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Sustainable green economy is the need of time, and eco-friendly products can play a
decisive role in this goal. Low consumption of eco-friendly products is a serious concern of
researchers and policymakers. To address this issue, we have studied the phenomenon in
a developing country and provided insights to researchers and policymakers about the
factors that influence the consumers’ behaviour in developing behaviour. We have
designed an integrated model based on UTAUT to study the developing countries’
behavioural intentions towards eco-friendly products. 805 useable sample is obtained
to analyze by implying SEM-ANN dual-stage hybrid model. Results revealed that
environmental knowledge is a significant predictor and a moderator, but consumers
are less educated about ecological issues in developing countries. Results also revealed
that male and female consumers’ preferences are differently influenced by factors studied
to measure adoption intentions of eco-friendly products. Sensitivity analysis results
revealed that social influence followed by effort expectance and perceived expectancy
of eco-friendly products are more important for developing countries’ customers. The
study also provides empirical evidence of methodological advancement using SEM-ANN
and suggests a dual-stage hybrid model in studies involving human behaviour.

Keywords: eco-friendly products, developing countries, environmental knowledge, green economy, gender
influence, SEM-ANN

INTRODUCTION

A resource-efficient, low-carbon, and socially inclusive economy are the defining characteristics of a green
economy. In a green economy, employment and income growth are driven by private and public
investment into infrastructure, economic activities, and assets that allow for reduced pollution, carbon
emissions, resource efficiency and increased energy, and preventative measures of the loss of ecosystem
services and biodiversity. These environmentally conscious investments need to be made possible and
supported by means of policy reforms, directed public spending, and changes in taxes and regulations.
Since the United Nations Conference on Environment andDevelopment (UNCED) in 1992, the primary
objective of the global community has been to work toward the achievement of sustainable development.

The world’s natural resources are inextricably tied to human communities, and human societies
are reliant on these natural resources. Because of the threat that climate change poses to the future of
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contemporary societies, planetary boundaries have been crossed,
and resource stocks are getting dangerously close to depletion. As
a result, societal change on all levels is required, including, but not
limited to, changes in individual consumption (Steffen et al.,
2018). While a significant number of Europeans are concerned
about the effects of climate change (Ballew et al., 2019) and
believe it is necessary to safeguard the environment, behaviour
change has not followed the pace (Landry, Gifford, Milfont,
Weeks, & Arnocky, 2018). As a result, it is essential to get an
understanding of how individuals might be assisted in
successfully altering their decisions and behaviours (Clayton
et al., 2015).

Developing countries comprise the majority of the world
population, and a dream of a sustainable healthy green
economy and protecting the ecosystem can not be achieved
until and unless the major chunk of the population does not
respond responsibly.

Recent studies have studied the elements that influence the
purchasing of environmentally friendly goods under the
attitude-behaviour-context (ABC) theory and the moderating
impact of applications of information and communication
technology (ICT) innovation (Chen et al., 2021). Still, they
ignore the factors such as environmental knowledge, social
influence, effort expectancy, cost value and facilitating
conditions. Especially the moderating role of environmental
knowledge proved a significant factor and has the potential to
moderate the relationship of different predictors on eco-friendly
products adoption. Another study was conducted in Germany
to study behavioural intention to use eco-friendly packaging
(Koch, Frommeyer, & Schewe, 2022). It also ignored measuring
the mentioned factors’ influence on consumers’ behaviour
toward eco-friendly products. In addition, this study has
been carried out in a developed country, and the behavioural
influence of developing countries’ consumers is different from
those of developed. Another study in Italy measured the non-
green and green adult consumer purchase behaviour.
Researchers measured the factors such as self-identity,
environmental consequences, perceived personal
inconvenience of purchasing, and moral obligations
(Barbarossa & De Pelsmacker, 2016). A recent study in
Vietnam measured the consumer’s concerns and ethical
behaviour toward plastic products (Chi, 2022) but ignored
eco-friendly products. The same is the case with Eco-friendly
mask preferences in Indonesia (Hartanto & Triastianti, 2022)
and consumer preference for buying cheaper versus eco-friendly
cars (Armenio, Bergantino, Intini, &Morone, 2022). Apart from
this, non of the studies has exclusively measured the behavioural
intention of male and female consumers to provide a gender-
specific solution to the low sale of eco-friendly products and
encourage both segments of society to consume eco-friendly
products.

Eco-friendly product manufacturing and its use can
significantly affect a sustainable green economy. High CO2

emissions through different resources, such as excessive crude
oil consumption (Mustafa, Zhang, & Li, 2021) and plastic
products or other environmentally unfriendly materials, cause
damage to the ecological system (Rackow, 2020). Turning

consumers’ behaviour toward the use of eco-friendly products
is a challenge. If people are successfully motivated to buy and use
eco-friendly products, the dream of a sustainable green economy
can be achieved. To fill the above-mentioned research gap, we
have proposed the dollowing research question that will help us
understand the developing countries concumer behaviour
towards eco-friendly products and rank the factors according
to their importance.

RQ1: What factors influence the behavioural intentions of
developing countries’ consumers to use eco-friendly products?
RQ2: Do behavioural intentions of developing countries’
consumers towards eco-friendly products fluctuate with
gender?
RQ3: What are the most significant factors (importance-wise)
for developing countries’ consumers’ behavioural intentions to
use eco-friendly products?

Based on the UTAUT, we have designed an integrated
model to answer the above research questions and collected
data from developing country consumers. We have used SEM-
ANN two-step hybrid model to capture linear and non-linear
interaction between variables and rank the factors according to
their normalized importance. Results revealed that
Environmental knowledge, cost, social influence, effort
expectancy, perceived performance, and facilitating
conditions affect consumers’ behavioural intentions toward
eco-friendly products. But these factors are not equally
influenced when we compare both genders—environmental
knowledge moderates the relationship between social
influence, performance expectancy and behavioural
intention. Lastly, sensitivity analysis revealed that social
influence is the most important factor for consumers in
developing countries, followed by effort expectancy and
performance expectancy.

