are cognitive → adoption (-0.001), behavioral → adoption (0.001), credibility → adoption (-0.001),
sentiment → adoption (-0.001), reasoned → adoption (0.001), anthropocentrism → adoption (0.000), and
eco-centrism → adoption (0.001). The small q² effect size that are shown in the table are affective →
adoption (0.079), altruism → adoption (0.022).

To take a step further in analyzing the data, importance-performance matrix analysis (IPMA) extend the
results of PLS-SEM by also taking the performance of each variables into account. With the result, the
research can make a conclusion on two dimensions which are particularly important to prioritize further
actions. It is preferable to primarily focus on improving the low performance of constructs with larger
importance regarding their explanation of a certain target variables. Importance-performance matrix
analysis (IPMA) can explain the structural model total effects (importance) and the average values of the
latent variable scores (performance) to highlight signi�cant areas for the improvement in the future
activities. As shown in Table 6, the affective variable has high importance of 0.279 with the performance
of 69.970, while cognitive variable has a negative importance of -0.017 with the performance of 72.820.
Behavioral variable also has a low importance of 0.076 with a moderate performance of 66.983, and
credibility variable share the same fate with a low importance of 0.057 with a performance level of
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67.804. Sentiment variable has a 0.033 level of importance with 64.690 performances, followed by
reasoned variable that has a negative importance level of -0.105 with a performance level of 68.268. For
the ethical belief, only altruism that has a high importance level of 0.312 that has a performance level of
76.305, while anthropocentrism and eco-centrism have a low importance level of 0.018 and − 0.058.
Table 7 shows support status of hypotheses testing.

 
Table 6

Index value and total effect (adoption as dependable variable)

  Importance (Total Effects) Performance (Index Values)

Affective .279 69.970

Cognitive − .017 72.820

Behavioral .076 66.983

Credibility .057 67.804

Sentiment .033 64.690

Reasoned − .105 68.268

Anthropocentrism .018 67.197

Eco-Centrism − .058 70.146

Altruism .312 76.305

 



Page 22/35

Table 7
showing the support status of hypothesis testing

Hypothesis Support
status

H1: Affective attitude has a positive impact on the adoption of sustainable
technology.

Supported

H2: Cognitive attitude has a positive impact on the adoption of sustainable
technology.

 

H3: Behavioral attitude has a positive impact on the adoption of sustainable
technology.

Supported

H4: Credibility persuasion has a positive impact on the adoption of sustainable
technology.

Supported

H5: Sentiment persuasion has a positive impact on the adoption of sustainable
technology.

Supported

H6: Reasoned persuasion has a positive impact on the adoption of sustainable
technology.

Supported

H7: Anthropocentric attitude has a positive impact on the adoption of sustainable
technology.

Supported

H8: Eco-centrism attitude has a positive impact on the adoption of sustainable
technology.

Supported

H9: Altruism attitude has a positive impact on the adoption of sustainable
technology.

