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SUMMARY 

 
The increasing scarcity of natural resources, the accelerating pollution of the 

environment, and the looming threat of global climate change have attracted the interest of IS 
scholars. The environmental damages have affected the economy and caused social injustice due 
to the consequences of global warming. Some of the main drivers of global warming are from 
anthropogenic activities associated with the waste generation. Given these needs, green 
information systems (Green IS) would be an alternative for reducing the environmental impacts 
and promoting sustainable development in organizations. Nevertheless, some uncertainties 
towards of the Green IS adoption are associated with various obstacles, unknown challenges, and 
the complex understanding of the relation between technology, organization, and environment. 
One of the great challenges of environmental action lies in knowing what to do, limiting the 
ability to develop plans which are able to address such issues. The prior literature does not 
explore deeply “how” people act surrounding of the complex issues into the Green IS adoption 
process. Yet, there is a lack of appropriated theory to understand how individuals make the 
decision to adopt Green IS initiatives. This current research aims to outline a framework for the 
green information systems adoption. It analyzes the phenomenon using Design System Theory 
as theoretical lenses and multi-method approach. To build the framework, it has followed the 
steps of the design science as well as the design-science research guidelines. The analysis aimed 
identifying the general principles of the Green IS adoption in a organizational level through 
deductive and inductive processes. First, deductive process has been performed by scientometric 
analysis and systematic literature review. Second, inductive process has conducted 
semistructured interviews performed with individuals of the three universities involved in the 
sustainability projects. The analysis was based on thematic analysis, using cognitive mapping 
techniques performed by Atlas.ti software. The results provide um framework that helps 
practitioners to know what must be done when the organizations decide to undertake green 
information systems. The framework represents a differential for suggesting a schema non-linear 
to understand the phenomenon. The empirical findings of this research reveal that there are four 
three topics need to be emphasized in respect to green information systems adoption such as 
human’s behavior related to the motivational forces, system development and design, and goals 
and strategies for sustainability. Theoretically, the application of the framework can be tested in 
any organization using green information systems for monitoring environmental performance. It 
also suggests methodological procedures showing how it can be measured for future validation. 

 
Key words: Green IS adoption, HEIs, technology adoption theories, Design System Theory 
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CHAPTER 1 

INTRODUCTION 

 

 

Since the environmental damage has been arised, it has been considered as one of the 

most urgent concerns of the modern world. The discussion about environmental concerns has 

become more recurrent when the alarms of climate change have been done. “Climate change is 

just one of the environmental sectors where planetary boundaries have already been dangerously 

exceeded” (Kiperstok and Kiperstok, 2017: p. 155). It is widely acknowledged to be the most 

important environmental problem facing humankind (Yamin, 2005). According to Climate 

Change 2014 report, the greenhouse gas emission growth has accelerated over the last decades 

leading to the global warming (IPCC, 2014). The main drivers of global warming are from 

anthropogenic aspects such as growth in global population, economic activities, industrial process 

and fossil fuel combustion (IPCC, 2014).  

However, the global perspective is critical to effectively address environmental 

sustainability issues (TOMLINSON, 2010). For example, in Brazil, some initiatives (ex.: Plano 

Inova Sustentabilidade) are performed to invest in the green technology industry. However, The 

Global Cleantech Innovation Index 2014 by Cleantech Group report revels that Brazil is the 25º 

on the ranking list with a potential to produce green technology, but Brazil fall outside of the top 

bracket of start-up generators in the index, due to various reasons, among them the high level of 

pollution produced by the country (CLEANTECH GROUP, 2014). It indicates that Brazil does 

not address properly to the environment resources either to the produced pollution level. A 

different reality is presented in countries such as Israel, Finland, Sweden, Denmark and United 

Kingdom (CLEANTECH GROUP, 2014). For example, UK is advanced in carbon policies and it 

has the highest potential in the world to produce green technology (Cleantech Group, 2014). 

This discrepancy suggests the developing of sustainable initiatives in which all countries 

share general features and flow a consensus around basic concepts of sustainable development 

(UN, 1987). One of these initiatives is the Agenda 21 has become well embedded as a 

mechanism of the global partnership for promoting sustainable development strategies. A recent 

initiative is the Paris Treaty, the first international treaty performed to reduce greenhouse gas 

(GHG) emissions ratified in Paris at the end of 2015 by almost 200 nations. Paris Treaty is 

perceived as the backbone of global climate regime (Hai-Bin et al., 2017). Despite it, The U.S. 
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President Donald Trump announced on 1 June, 2017, that the U.S. would withdraw from the 

Paris Agreement, diminishing its universality and provoking strong criticism both and abroad, 

with world leaders, international organizations, civil society, and media (Hai-Bin et al., 2017). 

