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This study explored the influences of green human capital, green dynamic capacities 
and green service innovation. The study sample was selected from top-500 
manufacturing corporations for the year 2013 that were randomly selected as 
subjects. The data were analyzed using descriptive statistics and CFA. The results 
are as follows: First, the authors found that latent variables have good reliability, as 
well as discriminant and convergent validity. Global model analysis of green 
absorptive capacity yields acceptable results. Second, according to structural 
equation modeling analysis, the overall fit measures of the green absorptive capacity 

model scale passed the threshold standard (χ2＝946.26, p<.05, GFI = 0.83, RMSEA 

= 0.088, NFI = 0.88, CFI = 0.91, SRMR＝0.052, NNFI＝0.89, PNFI＝0.78, CN＝
114.53, χ2/df =4.22). Third, the authors discovered that green human capital 
improves green absorptive capacity, green dynamic capacities, and green service 
innovation. Green absorptive capacity positively affects green dynamic capacities 
and green service innovation. Furthermore, this study finds that green absorptive 
capacity and green dynamic capacities mediate the positive relationship between 
green human capital and green service innovation.  
 
Keywords: Green human capital, Green absorptive capacity; Green dynamic 
capacities; Green service innovation  

 
 

1. INTRODUCTION 

Taiwanese electronics companies are leading developers and manufacturers of 
integrated semiconductor in the world. Nowadays, Taiwan’s electronics companies 
suffer from the strict environmental regulations and challenge [1].  Electronics 
industries in Taiwan need to apply a wide array of environmentally friendly strategies 
to respond to environmental regulations and the green trends. Hence, electronics 
companies in Taiwan must develop green products to satisfy the environmental needs 
of their customers. Akenji and Bengtsson [2] noted that sustainable consumption and 
production are important sustainability issues. Besides, green knowledge and energy 
efficiency are important to modern society. Hence, this study focused on applying the 
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new concept of green knowledge to face rapidly changing environments, and thus 
open new prospects for green business. 

Extensive pollution problems increase opportunities for green business. People 
use limited resources to satisfy infinite demand. Green knowledge management thus 
is critical to help enterprises manage and apply their knowledge of green 
products/services. Green knowledge management is important to sales for companies 
wishing to launch their own green products/services. Green knowledge means 
consumers and industrial buyers force organizations to integrate environmental 
protection into their corporate cultures, and thus that organizations mitigate adverse 
environmental impacts of their activities. 

Teece [3] pointed out that the essence of a firm is its ability to create, transfer, 
assemble, integrate and exploit knowledge assets. Firms Green products/services are 
widely accepted worldwide, and firms must devise ways to improve their green 
absorptive capacity. However, not every company follows environmental regulations 
and reduce their liability. Firms thus must use differentiation strategies to improve 
their innovation in terms of green products. 

Nelson and Winter [4] defined dynamic capabilities as the "routines" in 
evolutionary theories of organization. Additionally, Cohen and Bacdayan [5] noted 
that there has been 'little progress' in reaching agreement on the definition of routines. 
Nelson and Winter [4] defined routines as regular and predictable behavioral patterns. 
This study contended that green dynamic capabilities are the abilities of a company to 
exploit its resources and knowledge to react to rapidly change market. Environmental 
issues have become one of the main business topics during the 21st century. 
Environmental consciousness has made green absorptive capacity a major focus of 
business research. Commercialization of green products allows firms to derive 
revenue through selling products/services. Increasing green purchasing lets firms 
establish green dynamic capabilities to face the challenge of green business. This 
study reveals green dynamic capabilities via empirical testing. 

Innovation disrupts the equilibrium and the associated reshuffling of resources 
caused growth. Robbins and Judge [6] identified innovation as a new idea applied to 
the initiation or improvement of a product, process, or service. Service innovation 
involves innovation and the conversion of new ideas into new products or services. 
The question thus arises of what drives sales for green products and services. 
Organizations must obtain footholds in new markets, and develop innovative 
products, processes, or services to provide complete and specific functions to 
customers. Achieving market dominance requires organizations to strengthen their 
market position and innovate to enhance their competitive advantage. Increasing 
numbers of mainstream retailers are embracing green products. Firms thus are 
increasingly seeking to learn all they can regarding such products, and thus are 
becoming avid proponents of environmental sustainability. 
 

2. LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT 
 

Intellectual capital is the intangible asset of organizations, basically it does not 
belong to a measure of value and prices. Originally, Galbraith [7] first proposed the 
term ' Intellectual Capital' and discussed the term in 1969. Stewart collected and 
collated information on the intellectual capital since 1991. Stewart [8] explained the 
term of intellectual capital, and provided classification structure of the intellectual 
capital. Intellectual capital plays an important role in the delivery of corporate 
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performance. Recently, intellectual capital is widely considered to be an important 
idea in current financial systems for their feasibility [9, 10]. 

