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Abstract: To explore key antecedents of environmentally proactive strategies, this work uses upper
echelons theory to examine a novel concept-green engagement with its antecedents (green transfor-
mational leadership) and consequence (environmentally proactive strategies). This work employed a
potential growth curve model with 501 CEOs and top management teams of technology manufactur-
ing businesses in Greater China at three times over eight months to analyze the theoretical model.
The results of this work showed that the green transformational leadership of CEOs significantly
predicts positive changes of green engagement of top management teams, which consequently pre-
dicts environmentally proactive strategies. These findings provide theoretical insights for the field of
environmental development that can advance the literature on environmentally proactive strategies.

Keywords: green transformational leadership; green engagement; environmentally proactive strate-
gies; Greater China

1. Introduction

Eenvironmentally proactive strategies (EPSs) have been confirmed as an important
source of firm performance and competitive advantage [1–3]. EPSs denote the strategies
that corporates employ to decrease negative influences on the natural environment caused
by corporate activities [4]. Past studies proposed that exploring key antecedents of EPSs is
an urgent need because it can effectively cope with environmental problems [5,6]. However,
previous studies on antecedents of EPSs have only two streams to focus on this field,
including social and organization factors [4]. This work employs upper echelons theory
to propose a theoretical model that green transformational leadership (GTL) of CEOs can
predict corporates’ adoption of EPSs through mediating role of green engagement (GE) of
top management teams (TMTs). The upper echelons theory [7] can explain the theoretical
framework in this study because characteristics (values) of CEOs and TMTs can affect
corporates’ strategic choices (e.g., EPSs) and Leadership styles (e.g., GTL) of CEOs are
confirmed as key characteristics of CEOs [8]. Besides, GE is an important characteristic
(value) of TMTs, because GE is one kind of value for environmental protection. GTL
refers to that a transformational leader turns followers towards corporates environmental
responsibilities [9]. This work employs GTL of CEOs as an antecedent of EPSs because the
past research has missed the important role of GTL [4] to cause a literature gap.

Kahn’s (1990) [10] engagement theory proposes that individuals actively drive their
selves to achieve a role performance through putting cognitive, emotional, and physical
resources on jobs. That is to say, an individual puts head (cognitive resources), heart
(emotional resources), and hands (physical resources) into a role performance. However,
relatively few studies focus on how this concept can be defined theoretically and measured
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empirically [11,12] because previous studies often define engagement from practitioner
literature and consulting firms. In particular, the previous research also developed an-
tecedents and outcomes of engagement based on past empirical studies rather than Kahn’s
(1990) engagement theory [13]. An important contribution is to clarify engagement theory
as cognitive engagement, emotional engagement, and physical engagement. This work
proposes a novel concept—“green engagement” with green cognitive engagement, green
emotional engagement, and green physical engagement based on Kahn’s work (1990).
Transformational leadership is a key source of engagement because it guides interpretive
schemes of individuals to fit organizational interpretive schemes, which let the individ-
uals obtain meaningfulness from their job. Meaningfulness has been confirmed as a key
antecedent of engagement [10]. Besides, the past research has paid attention to the direct
effect of social factors and organizational factors on EPSs, but little research opens the black
box on how GTL of CEOs affect EPSs by GE of TMTs. The GE is an important characteristic
(value) of TMTs, and the characteristics (values) of the TMTs can significantly influence
corporates’ adoption of strategies based on upper echelons theory [14]. Moreover, TMTs
have the legitimacy to launch corporates’ diverse resources [15], and GE of TMTs should
be consistent with the strategic objectives of corporates, supporting the antecedent role of
GE for EPSs.

In sum, this work used a potential growth curve model to examine how the effects
of GTL of CEOs at the initial time (Time 1) can influence the positive changes of GE of
TMTs, which consequently can influence positive changes of adoption of EPSs. Because
most past studies of EPSs were cross-sectional surveys [1,4–6] and rare empirical evidence
on if the effects of GTL on EPSs are strengthened, weakened, or stable over time. This work
examined 501 corporates with its CEOs and TMTs three times over six months that can
handle these gaps in the literature of EPSs.

2. Theory and Development of Hypotheses
2.1. Green Transformational Leadership of Chief Executive Officers and Environmentally
Proactive Strategies

Transformational leadership denotes that leaders employ idealized influence, intel-
lectual stimulation, inspirational motivation, and individual consideration to transform
followers’ self-concepts to meet organizations’ values [16].