Another initiative is that United Nations (UN) has stimulated global initiatives in order 

to develop a wide framework for sustainable development and perform it in a wide strategic plan 

(UN, 1987). One of these initiatives is called Principles for Responsible Management Education 

(PRME) in which represents the first relationship between UN and leading academic institutions 

with various prestigious education institutions engaged in sustainable development. The PRME 

initiative stimulates institution of education to adopt green initiatives to support the creation of 

corporative sustainable strategies and social responsibility, as well as incorporate universal values 

into curricula and research. Nevertheless, the concepts of the PRME seem to be a practical 

challenge for some institutions such as Brazilian universities in which only five universities have 

an advanced level of engagement corporate sustainability and social responsibility into the PRME 

(UNPRME, 2017).  

One of the reasons why organizations face difficulties to engage in sustainability 

projects is “the relative narrowness of human comprehension and action when compared to the 

scale of the world’s environmental concerns”, it represents a critical factor in their ability to 

respond effectively to the environmental concerns (Tomlinson, 2010). The limited knowledge of 

individuals towards the question “what to do about the environment issues”, limits the ability to 

develop plans which are able to address such issues (Tomlinson, 2010). Additionally, 

organizations do not know how to balance economic, social and environment needs into the 

environmental sustainability projects.  

Given the inherent complexity of balancing economic, social and environmental issues; 

and the inefficient ways humans currently realize the environment concerns such as global 

climate change, information systems (IS) would be an alternative to reduce environment impacts 

and to aware individuals towards this subject (Bengtsson and Àgerfalk, 2011). Innovations in IS 

across many aspects of society can have a strong impact (positive and negative) in the 

environment. For example, for more efficient practices and more environmentally conscious, 

information technology (IT) can improve the efficiency with which we enact our daily lives, as a 

stimulating a business meeting by teleconference rather than flying people in from other countries 

(Tomlinson, 2010). It is relevant “to direct individual and organizational attention to the 
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underlying and fundamental factors of environmental problems and to make possible long-term 

prosperity and sustainability through a fundamental redesign of the economy” (Watson et al., 

2010).  

 

1.1 RESEARCH PROBLEM AND JUSTIFICATIONS 

 

Previous literature about organizational studies has focused on environmental discussion 

for understanding the relation between IT and environmental sustainability (e.g., Melville, 2010; 

Watson et al., 2010) for two reasons. First, organizations have great potential to contribute to 

environmental degradation, since they have a large capacity to produce innovation and change 

(Elliot, 2011). Second, part of the production of innovation is related to the diffusion and the 

increasing of use of technology to support work processes since the information systems are 

considered resources of major source to improve productivity (Watson et al., 2010).  

The diffusion and use of technologies are becoming concerns for the project of 

environmental sustainability. Some technologies are associated with problems such as IT 

equipment disposal, emission of toxic gases and energy savings (Molla et al., 2009). This way, 

the impact of IT on the environment has been a target of interest of governments, organizations 

and researchers who seek not only answer public concerns about the pollution the environment, 

but also spread the environmental awareness (Dedrick, 2010; Hanne, 2011). Nevertheless, studies 

argue that the use of information technology (IT) has also positive contributions to the natural 

environment (Malmodin et al, 2010). For example, information systems (IS) have been used to 

support environmental sustainability. It has become an opportunity for organizations to address 

issues such as environmental pollution, environmental awareness, and the possible low efficiency 

in their organizational processes (Dedrick, 2010). 