Brooking [11] stated that intellectual capital is consists of four main components: 
market assets, human-centred assets, intellectual property assets and infrastructure 
assets. Brooking [11] stated that intellectual capital is the combination of intangible 
assets. When we talk about intangible assets, there are many definitions of intellectual 
capital. The terms intellectual capital is divided two different parts which are human 
capital and structural capital [12, 13]. Some scholars argued that intellectual capital 
being comprised of human capital, structural capital and customers' capital [8, 10, 12, 
14]. 

Dzinkowski [15] classify intellectual capital into three aspects, human capital, 
structural capital and customer capital. Bontis [16] defined similar concepts, referring 
to them as human capital, structure capital, and customer capital. Moreover, Chen 
[17] proposes a novel concept, “green human capital,” and defines it as the 
summation of employees’ knowledge, skills, capabilities, experience, attitude, 
wisdom, creativities, and commitments, etc. Chang and Chen [18] used scales from 
Chen [17] to assess green human capital. This study refers to Chang and Chen [18] to 
measure green human capital. 

Minbaeva, Pedersen, Björkman, Fey and Park [19] identified two dimensions of 
absorptive capacity: employee ability and employee motivation. Employee ability 
comprised three items: the quality of employees of the subsidiary relative to those of 
competitors in terms of their ability, job skills, and educational level. Employee 
motivation comprised five items: the quality of the employees of the subsidiary 
relative to those of competitors in terms of: (1) motivation, (2) work effort, (3) 
exhibition of behaviors that contribute to company performance; (4) positive 
contributions to company performance; (5) employee motivation in the subsidiary 
versus the parent company. 

We are unsure whether green absorptive ability will remain in the long term, 
particularly for those not engaged in green consumption and unwilling to pay a 
premium for green products, but it is a start. This study refers to Daghfous [20] and 
Lichtenthaler [21] to measure ‘green absorptive capacity’, and applies a five item 
measure to do so. 

We hypothesize that green human capital positively influences green absorptive 
capacity (H1). 

 
Teece, Pisano, and Shuen [22] noted that a firm must redeploy its resources and 

capabilities to better capture and exploit the changing opportunities. Human capital 
helps to redesign the staff development process of an organization. With better human 
capital, firms even can design new processes and develop software to help business. 
Therefore, firms have to continuously invest in related human capital to improve 
enterprise's dynamic capability. However, according to Hess [23], the flow of 
knowledge through an organization is not a linear process. The imperfect alignment 
between knowledge gaps results from the different characteristics of both the gaps 
themselves, and the resources required to effectively span them. Therefore, firms must 
gain access to the external knowledge environment to develop dynamic capabilities. 
Hess [23] noted that a firm is required to expand its requisite absorptive capacity to 
understand the knowledge associated with its chosen strategic path. Therefore, firms 
must understand the knowledge associated with the dynamic capabilities they 
develop. That is, firms must understand the green knowledge associated with the 
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chosen strategic processes, positions, and paths. Chang and Chen [18] referred to the 
definition of Chen [17] and defined green intellectual capital as the total stock of all 
intangible assets, knowledge, capabilities, relationships, etc. After import of green 
knowledge comes the green human capital, then firms positively impact green 
dynamic capabilities. This study believes that human capital is the most important 
influence on productivity in relation to intellectual capital. 

Bontis et al. [24] defined human capital as the collection of intangible resources 
embedded in organizational members. Chen and Ran [25] pointed out that intellectual 
capital is a key source of dynamic capabilities in the salt industry in the knowledge 
economy era. Moreover, Vermeulen [26] and Hsu and Wang [27] also pointed out 
that intellectual capital positively influences dynamic capabilities. In this review of 
the literature, scholars have defined human capital as comprising three factors, 
namely competencies, attitude and intellectual agility [24]. Because of the growing 
future importance of green business, this study discussed the concept of green human 
capital and proposed a research framework to explore its positive relationships with 
green dynamic capabilities. 

Green dynamic capabilities must be developed via green human capital, and can 
create and sustain competitive advantage via the application of resources and 
knowledge. Regarding the measurement of green dynamic capabilities, this study 
quotes Teece, Pisano and Shuen [22], whose definition of dynamic capabilities is 
briefly outlined below: dynamic capabilities denote the ability of the firm to integrate, 
build, and reconfigure internal and external competences to address rapid 
environmental change. From the perspective of the RBV, dynamic capabilities refer to 
the process by which firms use resources [4, 28]. On the basis of RBV, some scholars 
defined dynamic capabilities as the "routines" in evolutionary theories of organization 
[4]. 

Green human capital allows firms to more quickly and conveniently understand 
their intangible assets, knowledge, capabilities, and relationships. Living in an ever-
changing world, the key to success is to grab assets and knowledge. Upon receipt of 
instant assets and knowledge, firms can focus on the green dynamic competitive 
environment and adopt an appropriate strategy. This timely approach can increase 
firm green dynamic capabilities. This study referred to Chen and Chang [29] and 
defined green dynamic capabilities as "the ability of a company to exploit its existing 
resources and knowledge to renew and develop its green organizational capabilities to 
react to the dynamic market’’. 