GTL denotes that leaders motivate followers to achieve environmental goals and in-
spire followers to perform beyond expected levels of environmental performance through
idealized influence, intellectual stimulation, inspirational motivation, and individual con-
sideration [9]. First, GTL of CEOs not only employs idealized influence and inspirational
motivation to shape and transform a corporate’s values to meet environmental protection
but also encourages actively independent thoughts and innovations to improve environ-
mental performance [9], which in turn, causes the corporate to actively understand and
deploy priorities of environmental strategy. Second, characteristics of CEOs can affect
strategic choices of corporations based on upper echelons theory [7], and transformational
leadership is an important characteristic of CEOs [8], supporting the antecedent role of
GTL of CEOs for corporates’ adoption of EPSs. Third, past research found that GTL can
influence green performance [17–19], and green performance is a key source of EPSs [20,21].
Finally, a recent study also points out a possible relationship between GTL and EPSs [22].
This work proposes the following hypothesis:

Hypothesis 1 (H1). The higher levels of GTL of CEOs at Time 1 cause higher levels of corporates’
adoption of EPSs.

2.2. The Mediating Role of Green Engagement of Top Management Teams

Kahn’s (1990) [10] ethnographic research proposed engagement theory as “the si-
multaneous employment and expression of a person’s “preferred self” in task behaviors
that promote connections to work and to others, personal presence (physical, cognitive,
and emotional) and active, full performances” (Kahn 1990, p. 700) [10]. Based on Kahn’s
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(1990) [10] definition, this work argues that the context of engagement theory should be
classified into cognitive engagement, emotional engagement, and physical engagement
because an individual who puts cognitive resources into a job (e.g., I ought to work hard)
to increase a role performance is not necessarily to put emotional resources into a job (e.g.,
I am enthusiastic for work) or put physical resources into a job (e.g., I actually work hard)
at the same time. In short, the individual actively drives himself or herself to achieve
a role performance through putting physical, cognitive, and emotional resources on the
job [10]. In other words, an engaged individual puts his or her head (cognitive resources),
heart (emotional resources), and hands (physical resources) into a job to achieve high
levels of role performance. This work defines cognitive engagement as a level of focus,
concentration, engrossment, and the focused intensity for a job, and this work includes
research [23] for absorption as its representative variable. This work defines emotional
engagement as pleasantness (feeling positive) and activation (a sense of energy) for a job,
and this work includes research [24] for core affect as its representative variable. This work
defines physical engagement as energy exerted per unit of time for a job, and this work
includes research [25] for work intensity as its representative variable. This work further
proposes three novel concepts—green cognitive engagement (absorption), green emotional
engagement (core affect), and green physical engagement (work intensity). Green ab-
sorption denotes a level of focus, concentration, engrossment, and focus intensity for an
environmental scheme. Green core affect denotes a positive and sense of energy for an
environmental scheme. Green work intensity denotes energy exerted per unit of time for
an environmental scheme.

Kahn’s (1990) [10] engagement theory proposes that meaningfulness can influence
individuals to invest their energies into role performance to achieve a high level of en-
gagement. Organizational values can be transmitted from transformational leaders to
their followers in terms of the behaviors considered appropriate and expected for their
given role [26], and transformational leaders can transform the personal values of their
followers involved in their self-images to be congruent with organizational values [27],
which let followers are in harmony with their self-images [10] to perceive a higher degree of
meaningfulness. Besides, a past study [28] argues that job resources can drive engagement
based on job demand–resources theory [29] and job resources (e.g., coaching, workplace
diversity, and social support) can be built by transformational leadership [30]. This work
adds a “green” aspect to transformational leadership and engagement to provide a basic
inference between GTL and green engagement. First, green organizational values (e.g.,
environmental scheme) can be transmitted from green transformational leaders to their
followers (e.g., TMTs) in terms of the behaviors considered appropriate and expected for
their given role, and green transformational leaders can transform the personal values of
their followers involved in their self-images to be congruent with organizational values
to perceive a higher degree of meaningfulness toward “green” aspect. Second, based on
the theory of “management of meaning” [31], green transformational leaders shape the
self-concept of their followers to obtain meaningfulness toward the “green” aspect. Third,
GTL can increase job resources, which in turn, increases green engagement based on job
demand–resources theory. Finally, a recent study also pointed out a possible relationship
between GTL and green engagement [32]. As the above discussion, the GTL of CEOs can
increase the GE of TMTs. This work proposes the following hypotheses:

Hypothesis 2 (H2). The higher levels of GTL of CEOs at Time 1 cause higher levels of green
absorption of TMTs.