However, the discussion surrounding the relation between information systems, 

organization, and natural environment is still scarce in the academic community of IS. According 

to Melville (2010), this is due to the range and the complexity of the elements involved in 

environmental issues (e.g., air, water, soil). The literature (e.g., Dedrick, 2010; Molla, 2013) 

shows this relation from two perspectives: 1) to reduce the environmental impacts caused by IT 

production and use (green IT) and 2) to adopt information systems to achieve and improve 

environmental sustainability goals (green IS). 
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This debate has led to a new field of practice and research, the green information 

systems (Green IS), with the purpose of development and use the information system to support 

environmentally sustainable initiatives (Molla et al., 2009; Ryoo & Koo, 2013). Green IS refers 

to the use of IS to support business initiatives aiming to reduce negative impacts on the 

environment. Green IS can help organizations to develop strategies to create mechanisms to 

prevent/reduce waste and make more efficient use of natural resources (Jenkin et al., 2011b); 

minimize the organization’s global environmental impact from its economic growth and activities 

(Jenkin et al., 2011b); create organizational culture aimed towards sustainability and improve 

employee management practices (Dao et al., 2011); support the decision making and share and 

create new knowledge to address environment issues (Buttler, 2011). Thus, it has become a 

relevant research in the field of IS and environmental sustainability. Once organizations have a 

potential to contribute to the damage of the environment, they should have the motivation to 

adopt Green IS initiatives. 

A research concern about the Green IS field is to understand “what leads an organization 

to adopt green information technology solutions?” since that organization are still an initial stage 

of awareness of adoption of these initiatives (Gholami et al., 2013; Jenkin et al., 2011). However, 

some uncertainties towards the Green IS adoption process are associated with various obstacles 

(e.g., environmental performance measurement) and unknown challenges (e.g., narrowness 

understanding towards environmental issues) faced by organizations to adopt Green IS initiatives 

(Dao et al., 2011; Unhelkar, 2011). According to Tomlinson (2010) “one of the great challenges 

behind environmental action lies in knowing what to do”.  

The technology adoption phenomenon has been extensively studied in the IS 

community. Scholars have treated this subject in many ways such as “acceptance”, “adoption” 

and “use”. In order to standardize terms, this current study considers “acceptance” as a general 

process of the Green IS adoption. The literature (e.g.: Kim and Crowston, 2011) considers that 

technology acceptance requires three steps to be analyzed: pre-adoption stage (at the management 

level), adoption stage, and post-adoption (use stage). These steps are considered essential to 

understanding the acceptance process of technology. In general, the technology acceptance has 

been analyzed in terms of use of the system (Schwarz and Chin, 2007). It means that, in the 

traditional IT adoption, it requires understanding technical aspects related to the system to 
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address how much it will reduce effort to perform work activities and how much it will reduce 

process and activities in the workplace. 

Despite the maturity of the technology adoption field, it is noticeable the level of 

uncertainty about what should be examined with respect to Green IS adoption. This current study 

has as a starting point that the Green IS phenomenon does not require exclusive attention to the 

use process. Instead, it requires goals that are beyond efficiency in which organizations need to 

embrace the natural environment issues, leading individuals to make decision surrounding of 

complex (e.g., including air, soil, water issues), fuzzy (e.g., uncertainty about environmental 

knowledge; conflict between organizational and personal values) and multilayered (e.g., relation 

between technology, organization and natural environment) issues during all the steps of the 

Green IS adoption process.  

In order to understand this phenomenon, prior studies (Bose and Luo, 2011; Gholami et 

al., 2013; Koo and Chung, 2014) have investigated motivating forces such as regulative, 

normative and sociocultural-cognitive-behavior factors to explain why people decide to use 

Green IS initiatives. However, the focus of these studies is to analyze part of the acceptance 

process, that is, researchers pay attention to the antecedents of Green IS adoption in its initial 

stage without considering deeply the decision-making during all the steps of the process. In 

additional, Bose and Luo (2011) encourage that two stages, namely formal adoption, and post-

adoption, deserve more investigation in future researches. They believe that future data on these 

two additional stages will help researchers more thoroughly validate previous theory (e.g., 

diffusion of innovation theory) in the arena of the Green IS adoption. 

This current study theorize that previous IT adoption theories are not flexible enough to 

understand the entire green IS adoption process to address complex questions of the real world 

such as: who participate in the Green IS adoption process, how people with different abilities, 

knowledge, and beliefs make decision toward Green IS initiatives, how they choose and manage 

the system, who and how they analyze the outcomes of the system and how they use it to create 

strategies for environmental sustainability goals. This discussion indicates that is necessary to 

rethink the basic process of the Green IS adoption and change the research agenda with a focus 

on the organization’s actions for understanding the real world. Thus, this current study has 

intended to investigate the phenomenon at organizational level.  
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Practitioners interested in putting forward organization actions (e.g.: water saving) in an 

institution should not expect it to be an easy task (Kiperstok and Kiperstok, 2017). Although they 

should find many examples in the technical literature, it will require long-term persistence and a 

permanent awareness (Kiperstok and Kiperstok, 2017). In summary, organizations today are 

conscientious about being “green” but they are not sure how to go about it (Bose and Luo, 2011). 

