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Abstract

At the corporate level, green innovation is essential for environment protection and sus-
tainable development. Green supply chain management (GSCM) and green information
system (GIS) are two important pillars of green innovation. This study investigates the pos-
sible alignment between them in terms of the synergistic effect on corporate sustainability.
Based on the task-technology fit model, GSCM and GIS can be viewed as the task- and
technology-side endeavors. The extant conceptualization of the fit between a task and a
technology assumes their interdependence, but efficiency-oriented GSCM and technology-
driven GIS are relatively independent from each other as they can be carried out sepa-
rately. Formed on the basis of spontaneous employee participation in both, their alignment
is rather informal than formal. Unlike the regular task-technology fit from a top-down
arrangement, such a bottom-up alignment is not the necessary condition for GSCM and
GIS to take effects, but adds to their direct impacts on green innovation outcome in a one-
plus-one-greater-than-two manner. Survey observations gathered from over 300 organi-
zations in China confirm that the informal alignment between GSCM and GIS enhances
economic, operational, environmental and social performances on top of their primary
contributions. The findings regarding the synergy between GSCM and GIS on corporate
sustainability provide researchers and practitioners helpful insights on how to optimize
green innovation effectiveness.

Keywords Green supply chain management - Green information systems - Informal
alignment - Green innovation - Corporate sustainability

1 Introduction

Sustainable development, “a development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” (Brundtland
1987), has become a major concern of modern societies. Corporates may fulfill their
social responsibility by making their production and operation environment-friendly
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(Andersen and Skjoett-Larsen 2009). Such organizational endeavors can be categorized
under the umbrella term of “green (or eco) innovation” pertaining to “the creation or
implementation of new, or significantly improved, products (goods and services), pro-
cesses, marketing methods, organizational structures and institutional arrangements
which—with or without intent—lead to environmental improvements compared to rel-
evant alternatives” (OECD 2010). Except for some organizations that intentionally pur-
sue environmental goals for green image or reputation, most green innovation endeavors
are pulled by the efficiency demand or pushed by technology advancement for competi-
tive advantages (Testa and Iraldo 2010).

At the start, green innovation endeavors are mostly efficiency-oriented, as repre-
sented by green supply chain management (GSCM) that aims to conserve resources and
reduce emissions in production and distribution processes (Rao and Holt 2005; Porter
and Kramer 2006). To maximize and retain the efficiency gain, many organizations fur-
ther resort to the advancement in information technology, leading to more technology-
driven green innovation activities (Chiabai et al. 2013). Whereas the term “green infor-
mation technology (GIT)” has been primarily associated with the energy consumption
of computer chips, servers, hardware devices and data centers (Murugesan 2008), the
concept of “green information systems (GIS)” concerns the establishment of systems
and practices to support organizational operations for sustainable development (Dedrick
2010).

Separately, researchers examine how GSCM or GIS affect organizational perfor-
mances. For instance, it is recognized that GSCM may significantly improve environ-
mental performance, corporate image and competitive advantage (Rao and Holt 2005;
Chiou et al. 2011; Zhu et al. 2012). Meanwhile, the relationship between GIS and sus-
tainable development increasingly draws researchers’ attention (Watson et al. 2010).
However, few studies investigate how GIS and GSCM together influence the outcome
of green innovation from the alignment perspective. This is probably due to the fact
that the two endeavors are relatively independent from each other, whereas most align-
ment conceptualizations are based on the premise of interdependence, such as task-tech-
nology fit and strategy-structure alignment (Goodhue and Thompson 1995; Jordan and
Tricker 1995).

In most organizations, different departments and functionalities are in charge of GSCM
and GIS. Yet, it is possible to coordinate the effort on different endeavors to maximize their
effectiveness for the same purpose. For instance, enterprises like Wal-Mart centralized IT
infrastructure with virtualization and data warehousing technologies to save resources,
which was found helpful in streamlining supply chain management as well (Boudreau et al.
2008). In daily operations, employees often carry out managerial and technological activi-
ties together, leading to a one-plus-one-greater-than-two effect on performances. Likewise,
their engagement in GSCM and GIS endeavors may yield a synergy on corporate sustain-
ability, and such an alignment is rather informal as one does not depend on the other.

There is a lack of theoretical discussion and empirical analysis on this emerging form
of alignment, and this study attempts to examine GSCM-GIS fit in terms of its formation
and consequence. It conceptualizes that the spontaneous participation of employees in both
green innovation endeavors lead to their bottom-up alignment in contrast to the regular
top-down task-technology fit and develops a research model accordingly. Survey observa-
tions were collected from the managers of various organizations to find out whether such
anyalignmentmakes,ansadditional,contribution to corporate sustainability on top of GSCM
and GIS. The findings may shed light on the best practices of green innovation, especially
how to maximize the effectiveness of GSCM and GIS.
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2 Research background

As an efficiency-oriented green innovation endeavor from the beginning, GSCM aims to
reengineer the supply chain management of an organization in order to optimize resource
utilization and reduce environmental footprints (Min and Galle 1997; Zsidisin and Siferd
2001). The implementation is often extended beyond internal operations to external coop-
eration with upstream suppliers and downstream customers (Seuring and Miiller 2008).
Thus, GSCM enhances corporate sustainability comprehensively in procurement, produc-
tion, distribution and recycling (Srivastava 2007; Muduli and Barve 2013). Earlier stud-
ies primarily focused on the implementation of GSCM, such as top management support,
cross-department cooperation and collaboration among upstream and downstream enter-
prises (Vachon and Klassen 2006). In recent years, researchers pay more attention to the
impacts of GSCM on organizational performances, especially from the economic and envi-
ronmental aspects (Zhu et al. 2007; Green et al. 2012; Tseng and Chiu 2013).

