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Abstract: Given the increasing significance of green innovation, scholars have identified
environment-oriented leader behavior as a key antecedent of green innovation in firms. However,
despite the fact that previous studies highlight all kinds of benefits of environment-oriented leaders’
voluntary workplace green behavior (VWGB) in and for firms, little is known about how these
leaders’ VWGB could affect a firm team’s green product innovation as well as their process innovation.
To narrow this research gap, this study theorizes and tests the effect of leaders’ VWGB on their team’s
green innovation, as well as the mediation effect of team green efficacy belief on this relationship.
Using a time-lagged research design, we collected data from 497 employees and 80 leaders in Chinese
manufacturing firms. The results show that leaders’ VWGB directly affects both their team’s green
product and process innovation, and facilitates the development of team green efficacy, which in turn
stimulates team green innovation. This present study extends the multilevel phenomena by reinforcing
the importance of leaders’ VWGB and team green efficacy on team-level green innovation, and
provides practical implications on developing leadership for environmentally sustainable innovation.

Keywords: voluntary workplace green behavior; leadership; team green efficacy; green product
innovation; green process innovation

1. Introduction

Innovation has been widely acknowledged as a key driver of firms’ performance by managers
and scholars [1–3]. However, companies carrying out their innovative endeavors without considering
environmental effects arising from their daily operations and activities may harm the environment,
and inhibit their own long-term survival and successes [4,5]. Therefore, environmental sustainability
is a key concern and an increasing source of pressure for firms’ innovation endeavors [6,7]. In this
serious situation, firms are increasingly concentrating on how to shift their innovation activities to be
more green-oriented [8–11], which implies that both product and process innovations may motivate
firms to show more concern for environmental sustainability [12].

Reflecting the growing importance of green issues for firms, scholars have begun to identify the
predictors that account for much of firms’ attention to environmental innovation [13]. Specifically,
empirical evidence indicates that leaders can facilitate organizational greening innovation by
influencing employees’ pro-environmental behaviors [14,15]. Although existing research suggests that
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organizational greening efforts depend on leaders’ voluntary behaviors towards green innovation
issues [16], there is little knowledge on the impact of such leaders’ voluntary workplace green
behavior (VWGB), which refers to discretionary individual behaviors that improve the environmental
sustainability of the focal firm, but are not induced, regulated, and controlled by formal institutions
relating to environmental management [17]. Thus, the main purpose of the current study is to explore
the influence of leaders’ VWGB on followers’ green innovative outcomes.

To address such important yet relatively understudied issues, we construct a mediation model
to study the effect of leaders’ VWGB on team green innovation [18,19]. Building on role model
perspectives [15] and social cognitive theory (SCT) [20], we posit that team green efficacy can influence
“leaders’ VWGB—team green innovation” link as a mediator. Furthermore, to depict a more vivid
picture of green innovation benefiting business, we divide green innovation into two dimensions—i.e.,
green product innovation and green process innovation [4]. Green innovation as defined here includes
behaviors such as preventing pollution, recycling waste, and (re)designing green products [21,22].
Thus, we anticipate that leaders’ VWGB effects can establish the basis for environmental actions within
a team to enhance their beliefs about their own capabilities of achieving green innovation (i.e., team
green efficacy), and then results in increased levels of team green product and process innovation.

Through addressing the questions—i.e., whether and how leaders’ VWGB exerts influence on
their team’s green innovation in order to realize organizational green achievements, this study aims to
enrich the green innovation literature in several directions. First, by broadening an understanding of
the association between VWGB and team green innovation, this paper is among the first initiatives that
stress the significance of leaders’ VWGB [1]. In doing so, we go beyond existing research on individual
and firm levels of analyses and provide empirical evidence of ‘leader–team level green innovation’
relations [13,19]. Second, our study explores the motivational explanatory mechanisms linking leaders’
VWGB and multiple forms of team green innovation (i.e., green product and process innovation).
By applying SCT, we extend green efficacy beliefs into a shared construct (i.e., green team efficacy) to
comprehensively understand the collective efficacy discussed in the green innovation literature. Finally,
our rigorous research design involving multiple sources and two-wave data collection significantly
establishes our research results, which further provides more persuasive managerial implications to
help organization leaders to manage their teams’ green innovation effectively.

2. Research Background

Existing research has indicated that employees’ green innovation activities can be significantly
stimulated by contexts, especially by green-oriented factors [23,24]. Among this line of research, scholars
highlight that supervisors’ leadership styles or supervisory behaviors as special contextual factors
can significantly influence followers’ green outcomes [4,25]. Given that leaders act as a role model to
effectively activate followers’ similar activities [15], leaders’ green-oriented behaviors are more likely
to boost followers’ green innovative outcomes. Consistently, it is reasonable to propose that leaders’
VWGB can engage employees in green innovation endeavors [19]. Specifically, as leaders’ VWGB
refers to leaders’ discretionary behaviors and activities that benefits the eco-friendly organization in a
sustainable way but are not controlled by the official policy or system of environment protection [19],
leaders who display VWGB frequently enact eco-friendly behaviors to reinforce the significance of green
endeavors in a workplace where employees are supported to improve the company’s environmental
performance [24].

