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Manager involvement is very important in
environmental protection. Since then, many managers have integrated environmental
sustainability into their business strategies by adopting green practices that focus on
green products. The aim of the current study is to examine the effect of environmental
knowledge on green products and the mediating role of environmental awareness
and environmentally friendly attitudes.

This study used a structured questionnaire for collecting data, where
respondents were asked to provide their responses to green products produced
by environmentally friendly manufacturing companies. The partial least squares
structural equation modeling was used to test and analyze the relationships in the
proposed model.

The results of the study explained that in order to create a green
product, managers’ awareness of the environment needs to be formed which can
be realized by the presence of a number of knowledge about the environment. Thus,
environmental awareness is a mediator between environmental knowledge and green
products. However, an environmentally friendly attitude is not a mediator between
environmental knowledge and green products.

Managers’ awareness of the environment must be realized by sharing
knowledge about the importance of protecting the environment because this will
affect the production of green products.
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In the 21 century, there has been an increase in
environmental problems. For this reason, companies
are required to use balanced natural resources
through responsible behavior from both the
community and the business world, thus economic
development can be achieved, and negative
environmental impacts can be minimized from
economic activities and obtain social welfare
(Pinskaya et al., 2021; Yumei et al., 2021; Babenko et
al., 2019), which ultimately forms sustainable
development. Popularity and priority of sustainable
development in most business circles focused on
human development and environmental protection
(Gryshcenko et al., 2022). Since then, more companies
are integrating the environmental concerns in their
business operations and in their interactions with
stakeholders, embracing environmental sustainability
into business strategies. Moreover, they are
increasingly adopting green practices. The reason is
to increase competitiveness and be social
responsibility. The term of green is usually used to
describe environmental protection and quality
improvement (Raharjo, 2018; Xie et al., 2019). Green
practices in companies generally focus on clean
technologies including cleaner production, eco-
efficiency of materials, renewable energy
technologies, and efficient energy utilization
(Espinosa et al., 2021; Hu et al., 2022). Since the early
2000s, the focus of sustainable companies has shifted
from the introduction of clean technologies to the
production of green products (Fernando et al., 2019).
In general, green products are used to describe
products that seek to maintain and protect the
environment during the production process by
conserving resources and minimizing waste and
pollution (Sana, 2020; Ouhsine et al., 2020). There
were many studies on green products from a
consumer perspective (Sharma and Foropon, 2019;
Choi and Johnson, 2019; Redman, 2014; Kautish and
Sharma, 2020; Bansal, 2011). However, Katsikeas et
al., 2016; Albino et al., 2009 have conducted
guantitative research on the perceptions of company
managers about green products. Green products are
influenced by external influences from consumers.
Nonetheless, internal influences such as knowledge,
awareness, and attitude of managers towards green
products cannot be neglected, as decisions made by
managers that significantly affect the company’s
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image are coupled with the help of their subordinates.
In addition, studies investigating the mediating role
of environmental awareness and attitudes from a
manager’s point of view are still limited. Based on the
description of previous studies, it can be seen that
this research contributes to filling the gaps in the
literature. Karatas and Gilrbliz, 2016; Osman et al,,
2016 found that environmental awareness mediates
the effect of environmental knowledge on
environmentally friendly attitudes and green products
viewed from the perspective of consumer. In contrast
to the previous researches, the novelty of this
research is investigating the environmentally friendly
awareness and attitude which mediate the
relationship between environmental knowledge and
green products from the manager’s perspective. The
decision to produce products is the main focus and
responsibility of the manager. Therefore, it is very
important to further investigate the role of managers
in green product. The development of green products
requires environmental knowledge (Li et al., 2019).
Based on this, it is important for managers to have
knowledge of the environment which consists of:
systemic knowledge, knowledge related to action,
and knowledge of benefits (effectiveness) (Geiger et
al., 2018). Systemic knowledge is knowledge of the
existence of environmental problems. Action-related
knowledge is knowledge of the impact of behavior on
the environment and knowledge of benefits
(effectiveness), knowledge of tools for how to reduce
environmental impacts. It can be said that in order to
overcome environmental problems, individual must
first carry out systematic knowledge, where this
knowledge analyzes before taking action and must
have an understanding of the natural state of the
ecosystem and the processes in it. Individual should
not just overcome the environment which ultimately
destroys the ecosystem of it. What can be done to
overcome environmental problems is by doing some
efforts to keep the environment, thus the benefits of
environmental work process can be realized.
Therefore, in carrying out activities, company
managers must know the process of environmental
knowledge which starts from the analysis, action, and
benefits of environmental knowledge. In addition,
environmental knowledge is the most important
aspect of environmental awareness (Zsdka et al.,
2013; Zhan et al., 2018). This means that with
environmental knowledge possessed by individuals,