Green innovation has also been driven by the advancement in information and com-
munication technologies (Ozturk et al. 2011). Even before the environmental movement,
researchers have recognized the critical role of information systems to facilitate informa-
tion flow in supply chain management (Legarth 2001; Darnall et al. 2008). The emerging
GIS functionalities provide more direct support to corporate sustainability by enhancing
the environmental effectiveness of business routines (Chofreh et al. 2014). There are desig-
nated environmental management systems for energy conservation and pollution control, as
well as more general systems like groupware and electronic workflow for travel reduction
and paperless operation (Melville 2010). Compared with the traditional supportive role of
IT, GIS has profound impacts on organizational operation, management and strategy, such
as project teamwork, customer outreach and partner cooperation (Chen et al. 2011; Loos
et al. 2011).

The fact that GSCM and GIS endeavors can be carried out independently makes their
possible alignment somewhat unique. The concept of alignment is rooted in the field of
management to investigate such phenomena as strategy-structure fit: organizations that
adapt their structures to business strategies are more likely to survive the competitive
environment and prosper (Jordan and Tricker 1995; Grggaard 2012). Information sys-
tem researchers derive the construct of task-technology fit based on the premise that
when system characteristics meet task requirements, user engagement and performance
are enhanced (Goodhue and Thompson 1995; Lin and Huang 2008). Although the origi-
nal level of analysis is individual, many organization-level studies on task-technology fit
involve corporate endeavors and enterprise systems (Dymoke-Bradshaw and Cox 2005;
Strong and Volkoff 2010; Fuller and Dennis 2009).

Due to their different orientations, GSCM and GIS can be regarded as the task-side
and technology-side of green innovation, and it seems logical to treat their possible align-
ment as task-technology fit. The extant conceptualization, however, is based on the premise
that task accomplishment relies on technology use (e.g., inventory management systems,
accounting information systems). The formation of such an alignment pertains to how well
organizations implement systems so that employees can use them effectively in their jobs.
Compared with such a formal alignment as the result of a top-down arrangement, the align-
ment between GSCM and GIS is rather informal as they are relatively independent (e.g., an
organization can implement one without the other). Yet, once employees have the chance
torparticipaterinsbothrgreensinnovationrendeavors, they may find it natural to combine the
efforts that share commonalities for the same purpose.
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Primary GSCM activities comprise eco-design, supply chain processes, internal
environmental management (Lee et al. 2012; Zhu and Sarkis 2006), and GIS activities
mainly include pollution prevention, product stewardship and sustainable development
(Daugherty et al. 2005; Gholami et al. 2013). Underlying activities are common dimen-
sions related to the goal, process and support concerning technology-enabled business
innovation (Davenport 1993). GSCM-side eco-design and GIS-side pollution preven-
tion directly target the ecological goal, supply chain processes and product stewardship
involve the business process leading to the end, and internal environmental management
and sustainable development provide organizational support (e.g., management, policy
and culture). When employees engage in both GSCM and GIS activities, they are likely
to make consistent and complementary efforts along the goal, process and structure
dimensions, leading to the informal alignment between the task and technology sides of
green innovation.

Though there is a lack of discussion on informal alignment, researchers take note of
the natural and spontaneous involvement of employees in different activities concern-
ing the allocation and utilization of organizational resources beyond strategic planning
(Guth and MacMillan 1986). The discussions lead to the rethinking of alignment con-
cept from a top-down perspective to a bottom-up perspective in the fields of green strat-
egies as well as information system strategies (Leidner et al. 2017; Roettgers 2011).
In bottom-up organizational changes, middle management provides critical employee
support through coordinating collective efforts and allocating needed resources (Heyden
et al. 2017). When employees experience ineffectiveness from the unbalanced devel-
opment of GSCM and GIS, managers may communicate their concern and request to
executives for necessary adjustment. In this way, the informal alignment between two
endeavors takes shape in a bottom-up manner from employee participation, in contrast
to task-technology fit based on a top-down arrangement.

In the task-technology fit model, the alignment construct embodies the aggregated
influence from task characteristics and technology characteristics to predict task per-
formance and technology use (Goodhue and Thompson 1995). This conceptualization
of alignment as the joint between task and technology presumes that it is the necessary
condition for both to work out. In empirical studies, task and technology characteristics
are rarely included in the statistical modeling as they are not supposed to lead to the out-
comes separately by themselves. The relative independence between GSCM and GIS,
on the other hand, suggests that they have direct impacts on the outcome variables in
terms of green innovation performances. Their informal alignment taps the synergistic
effect as a third predictor that provides additional explanatory power.