Furthermore, green achievements involve multilevel phenomena [26] as has been examined in
previous research [15]. Leaders’ pro-environmental behaviors may not only facilitate the development
of sustainable innovation processes in the organizations by highlighting the exchange of green
knowledge and information [27], but can also encourage followers to initiate green endeavors through
role modeling [25]. Considering the argument that team structure can nurture innovation [18,28], and
that “leadership may have its most important consequences for teams and thus a focus on the team
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level is also important” [29] (p. 610), we propose a significant relationship between leaders’ VWGB
and team green innovation.

Moreover, accumulated evidence indicated that leaders’ environmentally-specific behaviors
towards environmentally-specific outcomes are invariably indirect [15] through psychological
motivations such as efficacy beliefs and psychological satisfaction [19,30]. Following this stream
of research, scholars are calling for exploring the environmentally-specific motivation as a mechanism
by which leaders’ green behaviors or leadership styles (e.g., VWGB) are linked to team green
innovation [19]. In particular, drawing on SCT [20], there is consistent evidence suggesting that leaders
promote followers’ efficacy beliefs about their green capabilities, which benefit their efforts towards
improving green and environmental achievements [31–33]. Inspired by the theoretical argument
that VWGB signals motivations [19], an extension to the group level of analysis—i.e., team green
efficacy [34]—is therefore introduced to explain the indirect influence of leaders’ VWGB on team
green innovation.

Previous studies implied an indirect influence of leaders’ VWGB on team green innovation.
However, focusing on a general dimension of team green innovation may reveal limited knowledge
of how leaders’ VWGB determine the specific team green innovation behaviors [22]. Some of these
studies state that green innovation includes behaviors such as preventing pollution, recycling waste,
and (re)designing green products. Accordingly, scholars suggested to divide green innovation into
two dimensions—i.e., green product innovation and green process innovation [4]. Considering the
above, we intend to study the effect of leaders’ VWGB on team green efficacy, which would lead to
performance improvement of team green product and process innovation (see Figure 1).
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Figure 1. Research framework.

3. Theory and Hypotheses

3.1. Leaders’ Voluntary Workplace Green Behavior and Team Green Innovation

Scholars have theoretically suggested the importance of a certain leadership behavior—i.e., leaders’
VWGB—in the green innovation literature [15,35–37]. Corresponding to a growing need to identify
a suitable supervisory behavior to specifically predict green innovation [35,38,39], leaders’ VWGB
integrating a “green” perspective can specifically and significantly promote green innovative outcomes.
Given that leaders act as a role model to effectively activate followers’ similar activities [15], leaders’
VWGB can engage employees in green innovation endeavors [19]. Specifically, as a role model,
leaders can influence their followers to complete tasks in a similar way to the way that they do so [40].
The characteristics of leaders’ VWGB include promoting information exchange on environmental issues,
emphasizing recycling activities, and encouraging eco-friendly office supplies. These enable employees
to experience the significance of green behaviors during the processes of innovation engagements [19].
Thus, when strong environmental values are induced onto employees, these employees develop a
growing willingness to put more efforts towards green innovative achievements.

Despite the accumulated evidence of the benefits of leaders (e.g., leaders’ VWGB) on green
innovation, to date the investigations at the team level are rare [18,41]. That is, although scholars have
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continuously suggested that studying environmental issues involves multiple levels of investigation [26],
existing research has lacked the ability to clearly depict the influences of leaders’ VWGB on team-level
green innovation. We posit the potential influence of leaders’ VWGB on team green innovation for
the following two reasons. First, in the leadership literature, scholars have suggested that leaders
may exert greater influences on team-level outcomes [1]. Second, given the fact that teams can
generate more green outcomes that facilitate the implementations of environmental practices [18],
investigations on the team unit are more important for solving environment-related problems and
improving green innovation.

Green innovation usually contains two main aspects: green product innovation and green process
innovation [4,42]. Specifically, green product innovation is defined as products that exert less harmful
effects on the environment [5], while green process innovation is defined as the production and use of
goods in an eco-friendly way and that has a less harmful effect on the environment [5,43]. Overall,
green product innovation generates value by making innovative products without damaging the
environment [44,45], while green process innovation is environmentally friendly through developing
and upgrading the processes of producing goods throughout its manufacturing cycle [46,47].

At the team level, leaders play a core role of organizing and leading their team to accomplish
a set goal. During this process, leaders enact their green behaviors voluntarily, which shows their
commitment to green innovative goals [19]. Meanwhile, as building teams is an important aspect
of leader activities, a leader highlighting the collective interests may organize and encourage team
members working together for the benefits of the whole team [48]. Accordingly, employees within a
team give high value to their attachment to the team and contribute to the green development of their
own team. Furthermore, leaders who engage themselves into the green activities voluntarily may create
a desirable working environment where collective green-oriented behaviors are highly encouraged [19].
When employees are working collectively, they may gradually establish a strong motivation of pursuing
green innovative achievements together with their teammates. This rationale suggests that leaders
who employ VWGB explicitly exemplify team values of green innovation; therefore, employees realize
that their collective green efforts are highly valued [13,18]. Consequently, they tend to pursue their
teams’ best interest by pursuing green innovation.

Taken together, we expect that leaders’ VWGB effectively stimulate team members to work
together towards team green innovation. On the one hand, leaders’ VWGB boost the utilization
of team knowledge, leadership, and ability to produce green products [25,49]. On the other hand,
leaders’ VWGB inspire teams to successfully implement environmental friendly criteria to develop
manufacturing processes of green innovative products [50]. This leads to the first two hypotheses:

H1. Leaders’ VWGB is positively related to team green product innovation.