environmental awareness will be formed because the
result of environmental knowledge is environmental
protection science and insight that is useful for
forming environmental awareness. Thus, individuals
who have some environmental knowledge will be
more concerned and sensitive to environmental
damage compared to individuals who do not, thus,
care and love for the environment does not appear.
Environmental knowledge and awareness is very
important for the prevention of environmental
problems. To form environmental awareness, a
multidimensional concept is needed which consists
of cognitive, affective and conative components (Du
et al., 2019). The cognitive component is the basis for
pro-environmental behavior because this component
consists of environmental knowledge such as the
ability to overcome environmental issues, the
affective component of environmental awareness
includes feelings or emotions expressed as well, bad,
positive, negative, likes, dislikes, anger, not angry, and
others. For example, individual will be frustrated and
angry when the industry pollutes the environment. It
can be said that the affective component as a
predictor of pro-environmental behavior. Finally, the
conative component of environmental awareness is
behavioral intentions that contribute to solving
environmental problems. In this study, environmental
knowledge can be demonstrated through
environmental behavior which is a component of
cognitive and conative used as the basis for the
formation of environmental awareness. This means
that individuals who have environmental knowledge
will have the ability to overcome environmental
issues by creating green products and these products
are used as a form of solving environmental problems
shown through behavior. In accordance with the
study conducted by Karatas and Giirbiiz, 2016, which
stated that if there were cases of damage to the
natural environment, it is necessary to provide
environmental knowledge, in order to form public
awareness in overcoming environmental problems.
Furthermore, environmental knowledge is the basis
for generating positive environmental attitudes
(Zsdéka et al., 2013). Another study also explained that
environmental knowledge influences attitudes
towards the natural environment (Tamar et al., 2020;
Liu et al., 2020). Therefore, environmental knowledge
becomes the main predictor to influence
environmental attitudes. With the needs and desires

of consumers for green products, there is an
awareness of managers to use environmentally
friendly marketing strategies in order to get
attractiveness from consumers on the products.
Green products can be produced if there is
environmental awareness from managers. This is in
line with the finding by Kautish and Sharma, 2020,
which revealed that people with a greater
environmental awareness will have a big effort to
prevent environmental exploitation and contribute to
environmental sustainability, thus leading them to
use green products. Furthermore, environmental
awareness and environmental knowledge can lead to
positive changes in environmental attitudes (Law et
al., 2017). People with environmental knowledge and
awareness can more easily presentan environmentally
friendly attitude (Chen et al., 2015; Law et al., 2017).
The more people have a good attitude and make
positive choices for the environment, the more likely
they are to use an green products (Leroux and Pupion,
2018). Sreen et al., 2020; Suki, 2016 have established
a significant relationship between environmental
attitudes towards green products. In addition to
having a direct influence, environmental awareness
also has an indirect influence (mediation). This is
supported by studies conducted by Karatas and
Giirblz, 2016; Osman et al., 2016, which revealed
that environmental awareness mediates the effect of
environmental knowledge on environmentally
friendly attitudes and green products. However, this
kind of mediation has not been studied from a
manager’s perspective. Then an environmentally
friendly attitude fully mediates the relationship
between environmental knowledge and green
products, which means that high environmental
knowledge causes a positive attitude to the
environment which will have an effect on green
products (Binti Aman, 2011). Furthermore,
environmentally friendly attitudes are also influenced
by environmental awareness because environmental
awareness has several components, such as,
environmental knowledge, environmental values,
and environmental attitudes (Fu et al., 2017; Abdul-
Wahab and Abdo, 2010). Therefore, an
environmentally friendly attitude is a part of
environmental awareness. People with an awareness
of environmental protection will be indicated by a
favorable attitude towards green products. Based on
the description, the conceptual framework can be
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Fig. 1: The conceptual framework of research work