Supported

4. Discussion And Implications
The results from the PLS-SEM path analysis in general show that affective attitudes and altruism belief
to be positive and signi�cant towards the adoption of sustainable technology (Fig. 2). This shows that
the stronger organizations have positive feelings towards sustainability, there are possibilities for the
organization to adopt sustainable technology. Furthermore, the research shows that Malaysian SMEs
have high altruism values which put others well-being before their own. The more their actions affect the
people around them, the more they will eventually lead them to adopt sustainability. As shown in Table 4,
the R² value for adoption as dependent variables is high at 0.233. The variable that has contributed the
most to explain the adoption is the affective attitude of with predictive accuracy (f²effect size) value of
0.121 and predictive relevance (q² Effect Size) of 0.079. This show that affective attitude is the main
factors for organizations to adopt sustainable technology which support our �rst hypothesis (H1). As
Buijsand Lawrence (2013) stated, these emotional states can drove individuals’ and even organizations’
towards deciding to approach sustainable technology with a feeling of attachment, respect, responsibility,
and joy towards sustainable technological innovation. An affective attitude involves directly within
individuals’ action towards a certain phenomenon. Their emotional state will create reactions when
encountering a problem or an opportunity, thus lead towards an action of a certain phenomenon. This
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shows that with high affective attitudes individuals’ that deciding for their organizations, can lead
towards the adopting sustainable technology. Sustainable technology within a developing country carries
a lot of burden for SMEs where a lot of �nancial stress change for an opportunity into a liability.
Organizations need to have high affective attitude to ensure that they will take the opportunity although it
may carry some risk for their organizations. The stronger their affective attitudes, the more willing for
them to make the sustainable technology a success or their organizations. According to Jepson,
Brannstromand Persons (2012), organizations tend to adopt a new opportunity if it can create and help
the organizations to gain more bene�ts in increasing their pro�t gain. In term of sustainable technology,
the opposite effects occur where the well-being of the people around them have been put as the �rst
priority. The results of this research agree with Verdugo, Bonnes, Fonllem, Sing, Armenta andCarrus
(2009) and Hirsh (2014), where altruistic attitude of sel�essness can always open to change, which have
an impact among individuals and organizations that care for the others. This data has shown a
supportive result on this research ninth hypothesis (H9). The usage of dangerous material and resources
that will affects other individuals’ health and safety have lead organizations to change their approach
into sustainability.

Continuing in this discussion, this study further explains the phenomenon when there is a moderator that
is involved among the PLS-SEM path coe�cients. Although Fig. 2 has explained the path relationship in
general, in case of a moderator effects, there will be a different phenomenon that really needs to be
further discussed before any conclusion can be made. As shown in Figs. 3 and 4, there are multiple
antecedents that need to be added into the theoretical research model to explain clearly the phenomenon
for the service-oriented and micro sized organizations. In the services industry for SMEs in Malaysia,
cognitive attitudes, reasoned persuasion and anthropocentrism belief also play great roles in the
adoption of sustainable technology. The service-oriented organizations have high cognitive attitudes
towards the adoption process, which show that they believe in their responsibility towards achieving
sustainable businesses. Lee and Lee (2014) describe cognitive attitude as strong belief that will drive
organizations to act to ensure sustainability is achieved. According to Mishra, Akman and Mishra (2014),
organizations that have strong belief towards sustainability are more driven towards the bene�ts that this
technology possesses. This can be explained looking at the characteristic of service-oriented
organizations.

As services-oriented organizations tend to focus on the bene�ts of the adoptions, they tend to have higher
anthropocentrism belief and are easily persuaded by reasoning. High anthropocentrism belief shows that
the services-oriented organizations tend to adopt sustainable technology to create appearance in front of
the clients and customers as an attraction. All the bene�ts that can be gained from the adoption can be
obtained as personal interest. A total reasoning can persuade the service-oriented organizations by
providing facts and accurate data that inform them regarding the bene�ts of sustainable technology.
Approaching and encouraging organizations through this method can be done in a form of arguments,
giving logic and facts, revealing data and evidence that can give organizations a reason or motivate them
to adopt sustainable technology.
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As described by Han (2015), organizations that are attracted to sustainable technology through reasoned
are mostly made of individuals that have high cognitive attitudes towards that technology, which can
bring them bene�ts or in other words it is known as anthropocentrism. This description accurately
explains the phenomenon for the services-oriented organizations. In terms of product-oriented
organizations, the path coe�cients are similar with the general theoretical research model.

In terms of the size of organizations among the SMEs in Malaysia, there are different perceptions for
micro organizations. Micro organizations in Malaysia are described as organizations that have less than
5 employees and gain sales turnover that is lower than MYR300,000. Micro organizations in Malaysia
tend to have an eco-centrism belief, which means they value the nature and environment for its own
intrinsic beauty. The organizations can be easily appealed through emotional persuasion that portrays
the important of conserving the environment. They lean more towards pro-environmental, which focuses
on enhancement and preservation. These organizations tend to have a vision to survive for a longer
period in the future, which need a long run process. Such process describes the micro organizations as
those which have a plan and sustainable technology that carries the role to help them survive the current
market and the future.