We hypothesize that green human capital positively influences green dynamic 
capabilities (H2). 
 

According to Bontis and Serenko [30], human capital represents the 
competencies, tacit experiences and overall knowledge-base of organizational 
individuals. Dakhli and De Clercq [31] pointed out that human capital positively 
affects innovation. Although previous studies paid attention to exploring human 
capital and innovation, no studies have examined the relationship between green 
human capital and service innovation. 

Sundbo and Gallouj [32] observed that service innovations can comprise four 
dimensions, namely product innovation, process innovation, organizational innovation 
and market innovation. den Hertog [33] pointed out a four-dimensional model of 
service innovation, including: (1) New Service Concept; (2) New Client Interface; (3) 
New Service Delivery System; and (4) Technological Options. Gadrey, Gallouj and 



 

-275- 
 

Weinstein (1995) defined service innovation as “to place a bundle of capabilities and 
competences (human, technological, organizational) at the disposal of a client and 
organize a solution”. This definition suggests that products and services are often sold 
in combination. Additionally, Fitzsimmons and Fitzsimmons [34] defined service as 
“a time-perishable, intangible experience performed for a customer acting in the role 
of a co-producer. Hence, the summation of employee knowledge, skills, capabilities, 
experience, attitude, wisdom, creativities, and commitments are critical in knowledge-
intensive business services industries. 

Green human capital is green knowledge and skills acquired by every individual. 
Engaging employees to build the intelligence of each organizational human element, 
these methods will contribute to both a green service program, and a green product 
process. Firms can apply the value inherent in the relationships of a company with its 
customers about environmental issues will lead to profit growth. Developing 
responsible green relational capital allows managers to strengthen their market 
leadership in environmental products/service. Green human capital is a crucial 
determinant of firms offering green service innovation. The availability of resources 
and knowledge allows firms to exploit their capabilities to design products/services to 
reflect customer’s green philosophy. The green market shows no signs of slowing, 
and firms have to adapt to the ever-changing market place to survive and remain 
competitive in business. 

We thus hypothesize that green human capital positively influences green 
service innovation (H3). 

 
According to Basu, Mir, Nassiripour and Wong [35], firm resources lead to 

support dynamic capabilities. This study believed that core competences are resources 
related to dynamic capabilities. Resource dependence theories suggested that 
resources are valuable because they contain some innate quality. Besides, 
environmental issues are crucial to the ability of firms to standout. This study thus 
contends that green dynamic capabilities involve core competences related to green 
resources or capabilities. 

Teece, Pisano, and Shuen [22] defined “dynamic capabilities” as “firm ability to 
integrate, build and reconfigure internal and external competencies to address rapidly 
changing environments”. Protogerou, Caloghirou and Lioukas [36] pointed out that 
dynamic capabilities comprised three factors, namely coordination, learning and 
strategic competitive response. Green dynamic capabilities must be developed via 
organizational green absorptive capacity, and can effectively create and sustain 
competitive advantage. This study refers to the work of Chen and Chang [29] and 
defines green dynamic capabilities as "the ability of a company to exploit its existing 
resources and knowledge to renew and develop its green organizational capabilities to 
react to the dynamic market’’. 

This study considers green dynamic capabilities to be the capabilities of a 
company to exploit existing resources and knowledge to renew and develop green 
organizational capabilities in reaction to an evolving market. Green absorptive 
capacity comprises the ability to analyze the cumulation and liquidity of 
organizational knowledge, and dynamic capabilities can be regarded as a potential and 
emerging integrated approach to understand the source of competitive advantage. The 
more firms use their environmental knowledge, the more they can deal with green 
technological and green market turbulence issues. This study asserted that the increase 
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of green absorptive capacity increases enterprise green dynamic capabilities, so as to 
meet the rapidly changing dynamic market. 

. 
We hypothesize that green absorptive capacity positively influences green 

dynamic capabilities (H4). 
Recently, both industry managers and scholars have considered knowledge-

intensive business services. Firms can use knowledge-based assets and processes to 
deliver innovative services. Tax and Stuart [37] proposed two methods of defining 
new services: one based on the scope of the change to the existing system, and 
another based on operational process and changes involving participants. Porter and 
Van der Linde [38] observed that innovation generally comprises product and process 
innovations. 

Cohen and Levinthal (1990) observed that learning capabilities involve the 
development of the capacity to assimilate existing knowledge, while problem-solving 
skills represent new knowledge creation capacity. Learning involves two main 
characteristics. Learning is a continuous and cumulative process that enables 
organizations to further digest, absorb and facilitate new knowledge, and ultimately to 
strengthen their absorptive capacity. Based on Cohen and Levinthal [39], Zahra and 
George [40] and Todorova and Durisin [41], absorptive capacity must achieve 
synergies during the deployment of business model innovations from knowledge 
management to sustain a lead in flexibility, innovation and business performance. 