THEORETICAL BACKGROUND

Unified Theory of Acceptance and Use of
Technology
UTAUT was presented in 2003 to understand the consumers’
behaviour towards adopting innovations and new technologies
(Venkatesh, Morris, Davis, & Davis, 2003). The acronym
UTAUT stands for the social, economic, and psychological
elements that influence customers’ choices about acquiring
and using a new product. In order to have a better
understanding of how consumers purchase eco-friendly
products in developing countries, we have selected these
characteristics from UTAUT. In the past, researchers have
used this theory in various contexts, such as buying
smartwatches (Mustafa et al., 2022a) 5G technology (Mustafa
et al., 2022b) etc. Based on UTAUT, we have developed a model
and integrated environmental knowledge to study the
developing countries’ users’ behavioural intentions towards
eco-friendly products. A conceptual framework is presented
in Figure 1.

Frontiers in Environmental Science | www.frontiersin.org July 2022 | Volume 10 | Article 9552452

Mustafa et al. Eco-Friendly Products in Developing Countries

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Literature Review and Hypothesis
Development
Cost Value
When it comes to making purchasing choices, consumers are
often swayed by a variety of economic considerations. It is a well-
known fact that consumers’ decisions to buy or pass on things are
heavily influenced by their current levels of wealth (Mustafa et al.,
2022c; Mustafa et al., 2022d).

Recent studies have shown that the price of a product has a
significant impact on the likelihood that a customer will purchase
a new product (Mustafa et al., 2022a). According to (Venkatesh
et al., 2003), the term “cost value” refers to the perceived benefit of
a product less the associated expenses of purchasing those goods.
According to (Mustafa et al., 2021), one component of cost value
is “the lowest feasible expenditures and the highest potential
return on investment.” Similarly, according to the fair choice
theorem, pricing value will always find a way to strike a balance
between a company’s operating expenses and the profits it
generates (Boudon, 2008). On the other hand, researchers
have also revealed that price value is not a significant
predictor of mHealth adoption (Alam, Alam, Rahman, &
Taghizadeh, 2021). With this literature, we concluded that the
cost of eco-friendly products would affect the adoption behavior
of consumers in developing countries; hence we hypothesize that

H1: The cost of eco-friendly products will influence the
consumers’ behavioural intentions in developing countries.

Social Influence
Several theories of technology acquisition consider social factors
to be important drivers of technology adoption. Social influence is
consistently ranked as the most significant social component in
models of how people embrace new technologies (Mustafa et al.,

2022e). According to (Venkatesh et al., 2003), one definition of
“social influence” is when an individual considers the views of
others to be significant enough to purchase the product as a result
of that influence. It is common practice to refer to other people’s
effect on a person’s decision-making processes as “social
influence” (Mustafa et al., 2022b; Mustafa et al., 2022c).
Consumers’ purchasing decisions are heavily influenced by
personal perspectives and their effects on society. According to
the findings of research that investigated how customers make use
of services connected to technology, social influence has a
substantial effect on consumers’ purchasing and use patterns
(Mustafa et al., 2022d). With this literature, we hypothesize that

H2: Social influence will influence the developing countries’
consumers’ behavioural intentions toward eco-friendly
products.

Environmental Knowledge
To have knowledge of the environment requires not just
awareness of environmental problems and their effects but
also acknowledgement and a sense of communal responsibility
(Mustafa et al., 2022a). People who have more information about
a topic and can respond to it in a more constructive manner are
more engaged than those who have less information.
Environmental intelligence may modify consumers’
perceptions of their surroundings, which can change
consumers’ intentions towards their conduct. Additionally, it
has been shown in a number of different pieces of study that
consumers’ environmental awareness and preferences impact
their purchasing choices (Sohail et al., 2022a; Mustafa et al.,
2022b). Researchers have also found that environmental
knowledge positively influences environmental risk perception,
environmental concerns, and sustainable consumption (Saari,

FIGURE 1 | Conceptual framework.
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Damberg, Frömbling, & Ringle, 2021). With this literature, we
have a hypothesis that

H3: Environmental knowledge positively influences developing
countries’ consumers’ behavioral intention toward the use of
eco-friendly products.

Performance Expectancy
The term “performance expectation” refers to the value customers
anticipate receiving from a product or service, such as mobile internet
technology, while they go about their everyday lives (Venkatesh et al.,
2003). The way performance is perceived might serve as a reliable
indication of future motivation to use new technologies or items.
Research on mobile apps often makes use of the concept of
performance expectation to understand behavioural and functional
intents. (Mustafa et al., 2022c). conducted a research in which they
came to the conclusion that the perceived performance of mobile
phone services was a major predictor of future happiness and usage.
According to researchers’ findings (Mustafa et al., 2021), performance
expectations are a crucial driving force behind the adoption of
electronic vehicles. The expected level of performance is a crucial
variable in the use of smartwatches (Mustafa et al., 2022d). With this,
we believe that the performance expectancy of eco-friendly products
will influence consumers to adopt and use them in the future in
developing countries, which will help achieve a sustainable green
economy. With this, we hypothesis.

H4: Performance expectancy of eco-friendly products will influence
consumers’ behavioural intention in developing countries.

Effort Expectancy
The term “effort expectation” (EE) refers to how straightforward
a system or new product is to operate (Venkatesh et al., 2003).
According to researchers’ findings, EE is an essential component
in the purchase of any technological product. This is due to the
fact that customers are more likely to purchase an easy-to-use
product as opposed to one that is difficult to master (Mustafa
et al., 2021; Mustafa et al., 2022a).