As Morgan, Hine, Bhullar andLoi (2015) describe the characteristic of an eco-centric organizations, is that
they are responsive to sentiment persuasion as indicated in Fig. 3. There is only one additional factor that
needs to be explained in relation to the size of SMEs in Malaysia, where Medium organizations tend to
have lower affective attitudes. The values still point to a positive relationship, but they describe medium
organizations as not able to easily adopt sustainable technology through their affective attitudes. All
these results show that our hypothesis on demographic (H10) has shown us that a certain criterion of
SMEs requires a certain kind of attention to ensure a smooth adoption of sustainable technology. The
government and NGOs must apply a certain strategy to provide directions to a certain group of SMEs.

Implications for SMEs

In adopting sustainable technology, affective attitudes and altruism are the essential elements towards
the completion of the process. It is important for SMEs to acknowledge that their feelings and opinions
play an important role in the decision to adopt sustainable technology. Risking the adoption of
sustainable technology that they do not favor; attractive sustainable technology should be focused on
instead. As the affective attitude increases, the adoption of the technology by SMEs will occur more
effectively. If they did not favor or feels uneasy when using the technology, eventually they will give up
half way; this is a waste of both effort and time. SMEs also should choose sustainable technology that
will reduce any risk faced by both their employees and customers. Higher altruism will encourage the
employees to put in extra efforts and ensure that the adoption is a success.

All practicing organizations can create awareness campaigns that highlight the enjoyable, easy and
exciting ways to use sustainable technology, triggering the interest for its adoption. Furthermore,
comprehension of organizational role and possible changes that can be made for people around SMEs
may trigger their altruism belief, encouraging for the acceptance of sustainability. Promoting sustainable
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technology in a way that can affect emotions and the sense of responsibility can be executed by multiple
ways: campaigns, advertisements, charity events, and communication skills its bene�cial outcome.

By exhibiting the bene�ts that can be achieved from adopting sustainable technology, organizational
interest can be increased. Through the �ndings, SMEs in Malaysia apparently have the interest in
adopting sustainable technology. Malaysian SMEs are willing to use the technology and try it if given the
opportunity and reason to do so. This shows that efforts to promote sustainable technology will not go to
waste. The government and NGOs cooperate in can encouraging organizations to be more sustainable
for the sake of a more secure future for the next generations. The results serve as a guide on designing
communication strategies that can diffuse sustainable technology successfully.

Implication for theoretical advancement

The research has succeeded in �lling the gap in the current studies of the area by describing the current
phenomenon regarding SMEs perception towards the adoption of sustainable technology. The study
broadens the knowledge on the role and extent of sustainable technology adoption as it impacts on
Malaysian SMEs. Through expanding the current existing theories (i.e. TRA, TPB, AT & EAM), this
research has managed to prove and provide an extension of current theoretical foundation in the �eld of
adoption studies. The proposed new variables were able to contribute to the advancement of the research
�eld, giving new possibilities for developing new research. By explaining the current attitudes (i.e.
attitudes, persuasion & ethical belief) towards the sustainable technology adoption process, it has proved
that attitudes by itself does not explain thoroughly regarding individuals’ perception. Through dividing
and expanding the attitude variables, the research was able to explain the important role played by each
variable towards the adoption of sustainable technology. Thus, through the theoretical advancement, this
research has ful�lled its role by providing new theoretical contribution in the current research �eld.