Miles [42] first hypothesized the existence of service innovation. The term service 
innovation explains the nature of service innovation and the interaction between 
cultural values and innovation. Miles [42] observed that innovation in services is 
beyond technological innovation, and is characterized by changing combinations of 
tangible/intangible product innovation and technological/managerial process 
innovation. Service innovation occurs when a firm can focus its resources on 
generating a praiseworthy outcome and realize its innovative ideas. Innovations then 
generate significant revenue and increase firm profit. 

Tsai [43] pointed out that absorptive capacity is positively related to 
organizational innovation. Thus, this study contented that green absorptive capacity 
positively influences green service innovation. Therefore, this study refers to Chen 
and Tsou [44] and the measurement of service innovation. The first part, namely 
green service product innovation, comprises four items, while the second part, namely 
green service process innovation, comprises seven items. 

We hypothesize that green absorptive capacity positively influences green 
service innovation (H5). 

 
Green innovation denotes innovative products and processes that reduce the 

environmental impacts of all firm business activities, and innovation is generally 
classified into product and process innovations [17, 38, 45, 46]. With regard to 
product, green service innovation includes product modification, repackaging, and 
creation. Meanwhile, in terms of process, green service innovation describes the 
manufacturing process that reduces the negative environmental impact of the 
processing of materials, resources and knowledge. This study believes that green 
service innovation comprises hardware or software innovation related to green service 
products or service processes. Referencing Chen et al. [46], this study further 
considered the possibility that businesses can increase resource productivity via green 
service innovation. This study refers to the study of Chen and Tsou [44], who 
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presented an 11 item measurement of green service innovation. The first portion dealt 
with green service product innovation and included four items, while the second part 
dealt with green service process innovation and contained seven items. Decreasing 
global resources are likely to contribute to a burgeoning green service product 
innovation. Green dynamic capability describes “the ability of a firm to integrate, 
build, and reconfigure internal and external competences to address changing 
environments and green product design. Green dynamic capabilities are critical to 
firm success, particularly in response to increased demand, and shortages of resources 
and energy. This study contended that green dynamic capabilities vary considerably 
with firm ability to utilize resources and knowledge. Differences among these 
approaches influence the development of effective innovation processes, with firm 
deficiencies in resources and green knowledge constraining their green service 
innovation capabilities. Green service innovation comprises two dimensions, namely 
product and process innovation. 

Declining global resources will likely contribute to a burgeoning green market. 
Green dynamic capability is “the ability of a firm to integrate, build, and reconfigure 
internal and external competences in response to changing environments and green 
product design. Green dynamic capabilities are critical to firm success, particularly 
when dealing with increased demand, and shortages of resources and energy. This 
study argued that green dynamic capabilities vary considerably with firm ability to 
use knowledge and resources. Green innovation considers environmental and green 
consumption, and thus offers useful perspectives on green service innovation. This 
study references Chen and Tsou [44] and defines green service innovation with the 
statement: “to create new markets, firms must apply green service innovation 
practices to develop scalar business models, manage customer experience, monitor 
employee performance, and perform managerial green process innovation”. Green 
service innovation comprises two dimensions, namely product and process 
innovation. All items are adapted from Chen and Tsou [44]. 

We hypothesize that green dynamic capabilities positively influence green 
service innovation (H6). 

 
SEM was used to assess the hypotheses, and the research framework shown here 

(in Figure 1) below. 
 
 

 
Figure 1. Research framework 

 

Green human 
capital 

Green 
absorptive 
capacity 

Green dynamic 
capacities 

H1(+) 

H3(+) 

H2(+) 

H4(+) 

H6(+) Green service 
innovation 

H5(+) 



 

-278- 
 

3. METHODOLOGY AND MEASUREMENT 
 

3.1. Data Collection and the Sample 

To ensure content validity, this study applied two pretests to the questionnaire 
revisions, including a variety of questions on green human capital and green service 
innovation. First, we pretested the questionnaire via interviews with eight part-time 
MBA students with a minimum three years of business experience. Feedback was 
sought regarding whether there was anything in the question wording that was either 
ambiguous or lack of clarity in the question wording. Additionally, the questionnaire 
was distributed among 20 full-time employees with a minimum three years of 
business experience. The Sample Question was presented using a seven-point Likert 
Scale ranging from 1 to 7, with ratings ranging from ‘‘strongly disagree’’ to ‘‘strongly 
agree’’. 