H2. Leaders’ VWGB is positively related to team green process innovation.

3.2. The Mediator of Team Green Efficacy

Drawing on SCT [20,34], we further explore the motivational processes by which leaders’
VWGB contributes to team green innovation. Generally, we consider the environmentally-specific
motivation as a mechanism by which leaders’ VWGB is linked to team green innovation. Existing
research on explaining the intervening mechanism of leaders’ green innovation illustrates the
mediating role of individual psychological states (e.g., environmental passion, spirituality, and
intrinsic motivation) [15,35]. Consistently, from a theoretical standpoint, the motivational perspective
advocates that leaders motivate subordinates to be more confident in their work and obtain willingness
to spend their energy to complete their tasks; therefore, they perform better and innovatively [51].
Akin to this line of literature, SCT is widely applied to explain the influence of leaders on innovative
outcomes. Suggesting that people striving to be agentic have strong motivations towards their
achievements [34], SCT highlights that the construction of an efficacy belief determines whether
individuals can ultimately succeed in their own way [52]. Specifically, employees with a stronger
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self-efficacy belief are more confident in their capabilities of doing well and show persistence when
facing setbacks. As a result, they are internally motivated to perform well in their tasks [53]. In line
with the above theoretical reasoning, previous studies have provided accumulated evidence to support
that when leaders display a specific leadership style (e.g., transformational leadership) or conduct
certain behavior (e.g., supervisory mentoring), employees’ self-efficacy belief is more likely to increase,
which in turn enhances their task performance and other desirable behaviors [53].

Inspired by the theoretical argument that VWGB signals motivations [19], an extension to the
group level of analysis—i.e., team green efficacy [34]—is therefore introduced to explain the indirect
influence of leaders’ VWGB on team green innovation. Team efficacy represents a team’s shared
belief about all the team members’ joint competences of putting efforts and engaging activities in the
processes of achieving a team goal [54]. It specifically highlights the property of a whole group or team
through interactions among members towards high team efforts and task performance. Empirically,
researchers have found that leaders can enhance the team efficacy beliefs by means of their function as
a role model, which in turn helps to achieve desirable outcomes [48,55].

3.3. Leaders’ Voluntary Workplace Green Behavior and Team Green Efficacy

Previous studies have empirically indicated that leaders’ behaviors act as a crucial proximal
predictor of team efficacy belief [48,56,57]. According to SCT, leadership styles or behaviors, as a
sort of desirable contextual factors, contribute to the development of collective efficacy. Theoretically,
leadership by a leader who demonstrates his or her commitment to a certain type of work or behavior,
increases the possibility of subordinates receiving the information and guidance about how to work
effectively in a similar way with this leader’s intention [58]. Extending this line of reasoning, empirical
studies have been conducted to examine various leadership styles or supervisory behaviors (e.g., green
transformational leadership, and empowering leadership) [31,55]. Following earlier work, we propose
that leaders who display green behaviors voluntarily stimulate employees working together to pursue
a teams’ best interest.

Leaders’ VWGB can positively help team members to build the team confidence of accomplishing
green tasks through stimulating their motivation. Specifically, by providing environmental-related
direction, leaders’ VWGB signals that the shared values of the team on achieving green outcomes are
highly encouraged. To realize this goal, leaders emotionally inspire team members’ identity to the
team’s identification with green issues [59]. Moreover, since leaders’ VWGB is characterized by the
motivation and willingness of putting efforts on green activities [19], team members may cultivate
an attitude of working together on similar activities through interactions and communications [32].
As a result, their shared efficacy belief about green endeavors can be formed. Therefore, we argue that
when leaders demonstrate their voluntary behavior on green issues, the teams’ efficacy beliefs about
their (teams’) capabilities of engaging and accomplishing green tasks will increase. This leads to the
third hypothesis:

H3. Leaders’ VWGB is positively related to team green efficacy.

3.4. Team Green Efficacy and Team Green Innovation

According to SCT [20], collective efficacy facilitates a team’s desirable outcomes (e.g., performance
and behaviors) by encouraging all of the team members while they complete their tasks [57]. Extending
this conceptualization into the green research field, the specific team-level green efficacy beliefs
represent team members’ shared belief about the team’s confidence of achieving a green goal by
working together [31]. According to the arguments in SCT [20], the high levels of team green
efficacy represent the team member’s valuation of his/her team’s collective capacity to be successful in
completing green endeavors [60]—this can effectively and significantly assist teams in facing obstacles
and persisting to resolve a problem. Specifically, team members with a high level of team green
efficacy tend to exert efforts which fuel the success of green innovation [31]. Furthermore, since green
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innovation requires persistence to address the potential risks and challenges during the processes of
coming up and implementing innovative output, green efficacy may work as a support factor [32];
as a result, the teams’ norms, values, and belief around green innovative activities are embodied as
a significant form of ‘DNA’ among the team members [56,59]. Thus, the teams are more likely to
devote their time to developing new products, services or processes in a green manner. In contrast,
team members without a belief about their team’s capabilities of performing better due to inadequate
knowledge are likely to refuse to do green tasks because they have decreased motivations and passions.
Accordingly, their tendency to engage in green innovative activities decline [15]. In summary, extending
the previous finding of the benefits of green team efficacy on green outcomes [31], we argue that team
green efficacy may positively impact both green product and process innovation at the team level,
leading to the next two hypotheses:

H4. Team green efficacy is positively related to team green product innovation.