5. Implications For Society
The �ndings of this research have important implications for society. First, society will be better off in
terms of bene�ts arising from implementation of sustainable technology in organizations. Use of
sustainable technology will contribute to lower emission in the atmosphere and thereby make pollution
management easier. Use of sustainable technology will also have critical bearing on health and safety of
citizens as well as on employees. Furthermore, implementation of sustainable technology will result in
enhancement of e�ciency and effectiveness of business operations leading to higher pro�ts. Societal
bene�ts from better business performance will result in terms of employment opportunity leading to
increased purchasing power and higher standard of living of citizens.

6. Conclusion
By identifying a comprehensive list of organizational attitudes, persuasions and ethical belief factors as
well as demographic in organizations’ perception towards the adoption of sustainable technology, this
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study departs from the traditional sustainable acceptance model that factors affecting such adoption is
not limited to a few factors. Thus, this study contributes to knowledge by introducing a number of diverse
factors impacting organizational adoption of sustainable technology in a transitional economy such as
Malaysia. The PLS-SEM path analysis indicated that twelve independent variables impact adoption of
sustainable technology. These twelve factors accounted for 72.2% of variance in the organizational
acceptance of sustainable technology.

The results of PLS-SEM path analysis indicated that affective attitudes and altruism have high coe�cient
and predictive ability towards the adoption of sustainable technology. Thus, it is suggested that the
government, private organizations and NGOs which aim to implement sustainability among SMEs need
to focus on creating a surrounding environment based on these approaches. Demographic
characteristics do show de�nite differences for the advanced theoretical research model used in this
research �ndings further suggest that service-oriented organizations and micro organizations need to
integrate the changing circumstances resulting from emergence of additional factors impacting adoption
of sustainable technology. More speci�cally, our research found that service-oriented organizations are
affected by affective attitudes along with cognitive attitudes, reasoned persuasions and
anthropocentrism as depicted in in Fig. 3. This study also found that micro sized organizations are
affected by sentimental persuasion. These organizationsalso have eco-centrism belief as part of their
ethical belief.

The research outcomes also suggest that government, private organizations and NGOs need to design
appropriate strategies based on their target audiences. The government or NGOs need to implement
additional methods to tackle services-oriented organizations and micro sized organizations to ensure a
smooth adoption process of sustainable technology. This is important, where different approach may
prove to be useful for a certain group of organizations. Towards implementing and managing
sustainability government organizationsand NGOs must recognize the organizational attitudes,
persuasions and ethical belief as well as demographic factors as critical imperatives in�uencing
organizational adoption of sustainable technology. The �ndings of this study will help governments to
identify factors and provide favorable environmental conditions prior to implementation of sustainable
technology. Finally, our study offers better understanding of the critical factors promoting adoption of
sustainable technology in a transitional market economy such as Malaysia.

7. Limitations And Future Research Potential
The obvious limitation of the study lies in data sourced from a single country which limits the scope for
generalization of the �ndings. Towards overcoming this limitation, future research can broaden the data
base sourced from a number of transitional economies such as China, Indonesia and Brazil. Furthermore,
this study used PLS-SEM technique to analyses data which has its inherent limitations inter alia
overseeing actual correlations. Towards overcoming the limited boundaries of this soft modelling
technique, future research can use more robust statistical technique such as SEM which ensures model
�t. Also, a comparative study of the drivers of adoption of sustainable technology in transitional and



Page 27/35

advanced economies would broaden our understanding of the complexities associated with adoption of
sustainable technology in diverse economies.

Declarations
Availability of data and materials

All data generated or analyzed during this study are con�dential.

Competing interests

The authors declare they have no competing interests.

Funding

This work was supported by all authors.

Authors' contributions

All the authors divided the research work and contributed towards this research paper in excellent team
spirit. Moreover, read and approved the �nal manuscript.

Acknowledgements

The authors wish to thank you the Journal.

References
1. Achabou, M. and Dekhili, S. (2013). Luxury and sustainable development: is there a match? Journal

of Business Research, 66 (10), 1896–1903.