This study examines the Taiwanese electronics industry. First, Taiwanese 
electronics companies must develop green products to satisfy the customer 
environmental needs [47]. Optoelectronics clustering is a more recent development. 
Second, the Tainan Science-based Industrial Park and Central Taiwan Science Park 
have established solid manufacturing bases. Clusters are designed to achieve 
sufficient critical mass to enable an industry to develop by harnessing the strength of 
the cluster to support flexible development and thus increase its overall 
competitiveness. Third, the flourishing Taiwanese electronics industry has increased 
its global importance. Taiwan’s electronics companies have sufficient resources to 
provide a steady investment environment and continue to enhance their R&D 
capacity. These characteristics help companies in the Taiwanese electronics industry 
to develop a solid theory with regard to green human capital. To summarize, the 
development of green business competitiveness may represent the difference between 
success and failure for a firm. This study conducted surveys in North, Central, South, 
and East Taiwan. Respondents were asked to return the completed questionnaires 
within 2 weeks, and surveys were mailed to each sampled company. The research 
assistants called each company to maximize the response rate. Ultimately, 980 
complete questionnaires were obtained. Of these, 390 were valid while 590 were 
invalid, for an effective response rate of 39.80%. This study investigated engineers 
and employees from information technology or related industries, including the 
electrical machinery, optoelectronics and communications, consumer electronics, 
semiconductors, electronic components and power supply industries. 

 
3.2. The Measurement of the Constructs 

Green human capital. This study refers to Chang and Chen [18] to measure green 
human capital. The measurement of green human capital includes five items: (1) My 
BU performs much better than competitors in sales growth because it is 
environmentally friendly; (2) My BU performs much better than competitors in 
market share because it is environmental friendly; and (3) My BU performs much 
better than competitors in market development because it is environmentally friendly. 

Green absorptive ability. This study refers to Daghfous [20] and Lichtenthaler 
[21] to measure green absorptive capacity, and obtains a measure that incorporates 
five items: (1) The organizational structure of the company has the ability to 
understand, analyze, and interpret information from external environmental 
knowledge; (2) The company can communicate environmental knowledge across its 
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units; (3) The company has the ability to combine existing environmental knowledge 
with newly acquired and assimilated environmental knowledge; (4) The company has 
the ability to recognize, value, and acquire external environmental knowledge that is 
critical to its operations; and (5) The company has the ability to successfully 
commercialize new external environmental knowledge. 

Green dynamic capacities. This study adopts the survey of Chen and Chang [29] 
to measure green dynamic capacities. The measurement of green dynamic capacities 
includes five items: (1) The company has the ability that can fast monitor the 
environment to identify new green opportunities; (2) The company has the ability to 
assimilate, learn, generate, combine, share, transform, and apply new green 
knowledge; (3) The company has the ability to successfully integrate and manage 
specialized green knowledge within the company; (4) The company has the ability to 
successfully coordinate employees to develop green technology; and (5) The company 
has the ability to successfully allocate resources to develop green innovations. 

Green service innovation. This study refers to Chen and Tsou [44] and the 
measurement of green service innovation. The Service Innovation Survey of Chen and 
Tsou [44] defined two factors in service innovation: service product innovation and 
service process innovation. This study combined two factors into a single factor to 
measure green service innovation. The measurement of green service innovation 
includes nine items: (1) For the past few years, our company has frequently 
repackaged existing products/services based on its concern for the environment; (2) In 
recent years, our company has frequently extended products/services based on its 
concern for the environment; (3) In recent years, our company has frequently created 
and established new lines of products/services based on its concern for the 
environment; (4) In recent years, our company has frequently offered new customer 
service practices based on its concern for the environment; (5) In recent years, our 
company has frequently offered new practices in selling products/services based on its 
concern for the environment; (6) In recent years, our company has frequently offered 
new practices in after-sales services based on its commitment to the environment; (7) 
During recent years, our company has frequently offered new practices in new 
product/service development based on its environmental concerns; (8) For the past 
few years, our company has frequently proposed new practices in the promotion of 
new products/services related to environmental reputation; and (9) For the past few 
years, our company has frequently proposed new practices related to internal 
administration and operations based on its environmental concerns. 

 
4. EMPIRICAL RESULTS 

 
4.1.1. Empirical Results 

 
Using confirmatory factor analysis to verify the research framework and 

hypotheses, this study applied Lisrel 8.70 to yield the results. SEM was applied to 
assess both the measurement and the structural models. Analysis of the squared 
multiple correlations demonstrated that most study items reached the conventional 
acceptance threshold of 0.30 (Shea, 1997). [48] 
 

4.1.2 Results of the Measurement Model 
 

Descriptive statistics are applied to outline the basic characteristics of the study 
data. Table 1 lists the means, standard deviations, and correlation matrix for all the 
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model variables), as well as the positive correlations among person-organization fit, 
perceived organizational support, job satisfaction and organizational commitment. 
Moreover, Table 2 lists the results of the factor analyses. Every construct in the study 
can be classified into only one factor. This study designed questionnaire items and 
assessed the factor structure based on previous studies. To ensure the content validity, 
this study applied two pretests for the questionnaire revisions. Questionnaires were 
distributed and returned by mail. Reliability testing ensures confidence in the 
measure. First, this study measures the reliability by examining the loadings of the 
individual items of each construct. Table 3 lists the factor loadings of all items for 
each construct. Second, the Cronbach’s α is calculated for reliability estimate. The 
Cronbach’s α coefficient of ‘‘green human capital (GHC)’’ is 0.906; that of ‘‘green 
absorptive capacity (GAC)’’ is 0.884; that of ‘‘green dynamic capabilities (GDC)’’ is 
0.899; and that of ‘‘green service innovation (GSI)’’ is 0.916. Because the Cronbach’s 
α coefficients of all four constructs exceed 0.7, the measurement has acceptable 
reliability. 