H5. Team green efficacy is positively related to team green process innovation.

3.5. A Mediation Model

An increasing number of studies have confirmed that leaders’ environmentally-specific behaviors
towards environmentally-specific outcomes are invariably indirect [15] through psychological
motivations such as efficacy beliefs [19,30]. In particular, drawing on SCT [20], there is consistent
evidence suggesting that leaders promote followers’ efficacy beliefs about their green capabilities,
which benefit their green efforts towards environmental achievements such as green innovation [31–33].
Integrating H1 and H5, we claim our theoretical argument in a mediation model—that is, the relations
between leaders’ VWGB and both team green product and green process innovation are partially
mediated by team green efficacy. Specifically, when leaders enact VWBG, their teams form and maintain
their team green efficacy belief, which in turn facilitates their efforts on producing green innovative
products, as well as improving green innovative processes. The expectations are consistent with
the relevant theoretical and empirical findings [13] showing that motivation-oriented characteristics
establish the intervening process through which the factors of leaders impact green behaviors. Therefore,
we hypothesize the following:

H6. Team green efficacy mediates the positive relationship between leaders’ VWGB and team green
product innovation.

H7. Team green efficacy mediates the positive relationship between leaders’ VWGB and team green
process innovation.

4. Methods

4.1. Procedure and Participants

We collected data from 31 manufacturing firms in eastern China by using structured questionnaire
surveys. Before submitting our surveys to employees and leaders, we contacted the HR departments
of these companies to discuss the rationale of the current study and confirm that green innovation
is an aspect of the organization’s strategy, values, and culture and to ensure that the company is a
company in which VWGB can be traced and found. All the HR managers agreed to the request and
invited the authors to complete data collection in their respective organizations. Afterwards, we
asked HR departments to help us submit questionnaires to participants (i.e., employees and their
direct supervisors) during their working time. Specifically, we distributed survey questionnaires to
750 employees to rate their perception of leaders’ VWGB, team green efficacy, and their demographic
information (e.g., gender, age, and education level) during Time 1. We received usable surveys from
497 employees after deleting incomplete questionnaires. One month after the initial survey (Time
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2), we distributed survey questionnaires to the leaders of these 497 employees. We received usable
surveys from 80 leaders.

To guarantee confidentiality, all participants involved were informed on the objectives of this
survey at the very beginning. Meanwhile, they were also informed about the data and results being
used confidentially in this research. Since participants all filled the paper-pencil questionnaires during
office hours, the authors were able to be with them from the beginning to the end of the data collection.
When the participants completed the survey, they returned it to the researchers directly.

The 497 respondents were from 31 companies in equipment manufacturing (35%), information
technology (26%), biotechnology (19%) and electric machines (20%) industry, respectively. Among
these employees, 52.1% were male and most of them (65% employees) reported their age to be
from 26 to 35 years. The most frequently reported education level was having an associate degree
(60% employees). Team leaders were from 80 teams in 31 manufacturing firms. Leaders’ average age
was 30.87 years (SD = 5.46) and 64.40% were male, the average organizational tenure was 7.5 years
(SD = 7.00), and 58.7% possessed a bachelor’s degree or higher.

4.2. Measurements

We used validated English scales from previous literature, and a back-translation method to
provide a Chinese instrument [61]. Seven-point Likert scales (from 1 = strongly disagree, to 7 = strongly
agree) were used.

Leader’s VWGB. A six-item scale from Kim and coauthors [19] was used to measure leaders’
VWGB (Cronbach’s α = 0.90). Our questionnaire asked employees to rate the extent to which their
supervisors exert VWGB. One sample item is “My supervisor avoids unnecessary printing to save
paper” (see Table 1).

Table 1. Items and factor loadings.

Factor Loading

Leaders’ Voluntary Workplace Green Behavior (α = 0.90)

1. My supervisor avoids unnecessary printing to save paper. 0.85

2. My supervisor uses personal cups instead of disposable cups. 0.78

3. My supervisor uses stairs instead of elevators when going from floor to floor in
the building.

0.81

4. My supervisor reuses paper to take notes in the office. 0.80

5. My supervisor recycles reusable things in the workplace. 0.80

6. My supervisor sorts recyclable materials into their appropriate bins when other
group members do not recycle them.

0.86

Team Green Efficacy (α = 0.81)

1. Our team is able to solve green tasks if we invest the necessary effort. 0.78

2. Our team felt enthusiastic about the green task. 0.86

3. Our team liked doing the green task. 0.83

4. Our team felt very motivated to a green job. 0.87
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Table 1. Items and factor loadings.

Factor Loading

Team Green Product Innovation (α = 0.76)

1. Our team chooses the materials of the product that produce the least amount of
pollution for conducting product development or design.

0.81

2. Our team uses the fewest amount of materials to comprise the product for
conducting product development or design.

0.92

3. Our team would circumspectly deliberate whether the product is easy to recycle,
reuse, and decompose for conducting product development or design.