According to (Mustafa et al., 2022b), people aremore responsive to
new technology when it can be obtained easily and used in a
straightforward manner. The same results that were disclosed in
the purchase decision of electric cars were published, and they
demonstrated that consumers desire to buy them provided they
are simple to use and run (Mustafa et al., 2021). Conclusively,
consumers have different perceptions towards new products,
especially those with advanced features to help recover the
environment. Less-educated consumers often consider them hard
to use and initially hesitate in their adoption (Mustafa et al., 2021).We
believe that EE will influence consumers in their decision to buy and
use eco-friendly products. Hence we hypothesize that

H5: Effort expectance of eco-friendly products will influence
developing countries’ consumers’ behavioural intentions
toward eco-friendly product use.

Facilitating Conditions (SI)
The phrase “facilitating conditions” (FC) is a word that is used to
refer to the instruments and resources that are employed to make
use of technological advancement or new products (Venkatesh
et al., 2003; Mustafa et al., 2022c). According to the findings of a
number of researchers, facilitating conditions are positively
associated with the purchasing decision of consumers for
technically advanced and innovative products such as mobile
internet (Mustafa et al., 2022d), solar panels (Ahmar, Ali, Jiang,
Wang, & Iqbal, 2022), purchase of electronic vehicles (Mustafa
et al., 2021), and so on. As was the case in this research, eco-
friendly products are normally equipped with advanced
technology that serves as a medium to save the environment
or is made up of reusable organic material. Hence we believe that
facilitating conditions and associated knowledge will influence
consumers’ behavioural intentions towards eco-friendly
knowledge; based on this, we hypothesize,

H6: Facilitating conditions for eco-friendly products will
influence developing countries’ consumers’ behavioural
intentions toward using eco-friendly products.

Gender Difference in Consumers’ Psyche
Researchers found that males had an emotional connection to the
styles they experienced in their infancy, although women do not;
this means that their preferences for trendy items reached their
pinnacle when they were younger (Schindler & Holbrook, 2003).
In a different piece of research, the researchers found that women
are more likely than males to change their future purchase
behaviours as a result of receiving promotional presents.
Consequently, women are more likely to be motivated to
reciprocate since they gain a greater value from the
transactional aspect of a promotional purchase than males
(Kovacheva, Nikolova, & Lamberton, 2021). A recent study
found that consumers of the male gender tend to place a
higher priority on quality, in contrast to females, who are
more likely to be affected by social factors while making
purchases. Compared to their male counterparts, females have
a greater awareness of prices (Mustafa et al., 2022a). According to
the findings of this body of research, gender does have a role in
customers’ decision-making process. Based on this, we have
decided to analyze the gender-specific paths in our study so
that a clear picture can be presented.

Moderation Effect of Environment
Knowledge
Environmental knowledge is a factor that can make a difference
in the consumer’s choice of eco-friendly products and can help
achieve a sustainable green economy. A broad understanding of
facts, ideas, and connections relating to the natural environment
and its primary ecosystem is what is meant when someone says
they have “environmental knowledge.” Researchers have recently
discovered that environmental knowledge strengthens the
relationship between green human resource management and
pro-environmental behaviors (Sohail et al., 2022b; Farrukh,
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Ansari, Raza, Wu, & Wang, 2022). Researchers believe that
people who have a better awareness and knowledge of
environmental-related issues are more likely to pick eco-
friendly products and technologies (Mustafa et al., 2022b)
same is found in the case of electronic vehicles (Mustafa et al.,
2021). Another study on the green apparel buying behaviour
revealed that environmental knowledge moderates the
relationship between consumer pessimism, optimism,
environmental orientation and Green apparel buying behavior
(Sadiq, Bharti, Adil, & Singh, 2021). Therefore, people who have a
strong understanding of environmental issues are more inclined
to choose green items, which have a less detrimental effect on the
environment. Individuals have a wide range of environmental
awareness and comprehension; hence, it is essential to explore the
border condition established by the amount of knowledge
between the PE, CV, EE FC, SI and the BI. With this
discussion we proposed the following,

H7: Environmental knowledge will moderate the relationship
between cost value (a), social influence (b), performance
expectancy (c), effort expectancy (d), facilitating conditions
(e), and Behavioural intention to use eco-friendly products
in developing countries.

METHODOLOGY

Research Context
Developing countries are struggling to play their role in achieving
the UN Environment-led Green Economy goal. As classified by
the International monetary fund, developing counties contain
85% of the world population (Worlddata, 2021). To test our
proposed model, we have selected Pakistan, one of the developing
countries that took the initiative to plant a billion trees to achieve
a sustainable green economy. A country with 220 million people
committed to playing their role towards a green economy and
sustainable environment-friendly atmosphere. Around 60% of
the population in the country is below the age of 50 and has the
potential to play its role in achieving the sustainable goal of a
green economy. The billion tree initiative, population share in the
world as the 5th populous country and population age segregation
are some of the reasons to select Pakistan to study the intentions
of individuals towards buying eco-friendly products for the
sustainable growth of the green economy.

Questionnaire Design and Data Collection
We made use of a tool that has been shown to be effective in the
past. Each measuring item’s setup and properties are described in
detail in the accompanying material. We don’t do much tinkering
with the original concepts for our study structures to improve
their performance. There were three academics who are experts in
the subject who helped us with the instrument’s design. A pilot
study was then done to see how long respondents spent filling out
a questionnaire and what they had to say. A group of thirty
graduate students (both master’s and bachelor’s) was chosen for a
pilot study. During the pilot project, we spoke with academic

experts to further understand consumers’ behavior and
incorporate their suggestions. Although the pilot project’s
findings were positive, the pilot participants were not included
in the final sample.