Similar to GIS and GSCM endeavors, their consequences have multiple aspects. In
addition to economic and operational performances related to the efficiency gains from
green innovation, environmental and social performances pertain to its external impacts
(Chiou et al. 2011; De Giovanni 2012). Together they correspond to the triple bottom
lines of sustainability in terms of profits (i.e., economic and operational performances),
people (i.e., social performance) and planet (i.e., environmental performance) (Savitz
2013). Compared with the traditional focus on profit, sustainable development and pub-
lic image become more prominent for contemporary corporates. Prior discussions on
GSCM and GIS are largely separated from each other in terms of their impacts on green
innovation outcome (Rao and Holt 2005; Velte et al. 2008). It remains a question how
GSEMyand,GlS togetheraffectorganizations in their pursuit of business goals and ful-
fillment of environmental responsibilities.
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3 Research model

Based on the premise of task-technology fit, user performances are enhanced when tech-
nologies facilitate tasks. Though most organizations implement GSCM and GIS sepa-
rately, employees may engage in both if available for common purposes. Typically, their
informal alignment takes shape when employees use GIS functions to support GSCM
activities. As circumstantial evidence, organizations that are successful in GSCM have
also implemented strong IT infrastructure (Boudreau et al. 2008; Erek et al. 2011). To
accurately assess the synergistic effect between GSCM and GIS on green innovation
outcome, the research model shown in Fig. 1 hypothesizes their own relationships with
organizational performances together with their alignment’s. The relationships are not
to be evaluated simultaneously but by stages in the order of hypothesis numbers (i.e.,
H1, H2, and H3). The sequence reflects how GSCM and GIS are implemented and inte-
grated by most organizations: they usually carry out GSCM first for immediate changes,
GIS next for enhanced results, and finally the integration between two for optimized
outcome. Controlling for the influence of GSCM and GIS endeavors, this study esti-
mates the effect of their alignment on each aspect of sustainability outcome. Such a

GSCM Activities

Internal
— —»| Environment
Management H13

Development H23

1
i
1
1
1
1
i |
v
o :
1 I a )
i Supply Chain GSCM Hia-d Economic
g Perf
. Processes Hi2| ! Endeavor errormance
1 I ’ !
ol |
1
1 I l 1 b:
1 I i
l ; \ Operational
N I" Eco Design I Performance
i i Hil !
et i . H3|a-d
: - .|.‘|.‘|. e e T T e : GSCM-GIS Fit
il . i ¢
) Pollution \ Environmental
: 1 Prevention H2.1| | Performance
1
1
1
i :
! I l : d:
: L Product GIS Social
: : Stewardship H2.2 Endeavor H2a-d Performance
1
1
v
o
: l _ _| Sustainable
1
1
1
1
1

GIS Activities

@ Springer



1170 Z.Yang etal.

systematic investigation yields insights that are unavailable from separate analyses on
GSCM and GIS.

3.1 GSCM endeavor
3.1.1 Eco-design

Eco-design concerns design concept and process that lead to environment-friendly produc-
tion in terms of waste/emission reduction and energy conservation (Zhu et al. 2008a). It
permeates various stages of a product lifecycle, including initial idea development, prod-
uct design and testing, production, usage and recycling (Gonzalez-Benito and Gonzalez-
Benito 2005). Keeping the ecological consideration at the center, organizations are in the
position to achieve the environmental goals through the adoption/development of cleaner
production technologies (Zhang et al. 2013) and the collection of feedback from end users
on products/services (Appelhanz et al. 2015).

The overall success of GSCM depends on how well different functionalities within an
organization cooperate with each other and how well the organization collaborates with
external suppliers and customers (Zhu and Sarkis 2006). The external relationships keep
an organization updated on the requirement regarding its social and environmental respon-
sibilities for necessary adjustment of internal operations (Azevedo et al. 2017). Such an
information exchange facilitates close coordination among the internal functionalities and
external partners of an organization on product planning, development, and evaluation
(Fuchs 2008). The holistic approach ensures that GSCM endeavor is on the correct path to
sustainability goal.

H1.1 Eco-design contributes to GSCM endeavor.

3.1.2 Supply chain processes

The process view of GSCM breaks it into inbound logistics, production and outbound
logistics stages, and how well the whole process is controlled and managed largely deter-
mines its success or failure (Lamming and Hampson 1996). Many corporates implement
total quality management over the whole process of procurement, production, distribu-
tion and recycling (Hines and Johns 2001). As supply chain processes involve internal and
external stakeholders, it is essential to coordinate their joint effort (Luo et al. 2014).