Table 1: Measurement method (questionnaire and scaling)

Variable Indicators Industry type Source

Environmental knowledge 1-6 Manufacture Fawehinmi et al., 2020

Environmental awareness 1-8 Manufacture Cao and Chen, 2019

Environmentally friendly attitude 1-8 Manufacture Safari et al., 2018; Adrita and Mohiuddin, 2020
Green product 1-7 Manufacture Kong et al., 2016

proposed as shown in Fig. 1. The aim of the current
study is to examine the effect of environmental
knowledge on green products affected by knowledge,
awareness, and environmentally friendly attitudes,
thus providing important insights for business
stakeholder in facilitating the development of green
products. This research has been conducted in West
Sumatera, Indonesia in 2021.

The population of this study were managers
of manufacturing companies in West Sumatera,
Indonesia. The sample were 216 managers who were
selected using purposive sampling technique. This
study used partial-least-squares structural-equation-
modeling (PLS-SEM) with the help of the Smart PLS
statistical tool. The reason for using PLS-SEM is that
this research is a predictive study and the additional
characters in this study such as environmental
awareness and environmentally friendly attitudes
become mediators between environmental knowl-
edge and green products. In addition, PLS-SEM is
widely used because of its robustness by providing
evidence of higher reliability and validity even in
small sample studies (Henseler et al., 2009).
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Measurement (questionnaire and scaling)

The questionnaire was developed based on several
previous studies. The questionnaire was answered
using a Likert scale ranging from strongly disagree
with a score of 1 to strongly agree with a score of
5 in measuring each construct. The measurement
of environmental knowledge was adopted from
Fawehinmi et al., 2020, while the measurement of
environmental awareness was adopted from Cao
and Chen, 2019. Measurement of environmentally
friendly attitude constructs was based on Safari et al.,
2018; Adrita and Mohiuddin, 2020 and green product
measurements were adopted from Kong et al., 2016.
It can be seen in Table 1.

Characteristic of respondents
Theresultsshowedthatthemostmalerespondents
participated with a percentage of 53% while the
rest were female respondents with a percentage of
47%. Meanwhile, when viewed from the age of the
respondents, the age range of 40-45 years was the
most dominant with the highest percentage of 65%.
Furthermore, 56% of the respondents held a master’s
degree from a state university, 60% of respondents



worked as a production manager, and 70% of the
respondents have worked for 15 years.

Measurement of model assesment

Smart PLS 3.0 was used to analyze the data (Ringle
et al., 2015). PLS-SEM uses two important stages,
the measurement model and the structural model
(Anderson and Gerbing, 1988; Henseler et al., 2009).
The analysis of the measurement model was used to
determine the validity and the reliability of the data.
The analysis of the measurement model consists

of; 1) loading factor for each question item from
each construct, 2) internal composite reliability, 3)
average variance extracted (AVE) and 4) discriminant
validity. The above models were used to evaluate the
measurement model whose construct is reflective. In
this study, all indicators were measured as reflective
constructs. The measurement model had been
analyzed based on partial-least-squares structural-
equation-modeling, with the help of smart PLS 3.0
(Ringle et al., 2015). Table 2 showed the results of
the assessed measurement models. Table 2 showed