We opted to conduct the poll online because of the possibility
of human error and manual data entry. Our target audience’s
cross-sectional dataset/response has been collected using a seven-
point Likert scale. With a “strongly disagree” rating of 1 and a
“strongly agree” rating of 7 (Supplementary Table S1). Because
of its precision and ease of administration, the 7-point Likert scale
is preferred by scientists over higher-order alternative measures
(Finstad, 2010). We’ve split the population into five areas based
on factors like literacy, population density, and other
infrastructure (Karachi, Islamabad/Rawalpindi, Lahore,
Faisalabad, Peshawar). A systematic sampling approach was
used to choose every twentieth customer who went to the
supermarkets in these clusters. The administration of the
survey and the gathering of replies were carried out with the
assistance of Google forms. It was required that respondents
submit their mobile phone numbers to prevent making duplicate
attempts, for the sake of data cleansing, and to gather follow-up
replies. The poll was conducted over the course of 2 weeks, from
the second to the third week of February 2022. Eleven hundred
questionnaires were distributed among five clusters, with each
cluster receiving a total of 220 survey questionnaires. We received
a total of 805 valid replies, which corresponds to a response rate of
73.18 percent overall. In order to carry out statistical analysis, the
sample size is much more than the minimum need of 10 times for
each construct component (Hair, Howard, & Nitzl, 2020).

Demographics of Respondents
We have compiled the respondent’s age, education level, gender,
residence status, employment, and other relevant information to
have a more comprehensive understanding of our research
sample and its features. Table 1 has a detailed presentation of
the demographic information on our whole sample size (805).

TABLE 1 | Demographics Profile of sample.

Characteristics Range Frequency

Gender Male 433
Female 372

Age 18–25 Year 196
26–35 Year 267
36–45 Year 261
>45 Year 81

Education High School or Less 128
Bachelor 310
Master 341
Doctorate 26

Occupation Student 49
Govt. Employee 264
Private Company Employee 256
Businessman/women/other 236

Residential Status Lahore 167
Karachi 172
Islamabad/Rawalpindi 168
Faisalabad 174
Peshawar 124
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Common Method Bias
A common method bias (CMB) is possible if the same response
approach is used to assess both the explained and exploratory
variables. Common methodological bias has the potential to
undermine the validity of an investigation. Previous academics
have suggested a number of operational and statistical safeguards
to protect against the CMB (Podsakoff, MacKenzie, & Podsakoff,
2012; Mustafa & Wen, 2022). We have explained the goal of the
research as well as how the collected data will be used for all of the
participants. Before responding to the questionnaire, every
respondent was provided with a comprehensive explanation.
During the process of preparing the questionnaire, we also
considered linguistic and academic specialists, which allows us
to make the questions straightforward for the respondents to
comprehend. Before providing the respondents with a
questionnaire, we first clarified to them that there are no hard
and fast rules to followwhen selecting the appropriate response. It
is necessary for respondents to offer their responses and
perspectives. We made it quite clear that there would be no
consideration of right or wrong. We carried out the suggested
Harman’s single-factor analysis in the analysis section. The
findings indicated that the single factor accounts for just
31.858 percent of the total variance, which is a significant
amount lower than the recommended threshold value of 50
percent (Podsakoff et al., 2012; Zhongjun, Shah, Ahmad, &
Mustafa, 2022). As a result, the CMB does not pose a
significant risk in our investigation.

PLS-SEM
We picked PLS-SEM because it is the most often recommended
technique for circumstances in which the research is focused on
predicting and assessing dependent variables to account for the
maximum amount of variance. The PLS-SEM approach is the
most effective prediction-oriented strategy (Roldán & Sánchez-
Franco, 2012). In addition, it is capable of processing both the
measurement and structural models (inside and out) at the same
time. Aside from that, it is capable of analyzing complex path
models (Hair Jr, Hult, Ringle, & Sarstedt, 2016). A smaller sample
size may be used with PLS-SEM while still obtaining higher-
quality results.

Recently researchers revealed that the growth of the PLS-SEM
technique might be explained by its prospective benefits in
management science (Awan et al., 2021; Mustafa et al., 2022a;
Mustafa et al., 2022c; Mustafa et al., 2022d). Consequently, it
seems that PLS-SEM is the best approach for this study. Two
stages of the PLS path modelling approach are evaluated to ensure
that the measurements of the constructs are correct and reliable.
The first stage evaluates measurement model reliability and
validity; the second stage evaluates structural model validity to
define an inner model or link between latent constructs (Hair
et al., 2016; Hair et al., 2020). However, since the model considers
non-linear interactions, it is advantageous to carry out an analysis
divided into two phases.

Multivariate Assumptions
Before doing a multivariate analysis, researchers assert that
certain multivariate assumptions must first be validated. These

assumptions include linearity, homoscedasticity, and
multicollinearity (Gul et al., 2021; Jamil et al., 2021; Jamil
et al., 2022a). Data were tested to see whether it followed a
normal distribution using the Kolmogorov-Smirnov (K-S) test;
however, the results suggest that the data do not (Hew, Leong,
Tan, Ooi, & Lee, 2019). Supplementary Figure S1 demonstrates
both linear and non-linear interactions between explained and
exploratory variables. Finally, the variance inflation factor (VIF)
scores were assessed to see whether the model had collinearity
problems. This study shows that the VIF values for all variables
are less than 5 (Table 2). (Hair et al., 2016) state that VIF values
less than 5 imply no collinearity issues with the dataset. The
additional material contains indicator loadings and cross-
loadings.

Measurement Model
Measurement models should be evaluated using indicators and
constructs’ convergent and discriminant validity (Hair et al.,
2016). Using Cronbach’s Alpha (α) and indicator loading, we
were able to determine the reliability of the instrument. Testing of
the indicators of the constructs was conducted to see whether or
not they provide an appropriate evaluation of the study variables.
The average variance extracted (AVE) and composite reliability
(CR) is used to express how much variance in indicators was
compensated for by the latent construct, respectively. The factor
loadings on the corresponding structures are used for each item to
assess the reliability (Table 2; Figure 2) (Supplementary Table
S2). The item reliability is shown in Table 2. A component’s
factor loading must be greater than or equal to 0.6 in order to be
considered significant and included in the model (Hair et al.,
2016). For further assurance, Cronbach’s Alpha for all
constructions is more than or extremely close to the
acceptable cutoff of 0.7 is recommended, so is in our dataset
(Werts, Linn, & Jöreskog, 1974).