Concerning both inbound and outbound logistics, green procurement is identified as
an important process for corporate sustainability (Min and Galle 1997). For instance, the
acquirement and distribution of the products packaged with biodegradable and recycla-
ble materials effectively reduce waste and emission. In addition, green procurement also
encourages suppliers to establish GSCM practices for better collaboration (Walton et al.
1998). Compared with inbound and outbound logistics, organizations have more direct
control over manufacturing routines to make them more environment-friendly (Daugherty
et al. 2005). For GSCM endeavor at large, therefore, good process management leads to
expected results.

H1.2 Supply chain processes contribute to GSCM endeavor.
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3.1.3 Internal environment management

Internal environment management refers to the spectrum of organizational policies,
managerial controls and employee participation for the purpose of sustainable devel-
opment (Zhu et al. 2008b). More specifically, it includes the commitment and support
of managers and executives on green operations, cross-function and cross-department
cooperation on energy conservation and environment protection, the establishment of
environmental compliance and auditing programs, and so on. Thus, internal environ-
ment management provides necessary organizational support that is indispensable to the
accomplishment of GSCM endeavor.

H1.3 Internal environment management contributes to GSCM endeavor.

In summary, GSCM endeavor comprises eco-design, supply chain processes and
internal environment management to save energy, reuse materials, and reduce wastes
and emission in the whole supply chain. These activities not only yield positive ecologi-
cal impacts, but also enhance economic performance by saving costs (Chiu and Hsieh
2016). Organizations that implement GSCM need to reengineer existing business pro-
cesses, which improves operational performance. GSCM endeavor is also driven by the
pressure from external stakeholders including clients/customers, governments, share-
holders, non-governmental organizations and communities (Dai et al. 2014; Kuei et al.
2015). Practices such as providing product recycling services to downstream customers
and complying with governmental regulations concern the people aspect of triple bot-
tom lines and are conducive to corporate green image and social performance (De Gio-
vanni 2012).

H1la GSCM endeavor positively affects economic performance.
H1b GSCM endeavor positively affects operational performance.
H1c GSCM endeavor positively affects environmental performance.
H1d GSCM endeavor positively affects social performance.

3.2 GIS endeavor
3.2.1 Pollution prevention

Pollution prevention refers to the use of information systems for the purpose of mini-
mizing wastes and emission during production (Darnall et al. 2008). For instance, the
use of computer aided design (CAD) and more recent 3-D printing technology may
reduce the consumption of materials and energy in manufacturing significantly. Similar
to GSCM’s eco-design, pollution prevention directly aims at the ecological target of
green innovation. It pertains to the ecological goal of GIS endeavor through the optimi-
zation of production for less environmental impact with technological facilitation.

H2.1 Pollution prevention contributes to GIS endeavor.
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3.2.2 Product stewardship

Product stewardship refers to the use of information systems to improve the efficiency in
raw material acquisition, product distribution and product disassembly/remanufacturing
(Gholami et al. 2013). For instance, just-in-time manufacturing depends heavily on the
use of inventory management systems to minimize the need for intermediate warehous-
ing and handling. The streamlined operation not only saves money, but also reduces
energy consumption and material waste. In this sense, product stewardship addresses the
operational process of GIS endeavor, corresponding to GSCM’s supply chain processes.

H2.2 Product stewardship contributes to GIS endeavor.

3.2.3 Sustainable development

Sustainable development refers to the use of information systems to facilitate green opera-
tion and managerial control for better environmental compliance (Boudreau et al. 2008;
Watson et al. 2010). Teleconferencing and telecommuting are good examples that organi-
zations accommodate more efficient and ecological ways for employees to work with
the help of technologies. For monitoring and auditing energy and material consumption,
organizations also implement new technology-enabled business routines. As a counterpart
of GSCM’s internal environment management, sustainable development is closely related
to the organizational support of GIS endeavor.

H2.3 Sustainable development contributes to GIS endeavor.

The resource-based view of information systems suggests that organizations acquire,
configure, deploy, and leverage IT resources to support business strategies and enhance
value chain capabilities (Bharadwaj 2000). Accordingly, GIS can be viewed as an essential
resource for organizations to promote green strategy by streamlining internal and exter-
nal information flows. The resulted organizational changes, especially business process
design and reengineering, not only enhance productivity and efficiency but also enable fast
responses to the needs of customers and society for environment-friendly products and ser-
vices (Bergenwall et al. 2012).

H2a GIS endeavor positively affects economic performance.
H2b GIS endeavor positively affects operational performance.
H2c¢ GIS endeavor positively affects social performance.

H2d GIS endeavor positively affects environmental performance.

3.3 GSCM-GIS fit

Extending the concept of task-technology fit to the organizational level, researchers sug-
gest that how IT capability is aligned with organizational mission makes a difference in
business effectiveness (Wilden et al. 2013; Dutot et al. 2014). Meanwhile, the implementa-
tion and usage of technologies is a mutual adaptation process with organizational changes
(Leonard-Barton 1988). In the case of green innovation, GSCM comprises complex mana-
gerial activities indispensable from IT support (Ruppel 2004). For the same sustainability
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purpose, GIS provides the functions that are consistent with GSCM activities along the
aforementioned dimensions of goal, process, and structure. Employee engagement in both
endeavors facilitates green innovation through knowledge sharing and operation integra-
tion (Yang et al. 2015). The informal alignment between GSCM and GIS from the sponta-
neous and synergistic effort enhances different aspects of corporate sustainability.