0.82

Team Green Process Innovation (α = 0.90)

1. The manufacturing process of our team effectively reduces the emission of
hazardous substances or waste.

0.90

2. The manufacturing process of our team reduces the consumption of water,
electricity, coal, or oil.

0.87

3. The manufacturing process of our team reduces the use of raw materials. 0.95

Team green efficacy. We adopted the four-item scale [54] to measure team green efficacy belief
(Cronbach’s α = 0.81). Since we specifically examined the influences of team green-oriented efficacy
belief, we designed these items to explicitly represent the team members’ shared beliefs in their team’s
capabilities of performing green innovative tasks. One sample item is “Our team is able to solve green
tasks if we invest the necessary effort” (see Table 1).

Team green product innovation. We used the three-item scale from Chang [5] (Cronbach’s α = 0.76)
and asked leaders to assess their teams’ green product innovation. One sample item is “Our team
chooses the materials of the product that produces the least amount of pollution for conducting product
development or design” (see Table 1).

Team green process innovation. We used the three-item scale from Chang [5] (Cronbach’s
α = 0.90) and asked leaders to assess their teams’ green product innovation. One sample item is “The
manufacturing process of our team effectively reduces the emission of hazardous substances or waste”
(see Table 1).

Control variables. We control the following variables: employee’s age (1 = from 18 to 25 years,
2 = from 26 to 30 years, 3 = from 30 to 35 years, 4 = from 35 to 40 years, 5 = above 41 years), gender
(1 = male; 2 = female), education level (1 = junior high school diploma,2 = high school/technical school
diploma, 3 = Associate degree, 4 = Bachelor’s degree, 5 = Master’s degree, 6 = Doctor’s degree),
working experience (in years), and working years at the company (in years).

4.3. Analytical Strategy

We first aggregated data from the individual to the team level. Because leader’s VWGB and
team green efficacy both represent the shared perception about the team level’s leader behaviors
(i.e., leader’s VWGB) and green belief (i.e., team green efficacy), the employees’ responses on leader’s
VWGB and team green efficacy were aggregated to form a measure of the two variables at the team
level. We computed rwg to evaluate the interrater agreement, ICC(1) (intraclass correlation coefficient)
to evaluate the intraclass correlations, and ICC(2) to evaluate the reliability of the group means [62].
For the leaders’ VGWB, the results indicated that ICC(1) is 0.12, ICC(2) is 0.75, and the average rwg is
0.85. For the team green efficacy, the results showed that ICC(1) is 0.19, ICC(2) is 0.80, and the average
rwg is 0.88. All these indicators show that our data aggregation is appropriate.

We performed a two-step analysis to test the hypotheses in the current study. First, we conducted
a four-step procedure to estimate the effects of leaders’ VGWB on team green innovative outcomes
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through team green efficacy. That is, when we used hierarchical regression analyses by entering
control variables, leaders’ VGWB, team green product/process innovation, and team green efficacy
on different steps, a partial mediation is supported if four conditions are met: (1) the independent
variable (i.e., leaders’ VGWB) is significantly related to the mediator (i.e., team green efficacy); (2) the
independent variable is significantly related to the dependent variables (i.e., team green product/process
innovation); (3) the mediator is significantly related to the dependent variable; and (4) the relationship
between the independent variable and dependent variable is still significant when the mediator
is present. Second, we employed the PRODCLIN program, which is widely used in mediation
checking [63], to further test the stability and significance of these mediation effects. In particular,
we calculated 95% confidence intervals of indirect effects derived from bias-corrected bootstrap
estimates with 10,000 iterations [64]. The variables were mean-centered beforehand.

5. Results

5.1. Preliminary Analysis

We first conducted a confirmatory factor analysis (CFA) to assess the discriminant validity between
the focal variables. Supporting the distinctiveness of the measures, the hypothesized four-factor model
(i.e., leader’s VWGB, team green efficacy, team green product innovation, and team green process
innovation) revealed a reasonable fit to the data (χ2 = 253.94, RMSEA = 0.05, TLI = 0.96, CFI = 0.97),
which showed a better result than other alternative models (Hu & Bentler, 1999) such as a three-factor
model (i.e., team green product innovation and team green production innovation combined as one
factor) (∆χ2 (4) = 1624.74, p < 0.001; CFI = 0.90, NFI = 0.89, RMSEA = 0.17), a two-factor model
(i.e., team green product innovation and team green production innovation combined as one factor, and
leader’s VWGB and team green efficacy combined as the second factor) (∆χ2 (4) = 1624.74, p < 0.001;
CFI = 0.90, NFI = 0.89, RMSEA = 0.17), and the single factor model (i.e., the four variables as a combined
factor) (∆χ2 (5) = 2347.80, p < 0.001; CFI = 0.88, NFI = 0.86, RMSEA = 0.19). These results suggest our
variables were distinguishable.

We present the descriptive statistics of variables in Table 2. It is observed that the means of
team green product innovation and team green process innovation are 4.95 (SD=0.37) and 5.02
(SD = 0.4), respectively. This shows that leader’s VWGB is significant correlated with team green
product innovation (β = 0.12, p < 0.05) and team green process innovation (β = 0.34, p < 0.05), and
the correlation coefficients present the expected positive sign. As discussed, the team green efficacy
positively correlates to team green product (β = 0.22, p < 0.05) and process innovation (β = 0.35,
p < 0.05). All variance inflation factors (VIFs) are below thumb value 5, which clearly demonstrate that
multicollinearity is not a serious issue in this study.

Table 2. Descriptive statistics, correlations between variables, and variance inflation factors (VIFs).