It indicates that the theories might primarly address “how and what is to be done” for 

implementing information systems to address issues relate to the environment sustainability. 

Based on this, the current study intends starting the following discussion: how do organizations 

adopt green information systems? 

 

1.2. GENERAL GOAL 

  

Considering the research concern and justification, this study aims to outline a 

theoretical framework for the green information systems adoption. To do so, this current 

study intends to perform the following specific goals: 

 

1.3. SPECIFIC GOALS 

 

• To review the previous literature of green information technology and system; 

• To develop a theoretical framework for green information systems adoption; 

• To refine the framework through empirical sampling in higher education institutions. 

 

In order to attend the first specific goal, this study has addressed the following two 

research questions: 1) “how has the green IT/IS literature developed over time?” (RQ1) and 2) 

“what are the main research fields within a scientific domain of green IT/IS?” (RQ2). Next, to 

attend the second specific goal was necessary to address the following research question: “which 

design framework can be properly used to understand the green information systems adoption 

process” (RQ3). It has been based on the findings of the first specific goal.  

To attend the third specific goal, this current study intended to address the following 

research question “how is the framework reflected on the practice?” (RQ4). To do so, it has 

investigated empirically the actions for green information systems in Higher Education 
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Institutions (HEIs). The relevance to study this subject is that HEIs are a guider of promoting 

green development and become a pioneer of an ecological civilization and harmonious society 

(Li and Chao, 2014). HEIs must have institutionalization of environmental policies to promote 

research and development of technologies and initiatives for sustainability (Too and Bajracharya, 

2015). Their potential to disseminate environmentally sustainable practices would stimulate the 

development of innovative technologies addressing environmental concerns (Too and 

Bajracharya, 2015). Additionally, HEIs may influence the society through projects of 

environmental sustainability in order to create new generations more aware towards natural 

environment issues (Geng et al., 2012). Such awareness can be strengthened by the potential use 

of green technologies enabled to support sustainable projects in the campus. 

In the practice, Brazilian universities face various barriers in the green initiatives 

adoption. Some of these barriers are associated with the lack of specific legislation to ensure that 

organizations adopt green initiatives, either with internal barriers provoked by bureaucratic 

dysfunctions and lack of top-management support (Dias et al., 2017). Due to this, Brazilian 

universities have limited actions for environmental sustainability and this reality shows that few 

HEIs are engaged into the PRME principles. 

The investigation has been based on Design Science Research (DSR) approach since it is 

appropriated for understanding of the real world associated with messy problems. The design 

theory for green information systems adoption has been built following the the Hevner and 

Chatterjee (2010)'s statements. This research has used a multi-method approach. Therefore, this 

current study has proceeded through three steps described by Hevner and Chatterjee (2010) to 

build the framework: observation, classification, and association. Such steps were applied in two 

sampling: theoretical and empirical samplings. In the first one, the framework was draft by 

scientometric analysis and literature review. The second one was performed in three universities 

that have adopted a system for monitoring of environmental performance in the buildings. 

The novelty of this current research has as the starting point a personal reflection about 

the relation between technology, organization, and natural environment. Such elements interact 

with each other and may influence the Green IS adoption decisions. Although the production of 

the Green IS studies has grown since 2009, few studies evaluated empirically the Green IS 

adoption in the organizational settings (Machado et al., 2015). This current study believes that 

one of the barriers of this area is to consider the distinct area of Green IS. Since it covers an 
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interdisciplinary area in which includes complex issues, and demands different theories, and 

different philosophical and methodological perspectives as well (Melville, 2010).  

This current study has important theoretical and managerial contributions. Theoretically, 

the framework will help scholars to understand the communication process between the 

individual and natural environment in organizations. Additionally, it can help to explain the role 

of IS in advancing of the environment sustainability. Furthermore, the contribution of this 

research provides a comprehensive literature review and integrates its results with empirical data. 