H3a GSCM-GIS fit positively affects economic performance.
H3b GSCM-GIS fit positively affects operational performance.
H3c GSCM-GIS fit positively affects social performance.

H3d GSCM-GIS fit positively affects environmental performance.

4 Methodology

To test the research hypotheses, this study conducts a survey to gather observations from
the managers in organizations that take the green innovation initiative. This section dis-
cusses the methodological issues including sample selection, questionnaire measures and
statistical analyses.

4.1 Sample

As the emerging industrial powerhouse, China faces the challenge to strike a balance
between development and environment (Park et al. 2010). Since the new millennium, the
country has significantly strengthened environmental legislation and regulation, and many
organizations that fail to meet new emission and consumption standards have to close or
phase out (Ying and Yue 2017). For businesses in different industries, sustainability is not
just a buzzword but has a life-or-death implication. Thus, the target population of this study
includes Chinese companies of which the operations involve supply chains and/or logistics.

Based on the mailing lists from the chambers of commerce at several big cities in China
(Beijing, Shanghai, Guangzhou, Xi’an, Jinan), a pool of 450 organizations was obtained
based on snowball and cluster sampling. About two-thirds of the observations were col-
lected with onsite interviews and the rest through online surveys with follow-up email
reminders. There were a total of 356 responses, and the response rate was 79%. Among
the participants, 311 reported that their organizations indeed used information systems
for green purposes. Thus, the final valid responses accounted for 69% of total question-
naires distributed and 85% of all the responses collected. The non-response rate (i.e., 79%)
was close to valid response rate (i.e., 85%), suggesting that many organizations chose not
to answer the questionnaire mainly due to the fact that they had not implemented either
GSCM or GIS yet. Thus, such self-selection is likely to be the result of eligibility filtering
rather than systematic non-response bias, which is to be assessed further below.

This study follows the recommended procedures to mitigate common method bias (Pod-
sakoff et al. 2012). Among all the valid responses, 90% were collected from middle man-
agement (i.e., 57% operation-level managers and 33% department-level managers), and the
rest from top management (i.e., 10% executive-level managers). As most participants were
the managers in supply-chain-related areas (e.g., sales, manufacturing, R&D, logistics) and
they.were.able.to.provide.accurate-information. During data collection, they were informed
that there were no right or wrong answers, and their responses would be kept anonymous
and confidential.
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Table 1 Profiles of

N .. Characteristics Number % (N=311)
participating organizations

Industry
Manufacturing 45 14.5
Energy 41 13.2
Real estate 37 11.9
Transportation 15 4.8
IT 65 20.9
Service 56 18.0
Other 49 15.8
Not reported 3 1.0

Size (# of employees)
1-49 35 11.3
50-99 42 13.5
100499 69 222
500-1000 40 12.9
Above 1000 122 39.2
Not reported 3 1.0

Years in business
0-5 38 12.2
6-10 49 15.8
11-15 73 23.5
16-20 42 13.5
Above 20 96 30.9
Not reported 13 4.2

Table 1 reports the profile of participating organizations, which indicates a good mix-
ture of industries, sizes and years in business. Just 15% of them were manufacturers, dou-
bled by those from other traditional sectors including energy, real estate and transportation.
The rest 55% were from the emerging IT, service and other industries. A little bit less than
50% of organizations were small and medium businesses that had less than 500 employees,
and another half were larger companies that had more than 500 employees (almost 15%)
and 1000 or more (almost 40%). Almost 40% of the organizations were in business for 10
to 20 years. Among the rest, about half were younger and the other older.

To further assess the aforementioned non-response bias, Chi-square tests were con-
ducted to compare participating organization profiles (i.e., industry, years in business and
size) across the onsite interview group (which had a higher response rate over 90%) and
online survey group (which had a lower response rate close to 60%). None of the tests were
statistically significant at the 0.05 level, indicating that the profile distributions of partici-
pating organizations were mostly independent from the data collection methods associated
with different response rates. Thus, non-response bias is not evident in the observations.

4.2 Measurement

“Appendix” lists the Likert items adapted from previous studies. GSCM’s eco-design,
supply chain processes and internal environment management were measured with items
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adapted from Lee et al. (2012). Measures of GIS’ pollution prevention, product steward-
ship and sustainable development were selected from Gholami et al. (2013) and Daugherty
et al. (2005). The measurement of GSCM-GIS fit was based on the perceived task-tech-
nology fit scale of Lin and Huang (2008) as the informal alignment is based on employee
spontaneous engagement in both green innovation endeavors. Environmental performance
measures were adapted from Gholami et al. (2013) and Chiou et al. (2011). Economic per-
formance was measured with the items developed by Daugherty et al. (2005). Operational
performance items came from Green et al. (2012) and Lee et al. (2012). The measurement
of social performance was based on Turban and Greening (1997).