Mean SD 1 2 3 4 5 6 7 8 9 10

1. Product innovation 4.95 0.37 1
2. Process innovation 5.02 0.4 0.12 1
3. Efficacy 2.32 0.82 0.22 ** 0.35 ** 1
4. VWGB 1.77 0.31 0.12 ** 0.34 ** 0.35 ** 1
5. Gender 1.65 0.15 −0.09 −0.05 −0.12 0.12 1
6. Age 2.44 0.55 −0.43 ** 0.17 0.22 ** 0.19 * −0.05 1
7. Education 3.23 0.39 −0.49 ** 0.20 * 0.02 0.22 * −0.08 0.72 * 1
8. Experience 6.06 1.78 0.01 0 −0.20 * −0.31 ** 0.19 * −0.16 −0.22 * 1
9. Organization 2.44 0.72 −0.18 * 0.12 −0.06 −0.01 0.09 −0.09 0.05 −0.09 1
10. Teamyear 5.4 1.4 −0.1 −0.33 * −0.15 −0.04 0.16 0.27 * 0.11 0.08 −0.25 * 1
VIF 1.38 1.35 1.16 2.62 2.42 1.22 1.13 1.28

N = 80. ** p < 0.05, * p < 0.10.
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5.2. Hypotheses Testing

We applied a hierarchical regression method to test the proposed hypotheses, and the empirical
results are presented in Table 3. We set team green product innovation, team green process innovation,
and team green efficacy as dependent variables in Model1, Model2, and Model3, respectively.
Our Hypothesis 1 stated a positive influence of leader’s VWGB on team product innovation. To test H1,
we set the team green product innovation as the dependent variable, then included control variables in
step 1 (Model1A) (R2 = 0.31, F = 5.48). In step 2, we regressed leaders’ VWGB on team green product
innovation (Model1B). The result presents that leaders’ VWGB is positively associated with team
green product innovation (β = 0.30, p < 0.05); and the statistical significance of all control variables are
consistence with Model1A. In addition, the change of R2 (∆R2 = 0.05, p < 0.05) indicated that leaders’
VWGB is appropriate to explain team green product innovation. Taken together, we concluded that a
higher VWGB of a team’s leader can lead to more green product innovation at the team level. Thus, H1
obtained support.

Table 3. Results of hierarchical regression analyses of collective efficacy and team creativity.

Dependent Variable Model 1:
Team Green Product Innovation

Model 2:
Team Green Process

Innovation

Model 3:
Team Green

Efficacy

Step 1: Control
variables

Model
1A

Model
1B

Model
1C

Model
2A

Model
2B

Model
2C

Model
3A

Model
3B

Age −0.13
(0.10)

−0.15
(0.10)

−0.22 **
(0.04)

0.17
(0.12)

0.15
(0.11)

0.07
(0.12)

−0.23
(0.60)

0.72 ***
(0.23)

Gender −0.21
(0.25)

−0.34
(0.25)

−0.28
(0.24)

0.05
(0.25)

−0.14
(0.29)

−0.08
(0.28)

0.76 ***
(0.24)

−0.61
(0.07)

Education −0.35 **
(0.14)

−0.38 ***
(0.13)

−0.30 **
(0.14)

0.10
(0.16)

0.06
(0.16)

0.15
(0.16)

−0.75 **
(0.33)

−0.84 **
(0.32)

Experience −0.02
(0.02)

−0.01
(0.01)

−0.00
(0.02)

0.02
(0.03)

0.05 *
(0.03)

0.05 *
(0.02)

−0.08
(0.05)

−0.03
(0.05)

Organization −0.10 *
(0.05)

−0.09 *
(0.05)

−0.08 *
(0.05)

0.02
(0.06)

0.04
(0.06)

0.04
(0.06)

−0.08
(0.13)

−0.05
(0.12)

Team years −0.01
(0.02)

−0.00
(0.02)

−0.01
(0.03)

−0.12 ***
(0.03)

−0.11 ***
(0.03)

−0.09 ***
(0.03)

−0.14 **
(0.07)

−0.12 *
(0.07)

Step 2: Predictor

VWGB 0.30 **
(0.12)

0.22 *
(0.13)

0.44 ***
(0.14)

0.35 **
(0.15)

0.86 ***
(0.29)

Step 3: Mediator

Team green efficacy 0.10 **
(0.05)

0.11 *
(0.06)

R2 0.31 0.36 0.40 0.19 0.29 0.33 0.19 0.27
∆R2 0.05 ** 0.05 ** 0.10 ** 0.04 ** 0.09 **

F 5.48 5.88 5.91 2.91 4.18 4.28 2.76 3.87
∆F 0.40 0.03 1.27 0.10 0.11

N = 80. Standardized regression coefficients are known. Numbers in parentheses represent standard errors.
*** p < 0.001, ** p < 0.05, * p < 0.10.

In Hypothesis 2, we proposed that leaders’ VWGB enhances team green process innovation.
Model 2 of Table 2 provides empirical evidence to test H2. In step 1, we run a null model that only
included control variables (Model2A) (R2 = 0.19, F = 2.91). In step 2, we added leaders’ VWGB into the
model (Model2B) (R2 = 0.29, F = 4.18). The result shows a positive influence of leaders’ VWGB on team
process innovation (β = 0.44, p < 0.001, Model2B). Additionally, the changed R2 increased significantly,
lending statistical support for Model2B (∆R2 = 0.10, p < 0.05). Thus, H2 obtained support.