2. Adnan, N., Nordin, S., Bahruddin, M. and Tareq, A. (2019). A state-of-the-art review on facilitating
sustainable agriculture through green fertilizer technology adoption: Assessing farmers behavior,
Trends in Food Science & Technology, 86, pp. 439–452

3. Agamuthu, P. and Victor, D. (2011). Policy trends of extended producer responsibility in Malaysia.
Waste Management & Research, 29 (9), 945–953.

4. Bachok, S., Ponrahono, Z., Osman, M., Jaafar, S., Ibrahim, M. and Mohamed, M. (2015). A preliminary
study of sustainable transport indicator in Malaysia: The case study of Klang Valley public
transportation. Journal of Environmental Sciences, 28, 464–473.

5. Berardi, U. (2013). Clarifying the new interpretation of concept of sustainable building. Journal
ofSustainable Cities and Society, 8, 72–78.

�. Bohnsack, R., Pinkse, J. and Kolk, A. (2014). Business models for sustainable technologies: Exploring
business model evolution in the case of electric vehicles. Journal of Research Policy, 43 (2), 284–
300.



Page 28/35

7. Boons, F., Montalvo, C., Quist, J. and Wagner, M. (2013). Sustainable innovation, business models
and economic performance: an overview. Journal of Cleaner Production, 45, 1–8.

�. Bourlakis, M., Maglaras, G., Aktas, E., Gallear, D. and Fotopoulos, C. (2014). Firm size and sustainable
performance in food supply chains: insights from Greek SMEs. International Journal of Production
Economics, 152, 112–130.

9. Brunke, J., Johansson, M. and Thollander, O. (2014). Empirical investigation of barriers and drivers to
the adoption of energy conservative measures, energy management practices and energy services in
the Swedish iron and steel industry. Journal of Cleaner Production, 84, 509–525.

10. Buijs, A. and Lawrence, A. (2013). Emotional con�icts in rational forestry: towards a research agenda
for understanding emotions in environmental con�icts. Journal of Forest Policy and Economics, 33,
104–111.

11. Burcharth, A., Knudsen, M. and Sondergaard, H. (2014). Neither invented nor shared here: The impact
and management of attitudes for the adoption of open innovation practices. Technovation, 34 (3),
149–161.

12. Buschgens, T., Bausch, A. and Balkin, D. (2013). Organizing for radical innovation: a multi-level
behavioral approach. Journal of High Technology Management Research, 24 (2), 138–152.

13. Carrigan, M., Moraes, C. and Leek, S. (2011). Fostering responsible communities: a community social
marketing approach to sustainable living. Journal of Business Ethics,100 (3), 515–534.

14. Chang, Y., Chang, H., Chi, H., Chen, M. and Deng, L. (2012). How do established �rms improve radical
innovation performance? The organizational capabilities view. Journal of Technovation, 32 (7–8),
441–451.

15. Chen, C. and Chao, W. (2011). Habitual or reasoned? Using the theory of planned behavior,
technology acceptance model, and habit to examine switching intentions toward public transit.
Journal of Transportation Research Part F, 14 (2), 128–137.

1�. Chen, M. and Tung, P. (2014). Developing an extended theory of planned behavior model to predict
consumers’ intention to visit green hotels. International Journal of Hospitality Management, 36, 221–
230.

17. Cho, Y., Shaygan, A. and Daim, T. (2019). Energy technology adoption: Case of solar photovoltaic in
the Paci�c Northwest USA, Sustainable Energy Technologies and Assessments, 34, 187–199.

1�. Choi, K., Narasimhan, R. and Kim, S. (2016). Opening the technological innovation black box: the
case of the electronics industry in Korea. European Journal of Operational Research, 250 (1), 192–
203.

19. Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Mahwah,
NJ:LawranceErlbraum.

20. Collins, P. (2011). Sustainability and greening business. Global Management Journal, 3 (1), 126–
130.

21. Datta, A. and Jessup, L. (2013). Looking beyond the focal industry and existing technologies for
radical innovations. Journal of Technovation, 33 (10–11), 355–367.