In the point of view of this research, there are three major topics need to be emphasized in respect 

to green building technologies adoption. For practitioners, understanding of the decision-making 

to adopt green building technologies may help organizations to increase their potential to adopt 

innovations for sustainable development and increase the ecological awareness of their 

employees for taking the environment into account in your daily business thinking and decisions 

as well. Stimulated by theorists (e.g., Schaltegger et al., 2003), this current research points out the 

need for understanding the relationship between information systems, organization and the 

natural environment in order to encourage the idea of wider sustainable development. 

Next sections of this research are organized in the following way: Chapter 2 provides a 

brief background of environment concerns and sustainability; green information systems focusing 

the discussion about the development of the area and its main concepts; traditional IT and Green 

IS adoption theories in order to present the state-of-art of the theories and models of the area; and 

finally, it describes previous literature focusing on the brief literature review about the green 

building management. Further, Chapter 3 describes detaila about the methodology based on DSR 

approach. Next three chapters are related to the DSR steps. Chapter 4 identifies the problems and 

desired outcomes of the research. Chapter 5 reviews the theories and previous research. Chapter 6 

proposes/refines the design theory. Chapter 7 performs the test of design theory offering the 

refined framework of the green information systems adoption and future directions. Finally, 

Chapter 8 discusses the final considerations, practical and theoretical contributions as well as 

research limitations.  
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CHAPTER 2 

THEORETICAL BACKGROUND 

 

2.1 ENVIRONMENTAL CONCERNS AND SUSTAINABILITY 

 

According to Schaltegger et al (2003), ecology is a small part of the discipline of 

biology and has been defined as the study of life forms. Currently, ecology is widely known and 

discussed in the literature because of growing concerns about the environmental damages 

provoke by human activities on the ecosystem. An ecosystem is the network of interactions 

between organisms and their environment including living (e.g., plants and animals) and non-

living (e.g., soil type, the shape of the land) components  in which, taking together, these 

components make up the ecosphere (Schaltegger et al., 2003).  

The cycle of life is an important aspect of the ecosystem because all living components 

depend on this. Although the cycle of life is self-regulating and self-sustaining, a possible human 

involvement in the ecosphere has broken down the self-regulation leading to the loss of 

equilibrium and threatening to the existence of life (Schaltegger et al., 2003). Thus, it is relevant 

to put into this perspective the modern ecology and its expansion to explain the reasons for 

increased environmental damages such as climate changing (Schaltegger et al., 2003). “In the 

study of management ‘environmentally oriented business management’ considers these 

comprehensive ecological issues from a business perspective” (Schaltegger et al., 2003). 

Management actions are environmentally oriented when they consider matters related to 

ecosphere assuming two forms (Schaltegger et al., 2003). First, adoption of an environmental 

orientation linked to the social behavior and cultural developments treating, for example, 

organizations as an organism and considering the organization’s survival (Schaltegger et al., 

2003). Second, “environment orientation takes into account the observation the observation that 

ecosystems have a limited capacity that constrains the use and exploitation of natural resources” 

(Schaltegger et al., 2003). 

Schaltegger et al. (2003) also argue that from an anthropocentric perspective, the society 

is worried about the quality of life in which the economic questions are seen as an important 

aspect to provide quality of life for human beings. It can be discussed through sustainable 
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development models highlighting what is meant by adopting an environmental awareness 

(Schaltegger et al., 2003).  

According to United Nations, the goals for the social and economic development must 

be defined in sustainable terms which all countries must share general features and must flow 

from a consensus around basic concepts of sustainable development to perform it in a wide 

strategic plan (UN, 1987). Brundtland Commission defines sustainable development as a 

development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs (UN, 1987).  

The Brundtland’s definition is connected with the concept of triple bottom line (TBL) 

coined by Elkington (1994). Melville (2010) argues that “TBL is a broad conceptualization of 

organizational performance comprising economic, environmental and social dimensions”. The 

lack of clear corporate sustainability performance measurement systems (Nunes et al., 2016) and 

the complexity of managing performance in three distinct and interconnected areas may be the 

reason why organizations are struggling to understand and apply the broad concept of 

sustainability to their daily business processes (Dao, Langella, & Carbo, 2011). 

In fact, the global perspective is critical to effectively address the environment issues 

(Tomlinson, 2010). Specifically, climate change is widely acknowledged to be the most 

important environmental problem facing humankind (Yamin, 2005). Climate change has the 

potential to alter the natural setting of the earth. In Brazil, global warming has provoked extreme 

events such as floods and arid soil that threat lives of animals, humans, and the economy (e.g, 

agriculture and livestock) of the region. 