Table 2: Assesment result of measurement model

Construct Indicator Loading factor Composite Reliability AVE
Know environmental issues 0.824
EK Have good knowledge of environmental issues 0.874 0.900 0.750
Protect the environment from pollution 0.899
Provide a healthy work environment 0.812
More concerned with the company environment 0.825
Designe an eco-friendly enterprise system 0.841
EA All members of the organization must design an environmentally 0.861 0.929 0.687
friendly company system ’
Organization members are more concerned with the company's 0.853
environment ’
Company reputation as an environmentally conscious organization 0.779
Working in an eco-friendly company is a positive 0.911
Good image about implementing environmentally friendly
h 0.880
behavior
Caring about the environmental consequences of behavior 0.900
Have strong feelings about eco-friendly behavior 0.885
ET . . A . " 0.970 0.801
Involvement in environmental activities will save the environment 0.921
for future generations ’
It is important to promote eco-friendly living 0.891
More action is needed on environmental protection 0.880
It is important to increase environmental awareness 0.890
Produce quality products 0.844
GP
The resulting product is beneficial to the environment 0.881 0.886 0.722
Use product packaging materials that are safe for the environment 0.823
Table 3: Discriminant validity (HTMT ratio
Constructs GP EA EK ET
GP
EA 0.770
EK 0.617 0.797
ET 0.072 0.068 0.114
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the loading factor exceeding the recommended
value of 0.7 (Hair et al., 2013). Furthermore, the
results of composite reliability were higher than the
recommended value of 0.6 and the AVE values were
higher than the minimum criterion of 0.5 (Fornell and
Larcker, 1981). Thus, the model built was categorized
as good so that it provided adequate support. Based
on the measurement validation analysis, all HTMT
(heterotrait-monotrait) ratios were lower than the
maximum threshold of 0.85 suggested by Henseler et
al., 2015, as shown in Table 3. The analysis showed
sufficient evidence for the discriminant validity of all
constructs.

From Tables 2 and 3, it can be seen that the data
of results met the requirements of the measurement
model. Followed by structural model analysis, the
point is to test the tested hypotheses through
significance, path coefficients, and t-statistics as well
as estimate the mediation model.

Structural model assesment

In accordance with the purpose of this study as
stated in Fig. 1, to assess the direct effect and indirect

8.539

0.0581

effect (mediation), structural model analysis was
used. This study had six direct hypotheses. Three
hypotheses were accepted (H1; H2; H4) because
the p-value was less than 0.05 but (H3; H5; H6) was
rejected because the p-value is more than 0.05 as
shown in Fig. 2 and Table 4.

Then, to test the mediating effect, the PLS-SEM
bootstrap technique was applied (Hair et al., 2010),
which can be done by re-sampling five hundred
samples (Ringle et al., 2015). As revealed by Chin et
al., 2003, PLS can provide a more accurate estimate
of the mediating effect by taking into account
errors that weaken the predicted relationship and
increase theory validation (Helm et al., 2010). Table
5 showed the results of the mediation analysis. The
mediating effect was only found in H7a because the
p values were smaller than 0.05 but the hypothesis
of H7b; H8a; H8b were rejected because the p
values were greater than 0.05 which can be seen
in Fig. 2. Therefore, environmental awareness and
environmentally friendly attitudes did not mediate
the relationship between environmental knowledge
of green products in manufacturing companies in

14.381

0.044

T

25

1.157

Fig. 2: Direct effects, structural model assessment. It mainly showed the t-value and path coefficient for accepting or rejecting the hypothesis

Table 4: Structural model assesment (direct effect result and decision)

Hypo . . Original Average T Statistic .

thesis Relationship sample (O) sample (M) SD (10/5.0.) P- values Decision
H1 EK-> GP 0.298 0.295 0.067 4.434 0.000 Accepted
H2 EK -> EA 0.694 0.699 0.048 14.381 0.000 Accepted
H3 EK->ET 0.117 0.110 0.101 1.157 0.248 Rejected
H4 EA ->GP 0.543 0.547 0.064 8.539 0.000 Accepted
H5 EA->ET 0.010 0.010 0.108 0.091 0.927 Rejected
H6 ET ->GP 0.002 0.004 0.044 0.044 0.965 Rejected
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West Sumatera, Indonesia.

Table 6 showed the value of R Square (R?). Testing
the value of R? aimed to see how the independent
variable is able to describe the dependent variable.
In this study, the contribution given by environmental
knowledge to environmental awareness was 48.2%,
then the contribution given by environmental
knowledge and environmental awareness to
environmentally friendly attitudes was 1.2%. Finally,
the contribution made by environmental knowledge,
environmental awareness, and environmentally
friendly attitudes towards green products was 60.7%.