Hypothesis 3 (H3). The higher levels of GTL of CEOs at Time 1 cause higher levels of green core
affect of TMTs.

Hypothesis 4 (H4). The higher levels of GTL of CEOs at Time 1 cause higher levels of green work
intensity of TMTs.
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The engagement has been examined in different contexts (countries) to confirm its
reliability and validity [33] and has been examined in the Greater China context with high
levels of reliability and validity [34]. Besides, characteristics (values) of TMTs can influence
corporates’ adoption of strategic choices based on upper echelons theory [9], and GE is one
kind of value for environmental protection, thus classifying the antecedent role of GE of
TMTs for EPSs. For example, green absorption, green core affect, and green work intensity
denote TMTs’ values of an environmental scheme. Moreover, a TMT has the legitimacy
to handle resources to influence strategic goals of corporates [35], and thus TMTs have
high levels of GE can influence corporates’ adoption of EPS. By contrast, TMTs with a low
level of GE may have a low level of assimilation with environmental impacts and there is
a higher chance of using resources for sustainable interest development [36]. This work
proposes the following hypotheses:

Hypothesis 5 (H5). Higher levels of green absorption of TMTs cause higher levels of corporates’
adoption of EPSs development.

Hypothesis 6 (H6). Higher levels of green core affect of TMTS cause higher levels of a corporates’
adoption of EPSs development.

Hypothesis 7 (H7). Higher levels of green work intensity TMTs cause higher levels of a corporates’
adoption of EPSs development.

3. Methodology

This work proposes a theoretical model (Figure 1) that is from GTL of CEOs to
corporates’ adoption of EPSs through mediating role of TMTs’ green absorption (cognitive
engagement), green core affect (emotional engagement), and green work intensity (physical
engagement).

3.1. Subjects and Procedures

This work collected longitudinal data at three-time points (Time 1 to Time 3) over
six months from technology manufacturing businesses of Grater China to test the poten-
tial growth curve model. This work employed sample with technology manufacturing
businesses of Grater China, because not only the businesses are well known in the world
but also the businesses should have green management concepts that are in line with the
world. Also, this work used multiple sources of data with three-time points that can reduce
common method bias [37].

This work invited 530 CEOs of technology manufacturing businesses to take part in
the investigation and asked them to invite their TMTs. Of these 530 CEOs, 520 CEOs with
their TMTs agreed to take part in the investigation. This work employed an anonymous
questionnaire to prevent CEOs from knowing TMTs’ questionnaire. After this work re-
ceived the 520 samples of the CEOs’ assessments about GE of TMTs and TMTs’ assessments
about the GTL of CEOs, ethical leadership (control variable) of CEOs, and corporates’
adoption of EPSs at Time 1, this work surveyed these CEOs and TMTs again at Time 2
regarding the CEOs’ assessments about GE of TMTs and TMTs’ assessments about the
EPSs at three months later. Because 3 CEOs were dropped out of the businesses, and
7 TMTs were reorganized, which caused this work to miss 10 samples at Time 2. This
work surveyed the final data of these CEOs and TMTs six months later, and this work
received 501 valid samples. This work used the lag of three months with three repeated
measurements because behaviors or attitude changes should be visible at this time frame-
work, and previous studies also used this framework to analyze the potential growth curve
model [38–40].
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Figure 1. The potential growth curve model of this work. Note: GTL = Green Transformational
Leadership; GA = Green Absorption; GCA = Green Core Affect; GWI = Green Work Intensity; EPS =
Environmental Proactive Strategy. Yn = Measurement items * p < 0.05; ** p < 0.01.

This work got 501 usable data of CEOs and TMTs, representing a rate of 93.2%. The
job categories for 501 CEOs are all presidents. This work used Harman’s one-factor test
to confirm the common method bias [37], and the results showed that the variances of
the items in this study were not distributed as one single factor instead of five factors of
theoretical framework in this study, thus classifying that common method bias is not a
threat in this study (please see Table 1). Besides, this work also included firm size and
number of firm employees as control variables, because these variables may influence the
strategic choice of corporates [41].