It was also determined if the constructs’ composite reliability
(CR) was enough for gauging the constructs’ reliability instead of
only using Cronbach’s alpha alone (Werts et al., 1974). Because
the composite reliability values of constructs are all more than 0.7,
this further enhances their validity. As can be seen from Table 2,
the average variance extracted (AVE) convergent validity
estimations were all more than or equal to 0.50 (Hair et al.,
2016; Hair et al., 2020; Jamil et al., 2022b). These results ensure
that the dataset is adequate to perform further analysis.

In addition, the Fornell-Larcker criteria and heterotrait-
monotrait (HTMT) ratios are incorporated to assess the
proposed model’s discriminant validity (Hair et al., 2020).
Fornell-Larcker criteria show that discriminant validity is
validated, as seen in Table 3, where the highest value of the
association of measures is maximal in each column (Fornell &
Larcker, 1981). The technique (HTMT ratio) suggested by
(Henseler, Ringle, & Sarstedt, 2015) is a new approach to
assessing discriminant validity. They contended that the
Fornell-Larcker criteria could not distinguish between the
presence and lack of discriminant validity despite its
efficiency in assessing discriminant validity. As a
consequence of this, the HTMT was used to establish the
discriminant validity. Table 4 displays the HTMT values for
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the factors considered throughout this research. In order to
satisfy the requirements, the HTMT values of all the variables
must be lower than 0.90. (Henseler et al., 2015). As can be seen

in Table 4, the HTMT values for all measures fall below the
threshold of 0.90, which indicates that the discriminant validity
of the variables is established.

TABLE 2 | Reliability and validity analysis.

Constructs Items Loadings T Statistics VIF α CR AVE

Behavioral intention BI1 0.895*** 79.512 2.277 0.882 0.927 0.809
BI2 0.905*** 105.068 2.691
BI3 0.899*** 82.221 2.533

Facilitating Condition FC1 0.756*** 46.964 1.555 0.822 0.882 0.653
FC2 0.848*** 65.102 2.095
FC3 0.835*** 81.658 2.228
FC4 0.789*** 30.27 1.945

Cost Value CV1 0.835*** 24.482 1.805 0.843 0.905 0.76
CV2 0.88*** 37.116 2.192
CV3 0.899*** 55.289 2.145

Social influence SI1 0.726*** 39.007 1.389 0.727 0.829 0.548
SI2 0.717*** 47.324 1.371
SI3 0.754*** 48.688 1.399
SI4 0.762*** 39.997 1.325

Effort Expectancy EE1 0.712*** 73.851 1.34 0.73 0.831 0.552
EE2 0.676*** 59.731 1.333
EE3 0.77*** 40.657 1.546
EE4 0.808*** 48.198 1.591

Performance expectancy PE1 0.873*** 45.404 2.392 0.864 0.907 0.709
PE2 0.877*** 25.161 2.562
PE3 0.833*** 22.511 2.321
PE4 0.783*** 34.595 1.83

Environmental Knowledge EK1 0.775*** 31.32 1.396 0.718 0.842 0.639
EK2 0.812*** 39.462 1.449
EK3 0.811*** 48.654 1.385

Notes: α > 0.7; CR > 0.7; AVE > 0.5; VIF < 5; ***Significant at p < 0.001.

FIGURE 2 | Measurement model.
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Structural Model Assessment
The PLS-SEM evaluation method is broken down into many
steps, the second of which is the examination of the structural
model. In order to evaluate the structural path model, it is
necessary to evaluate the multicollinearity of the data, as well
as the predictive relevance of the model, the empirical significance
of the path coefficients, and the level of confidence. In addition, it
is necessary to evaluate the degree to which the structural path

model can be trusted. In this study, guidelines explained by (Hair
et al., 2016) were employed with the aim of assessing the
structural model and interpreting the results.

We have run amodel to analyze the direct effects of factors on BI.
Hence the PLS-SEM path analysis results (Figure 3) revealed
that R2 = 0.634 (Q2 = 0.507). Our model explains 63.4 percent of
the variation in BI is driven by the independent factors (Table 5). Q2

is used to determine whether or not a model has predictive relevance
and serves as a measurement for predictive relevance. According to
the values of Q2 generated by our model, the predictive importance
of the endogenous components has been demonstrated.

In order to analyze the previously stated hypothesis, we first
looked at the direct relationships between the different variables,
and then we used a bootstrapping test with 5,000 repetitions to
see how well the results compared to the original hypothesis
(Mustafa et al., 2021; Mustafa et al., 2022b). PLS-SEM direct path
analysis revealed that CV (β = −0.182; p < 0.001), EE (β = 0.202;
p < 0.001), EK (β = 0.076; p < 0.001), FC (β = 0.083; p < 0.001), PE
(β = 0.15; p < 0.001), and SI (β = 0.466; p < 0.001) for BI has
statistically significant values of beta (β) (Table 5). These results

TABLE 3 | Discriminant validity Fornell-Larcker criteria.

Mean STDEV BI CV EE EK FC PE SI

BI 4.94 1.43 0.9
CV 4.91 1.36 0.561 0.872
EE 4.46 1.58 0.544 0.398 0.743
EK 5.23 1.30 0.467 0.533 0.423 0.8
FC 5.02 1.65 0.522 0.622 0.461 0.585 0.808
PE 4.32 0.94 0.216 0.157 0.126 0.093 0.125 0.842
SI 4.68 1.43 0.667 0.394 0.386 0.313 0.365 −0.012 0.74

Note: Bold diagonal values are the square root of AVE. BI: behavioral intention; FC: facilitating condition; CV: cost value; SI: social influence; EE: effort expectancy; PE: performance
expectancy; EK: environmental knowledge; STDEV: standard deviation.

