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Abstract: This research fills several gaps in the literature not investigated in previous studies. First, it
examines how the responsible leadership (RL) of the chief executive officer (CEO) influences medium-
sized technology farms to adopt environmental innovation (EI) through the pro-environmental
behaviors (PBs) of the senior executive team (SET) according to the theory of social learning, as
previous research only took institutional theory and utilitarianism as the driving factors of agricultural
innovation. Second, we propose the potential growth model (PGM) from a sample of 105 CEOs and
their SETs in medium-sized technology farms to handle the problem that an individual may regulate
his behaviors based on how he translates and understands the surrounding environment, because
previous research has ignored this perspective. Lastly, this research offers recommendations for the
implementation of EI in medium-sized technology farms and also expands the related literature on
sustainable agricultural production.

Keywords: responsible leadership; environmental innovation; medium-sized farms; pro-environmental
behaviors

1. Introduction

Contemporary medium-sized technology farms are having to deal with a wide array
of environmental issues that are a significant source of sustainable production [1–3], which
comes from the pressure of external stakeholders [4–6]. Indeed, external pressures from
governments, media, and consumers have also encouraged farm enterprises to adopt new
methods to achieve sustainable consumption and production strategies for the environ-
ment [7–9] because agricultural production has caused great pollution [10–13]. Therefore,
exploring the key variables for environmental innovation (EI) in medium-sized technology
farms is crucial, because EI can improve their performance and environmental sustain-
ability [14–16]. EI refers to the improvement of business and production activities by
enterprises through environmental innovation [17,18], and in Taiwan’s agriculture sector,
it is a significant issue [19–21]. Previous researchers have also shown the significance of
exploring EI and its antecedents [22–24].

The literature covering the driving factors of agricultural innovation adoption in
the past has not fully studied this topic, because researchers almost always use the in-
stitutional theory [25] or information technology adoption models to predict innovation
adoption [26–28]. To supplement the driving factors of EI in the agricultural sector and
provide important incremental contributions, this present research uses the theory of social
learning [29] to construct an EI adoption model that integrates the responsible leadership
(RL) of the chief executive officer (CEO) and the pro-environmental behaviors (PBs) of

Horticulturae 2021, 7, 318. https://doi.org/10.3390/horticulturae7090318 https://www.mdpi.com/journal/horticulturae

https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com
https://orcid.org/0000-0001-6848-5102
https://orcid.org/0000-0002-0073-0447
https://doi.org/10.3390/horticulturae7090318
https://doi.org/10.3390/horticulturae7090318
https://doi.org/10.3390/horticulturae7090318
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/horticulturae7090318
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com/article/10.3390/horticulturae7090318?type=check_update&version=1


Horticulturae 2021, 7, 318 2 of 8

the senior executive team (SET). The goal is to see how the growth of pro-environmental
behaviors (PBs) of SET might predict the growth of EI adoption. We define RL as the
degree of leadership behaviors that pay attention to the interests of various stakeholders,
such as economic, social, and environmental benefits [30,31]. PBs are the degree of an
individual’s voluntary behavior toward improving the environment [32]. The theory of
social learning [29] believes that people may adjust their behavior through imitating other
people. As a corporate leader may make his subordinates imitate his RL’s environmental
behaviors, the PBs of these subordinates should experience an increase, thereby indicating
a clear relationship between RL and PBs.

As discussed above, the significant incremental contribution of this paper is to present
the driving factors for the adoption of EI from the CEO-SET nexus, because past researchers
have not checked such links in medium-sized technology farms. The present research
proposes the term growth of PBs and EI because it denotes an important gap in behavioral
science research. In other words, past behavioral science research has almost exclusively
applied cross-sectional designs to test innovations in the agricultural field [33,34]. Thus, it is
speculated that people will adjust their behavioral intention level by how they understand
and translate their behavioral intentions according to their current environment, which
has not been fully reviewed. This study collected a sample of 105 CEOs and their SETs
from medium-sized technology farms in Taiwan over a six-month period to analyze the
adoption model versus the potential growth model (PGM) [35].

1.1. RL of CEOs and EI Adoption

RL is the ability of the leadership to maintain relationships with stakeholders through
the four mechanisms of understanding, acquisition, protection, and connection [36]. The
theory of social learning [29] puts forward that the subordinate (e.g., SET) can imitate
the attitudes of the responsible leader (e.g., CEO) on environmental issues through the
interaction process of RL, and so SETs should prefer EI due to the RL process. Indeed,
previous studies have also suggested that a leader has the responsibility to improve
environmental problems and EI [37–39], and so EI may be one of the solutions. We now
present the first hypothesis.