Table 1. Harman’s One-Factor Test.

Component Total (Eigenvalue) % of Variance Cumulative %

1 (GTL) 2.3 0.22 0.22
2 (EPS) 1.9 0.17 0.39
3 (GA) 1.5 0.12 0.51

4 (GWI) 1.2 0.14 0.65
5 (GCA) 1.1 0.12 0.78

GTL = Green Transformational Leadership; GA = Green Absorption; GCA = Green Core Affect; GWI = Green
Work Intensity; EPS = Environmental Proactive Strategy.

3.2. Measures

All surveys were used a self-report questionnaire with a seven-point Likert, and the
backward translation design of [42] was used to guarantee the translation quality.

Green transformational leadership of chief executive officers. This work referred
to the popular scale of Chen and Chang’s (2013) six-item scale of GTL [9] in the field of
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green management to develop new scales, because Chen and Chang’s (2013) scale [9] was
developed to measure the target of green innovation project rather than GTL of CEOs.
These new items were filled by TMTs to evaluate the GTL of CEOs. The six new items
are “My CEO leader inspires me with an environmentally friendly manner”, “My CEO
leader tell the environmental vision for me”, “My CEO leader gets the TMTs to work
together for the same environmental goals”, “My CEO leader encourages me to achieve
the environmental goals”, “My CEO leader acts with considering environmental beliefs of
TMTs” and “My CEO leader stimulates me to think about the green performance”.

Green engagement of top management teams. Existing scales of engagement do not
reflect Kahn’s (1990) [10] engagement theory well that the degree to which an individual put
his or her cognitive, emotional, and physical resources into his or her role performance [43].
Even the most popular scale of the Utrecht Work Engagement Scale (UWES) [44] does
not respond well to the domain of Kahn’s (1990) work [10]. For example, the items of
UWES include the meaningfulness of work, but the meaningfulness is a key antecedent
of engagement rather than a domain of it [10]. This work collected practices described
by scholars for engagement and referred to the research of scale development [45] to
develop a new engagement scale that reflected Kahn’s (1990) [10] engagement theory.
The goal was to measure the cognitive engagement, emotional engagement, and physical
engagement for the environmental scheme. This work dug suitable existing scales to
fit the three domains of engagement rather than perfect scales. In reviewing existing
measures that may map Kahn’s cognitive engagement, emotional engagement, and physical
engagement, this work employed Rothbard’s (2001) research [23] for absorption, Russell
and Barrett’s (1999) research [24] for core affect, and Brown and Leigh’s (1996) research [25]
for work intensity as the three domains of engagement. Further, this work proposes a
novel concept—green engagement with green absorption, green core affect, and green
work intensity. This work referred to Rothbard’s (2001) research [23] for absorption to
develop the three-item scale of green absorption, and the items are “At work, my mind
is focused on environmental management and protection”, “At work, I focus a great deal
of attention on environmental management and protection” and “At work, I devote a
lot of attention to environmental management and protection”. The work referred to
Russell and Barrett’s (1999) research [24] for core affect to develop the four-item scale of
green core affect, and the items are “I am enthusiastic in executing the environmental
management and protection”, “I feel energetic in executing environmental management
and protection”, “I am interested in executing environmental management and protection”
and “I am proud of executing environmental management and protection”. The work
referred to Brown and Leigh’s (1996) research [25] for work intensity to develop the three-
item scale of green work intensity, and the items are “I exert my full effort in executing
the environmental management and protection”, “I devote a lot of energy in executing
the environmental management and protection” and “I try my hardest to perform the
environmental management and protection”.

Environmentally proactive strategy. This work referred to scale [4] for corporate
environmental proactivity to develop the scale of EPSs. The items are “My corporate
always attempt to go beyond basic compliance with laws and regulations on environmental
issues.”, “My corporate gives a high priority to environmental issues” “The top managers
in my corporate give environmental issues a high priority” and “My corporate effectively
manage the environmental risks that affect our business”.