Page 29/35

22. Eggers, F., O’Dwyer, M., Kraus, S., Vallaster, C. and Gueldenberg, S. (2013). The impact of brand trust
and SME growth: A CEO perspective. Journal of World Business. 48 (3), 340–348.

23. Fishbein, M., &Ajzen, I. (1975). Belief, Attitude, Intention, and Behavior: An Introduction to Theory and
Research. Reading, MA: Addison-Wesley.

24. Fu, Y., Kok, R., Dankbaar, B., Ligthart, P. and van Riel, A. (2018). Factors affecting sustainable process
technology adoption: A systematic literature review, Journal of Cleaner Production, 205 (20), 226–
251.

25. Gmelin, H. and Seuring, S. (2014). Determinants of sustainable new product development. Journal of
Cleaner Production, 69, 1–9.

2�. Goepp, V., Zwolinski, P. and Caillaud, E. (2014). Design process and data models to support the
design of sustainable remanufactured products. Journal of Computers in Industry, 65 (3),480–490.

27. Gossling, S. and Buckley, R. (2016). Carbon labels in tourism: persuasive communication? Journal of
Cleaner Production, 111 (Part B), 358–369.

2�. Guerra, J., Ribeiro, J., Fernandez, F., Bailey, C., Barbosa, S. and Neiva, S. (2016). The adoption of
strategies for sustainable cities: A comparative study between Newcastle and Florianopolis focused
on urban mobility. Journal of Cleaner Production, 113, 681–694.

29. Hair, J., Anderson, R., Tatham, R., and Black, W. (1998). Multivariate Data Analysis. Upper Saddle
River, New Jersey: Prentice Hall.

30. Hair, J., Hult, G., Ringle, C. and Sarstedt, M. (2011). PLS-SEM: Indeed a silver bullet. Journal of
Marketing Theory and Practice, 19, 139–151).

31. Hair, J., Hult, G., Ringle, C. and Sarstedt, M. (2013). A Primer on Partial Least Squares Structural
Equation. Newbury Park, CA: Modelling Sage Publications.

32. Hair, J., Sarstedt, M., Pieper, T and Ringle, C. (2012). The use of partial least squares structural
equation modeling in strategic management research: A review of past practices and
recommendations for future applications. Long Range Planning, 45 (5–6), 320–340.

33. Han, H. (2015). Travelers’ pro-environmental behavior in a green lodging context: converging value-
belief-norm theory and the theory of planned behavior. Journal of Tourism Management, 47, 164–
177.

34. Henseler, J., Ringle, C. and Sinkovics R. (2009). The use of partial least squares path modeling in
international marketing. Advances in International Marketing, 20, 277–320.

35. Higgins, C. and Walker, R. (2012). Ethos, logos, pathos: strategies of persuasion in
social/environmental reports. Accounting Forum, 36 (3), 194–208.Hirsh, J. (2014). Environmental
sustainability and national personality. Journal of Environmental Psychology, 38, 233–240.

3�. Huijts, N., Molin, E. and Wee, B. (2014). Hydrogen fuel station acceptance: a structural equation
model based on the technology acceptance framework. Journal of Environmental Psychology, 38,
153–166.



Page 30/35

37. Ion, I. and Gheorghe, F. (2014). The innovator role of technologies in waste management towards the
sustainable development. Procedia Economic and Finance, 8, 420–428.

3�. Irandoust, M. (2016). The renewable energy-growth nexus with carbon emissions and technological
innovation: Evidence from the Nordic countries. Journal of Ecological Indicators, 69, 118–125.

39. Iveroth, E. and Bengtsson, F. (2014). Changing behavior towards sustainable practices using
information technology. Journal of Environmental Management, 139, 59–68.

40. Jeong, E., Jang. S., Day, J. and Ha, S. (2014). The Impact of eco-friendly practices on green image
and customer attitudes: An investigation in a café setting. International Journal of Hospitality
Management, 41, 10–20.