Table 1. Mean, standard deviation and correlation coefficient 

 
Mean 

Standard 

Deviation 
A B C D 

GHC 5.4590 0.80838     

GAC 5.6200 0.73244 .609**    

GDC 5.4769 0.78458 .673** .664**   

GSI 5.5305 0.72246 .676* .650** .687**  
 
 

Table 2. Factor analysis results 

Constructs Number of Items Number of Factors 

Accumulated 

percentage of 

explained variance 

GHC 5 1 72.737 

GAC 5 1 68.428 

GDC 5 1 71.531 

GSI 9 1 59.893 
 

 
Using confirmatory factor analysis, this study analyzed validity of four constructs. 

Two measurements were applied to confirm construct validity. First, the "average 
variance extracted" measures the variance captured by the construct in relation to the 
variance arising from measurement error, and this study used average variance 
extracted (AVE) to assess  discriminate validity [49]. To meet the requirement of 
discriminative validity, the square root of the AVE of every construct must exceed the 
correlations between each model construct and others. The results listed in Table 3 
show that the measurement approach exhibits desirable psychometric properties. For 
example, the square roots of the AVEs for the two constructs, GHC and GAC, are 
0.854 and 0.819 in Table 3, and thus exceed the correlation between the two 
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constructs, 0.609. Second, average variance extracted (AVE) should exceed 0.5 and 
construct reliability should exceed 0.7 for all model constructs. Table 3 lists the factor 
loadings, AVE and construct reliability, and shows that the AVEs of the four 
constructs are 0.73, 0.67, 0.70, and 0.59, respectively. All four constructs thus have 
AVEs that exceed 0.5, and the construct thus has acceptable convergent validity. The 
measurement model validity is assessed based on convergent and discriminate 
validity. The study results demonstrate sufficient reliability and validity. 

 

Table 3. The item factor loadings and construct Cronbach α coefficients and AVEs 

Constructs Item 
Factor 

Loading 

Squared 

Multiple 

Correlation 

Cronbach’s 

α 
AVE 

The 

square 

roots of 

AVE 

GHC GHC1 .90 .81 .906 .73 0.854 

 GHC2 .91 .82    

 GHC3 .88 .78    

 GHC4 .85 .72    

 GHC5 .71 .51    

GAC GAC 1 .85 .73 .884 .67 0.819 

 GAC 2 .75 .56    

 GAC 3 .81 .66    

 GAC 4 .83 .69    

 GAC 5 .85 .72    

GDC GDC 1 .75 .56 .899 .70 0.837 

 GDC 2 .80 .64    

 GDC 3 .90 .81    

 GDC 4 .86 .74    

 GDC 5 .88 .77    

GSI GSI 1 .67 .45 .916 .59 0.768 

 GSI 2 .65 .42    

 GSI 3 .76 .58    

 GSI 4 .83 .69    

 GSI 5 .81 .66    

 GSI 6 .83 .68    

 GSI 7 .81 .66    

 GSI 8 .82 .68    

 GSI 9 .75 .57    

*p<.05 
 

4.1.3 Structural Model Results 
 

This study obtains the overall fit measures of the SEM, and thus the model has 
very good fit (GFI = 0.83, RMSEA = 0.088, NFI = 0.88, CFI = 0.91). Hair, Anderson, 
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Tatham and Black [50] proposed that NFI＞0.8 indicates satisfactory fit. This study 
recommends that χ2/df should not exceed 3 while GFI should exceed the 
recommended value 0.8 [51]. Furthermore, AGFI should exceed the recommended 
value of 0.8 [51]. RMSEA below 0.1 is desirable, while it is preferable that it be 
below 0.08 [52]. Based on these criteria, Table 4 shows the model has satisfactory 
goodness of fit. Table 5 lists the effects of factors from the structure equation 
modeling example. 

 

Table 4. Measures of Overall Model Fit 

 Measurement model estimates Results 

Absolute Fit 

Measures 

X2 Sig No, 946.26 

SRMR<.08 Yes, .052 

RMSEA<.1 Yes, .088 

GFI>.80 Yes, .83 

Incremental Fit 

Measures 

AGFI>.80 Yes, .80 

NFI>.80 Yes, .88 

NNFI>.90 No, .89 

CFI>.90 Yes, .91 

RFI>.90 No, .86 

IFI>.90 Yes, .91 

Parsimonious Fit 

Measures 

PNFI>.50 Yes, .78 

PGFI>.50 Yes, .68 

X2/df<5 Yes, 4.22 

CN >200 No, 114.53 

 
Figure 2 illustrates the study model. All six paths estimated are significant. 