In addition, the effect size (F?) for each path
model was calculated. Table 7 showed the output of
the effect size (F?). The value of F? can be interpreted
whether the predictor variable had a weak, moderate
or strong influence on the structural level. If the
value of F? was 0.02 then it had a weak effect, while
0.15 had a moderate effect and a value of 0.35 had a
strong influence (Hair et al., 2010). Based on Table 7, it
indicated that environmental awareness had a strong
influence on green products and environmental
knowledge had a strong influence on environmental
awareness.

Direct effect

Environmental knowledge had a significant direct
impact on green products. These findings were in
line with Li et al., 2019. Respondents’ perception
of protecting the environment from pollution was
very high which can be seen in Table 2, meaning
that manufacturing managers will use some of their
ecological knowledge in the production process thus
contributing to environmental improvement such
as protecting the environment from pollution in
various actions. Similarly, environmental knowledge
had a significant direct impact on environmental
awareness. The results of this study were in
accordance with Zséka et al., 2013; Zhan et al., 2018;
Karatas and Girbiiz, 2016. To increase environmental
awareness, the company must pay attention to the
flow of knowledge and environmental learning.
Furthermore, environmental awareness had a
significant direct impact on green products. These
findings supported research conducted by Kautish
and Sharma, 2020, which stated that environmental
awareness significantly affected green products from
the consumer’s point of view. From the producer
side, it also explained that the manager’s perception

Table 5: Structural model assesment (indirect effect result and decision)

Hypo . . Original Average T Statistik .
thesis Relationship sample (0) sample (M) S.D. (10/5.0.) P- values Decision
H7a EK -> EA -> GP 0.377 0.379 0.052 7.221 0.000 Accepted
H7b EK->EA->ET 0.007 0.004 0.079 0.086 0.931 Rejected
H8a EK -> ET->GP 0.000 0.000 0.007 0.033 0.974 Rejected
H8b EA->ET->GP 0.000 0.000 0.004 0.004 0.997 Rejected
Table 6: R square (R?)
Construct R square Adjusted R square

GP 0.607 0.601

EA 0.482 0.479

ET 0.012 0.002

Table 7: Effect size (F?)

R—squared Fsquared Effect size F?

EK——> GP 0.116 Weak

EA——> GP 0.389 Strong

ET——> GP 0.000 Weak

EK —> EA 0.930 Strong

EK —> ET 0.007 Weak

EA——> ET 0.000 Weak
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of environmental awareness was very high which can
be seen in Table 2, all company members must design
environmentally friendly company products, meaning
that managers’ awareness of designing green products
was very high, thus, it had an impact on increasing the
production of green products. Furthermore, the results
of this study indicated that environmental knowledge
had no significant effect on environmentally friendly
attitudes. It indicated that the ecological knowledge
did not lead to attitudes which can be beneficial to
the environment. These findings were supported by
Pagco and Lavrador, 2017; who found that despite a
high level of environmental knowledge, individuals
did not show positive environmental attitudes. This
finding contrasted with empirical studies conducted
by Tamar et al., 2020; Liu et al., 2020 which showed
that environmental knowledge had a significant effect
on environmentally friendly attitudes. The explanation
of this case is that environmental knowledge results
from the learning process does not lead managers
to an understanding of moral values towards the
environment. Furthermore, the purpose of obtaining
environmental knowledge is not only mastering
environmental knowledge but also implementing
moral values on the environment, if managers can
find moral values for the environment from a subject
matter being studied, they can make more efforts
and certain sacrifices by showing a positive attitude
towards the environment. Thus, environmental
knowledge did not affect the attitude of managers in
protecting the environment. Then this study found
that environmental awareness had an insignificant
effect on environmentally friendly attitudes. The
thing that causes this research to be insignificant is
known from the lack of understanding of the theory of
environmental awareness shown in the environmental
awareness indicators with item statement number one
and two, namely the company had a positive effect
on the environment and can make energy savings,
where this item is excluded in the research model
because the invalidity of the statement item, thus,
the manager’s awareness of the environment is weak.
Therefore, environmental awareness did not have an
important role in being environmentally friendly. The
results of this study were in accordance with study by
Mustikaningrum,2018 whichstatedthatenvironmental
awareness had a negative and insignificant effect on
environmentally friendly attitudes but contrasted
with research conducted by Chen et al., 2015; Law et
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al., 2017, who found that environmental awareness
was an important determinant of environmental
issues, attitudes, and responsibilities. Furthermore,
the finding showed that environmentally friendly
attitudes had no significant effect on green products.
The results of this study implied that there was a little
availability of green products because the synergy of
the presence of environmentally friendly companies in
building positive attitudes related to the environment
is relatively low in developing countries, especially in
West Sumatera, Indonesia, compared to developed
industrial countries. The results of this study were
not in line with research conducted by Sreen et al.,
2020; Suki, 2016, which explained that there was a
significant relationship between favorable attitudes
towards green products.