To elicit more accurate responses, the questionnaire included a list of common GSCM
and GIS activities (identified from a literature review and refined with a pilot study) in the
front for participants to check if each was carried out in their organizations. The inclusion
of both objective and subjective items helps mitigate the common method bias associated
with survey methodology (Podsakoff et al. 2012). The authors translated all measurement
items into Chinese so that the questionnaires could be distributed to the organizations in
China. Then, a certified translation service translated them back to English. The back-
translated questionnaires were reviewed by several native English speakers and none of
them indicated difficulty to understand the questions. They also read the original English
questionnaire, and they did not see any significant deviations between two versions.

4.3 Statistical analyses

Unlike the other constructs, GSCM Endeavor and GIS Endeavor comprise multiple dimen-
sions. Each should be modeled as a first-order reflective and second-order formative con-
struct (Petter et al. 2007). For validating first-order reflective measures, SPSS Amos is used
in confirmatory factor analysis (CFA). The main statistical method to test research hypoth-
eses is structural equation modeling based on partial least squares (PLS-SEM), which is
able to accommodate multidimensional constructs (Wetzels et al. 2009; Hair et al. 2014).
The specific tool used in this study is SmartPL.S3.2.7 program (Ringle et al. 2015). Similar
to hierarchical regression analysis but involving latent constructs and mediating relation-
ships, the explanatory variables were entered by stages in the order of GSCM, GIS and
their fit. Such an incremental PLS-SEM approach controls the effects of previous varia-
bles to evaluate the additional explanatory power of later variables in terms of R-squared
changes.

5 Results

Table 2 reports measurement validation results. All reliability coefficients were above
0.7, indicating acceptable internal consistency. All the values of squared multiple correla-
tion (SME) and average variance extracted (AVE) were also above 0.5. As the variance
explained exceeds measurement error, convergent validity among the indicators of each
construct was supported. In addition, discriminant validity among factors was supported as
their highest correlation coefficient (i.e., 0.77) was smaller than the lowest square root of
AVE (i.e., 0.83).

For.a-multidimensional.constructlike. GSCM or GIS Effort in this study, any two of
its dimensions are not supposed to be highly correlated with each other or they should
be considered as one. Thus, the multicollinearity among eco-design (ECO), supply
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chain processes (SCP) and internal environment management (IEM) for GSCM as well
as pollution prevention (PP), product stewardship (PS) and sustainable development
(SD) for GIS were assessed. None of the variance inflation factors (VIFs) were greater
than 5, indicating that the multicollinearity was not a concern (O’brien 2007). This
result supports the validity of both multidimensional constructs as their components
are distinguishable from each other.

To examine common method bias, this study conducted Harman’s single-factor
test with both exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA) (Podsakoff et al. 2003). The results dismissed a single source of variance: EFA
revealed that the first factor accounted for less than one third (31.68%) of the total
variance, and CFA indicated that model fit deteriorated dramatically (> from 1410.20
to 9394.94, and y/df from 1.95 to 11.46) if all measurement items were loaded onto
a single factor rather than their own constructs. Thus, common method bias was not a
concern.

Table 3 reports the results of PLS analyses. For each outcome variable, Stage 1
includes the GSCM variables, Stage 2 adds the GIS variables, and Stage 3 enters
GSCM-GIS fit. The total effect size is indicated by overall R-squared: when all explan-
atory variables were entered, they explained around 15% variation in performance var-
iables. Most of the studies on the relationships between organizational innovations and
performances reported similar levels between 0.1 and 0.2 (Rai et al. 2006; Damanpour
et al. 2009). There are many other important factors that make differences in organiza-
tional performances, but the variables of interest included in this study were still able
to contribute a significant proportion.

The additional explanatory power brought by a new variable entered is captured
with R-squared change. Among GSCM, GIS and their fit, the alignment variable’s
effect size was the largest for the models of operational and social performances (7.5%
for H3b and 5.7% for H3d), and the second largest for models of economic performance
(6.0% for H3a, 0.9% short of GSCM’s for Hla) and environmental performances (3.8%
for H3c, 3.2% short of GSCM’s for Hlc). The effect size of GIS was the smallest for
all models (between 1.3% and 3.4% for H2a-d), but its alignment with GSCM greatly
enhanced green innovation outcome. Similarly, the average change of R-squared was
0.028 from Stage 1 to Stage 2 (47% lift), and 0.0575 from Stage 2 to Stage 3 (66% lift
from Stage 2, total lift of 145% from Stage 1). The inclusion of GSCM-GIS fit sig-
nificantly boosted the explanatory power, supporting the predictive validity of such an
informal alignment.