TABLE 4 | HTMT ratio.

BI CV EE EK FC PE SI

BI
CV 0.643
EE 0.67 0.493
EK 0.583 0.682 0.587
FC 0.609 0.735 0.584 0.763
PE 0.24 0.185 0.163 0.127 0.149
SI 0.822 0.506 0.523 0.431 0.47 0.076

FIGURE 3 | PLS-SEM Path model.
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confirm the proposed H1 to H6. We have also tested the control
variables’ education level and age, but these have no significant
effect on consumers’ behavior.

In addition, we used PLS-MGA in order to access the group-
specific effects for both genders, and we provided the bootstrapped
results separately formen and females. In order to guarantee that this
model has the same architecture as model 1 (Table 5), we have
utilized the bootstrapping technique with 5,000 resamplings.

Although the proposed hypothesis significantly influences
model 1 for the overall sample, we have found some unique
results in PLS-MGA. Results revealed that EK (β = 0.052; p =
0.2) has no influence on BI for the Female sample, and FC (β= 0.068;
p = 0.113) has no influence for the male sample. At the same time,
the rest of the hypothesis held for both genders (Table 6).

Moderation Analysis
(Hair et al., 2016) proposed the product indicator approach,
which we used to illustrate the moderating effect of
environmental knowledge on the direct link between CV,
FC, PE, EE, and SI on BI using the product indicator
method. We hoped that higher knowledge of the
environment would strengthen the BI of consumers’ to
choose environmentally friendly items and the other way
around. Moderation analysis results are presented in

Table 7. Results revealed that Environmental knowledge
only moderate two relationships in our study, i.e., EK- >
SI- > BI (β = -0.125, t = 5.552, p < 0.001) and EK- > PE- > BI
(β = -0.076, t = 3.334, p < 0.001). It confirms the proposed
hypotheses H7b and H7c, whereas the results reject the
H7a,d,e. Higher knowledge of environmental issues will
weaken the strength of social influence and performance
expectancy on BI. Figure 4 and Figure 5 present the slope
plot for environmental knowledge’s moderation effect on SI,
PE relation with BI.

Results revealed weak significant moderation, and surprisingly
higher environmental knowledge negatively moderates the
relationship, as mentioned in Table 7. So in the case of
developing countries higher amount of environmental knowledge
is weakening their intentions to use eco-friendly products.

Artificial Neural Network
An artificial neural network, also known as an ANN, is a tool
for non-linear statistical data simulation that may be trained
several times to improve the performance of the model
(Mustafa et al., 2021). The prediction of outcomes and the
classification of data are two applications of ANN. The ANN

TABLE 5 | Path analysis (PLS-SEM).

Statistical Paths Beta Std. Dev T-Value

CV -> BI 0.182*** 0.031 5.856
EE -> BI 0.202*** 0.025 7.597
EK -> BI 0.076*** 0.03 2.660
FC -> BI 0.083*** 0.03 2.792
PE -> BI 0.15*** 0.024 6.365
SI -> BI 0.466*** 0.028 16.428
Control Variables
Age- > BI −0.025 NS 0.021 1.186
Education- > BI 0.016 NS 0.021 0.804
R2 0.635
Adjusted R2 0.631
Q2 0.507

***Significant at p < 0.001, **Significant at p < 0.05, NS: not supported. BI: behavioral
intention; FC: facilitating condition; CV: cost value; SI: social influence; EE: effort
expectancy; PE: performance expectancy; EK: environmental knowledge.

TABLE 6 | Bootstrapping results for PLS-MGA.

Paths Female sample Male sample

Beta STDEV T-value Beta STDEV T-value

CV -> BI 0.204*** 0.048 4.235 0.167*** 0.041 4.115
EE -> BI 0.223*** 0.036 6.209 0.175*** 0.032 5.437
EK -> BI 0.052NS 0.04 1.283 0.103*** 0.039 2.624
FC -> BI 0.092** 0.043 2.118 0.068NS 0.042 1.591
PE -> BI 0.141*** 0.034 4.183 0.16*** 0.035 4.64
SI -> BI 0.456*** 0.041 11.199 0.478*** 0.036 13.34

Note: ***Significant at p < 0.001, **Significant at p < 0.05, NS: not supported, BI:
behavioral intention; FC: facilitating condition; CV: cost value; SI: social influence; EE:
effort expectancy; PE: performance expectancy; EK: environmental knowledge; STDEV:
standard deviation.

FIGURE 4 | Moderation effect (Slope) of Environmental Knowledge on
SI- > BI.

FIGURE 5 | Moderation effect (Slope) of Environmental Knowledge on
PE- > BI.
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model performs better than other multivariate models when it
comes to prediction; nevertheless, the inclusion of
“BLACBOX” is not appropriate for testing hypotheses (Hew
et al., 2019; Mustafa et al., 2021; Mustafa et al., 2022c). ANN
does not require any multivariate assumptions and works
perfectly with a low dataset. Hence, researchers believe it
can be integrated with SEM to obtain better and more
consistent results (Alam et al., 2021; Mustafa et al., 2021).
This is especially true if the multivariate assumptions are
violated or the sample size is small, as ANN does not
require any multivariate assumptions. Due to the fact that
the dataset contains some non-linear interaction, as stated in
the supplemental material, it is more suitable for the two-stage
analysis. On the other hand, in response to RQ3, in which we
wish to rank the predictors as per their normalized
significance, we have used ANN in the second stage of
the study.

Following the lead of early researchers (Alam et al., 2021;
Mustafa et al., 2021), we have built an artificial neural
network (ANN) model for BI. The sigmoid was chosen as

the activation function, and there are two hidden layers of
neurons (Figure 6). In order to avoid the model from being
over-fit to the data, a technique known as 10-fold cross-
validation was used. Ninety percent of the data was utilized
for training, while only ten percent was utilized for testing
(Table 8).