Hypothesis 3 predicted a positive influence of leaders’ VWGB on team green efficacy. To test H3,
we first regressed control variables on team green efficacy (Model3A) (R2 = 0.19, F = 2.76), then entered
leaders’ VWGB (Model3B) (R2 = 0.27, F = 3.87). The change of R2 indicated that the statistical model
is significantly improved (∆R2 = 0.09, p < 0.05). The Model3B shows that the coefficient of leaders’
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VWGB is positive and is significantly different from 0 (β = 0.87, p < 0.001). This result lends empirical
evidence to support H3.

H4 and H5 intend to search for a relationship between team green efficacy, team green product,
and process innovation. H4 stated a positive effect of team green efficacy on team green product
innovation. To test H4, we added team green efficacy as step 3 of Model 1 (Model1C). The change of
R2 between step 2 and step 3 is 0.05 (p < 0.05). The coefficient and influence direction of team green
efficacy (β = 0.10, p < 0.05) indicate that Hypothesis 4 obtained support. As shown in H5, we posited
that team green efficacy exerts a positive effect on team process innovation. To test H5, we entered team
green efficacy as step 3 of Model 2 (Model2C). Our empirical results of Model2C clearly display that
team green efficacy can lead to an improvement of team green process innovation (β = 0.11, p < 0.10).
Therefore, empirical findings support H5. Taken together, Hypothesis 1-5 are validated and are all
supported (see Figure 2).
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H6 and H7 both posit a mediation effect. That is, that team green efficacy mediates the positive
relationship between leaders’ VWGB and team green product/process innovation. Empirical results
in Table 3 imply these mediation effects. To further substantiate the mediation effects of team green
efficacy, we conducted Sobel tests [65]. Results show that the mediation effects of team green efficacy
for leaders’ VWGB to team product innovation (β = 0.09, p < 0.10) and to team process innovation
(β = 0.10, p < 0.10) are significant. To obtain unbiased results, we further performed a bootstrapping
analysis to detect statistical power of these mediation effects [66]. The bootstrapping results in Table 4
suggest that the mediation effect of team green efficacy between leaders’ VWGB and team green
product innovation is 0.09, and the 95% confidence interval (0.00 0.27) of this mediation effect is
exclusively 0. Table 4 also indicates that the influence of leaders’ VWGB through team green efficacy
on team green process innovation is 0.09, and the 95% confidence interval (0.00 0.30) of this mediation
effect also excluded 0. These bootstrapping analyses suggest that our Sobel test of mediation effects is
robust. Thus, hypotheses concerning mediation effects (i.e., H6 and H7) are supported.

Table 4. Results of bootstrapping analysis.

Total Effect Indirect Effects (95%CI)

Total
Effect SE p-Value

Bootstrap
Indirect

Effect

Bootstrap
SE

Lower
Limit

Upper
Limit

Dependent variable: team green
product innovation 0.30 0.12 0.015 0.09 0.06 0.00 0.27

Dependent variable: team green
process innovation 0.44 0.14 0.002 0.09 0.07 0.00 0.30

Number of bootstrap samples=10,000. SE, Standers error; CI, Confidence interval.
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In summary, all the hypotheses in the current study were supported, which is summarized in
Table 5.

Table 5. Conclusion of testing all the hypotheses.

Hypotheses Results

H1. Leaders’ VWGB is positively related to team green product innovation. Supported

H2. Leaders’ VWGB is positively related to team green process innovation. Supported

H3. Leaders’ VWGB is positively related to team green efficacy. Supported

H4. Team green efficacy is positively related to team green product innovation. Supported

H5. Team green efficacy is positively related to team green process innovation. Supported

H6. Team green efficacy mediate the positive relationship between leaders’ VWGB
and team green product innovation. Supported

H7. Team green efficacy mediate the positive relationship between leaders’ VWGB
and team green process innovation. Supported

6. Discussion

6.1. Theoretical Implications

Our study fills a theoretical void in the literature by linking leaders’ VWGB and green product
and process innovation at the team level. Firstly, our findings suggest a positive effect of leaders’
VWGB on team green innovation, which support the argument that leaders and the influence on
their teams positively influence firms’ green innovation that contributes to environmental issues.
The leader’s behavioral signals and the team’s green initiatives jointly provide further support to a
firms’ green innovation. In this regard, leaders can effectively motivate followers’ collective voluntary
attempts to innovate in green products and processes in their firms. These findings complement
with previous studies that mainly explored green innovation at the single levels of individuals and
firms [15,25,50,67,68]. We extend previous research suggesting that leaders’ VWGB benefits firms’
green outcomes by providing empirical evidence that explicitly shows that leaders’ VWGB can arouse
their teams’ sense of strong relevance to the green innovation-related process.

Next, this study confirms the mediation effect of team green efficacy. That is, when leaders
demonstrate green behaviors voluntarily, their teams are more likely to maintain and develop their
collective confidence about green innovative achievements (i.e., team green efficacy). In this situation,
where teams display high levels of green efficacy, team members would work together (e.g., interactions
and communications) to increase their efforts on producing green innovative products and developing
green innovative processes. This finding responds to repeated calls by scholars to ‘open the black-box’
of how leaders’ environmental behaviors contribute to green innovative outputs [15]. Specifically, the
current study explicitly identifies an important intervening mechanism—team green efficacy—that
links the relation between leaders’ VWGB and both team green product innovation and team green
process innovation. Since internal motivations can effectively stimulate innovation, existing research
has highlighted and established the motivational mechanisms (e.g., efficacy belief) through which
leaders facilitate green innovation in organizations [31].