3.3. Data Analysis
3.3.1. Potential Growth Curve Model

The potential growth curve model is employed to analyze the changes of variables and
how these effects can cause other variables’ changes. For example, this work repeatedly
measured the three-phase data to analyze the empirical data, and the potential growth
curve model can capture the linear changes on TMTs’ green absorption, green core affect,
green work intensity, and corporates’ adoption of EPSs over time.
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The factor loadings of repeated measurement constructs in the items are set up for
1 to make the intercept that can equally influence repeated measurements. The loadings
from the scope of these constructs to the repeated measurements are set up for 0, 1, and 2
to measure the changes (positive) [38]. The first-factor loading is set up to be 0 because it
reflects the mean of the initial measurement (Time 1) [39].

The second-order-factor is used in a potential growth curve model technique to test
the significance of paths. For example, the GTL of CEOs at Time 1 was related to the
initial status and the slope of TMTs’ green absorption, green core affect and green work
intensity, and corporates’ adoption of EPSs. The initial status and the slope of TMTs’ green
absorption, green core affect, and green work intensity were also related to the initial status
and the slope of the corporates’ adoption of EPSs.

3.3.2. Confirmatory Factor Analysis

This work used confirmatory factor analysis to confirm the reliability and validity of
GTL, green absorption, green core affect, green work intensity, and EPSs. The IBM SPSS
Amos 25 was used to analyze the data. The AVE (average variance extracted) of these
variables are above 0.65. The CR (composite reliability) of these variables are above 0.74.
The RMR (<0.08), RMSEA (<0.05), GFI (>0.9), CFI (>0.9), GFI (>0.9), and NFI (>0.9) also fit
well suggested by Fornell and Larcker’s (1981) research [46]. Besides, all standardized factor
loadings of these variables are significant. The means, standard deviations, correlation,
reliability, and validity are shown in Tables 2 and 3.

Table 2. Means, standard deviations, and correlation (N = 501).

M S.D. GFL GA GCA GWI

GFL 4.59 0.83
GA 4.79 0.79 0.43

GCA 4.51 0.83 0.38 0.28
GWI 4.20 0.81 0.36 0.27 0.28
EPS 4.11 0.78 0.30 0.35 0.36 0.39

Note: GTL = Green Transformational Leadership; GA = Green Absorption; GCA = Green Core Affect; GWI =
Green Work Intensity; EPS = Environmental Proactive Strategy.

Table 3. Reliability and Validity.

Construct Composite Reliability Average Variance Extracted

GTL 0.79 0.82
GA 0.78 0.79

GCA 0.76 0.80
GWI 0.80 0.79
EPS 0.76 0.79

GTL = Green Transformational Leadership; GA = Green Absorption; GCA = Green Core Affect; GWI = Green
Work Intensity; EPS = Environmental Proactive Strategy.

3.4. The Results of the Analysis

This work used IBM SPSS Amos 25 to execute the potential growth curve model. The
GTL at Time 1 was related to the initial status and increase of EPSs (please see Figure 1). The
GTL of CEOs at Time 1 is significantly related to positive changes in corporates’ adoption
of EPSs (β = 0.32, p < 0.01) (please see Figure 1). Hypothesis 1 that argues that CEOs who
exhibit higher levels of GTL at Time 1 cause more positive changes in corporates’ adoption
of EPSs is supported. That is to say, CEOs exhibit higher levels of GTL at the initial point
(Time 1) that has begun to influence corporates to start developing EPSs.

The GTL at Time 1 was related to initial status and increase of green absorption, green
core affect, and green work intensity (please see Figure 1). The GTL at the initial point
(Time 1) significantly influenced increases in the green absorption (β = 0.34, p < 0.01), green
core affect (β = 0.32, p < 0.01), and green work intensity (β = 0.32, p < 0.01) (please see
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Figure 1). Hypothesis 2, Hypothesis 3, and Hypothesis 4 that argue that CEOs who exhibit
higher levels of GTL at Time 1 cause more positive changes in green absorption, green
core affect, and green work intensity of TMTs are supported. That is to say, CEOs exhibit
higher levels of GTL at the initial point (Time 1) that has begun to influence TMTs to start
developing green absorption, green core affect, and green work intensity.

The initial status and increase of green absorption, green core affect, and green work
intensity were related to the initial status and increase of EPSs (please see Figure 1).
Hypothesis 5, Hypothesis 6 and Hypothesis 7 that state that more increases in green
absorption (β = 0.28, p < 0.01), green core affect (β = 0.22, p < 0.01), and green work intensity
(β = 0.28, p < 0.01) are positively related to more increases in corporates’ adoption of EPSs
(please see Figure 1) are supported.