Table 8 presents the root mean square of errors (RMSE).
RMSE represents the model predictive power (Hew et al., 2019;
Mustafa et al., 2021). In our model, RMSE values for training
(Mean = 0.096; STD = 0.006) and testing (Mean = 0.088; STD =
0.009) represent the high predictive power of the constructed
ANN model for BI.

In addition, in order to assess the efficacy of the ANN models,
we developed a goodness-of-fit coefficient on the basis of a certain
approach. This coefficient is comparable to the R2 value
discovered in the regression models (Figure 7).

Sensitivity Analysis
AnANNmodel was used to conduct a sensitivity analysis, and the
results of that study are shown in Table 9. The fact that the
hidden layer of the ANN model had synaptic weights that were
not equal to zero provided supporting evidence for the
significance of the inputs. The output of the model is highly
sensitive to changes in the values of the different inputs, which are
then used to estimate the “relative importance” of each
component. The model’s output is very sensitive to
fluctuations in the value of the various inputs. With these
discoveries, we were able to estimate the normalized
importance of each variable by doing a ratio calculation in
relation to the value that was discovered to be the greatest
overall. This allowed us to decide which variables were most
important.

FIGURE 6 | ANN model for BI.

TABLE 7 | Moderation analysis for EK.

Moderation effect Coffecient STDEV T-statistics

EK- > EE -> BI −0.022NS 0.025 0.91
EK- > CV -> BI −0.015NS 0.026 0.577
EK- > FC -> BI 0.008NS 0.028 0.304
EK- > SI -> BI −0.125*** 0.022 5.552
EK- > PE -> BI −0.076*** 0.023 3.334

Note: ***Significant at p < 0.001, NS: not supported, BI: behavioral intention; FC:
facilitating condition; CV: cost value; SI: social influence; EE: effort expectancy; PE:
performance expectancy; EK: environmental knowledge; STDEV: standard deviation.
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Based on the sensitivity analysis results, we concluded that
Social influence has the highest relative normalized importance
for our sample (100%), followed by Effort Expectancy (51.70%)
and Performance expectancy (42.18%). We have also found that
cost value (29.30%) and facilitating conditions (24.26%) are the
least important factors for consumers to adopt eco-friendly
products in developing countries.

DISCUSSION

This study aims to understand developing countries’ customers’
behavioural intentions towards the adoption and use of eco-
friendly products that can lead to support the economic revival of

developing countries and achieve the goal of a sustainable green
economy. We have proposed an integrated model based on
UTAUT and analyzed the collected dataset by applying the
SEM-ANN hybrid two-stage approach.

Three research questions are presented to study the said role of
eco-friendly products in developing countries. H1-H6 answers
the RQ1, results presented in Table 6 answer RQ2, and sensitivity
analysis results presented in Table 9 answer RQ3.

People from developing countries are concerned about the
ecosystem and want to play their role in a sustainable green
economy. Cost value plays a significant positive role in the
adoption intentions of developing countries and supports H1.
It means the consumer in developing countries are willing to pay
an extra price if they compare the value and cost (health, money,
environmental damage). It is consistent with the earlier results
(Koch et al., 2022) but contradicts (Alam et al., 2021). H2,
developing countries’ consumers are highly influenced by the
social norms and give value to others’ opinions when it comes to
using new products. The results indicate if someone from a close
circle of friends or society is advising individuals, they listen to the
opinion and are inclined toward the eco-friendly products. It is
consistent with recent findings (Mustafa et al., 2022a; Mustafa
et al., 2022b).

Environmental knowledge that has received less attention in
the context of eco-friendly products in recent studies was found
to be positively associated with behavioural intentions (H3),
which means people from developing countries have some
knowledge and as much as an individual has an
environmental knowledge, as much as he/she is inclined to
adopt eco-friendly products in routine life. The findings are
close to the recent findings for 5 g adoption (Mustafa et al.,
2022c). H4, performance expectancy of eco-friendly products is
also a positive influence on behavioural intention, which means
consumers perceive that their daily routine performance will
boost if they use eco-friendly products. They will play their

FIGURE 7 | Regression standard residuals for ANN model.

TABLE 8 | ANN RMSE values for training and testing.

Training Testing Total sample

N SSE RMSE N SSE RMSE

725 6.399 0.094 80 0.481 0.078 805
722 6.168 0.092 83 0.709 0.092 805
716 5.862 0.090 89 0.801 0.095 805
706 5.678 0.090 99 0.816 0.091 805
719 6.701 0.097 86 0.789 0.096 805
722 8.512 0.109 83 0.694 0.091 805
722 7.18 0.100 83 0.39 0.069 805
721 7.469 0.102 84 0.582 0.083 805
722 7.316 0.101 83 0.72 0.093 805
716 5.566 0.088 89 0.778 0.093 805
Mean 6.685 0.096 Mean 0.676 0.088
Std Dev 0.936 0.006 Std Dev 0.145 0.009

Note. 1. R2 = 1-RMSE/S2, where S2 is the variance of the test data’s desired output. 2. N
= number of samples, RMSE, rootmean square of errors. 3. FC: facilitating condition; CV:
cost value; SI: social influence; EE: effort expectancy; PE: performance expectancy; EK:
environmental knowledge serve as the input neurons. 4. Behavioral intention served as
the output neuron.
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part as an individual toward a green economy by using eco-
friendly products.

Effort expectancy positively influences behavioural
intentions (H5), which means if the eco-friendly products
are easy to use and simple in their structure to recycle,
consumers will use them. It can play a significant role in a
step towards a sustainable green economy. H6, facilitating
conditions also play a positive role in adopting eco-friendly
products, which means if a healthy infrastructure is introduced
to people that support eco-friendly products, people will
incline toward eco-friendly products.