Consistent with the explanatory power of GSCM-GIS fit, the standardized path
coefficient estimates indicated that it had highly significant effects (p values <0.01)
on all performance variables. Obtained in Stage 3 controlling the effects of GSCM and
GIS, these relatively accurate estimates confirm research hypotheses H3a through H3d.
Similarly, Stage 2 tested GIS-related hypotheses controlling the effects of GSCM vari-
ables. All hypothesized relationships were found significant, mostly at the 0.01 level
except for that related to economic performance (p value <0.05). The results supported
the research hypotheses of H2a through H2d regarding the effects of GIS Endeavor
on performance variables, as well as H2.1 through H2.3 regarding the contributions
of its different aspects. In Stage 1, all hypothesized relationships related to GSCM
were found significant at the 0.01 level. This supported the research hypotheses of Hla
through-Hld regarding the-effects-0f < GSEM Endeavor on performance variables, as
well as H1.1 through H1.3 regarding the contributions of its different aspects.
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6 Discussions

Whereas all research hypotheses were supported when the variables in question were
first entered in the hierarchical analysis, the significance of some previously entered
variables diminished when other variables were included. With the entrance of GIS, the
effects of GSCM on operational performance, environmental performance and social
performance reduced from being highly significant (p values < 0.01) to not significant (p
value > 0.05), marginally significant (p value <0.1), and not significant (p value > 0.05),
respectively. By supporting GSCM, GIS explained the proportion of variance in the out-
come variables previously accounted for. Similarly, when GSCM-GIS fit was entered,
the relationships between GIS and all four performance variables weakened. In particu-
lar, the effects of GIS on economic performance and social performance changed from
significant (p value <0.05) to not significant (p value>0.05) and from highly signifi-
cant (p value <0.01) to significant (p value <0.05), respectively. Common for control
variables such an effect diminishment supports the incremental approach to assess the
informal alignment between GSCM and GIS as they are controlled for their synergy.
Compared with the effects of GSCM Effort and GIS Effort on organizational perfor-
mances, each of their dimensions remained highly significant across three stages. The
results indicate that the two multidimensional constructs have relative stable structures,
supporting their construct validity.

The inclusion of economic, operational, environmental and social performances
allows the comparison of different impacts that GSCM endeavor, GIS endeavor and
GSCM-GIS fit have on each of them. The changes in the R-squared values across
hierarchical models indicated that the inclusion of GIS and its alignment with GSCM
yielded more explanatory power on operational performance and economic performance
than on social performance and environmental performance. The performance measures
correspond to the three bottom lines of sustainability in terms of profitability, people
and planet. The finding is consistent with the widely accepted view that the use of infor-
mation technology enhances the efficiency of organizational operations, leading to bet-
ter economic outcomes. Of course, profitability is a more direct concern to organiza-
tions than people and planet that involve all kinds of extrinsic factors (e.g., government
policy and regulation). Nevertheless, many organizations see the market opportunity of
enhancing the green images of their brands and products through the communication of
corporate social responsibility (Testa et al. 2016). The compliance to the requirements
of environmental protection and sustainable development often leads to positive social
recognition, a competitive advantage in the long run.

A closer look suggests that the supply chain processes (SCP) and internal environ-
ment management (IEM) aspects of GSCM have greater impacts on organizational
performances than eco-design (ECO). SCP and IEM typically require the redesign and
reengineering of managerial structure and process yet ECO focuses mainly on indi-
vidual products. Similarly, the results suggest that the product stewardship (PS) and
sustainable development (SD) components of GIS are more influential than pollution
prevention (PP) on organizational performances. This finding provides circumstantial
evidence for the corresponding relationships between GSCM aspects and GIS compo-
nents (i.e., SCP vs. PS, IEM vs. SD, ECO vs. PP), which reveal the mechanism of how
the alignment forms. More importantly, they suggest that organizations should pay more
attentionrtorthesSCPrandrlEMraspectsiof GSCM and corresponding PS and SD compo-
nents of GIS as they may involve deeper organizational changes than ECO and PP.
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7 Conclusion and implications

From an informal alignment perspective, this study examines the synergy between effi-
ciency-oriented GSCM and technology-driven GIS on corporate sustainability. In par-
ticular, it hypothesizes that GSCM-GIS fit supplements the main effects of the two green
innovation endeavors on organizational profitability in terms of economic and operational
performances as well as social responsibility in terms of environmental and social perfor-
mances. The relationships are tested with the observations collected from different organi-
zations using a hierarchical PLS analysis. The results confirm all research hypotheses and
support the conceptualization of informal alignment from the spontaneous engagement of
employees (especially middle management) in both GSCM and GIS activities. The find-
ings provide researchers and practitioners helpful insights on the synergy between GSCM
and GIS and best practices to optimize their impacts on corporate sustainability.

This study contributes to the green innovation literature by revealing the potential
synergy between the efficiency-oriented GSCM and technology-driven GIS endeavors.
It extends the regular conceptualization of technology-task fit to the informal alignment
between GSCM and GIS considering their relative independence rather than assum-
ing interdependence. Similar to the role that weak ties play in information transmission
through social networks (Granovetter 1983), informal alignment accounts for the extensive
technological facilitation in green innovation.