Hypothesis 1. Higher levels of RL of CEOs at time point 1 influence more positive changes in the
adoption of EI.

1.2. RL of CEOs and PBs of SETs

The theory of social learning [29] supports the relationship between RL and PBs be-
cause subordinates can imitate the attitudes of their responsible leaders on environmental
issues through the interaction process of RL, thus forming a similar concept of PBs. Indeed,
a previous study [40] proposed that a leader can guide subordinates to satisfy the leader’s
preferences or values through leadership actions, and the preference or value of a responsi-
ble leader should relate to voluntary behaviors in dealing with environmental issues. This
is similar to the definition of PBs. Moreover, a previous study proposed that RL may lead
to PBs [41], thus helping to form the next hypothesis.

Hypothesis 2. Higher levels of RL of CEOs at time point 1 influence more positive changes in PBs
of SETs.

According to the theory of social learning [29], employees of these medium-sized
technology farms examined herein should similarly imitate the attitudes of their supervisor
on environmental issues, and so employees throughout the company that should prefer
EI. Indeed, previous researchers have pointed out that employees with high levels of PBs
will actively initiate innovation because intrinsic motivation can drive these employees to
incorporate environmental standards into their work processes [42]. We hence offer the
next hypothesis.
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Hypothesis 3. More positive changes in PBs of SETs influence more positive changes in a
company’s EI adoption.

2. Results
2.1. Sample

We collected samples of CEOs and SETs of medium-sized technology farms in Taiwan
for PGM analysis over three separate time periods with an interval of three months. Each
time period is separated by three months to satisfy PGM statistical analysis [43–45].

Because the innovation strategy of medium-sized technology farms in this country
has gradually attracted attention [46], this research queried several domestic agricultural
associations. These medium-sized technology farms adopt the new technique to produce
agricultural-related products and horticultural-related products. For example, these farms
use light-emitting diode lighting systems to grow flowers or use aquaponics technology
to grow vegetables. We contacted these technology farms by telephone and invited their
CEOs and SETs to join the study, with 106 CEOs and their SETS eventually taking part.
We gathered the questionnaires of CEOs and SETs through e-mail to prevent CEOs from
obtaining information about SETs, because deviations in social expectations may arise. We
also notified these CEOs and SETs in advance that their raw data will not be provided to
anyone. These medium-sized technology farms are all corporate enterprises, with a formal
organizational system, good employee benefits, and a capital scale of more than US$50,000.

At time point 1, we collected the PBs evaluation of SETs by these CEOs and the RL
of CEOs and EI evaluation by SETs. The sample at this first time point was 105. At time
point 2, three months later, the PBs evaluation of SETs by these CEOs and the EI evaluation
by SETs were collected again. At time point 3, six months later after the start, we collected
the evaluations of these CEOs and SETs for the last time. The sample design of three-time
points was used because this research aimed to capture repeated measurements through
PBs and EI to verify the hypothesis. Finally, common method deviation was handled by
labeled variables [47]. Moreover, the sample design of multiple times (three time points)
and multiple sources (CEOs and SETs) can also alleviate common method deviation [48].

2.2. Measure

We used reverse translation to confirm the quality of translation and a Likert seven-
point self-report questionnaire to measure RL, EI, and EI. For example, if a CEO believes
that his company does not adopt EI at all, then the CEO will choose an answer that
strongly disagrees in the EI description item, which is coded with 1 point. If the SET
members strongly agree with the description of their team’s PBs, then they will check
the PBS description to choose an answer that strongly agrees, which is coded by 7 points.
Based on the encoded numerical scores, we then performed statistical analysis to verify
the hypothesis.

We evaluated RL based on the scale of Voegtlin et al. [31]. PBs were evaluated from
the scale of Boiral and Paillé [49]. Finally, the Song and Yu [18] scale was employed to
measure EI.

2.3. Analysis

This survey borrowed from factor analysis (FA) and different chi-squared tests to
analyze validity and reliability. We show the results of FA in Tables 1 and 2, which are in
line with the suggestion of past research [50].

We used the potential growth model to analyze the path relationships between RL
of CEOs, PBs of SETs, and EI adoption (please see Figure 1). First, CEOs’ RL at phase 1
has a positive effect on the changes in EI adoption (β = 0.25, p-value < 0.01), thus verifying
Hypothesis 1. In other words, RL in phase 1 can increase the company’s EI adoption over
time. Second, CEOs’ RL in phase 1 time positively affects changes in PBs of SETs (β = 0.34,
p-value < 0.01), thus verifying Hypothesis 2. In other words, RL in phase 1 can increase the
PBs of SETs over time. Finally, more positive changes in the PBs of SETs can lead to more
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positive changes in the company’s EI adoption (β = 0.32, p-value < 0.01), thus verifying
Hypothesis 3. In other words, more changes in the PBs of SETs can result in positive
changes in the adoption of EI.