In response to RQ2, PLS-MGA results revealed two surprising
facts. 1) Environmental knowledge does not play any role in
female consumers’ adoption of eco-friendly products, and they do
not care about environmental issues. It can be because they have
less knowledge about ecological issues. 2) Male consumers in
developing countries do not influence by social influence, which
is possible because males have to discuss less about ecological
issues in their social circle or because they are self-initiative and
value their own opinion rather than listening to others or the
following society. They deviate from herd behaviour in eco-
friendly product adoption. We can conclude that developing
countries’ consumers’ decision psyche is different for different
gender. It is consistent with a recently published study (Mustafa
et al., 2022d).

Furthermore, to answer H7, we have run a moderation
analysis, and the results revealed a small significant
moderation of environmental knowledge. Surprisingly
environmental knowledge negatively moderates the
relationship between social influence, performance expectancy
and BI to eco-friendly products. The possible reason for this
negative moderation in developing countries is if an individual
already has enough knowledge about environmental issues and
ecological problems and knows its role as an individual entity in
saving the ecological system and achieving a sustainable green
economy, he might not value the social advise or perceived
expectancy of eco-friendly products and keep doing whatever
is in favour of collective good.

In response to RQ3, sensitivity analysis results were performed
by constructing an ANN model for BI, and results revealed that
developing countries’ consumers value social influence a lot, and
it is followed by the Effort expectancy (second most important
factor) and perceived expectancy (third most important). It
means if eco-friendly products need to be promoted in
developing countries and achieve a sustainable green economy
in developing countries, policymakers and eco-friendly product
producers must emphasise these factors.

Theoretical Contribution
The study contributes to the available literature substantially. It
provides further explanations for studies conducted in developed
countries (Barbarossa & De Pelsmacker, 2016; Armenio et al.,
2022; Koch et al., 2022) and developing countries (Chi, 2022;
Hartanto & Triastianti, 2022). We have tried to fill the research
gap by illuminating the influential factors behind eco-friendly
product use in developing countries. Firstly we have provided
insight into the developing countries’ consumers and their
behaviour towards the use of eco-friendly products. Secondly,
we have provided evidence that gender factors influence the
consumers’ preferences in developing countries, and both
genders think about environment-related issues differently.
Thirdly we have added in the existing literature that
environmental knowledge is a factor that can play an
important role in developing countries’ green economy goals.
It is an influential factor and a potential mediator in the adoption
of eco-friendly products. Lastly, we have provided the normalised
importance of every influential factor behind adopting eco-
friendly products in developing countries.

Furthermore, we have used a dual-stage SEM-ANN analysis,
and the variance explained in the second stage (72%) results is
considerably higher than SEM results (63%). It is a considerable
methodological advancement. We recommend using the dual-
stage SEM-ANN model in studies where the human psyche is
involved or prediction of the outcome is required as ANN is more
consistent in prediction.

Policy Implications
Based on the study’s findings, we have some recommendations
for policymakers and economic advisors. Eco-friendly products
can help revive developing countries’ economies and support
achieving the goal of a sustainable green economy. People from
developing countries have less knowledge about environmental-
related issues. We suggest the governments of developing
countries and other stakeholders in the global green economy
goal and those working on the ecological system emphasise
educating developing countries’ populations, especially the
female section of the population. When people are aware of
the consequences of not using eco-friendly products and their
benefits, they will turn their priorities toward eco-friendly
products. The public campaign in favour of eco-friendly and
resource-efficient products can play a vital role in achieving the
goal of a green economy. A better environmental friendly
infrastructure needs to design and promoted in developing
countries.

TABLE 9 | Sensitivity analysis (ANN model for BI).

Neural Network PE EE FC EK SI CV

NN-1 0.50 0.47 0.21 0.22 1.00 0.28
NN-2 0.44 0.43 0.22 0.26 1.00 0.26
NN-3 0.40 0.61 0.27 0.17 1.00 0.29
NN-4 0.39 0.61 0.28 0.21 1.00 0.46
NN-5 0.44 0.40 0.20 0.13 1.00 0.16
NN-6 0.43 0.50 0.33 0.12 1.00 0.38
NN-7 0.32 0.49 0.27 0.22 1.00 0.27
NN-8 0.44 0.55 0.14 0.04 1.00 0.23
NN-9 0.44 0.49 0.20 0.12 1.00 0.27
NN-10 0.42 0.62 0.31 0.25 1.00 0.34
Average
importance

0.422 0.517 0.243 0.175 1.000 0.293

Normalized
importance

42.18% 51.70% 24.26% 17.52% 100% 29.30%

FC: facilitating condition; CV: cost value; SI: social influence; EE: effort expectancy; PE:
performance expectancy; EK: environmental knowledge.
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Furthermore, eco-friendly products are reusable/recyclable
and can save world resources, especially in developing
countries. It can support reviving the shattered and
dwindling economies. Helpful in saving energy resources
and in saving the ecological system. Educating people about
resource-efficient and eco-friendly products and advertising
the benefits of eco-friendly products can pave the path to a
sustainable green economy.

Limitations and Future Work Directions
The study implies some limitations that can lead to future
avenues for further research. Firstly, we have collected our
sample from a single country, which can limit the
generalizability of the study findings. Researchers are
encouraged to conduct a cross-country analysis to validate the
results further. Researchers can cross-compare developed
countries and developing countries or within developing
countries by differentiating the geographic boundaries, e.g.,
Asian and African countries. Secondly, we did not measure
the income level in our sample. Income level can play a role
in the process, and consumers’ priorities can fluctuate with
income level. We suggest adding the effect of income level in
future studies. Thirdly, we study the education level as a control
variable; Future researchers can study the deep impact of
education level, cross-compare the educated and illiterate
community members, and provide policy recommendations to
educate people about environmental issues and motivate them to
use resource-efficient and eco-friendly products.
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