Meanwhile, green absorptive capacity positively influences green dynamic 
capabilities and green service innovation. Additionally, this study demonstrated that 
green absorptive capacity exerted partial mediation effects on the positive relationship 
between green human capital and service innovation (0.32, *p<.05). Finally, this 
study supported H1, H2, H3, H4, H5 and H6. 

 
 
 
 
 



 

-283- 
 

Table 5. Effects of Factors Based on the Structural Equation Modeling Example                                       

Path 
Coefficients 

Effect t-Value 

GHC → GAC   

 Direct Effect 0.68 13.56* 

 Indirect Effect -- -- 

 Total Effect 0.68 13.56* 

GHC → GDC   

 Direct Effect 0.45 7.81* 

 Indirect Effect 0.28 6.73* 

 Total Effect 0.74 13.05* 

GHC → GSI   

 Direct Effect 0.31 4.96* 

 Indirect Effect 0.42 7.66* 

 Total Effect 0.73 12.01* 

GAC → GDC   

 Direct Effect 0.41 7.33* 

 Indirect Effect -- -- 

 Total Effect 0.41 7.33* 

GAC → GSI   

 Direct Effect 0.31 5.25* 

 Indirect Effect 0.12 3.86* 

 Total Effect 0.43 7.39* 

GDC → GSI   

 Direct Effect 0.29 4.39* 

 Indirect Effect -- -- 

 Total Effect 0.29 4.39* 

*p<.05 
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Figure 2. The result of the full model 

5. CONCLUSIONS AND IMPLICATIONS 

5.1.1 Managerial Implications  
 

Absorptive capacity is a frequent workplace issue. Lichtenthaler (2009) pointed 
out that absorptive capacity comprised three factors, namely: exploratory, 
transformative and exploitative learning. Absorptive capacity is the ability to 
recognize, assimilate and commercially apply new external knowledge (Cohen & 
Levinthal, 1990). This study is based on the premise that IT markets are both 
important and rapidly changing. This study previously noted that absorptive ability is 
a new perspective on learning and innovation. However, academic marketers were 
amazed by the speed of these changes. Businesses in green industries must overcome 
unique obstacles. Leading the march into the market for green general merchandise is 
an urgent issue. Meanwhile, absorptive capacity contributes directly to organizational 
innovation (Tsai, 2001). This study focused on applying the new concept of green 
absorptive capacity to face rapid and volatile technological change, and thus destroy 
stereotypes and open new prospects for green business. 

The past few years have witnessed increasing interest in service innovation. 
However, no empirical analyses have considered green service innovation. Therefore 
a more comprehensive study is needed to determine whether green service innovation 
consistently exists in business models. Through development of new products and 
services, green service innovation highlights new methods to solve customer 
problems and develop new products. Green service innovation involves the adoption 
of big ideas to attract customers. Green service innovation attempted to inspire and 
help customers to reduce the pollution generated when buying a product/service.    
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Recent ideas from around the world related to this area are thriving, and green 
service innovation is sprouting in processes and innovations in organizations for 
products/services able to energize academic marketers and practitioners. 

Green service innovation is a new concepts and this study thus proposes it to fill the 
research gap. Few studies have examined green dynamic capabilities (Chen & Chang, 
2013), and this study focuses on the dynamic capabilities concept to enhance dynamic 
capabilities theory. No study has investigated green service innovation, and thus this 
work seeks to investigate the relationships among green absorptive capacity, green 
dynamic capabilities, green service innovation and competitive advantage. This study 
thus introduces green absorptive capacity, dynamic capabilities and service 
innovation, which together comprise the premise of green business, together with 
performance theories and environmental technologies. 

While original absorptive capacity has been a way for managers to represent the 
construction of dynamic capabilities and service innovation by scholars, subsequent 
iterations of absorptive capacity have become campy and outdated. This study sought 
to restore some of the moral issues related to the original firm, creating a new notion 
and method with environmental ethics that illuminates our intuitive ability and 
represents our success. This represents an attempt to demonstrate the meanings of 
green absorptive capacity, green dynamic capabilities and green service innovation, 
and thus this study seems to achieve this goal based on discussion of green concepts 
being more interesting. This study found that green service innovation improved with 
green human capital. The influence of consumer environmental beliefs and attitudes 
on environmental ethics remains the most important issue facing the planet. Green 
concepts can also help human society preserve harmony and peace that is protected 
against inconsistent and chaotic situations. 