41. Jepson, W., Brannstrom, C. and Persons, N. (2012). “We don’t take the pledge”: Environmental
skepticism at the epicenter of US wind energy development. Journal of Geoforum, 43 (4), 851–863.

42. Juvan, E. and Dolnicar, S. (2014). The attitude-behavior gap in sustainable tourism. Annals of
Tourism Research, 48, 76–95.

43. Keupp, M. and Gassmann, O. (2013). Resource constraints as triggers of radical innovation:
longitudinal evidence from the manufacturing sector. Journal of Research Policy, 42 (8), 1457–1468.

44. Kim, Y., Jang, S, and Kim, A. (2014). Application of the theory of planned behavior to genetically
modi�ed foods: moderating effects of food technology neophobia. Journal of Food Research
International, 62, 947–954.

45. Klewitz, J. and Hansen, E. (2014). Sustainability-oriented innovation of SMEs: a systematic review.
Journal of Cleaner Production, 65, 57–75.

4�. Kopnina, H. (2014). Education for sustainable development: exploring anthropocentric-ecocentric
values in children through vignettes. Studies in Educational Evaluation, 41, 124–132.

47. Kortenkamp, K. and Moore, C. (2001). Ecocentrism and anthropocentrism: moral reasoning about
ecological commons dilemmas. Journal of Environmental Psychology, 21, 261–272

4�. Lee, Y. and Lee, J. (2014). Enhancing pre-service teachers’ self-e�cacy beliefs for technology
integration through lesson planning practice. Journal of Computer & Education, 73, 121–128.

49. Liu, S., Kasturiratne, D. and Moizer, J. (2012). A hub-and-spoke model for multi-dimensional
intergration of green marketing and sustainable supply chain management. Journal of Industrial
Marketing Management, 41 (4), 581–588.

50. Long, T., Blok, V and Coninx, I. (2016). Barriers to the adoption and diffusion of technological
innovations for climate-smart agriculture in Europe: evidence from the Netherlands, France,
Switzerland and Italy. Journal of Cleaner Production, 112 (1), 9–21.

51. Ma, T., Grubler, A. and Nakamori, Y. (2009). Modeling technology adoptions for sustainable
development under increasing returns, uncertainty, and heterogeneous agents. European Journal of
Operational Research, 195 (1), 296–306.

52. Malaysia, (2011). Pro�le of small and medium enterprise. Economic Census 2011, Department of
Statistic, Malaysia.



Page 31/35

53. Matthes, J., Wonneberger, A. and Schmuck, D. (2014). Consumers’ green involvement and the
persuasive effects of emotional versus functional ads. Journal of Business Research, 67, 1885–
1893.

54. Meijer, L., Huijben, J., Boxstael, A. and Romme, A. (2019). Barriers and drivers for technology
commercialization by SMEs in the Dutch sustainable energy sector. Renewable and Sustainable
Energy Sector, 112, 114–126.

55. Mishra, D., Akman, I. and Mishra, A. (2014). Theory of reasoned action application for green
information technology. Journal of Computer in Human Behavior, 36, 29–40.

5�. Moon, S., Bergey, P., Bove, L. and Robinson, S. (2016). Message framing and organization traits in
adopting innovative, sustainable products (ISPs): evidence from biofuel adoption. Journal of
Business Research, 69 (9), 3553–3560.

57. Moraes, T. and Millani, F. (2014). Altruism an evolutionary pathway: a review on the evolution of
altruistic behavior. Journal of the Faculty of Social Sciences and Law of Elche, 1 (10), 65–82.

5�. Morgan, M., Hine, D., Bhullar, N. and Loi, N. (2015). Landholder adoption of low emission agriculture
practice: a pro�ling approach. Journal of Environmental Psychology, 41, 35–44.

59. Nagalingam, S., Kuik, S. and Amer, Y. (2013). Performance measurement of product returns with
recovery for sustainable manufacturing. Journal of Robotic and Computer-Integrated Manufacturing,
29 (6), 473–483.