Table 1. CFA Results.

Component Eigenvalue % of Variance Cumulative %

Responsible Leadership 2.2 26% 26%
Pro-Environmental Behaviors 2.1 24.8% 50.8%

Environmental Innovation 1.3 15.3% 66.1%

Table 2. Reliability and Validity.

Construct Composite Reliability Average Variance Extracted

Responsible Leadership 0.77 0.68
Pro-Environmental Behaviors 0.79 0.69

Environmental Innovation 0.80 0.71
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3. Discussion
3.1. Academic Contribution

First, this study took the mediating role of PBs based on the social learning theory
and used PGM to verify the connection between RL and EI, thereby filling the gaps in the
literature. According to the proposed model, the RL of CEOs at phase 1 can predict the
changes in PBs of SETs, and the changes in PBs of SETs can also predict the changes in
the company’s EI adoption, hence proving high levels of validity for the proposed model
in this research. Put differently, this survey used PGM for the first time and sampled
105 CEOs and SETs from medium-sized technology farms to demonstrate the psychological
mechanism of CEO’s and SET’s influence on a company’s strategic choices.

Second, past research on innovation has mainly focused on investigating which driv-
ing variables result in the employee’s innovation in the R&D department of technology
companies [51–53]. Therefore, exploring what factors can push the environmental innova-
tion of these medium-sized farms can help them to not only significantly reduce pollution
and resource consumption but also achieve the goal of sustainable production.
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Third, the model proposed herein was tested with samples linked by CEOs-SETs, and
PGM verified the model’s causality. The results show that the CEO’s RL is beneficial to EI
adoption. This research not only proposes a new mechanism to drive innovation in the
agricultural field, but also responds to previous research calls for exploring the relationship
between leadership and green innovation [54,55], which has a significant incremental
contribution to the literature of RL, PBs, and EI in this field.

Finally, this study also proposes that SETs with high levels of PBs can convert the
CEO’s RL into EI, thus confirming the importance of SET for the agricultural industry.
Indeed, one study has suggested that SETs have the function of influencing the formulation
of their company’s strategy, but the formulation process is a so-called black box [56]. The
theoretical model of this study illustrates the process of formulating a green innovation
strategy, offering another incremental contribution to the SET literature.

3.2. Practical Contribution

First, the present study puts forward a specific management mechanism adopted by
medium-sized farms to implement EI. To achieve the goal of sustainable production, vendors
of medium-sized farms who intend to adopt EI should confirm the CEO’s RL and SET’s PBs
of those farms, because RL and EI are crucial factors that promote a company’s adoption of EI.
EI is also a crucial strategy because EI can not only meet the expectations of stakeholders (e.g.,
government, media, and consumer) but also increase sustainable production.

Second, the model proposed in our study also points out that the CEO should not
only implement RL to guide SET but also help SET know the importance of environmental
sustainability because it can increase the possibility of SET participating in PBs. For
example, the CEO can assign environment-related tasks to the SET, which would allow
them to experience the importance of environmental sustainability.

Finally, the present study also exhibits the importance of RL, because it facilitates
the adoption of EI. Therefore, it is worthwhile investing resources in RL education and
training, because it can help senior supervisors improve their RL skills.

3.3. Further Research and Limitations

First, although this study uses PGM to analyze the causal relationship between EL, PBs,
and EI adoption, more samples and a long time can be employed to confirm the stability.
For example, future research can adopt more samples and a longer-term experimental
design to increase stability. Second, the driving factors for EI adoption are not just the CEO’s
RL and SET’s PBs; further research should explore more driving variables of EI in other
contexts. Finally, past research has suggested that specific samples can test theories [57],
but because the 105 samples in this survey are from medium-sized technology farms in
Taiwan, further research should check our proposed model in different countries to verify
its generalization.

4. Conclusions

This research investigated the reasons for adopting EI in Taiwan’s medium-sized
technology farms. Indeed, the EI is an important source of sustainable production in the
agricultural sector, so this research adopted RL as the driving factor for the adoption of EI
through the intermediary mechanism of the SET’s PBs. The survey results showed that the
CEO’s RL at the phase 1 point can affect the positive changes in the SET’s PBs, which in
turn affects the positive changes in the adoption of EI by medium-sized farms over time.
This research is the first to construct the milestone that poses the novel EI adoption model
and employs the PGM to empirically examine the model proposed in the present survey.
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