Most empirical studies based on task-technology fit use the construct to predict user
performance without including task and technology characteristics in actual modeling due
to their close bonding from the formal alignment, that is: neither task nor technology is
conducive to performance by themselves unless they align with each other. But this is not
the case for informal alignment where its two sides may independently affect outcome vari-
ables. This study models GSCM-GIS fit as a third predictor along with the two primary
endeavors to explain each aspect of green innovation outcome and evaluates the synergis-
tic effect with incremental PLS-SEM, which combines structural equation modeling with
hierarchical regression. The quantitative assessment sheds light on the contribution of such
an informal alignment on top of green innovation endeavors. Separately, GSCM and GIS
are still conducive to corporate sustainability, but their fit serves as the catalyst to optimize
their impacts, leading to a one-plus-one-greater-than-two effect.

The findings yield useful practical insights as well. The synergy between GSCM
and GIS assures organizations of implementing both and engaging employees in them.
Although each alone is still helpful, the overall effectiveness is maximized when the two
endeavors are closely knitted with each other in various aspects of business operations.
Most corporates start with efficiency-oriented GSCM as the effort pays off directly with
cost saving. To stay on the cutting edge of green innovation for enduring competitive
advantages, however, it is necessary to embrace GIS technologies as they emerge. Such a
technology-driven initiative creates the opportunity for employees to try out new techno-
logical functions for improving business routines. Managers should encourage such sponta-
neity and creativity to facilitate the informal alignment between GSCM and GIS.

Compared with the formal alignment between task and technology from the top-down
arrangement, the informal alignment from the bottom-up participation is conducive to opti-
mal green innovation effectiveness. To keep the momentum and dynamics for GSCM-GIS
fit adjustment, management needs to provide necessary incentive and guidance for employ-
eesrtorengagerinsgreenvinnovationsmForminstance, organizations may host seminars to
involve people from different departments in the exploration of emerging technologies for
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sustainability purposes. For those who come up with good ideas and even implement them
in work, there will be rewards in forms of bonus and promotion. In this way, employees
of various backgrounds and skills are motivated to find out ways to align GSCM and GIS
in their daily routines. Over time, this cultivates an organizational culture that encourages
green innovation through open communication and collaboration.

For the long-term success of green innovation, managers and employees at different lev-
els need to work closely together in evaluating and adjusting GSCM-GIS fit. The assess-
ment of such an informal alignment can be based on the methods demonstrated in this
study. When employees perceive a low degree of alignment between two endeavors or it
does not provide a significant boost to their performances, managers are prompted to fig-
ure out the reasons and address the issues. If the lack of technical skills prevents people
from engaging in GSCM and/or GIS endeavors, for instance, an organization can provide
more training opportunities and helpdesk supports. To facilitate employee communication
and feedback, the management may establish a dedicated platform (e.g., discussion forum,
social media) for green innovation.

This study is limited in the fact that all the observations were collected from a single
country. China is the largest emerging economy in which organizations face both develop-
mental and environmental pressures. Yet organizations in other countries may face some
unique challenges of corporate sustainability due to different cultural, legal and economic
environments. Thus, the single-country sample weakens the generalizability of specific
findings. Future studies may collect observations from multiple countries and include rel-
evant nation-level variables in analyses.
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Appendix: Measurement items

1. Green supply chain management (GSCM)

We utilize green supply chain management to...

1.1 Eco-design

...reduce material/energy consumptions.

...reuse, recycle, and recover materials.

...reduce the use of hazardous/toxic materials.

1.2 Supply chain processes

...collaborate with suppliers for environmental objectives.
...collaborate with customers for green delivery.

...facilitate products disassembly and remanufacturing.

1.3 Internal environment management
..enhance cross-functional cooperation for environmental improvements.
..obtain management commitment and support for green operations.
implement.environmental.compliance.and auditing programs.

2. Green information systems (GIS)

We utilize green information systems to...
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2.1 Pollution prevention
..reduce overall consumption and emissions.
..reduce overall waste.
..reduce overall use of hazardous and toxic materials.
2.2 Product stewardship
..make material sourcing and acquisition more environmentally friendly.
..make product distribution and delivery more environmentally friendly.
..make product disassembly and remanufacturing routings more environmentally
friendly.
2.3 Sustainable development
..facilitate green operations across the organization.
..facilitate management support and control for sustainable development.
..facilitate environmental compliance and auditing.
3. GSCM-GIS fit
How we use green information systems ...
..is adequate to green supply chain management.
..1s appropriate for green supply chain management.
..1s compatible with green supply chain management.
..makes green supply chain management easy.
..fits green supply chain management in general.
4. Green innovation outcome
4.1 Economic performance is enhanced in terms of:
..Investment recovery
...cost containment
..profitability
..labor productivity
...inventory reduction
4 2 Operational performance is enhanced in terms of:
..product delivery
..product quality
..capacity utilization
..cycle time reduction
...customer service
4 3 Environmental performance is enhanced in terms of:
..material reuse
..environmental compliance
..environment preservation
..reduction of hazardous wastes and emissions
...reduction of resource consumptions (e.g., energy, water)
4.4 Social performance is enhanced in terms of:
..product liability and safety
..community outreach (e.g., education and charitable giving)
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