Indirect effect (mediating effect)

This finding also explained that environmental
awareness mediated the relationship between
environmental knowledge and green products (H7a).
It indicated that environmental knowledge must be
implemented to form awareness of the importance
of environmental protection which can encourage
company managers to increase the production of
green products. This was confirmed by Karatas and
Glrbiiz, 2016; Osman et al., 2016, who explained that
environmental knowledge had a significant positive
effect on green products through environmental
awareness. Furthermore, environmental awareness
did not mediate the relationship between
environmental knowledge and environmentally
friendly attitudes (H7b), environmentally friendly
attitudes did not mediate the relationship between
environmental knowledge on green products (H8a),
and environmentally friendly attitudes did not mediate
the relationship between environmental awareness
and green products (H8b). The results of this study were
in line with research carried out by Hansla et al., 2008,
which stated that an environmentally friendly attitude
was not a mediator variable. In short, environmental
awareness was an important mediation in explaining
the relationship between environmental knowledge
and green product based on company managers.

Managers’ awareness of the environment must be
realized by sharing knowledge about the importance
of protecting the environment because this will affect



the production of green products. Environmental
awareness had an important role in explaining the
relationship between environmental knowledge and
green products from the perspective of manufacturing
managers. Thus, the effort to increase the production
of green products was the building of manager
awareness by sharing knowledge and learning about
the importance of protecting the environment. From
these findings, a number of managerial implications
can be suggested as manufacturing companies must
increase the production of green products properly,
thus, they are not harmful for human health or
environment. In the future, the majority of companies
will go green, so manufacturing companies must follow
this trend by making a “green manufacturing” where
the products must be subject to the preservation
of nature and the environment. Becoming a green
manufacturing can be a step to compete with other
companies. Therefore, manufacturing businesses
must demonstrate their awareness of environmental
protection by starting with various environmental
actions and services to reduce waste, use of energy
and water, and other consumption. Then, it is very
important for environmentally friendly manufacturing
companies to get an environmental certificate by
showing that environmental programs are being
implemented, this will certainly help improve the
company’s image which will ultimately lead to business
improvement. More importantly, manufacturing
managers must clearly show their true motives for
the process of green product, otherwise they will put
themselves at risk of being accused of “greenwashing”.
They are also advised to ensure that every production
process must be properly proven and accompanied by
evidence. However, this study has some limitations and
it is suggested for further research to improve it. First,
this research was only conducted in West Sumatera,
Indonesia. Therefore, it cannot be generalized to other
countries. For further research, it is recommended to
expand this research, such as comparing developed
countries with developing countries in the process of
green products. Second, this research is included in
the category of cross sectional research so that it has
limitations in explaining the findings. For this reason,
it is recommended for further research to conduct
research included in the category of longitudinal
research. Third, this study only analyzed environmental
knowledge, awareness and environmentally friendly
attitudes in an effort to increase green product
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production. Therefore, further research can add
institutional support, managers’ intentions and
behavior in producing green products to support the
findings of this study.
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