Our findings indicate that team green efficacy contributes to team green product and -process
innovation. From this finding it could be inferred that teams with high green efficacy significantly
contribute to firms’ green innovation activities (e.g., developing new and green products or processes).
For example, when employees are working in a team that is characterized by a high awareness of
green affairs, these employees may understand the power of teamwork towards green innovative
achievements. Accordingly, this finding may support a growing interest in investigating the team
characteristics of green efficacy beliefs in the organizations pursuing green innovative endeavors [31].
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Specifically, we expand this research stream by providing a deepened understanding of the proposed
influences of a specific psychological attribute at the team level.

6.2. Practical Implications

Our empirical findings reveal several practical implications for organizations. First, given the
significant role of leaders’ VWGB in achieving green innovation, leaders should focus on displaying
their voluntary behaviors in green issues. Accordingly, organizations that are concerned with green
innovation need to emphasize the development of the managers’ abilities of enacting VWGB. Practically,
firms should not only attempt to select and identify qualified individuals who exhibit VWGB as
potential leaders, but also provide specific training, coaching, and development programs to improve
their managers’ abilities of employing VWBG during their daily managerial activities.

Our findings suggest the benefits of leaders’ VWGB in fostering green innovation; thus, managers
should perform the critical role of cultivating their team members’ confidence in engaging in green
innovative activities. Specifically, leaders should select candidates to organize an effective team with a
relatively high level of green efficacy. In doing so, these team members can work together and motivate
and stimulate each other to produce green innovative products and processes. Meanwhile, leaders
should exert certain behaviors themselves to specifically develop the collective efficacy beliefs about
their teams’ capabilities of realizing green innovations. For example, team leaders are encouraged to
create a green environment at the workplace and participate in green activities with team members.

6.3. Limitations and Avenues for Further Research

This study involves two limitations which may direct future research. First, since the samples are
from sectors in manufacturing industry, the generalizability of our results is limited. Future research
is thus encouraged to be conducted in such industries as for example service industry to be able to
further generalize results. For example, since favoring environmental practices have been examined as
a key driver of eco-friendly products in the processes of building a green hotel [69], it is reasonable to
propose that leaders’ voluntary green behavior and attitudes may boost team members’ ability to work
together to realize green innovative achievements.

Moreover, given the results of the partial mediation effects, future research may explore other
potential psychological mechanisms that transfer the positive influence of leaders’ VGWB on green
innovation at the team level. For instance, from the goal perspective, when leaders demonstrate
voluntary green behavior, team members working together may perceive the importance of green
innovation [70]; therefore, their teams’ goal of engaging in green activities could be built towards
green innovation. Moreover, since previous studies have illustrated that followers’ positive emotions
(e.g., harmonious passion for environmental sustainability) driven by leaders’ green-oriented behavior
would increase their (followers’) environmental behavior [15], future research could expand on this and
assess leaders’ specific green voluntary behavior exerting effects on team level support and motivation
towards achieving environmental sustainability and then on multiple green innovative outcomes.

7. Conclusions

Drawing on role model perspectives [15] and SCT [20], this paper examines the direct influence
of leaders’ VWGB on team’s green product and process innovation, and also particularly on how
team green efficacy mediates leaders’ VWGB on team’s green innovation. This study finds a positive
relationship between leaders’ VWGB and both team’s green production and process innovation.
Moreover, the empirical findings confirm a mediation effect of team green efficacy on the ‘leaders’
VWGB–team green innovation’ relationship. These findings contribute to the development of green
innovation studies in several ways. First, they enrich our understanding of the multilevel phenomena
of green innovation by linking leaders’ VWGB, team green efficacy, and team-level green innovation.
Second, by drawing on SCT, the study answers calls in the literature for more research on the
mechanisms that mediate the influence of leader’s behavior on their team’s green innovation activities
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and output. In doing so, we provide empirical evidence for the mediating effect of team green
efficacy belief.

Based on the findings of this study, it can be concluded that future research is needed to further
study the supporting role of leadership styles and supervisory behaviors in their team’s green activities,
processes and results. For example, according to the reported positive influence of servant leadership
on innovation [71], scholars recently suggest that green servant leadership can predict a wide range
of desirable ecologically friendly outcomes [72]. Green servant leadership may specifically convey
a prominent signal to followers showing that green activities are highly important and encouraged
by leaders; thus, studies in the future can extend this line of literature by examining whether and
how green servant leadership can support green innovative outcomes. Moreover, given that the
results indicate that team green efficacy partially mediates the leaders’ VWGB and their teams’ green
innovation, the findings also suggest a need for future research on alternative mediating mechanisms.
For example, recent meta-analytical research suggests that prosocial motivation—i.e. the will to do
things that benefits others, society and nature - is an important mechanism that links contextual factors
(e.g., leadership styles or supervisory behaviors) and innovative and creative outcomes [73]. Studies on
the mediating role of green prosocial motivation on the effect of leadership on teams’ green innovation
may lead to new and deep insights into the psychological mechanisms that support and stimulate the
impact of green leadership on the green behavior of teams.
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