4. Discussion

This work examined how GTL of CEOs can be related to positive changes of green
absorption, green core affect and green work intensity and corporates’ adoption of EPSs,
and how positive changes of green absorption, green core affect, and green work intensity
of TMTs can be related to positive changes of corporates’ adoption of EPSs based on upper
echelons theory [7].

First, the theoretical contribution of this work is to conceptualize Kahn’s (1990) [10]
engagement theory as cognitive engagement (green absorption), emotional engagement
(green core affect), and physical engagement (work intensity) and proposes the novel
concept of green absorption, green core affect and green work intensity. The results of the
analysis showed that the green absorption, green core affect, and green work intensity of
TMTs are predicted well by the GTL of CEOs at Time 1 and can also predict corporates’
adoption of EPSs well, which confirms the validity of GE [45]. Although the linkage
between transformational leadership and engagement has been examined in the previous
studies [34,46,47], this work added a “green” aspect to activate these variables. It makes
sense for EPSs because leaders can employ GTL to transform their followers’ engagement
with the green aspect, which consequently causes EPSs.

The second theoretical contribution of this work is to open a new stream regarding
the GTL of CEOs on corporates’ adoption of EPSs. And it is surprising that there is limited
research of GTL that is general leadership behavior [35] on corporates’ adoption of EPSs.
This work proposes the novel concept of GE of TMTs (green absorption, green core affect,
and green work intensity) as mediating role to open the black box between GTL of CEOs
and corporates’ adoption of EPSs. Because past research for enhanced variables on EPSs
mainly surveyed the direct effects of organizational factors or social factors [4], this work
uses upper echelons theory to propose a new stream on how GTL can influence EPSs by
key mediating roles of green absorption, green core affect and green work intensity, which
also responds Liu et al.’s (2018) call [8] to dig key mediating roles between characteristics
of CEOs and corporates’ strategic choices.

The contribution in the practice of this work is to detect effectively enhanced strategies
for EPSs. The analysis results showed that the GTL of CEOs can influence positive changes
of corporates’ adoption of EPSs through the mediating role of GE, and managers should
learn how to strengthen these antecedents of EPSs to achieve an environmental performance
and competitive advantages. For example, human resources managers generally put a
lot of resources into improving a variety of attitudes and practices, it is worth investing
resources in leadership training programs [48]. Besides, CEOs should also develop a good
working atmosphere that can foster GE of TMTs.

Limitations and Further Research

The first limitation of this work is to use green absorption, green core affect, and green
work intensity to conceptualize GE but there may be other important variables that should
be contained in GE. This work leaves it for future studies. Second, there may be other
important antecedents of EPSs that should be explored in different environmental contexts.
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For example, green organizational identity [49] of TMTs may be one of the key antecedents
of EPSs, because green organizational identity has been confirmed that it can influence
corporates’ green knowledge sharing, which may influence corporates’ EPSs selection
opportunities. Future studies should explore a broader range of antecedents for EPSs to
provide an incremental contribution. Third, the sample in this work assumes that the sam-
ples in the Greater China region are all homogeneous, which may require future research
to verify. Fourth, this work proposes the novel concept of green engagement to predict
EPSs, but little empirical survey evidence in the past supports the relationship between
green engagement and EPSs. Although this work employs upper echelons theory to be the
basis reference between green engagement and EPSs, future studies should provide more
empirical evidence for the relationship, such as more references and integration discussion
of the unique cultural context. Fifth, the data of technology manufacturing businesses of
Greater China may restrict the generalization of the analysis results, and future studies
should test the theoretical model of this work in different cultural contexts. Sixth, this study
employs upper echelons theory to explain the theoretical framework in this study, but the
path between GTL and GE can’t be explained by upper echelons theory. To supplement the
theoretical shortcomings of the theoretical framework in this study, future studies should
provide more empirical evidence to support the theoretical framework or explore other
theories to explain the theoretical framework in this study. Finally, although this study
employs upper echelons theory and power of TMTs to be the inference basis of hypotheses
5 to hypotheses 7, future studies should provide more empirical literature and empirical
evidence to support the hypotheses 5 to 7.
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