�0. Nunally, J. and Bernstein, I. (1994), Psychometric theory. New York: McGraw-Hill.

�1. Nunally, J. and Bernstein, I. (1994), Psychometric theory. New York: McGraw-Hill.

�2. Parrish, B. (2007). Designing the sustainable enterprise. Journal of Futures, 39 (7), 846–860.

�3. Pino, c., Felzenstein, C., Zwerg-Villegas, A. and Arias-Bolzmann, L. (2016). Non- technological
innovation: market performance of exporting �rms in South America. Journal of Business Research,
69 (10), 4385–4393.

�4. Quazi, A. and Talukder, M. (2010). Demographic determinants of adoption of technological
innovation. Journal of Computer Information Systems, 52 (1), 34–47.

�5. Salvado, J., Castro, G. and Lopez, J. (2014). Green corporate image: moderating the connection
between environmental product innovation and �rm performance. Journal of Cleaner Production, 83,
356–365.

��. Sanchez, F., Sanchez, C. and Hyder, A. (2014). The role of personal involvement, credibility and
e�cacy of conduct in reported water conservation behavior. Journal of Environmental Psychology,
38, 206–216.

�7. Sarstedt, M., Ringle, C., Smith, D. and Hair, J. (2014). PLS-SEM: looking back and moving forward.
Long Range Planning, 47 (3), 132–137.

��. Sarstedt, M., Ringle, C., Smith, D., Reams, R and Hair, J. (2014). Partial least square structural
equation modeling (PLS-SEM): a useful tool for family business researchers. Journal of Family
Business Strategy, 5 (1), 105–115.



Page 32/35

�9. Shrivastava, P. and Hart, S. (1995). Creating sustainable corporations. Business Strategy and The
Environment, 4(3), 154–165.

70. Shrum, L., Liu, M., Nespoli, M. and Lowrey, T. (2012). Persuasion in the marketplace: how theories of
persuasion apply to marketing and advertising. The Persuasion Handbook, eds., Thousand Oaks, CA:
Sage, forthcoming

71. Stamm, I. and Lubinski, C. (2011). Crossroad of family business research and �rm demography: A
critical assessment of family business survival rates. Journal of Family Business Strategy. 2 (3),
117–127.

72. Talukder, M. (2019). Causal paths to acceptance of technological innovations by individual
employees. Business Process Management Journal, 25(4), 582–605.

73. Talukder, M. (2014). Managing Innovation Adoption. From Innovation to Implementation. Ashgate
Publishing, UK.

74. Thompson, S. and Barton, M. (1994). Ecocentric and anthropocentric attitudes towards the
environment. Journal of Environmental Psychology, 14, 149–157.

75. Verdugo, V., Bonnes, M., Fonllem, C., Sing, B., Armenta, M. and Carrus, G. (2009). Correlates of pro-
sustainability orientation: the a�nity towards diversity. Journal of Environmental Psychology, 29 (1),
34–43.

7�. Vowles, N., Thirkell, P. and Sinha, A. (2011). Different determinants at different times: B2B adoption
of a radical innovation. Journal of Business Research, 64 (11), 1162–1168.

77. Wong, W., Soh, K. and Chong, C. (2016). Differentiated service consumption and low cost production:
Striking a balance for a sustainable competitive advantage in Malaysia. International Journal of
Production Economics.

7�. Xia, D., Zhang, M., Yu, Q. and Tu, Y. (2019). Developing a framework to identify barriers of Green
technology adoption for enterprises, Resources, Conservation and Recycling, 143, pp. 99–110.

Figures



Page 33/35

Figure 1

Theoretical research framework

Figure 2

PLS-SEM Path theoretical research model
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Figure 3

PLS-SEM Path theoretical research model (service-oriented organizations)

Figure 4
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PLS-SEM Path Theoretical Research Model (micro organizations)