The results shown in figure 2 indicated that green absorptive capacity is important 
to securing the future of a firm. Additionally, firms must also create and develop 
green human capital, green dynamic capabilities and green dynamic capabilities to 
enhance their green service innovation. Analysis of these empirical studies 
demonstrates that green human capital positively affects green absorptive capacity 
and green dynamic capabilities. Second, green absorptive capacity positively 
influences green dynamic capabilities and green service innovation. Third, green 
absorptive capacity and green dynamic capabilities positively influence green service 
innovation. This study supports H1, H2, H3, H4, H5 and H6. Additionally, it indicates 
that green human capital can not only directly and positively influence green dynamic 
capabilities, but can also indirectly affect it via the partial mediator effect of green 
absorptive capacity. 

There are four practical contributions in this study. This study shows that green 
human capital positively impacts green absorptive capacity, green dynamic 
capabilities and green service innovation. This study also notes that green dynamic 
capabilities mediate the positive relationship between green absorptive capacity and 
green service innovation. The mediation role of green dynamic capabilities provides 
the following contributions to the literature: First, green absorptive capacity can 
indirectly influence green service innovation via green dynamic capabilities. As a 
result, if companies would like to enhance their green service innovation, they have to 
increase their green dynamic capabilities. Second, the increase of green dynamic 
capabilities can help companies increase the positive relationship between green 
absorptive capacity and green service innovation. Companies thus can improve their 
green dynamic capabilities to improve the indirect influence of green absorptive 
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capacity on green service innovation. It means that green human capital and green 
absorptive capacity can not only directly affect green service innovation positively, 
but also indirectly affect them positively via green dynamic capabilities. Third, 
previous studies have not investigated the role of green dynamic capabilities in 
mediating between green absorptive capacity and green service innovation. This study 
aims to fill this gap and verifies that green dynamic capabilities mediate between 
green absorptive capacity and green service innovation. Fourth, this study proposes 
the new concepts of green service innovation, and thus contributes to the development 
of new managerial approaches to the cultivation of green business. 

 
5.1.2 Theoretical Implications 

 
This study makes five academic contributions. First, it proposes and tests a 

research framework suitable for use in green business. Second, no previous study has 
discussed green radical and incremental innovation performance. This study thus 
establishes the concept of green service innovation. Third, although previous widely 
explored the concept of green human capital, absorptive capacity and green dynamic 
capabilities, this study proposes a novel construct, “green service innovation”, and 
discusses the relationship among green human capital, absorptive capacity, green 
dynamic capabilities and green service innovation to fill the research gap. Fourth, this 
study applies and suggests a green absorptive capacity and green service innovation 
framework to assess the relationships between green business and environmental 
sustainability. Fifth, this study integrates the concepts of green human capital, 
absorptive capacity, dynamic capabilities and green service innovation to propose a 
research framework of green service innovation to extend the research of green 
business. However, this study found that not every Taiwanese information and 
electronics company possesses green absorptive capacity, dynamic capabilities and 
service innovation. The study results thus indicate that the pursuit of environmental 
concepts and abilities enhances competitive advantage. Most Taiwanese companies 
cannot function without green absorptive capacity, green dynamic capabilities and 
green service innovation when facing the growth of requirements and regulations 
associated with environmental protection. 

No study has investigated green dynamic capabilities as a mediator in green 
business. The authors of this study thus explore intermediate factors in the green 
service innovation model when applied to the Taiwanese electronics industry. This 
study thus discovers a new finding that green dynamic capabilities mediate the green 
service innovation model. First, this research points out that green dynamic 
capabilities mediates the positive relationship between green absorptive capacity and 
green service innovation. Second, green dynamic capabilities mediate the positive 
relationship between green human capital and green service innovation. Furthermore, 
green human capital directly affects green service innovation. Hence, the antecedent 
in this study is green human capital, and the consequent is green service innovation, 
while the full mediators are green absorptive capacity and green dynamic capacities. 
Most importantly, green human capital cannot directly affect service innovation 
without green absorptive capacity and green dynamic capacities, and firms can 
improve their green service innovation via green absorptive capacity and green 
dynamic capacities. 

This study pointed out that academic marketers can improve their dialogue with 
other practitioners that possess environmental insights. Human anxiety that the planet 
faces a threat and possibly the extinction of life has simply been scaled up to match 
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current environmental conditions. This fear cannot be eliminated because it forms part 
of human DNA. Green issues are associated with expectations that nature will change 
or destroy the things humans value or create. This study also believes that green 
issues will remain a constant feature of business practice. Green business and 
environmental protection are important to businesses, and people must adopt a 
humble and modest attitude to life on earth. 

 
5.1.3 Further Study 

 
Future research can focus on other industries and compare with this study. 

Second, future research can conduct a longitudinal study to investigate the differences 
between the empirical results in the different stages to demonstrate the dynamic 
change of green human capital, absorptive capacity, dynamic capacities, and service 
innovation in the different stages. Third, future studies could extend this to other 
practices as well as exploring in more detail the moderating effect of green 
managerial innovation on green service innovation. 

Green service innovation enables firms to understand, communicate, combine, 
recognize and commercialize green knowledge to obtain a fresh perspective. 
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