According to the Climate Change 2014 report, the emission of carbon dioxide has grown 

quickly in the last decades (IPCC, 2014). The Figure 1 shows the following polluting gases have 

contributed to the global warning: F-Gases, nitrous oxide (N2O), methane (CH4), carbon dioxide 

(CO2), CO2 FOLU, fossil fuels and industrial processes. The industrial processes are responsible 

for largest part of pollution with approximately 78% of the total growth of emission in the period 

1970-2010, and the similar percentage in the period 2000-2010 (IPCC, 2014). Develop countries 

including European Union (EU) and United States are principally responsible for the current high 

levels of GHG emissions in the atmosphere as a result of more than 150 years of industrial 

activity (Rodrigues et al., 2010). Develop countries were involved in the global carbon trading as 

well as parts of the developing world such as China, India, and Brazil (Meckling, 2011). 
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Figure 1. Total annual anthropogenic GHG emissions by groups of gases 1970-2010 

 
Source: Extracted from IPCC (2014) 

 

“Globally, economic and population growth continue to be the most important drivers of 

increases in CO2 emissions from fossil fuel combustion” (IPCC, 2014). “The contribution of 

population growth between 2000 and 2010 remained roughly identical to the previous three 

decades, while the contribution of economic growth has risen sharply” (IPCC, 2014). The total 

anthropogenic GHG emissions in 2010 by economic sectors are showed in the Figure 2. It shows 

direct and indirect GHG emissions share of five economic sectors in 2010 such as electricity and 

heat production, AFOLU, buildings, transport, industry, other energy.  

“In particular, the buildings sector accounted for around 32% final energy use and 8.8 

GtCO2 emissions in 2010, including direct and indirect emissions, with energy demand projected 

to approximately double and CO2 emissions to increase by 50–150% by mid-century in baseline 

scenarios” (IPCC, 2014). This energy demand growth results from improvements in wealth, 

lifestyle change, access to modern energy services and adequate housing, and urbanization.  
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Figure 2. Greenhouse gas emissions by economic sectors 

 
Source: Extracted from IPCC (2014) 

 

The climate change policy and reduction of GHG have currently been discussed from 

the Kyoto Protocol adopted in 1997 by United Nations Framework Convention on Climate 

Change (UNFCCC). The UNFCCC has been formed to coordinate efforts to mitigate global 

warming on a global scale, especially in developed countries (Rodrigues et al., 2010). It aims to 

stabilize greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 

anthropogenic interference with the climate system” (UNFCCC, 1992). 

Kyoto Protocol has listed accordance to promote sustainable development among 

developed countries. For example, in order “to implement and/or further elaborate policies and 

measures in accordance with its national circumstances such as research on, and promotion, 

development and increased use of new and renewable forms of energy, carbon dioxide 

sequestration technologies, and advanced and innovative environmentally sound technologies” 

(UNFCCC, 1998). However, a delay in mitigation efforts or the limited availability of low carbon 

technologies further increases challenges of mitigation process (IPCC, 2014). 

In the Brazil, despite several events that threaten the environmental protection, some 

mitigation policies have started to address to the environment concerns. Initiatives are performed 

to invest in the green technology industry by Plano Inova Sustentabilidade of the National Bank 
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for Social and Economic Development (Banco Nacional de Desenvolvimento Econômico e 

Social - BNDES) (BNDES, 2015). Despite this, The Global Cleantech Innovation Index 2014 

from Cleantech Group shows that Brazil is ranked 25º of 40 countries with major potential to 

produce green technology in the world. However, this position tends to grow up for the next 

years due to high levels of pollution produced by the country (Cleantech Group, 2014). This 

result indicates that Brazil still does not properly address to the natural resources consumed and 

neither to the produced pollution index. 

In a global perspective, United Nations (UN) have developed the  “Our Common 

Future” document in which seeks the equity and common interest in order to develop global and 

standard strategies to address the environment concerns and promote sustainable development 

(UN, 1987). In this way, the challenge of the sustainability is to reach the harmony between three 

fundamental elements the economy, the community, and the environment (UN, 1987). It shows 

that the term of sustainability is not limited to the environment issues because it is connected to 

actions, ambitions and human needs (Gastal and Saragoussi, 2008). 

Therefore, it is a necessary new perspective of economic growth, but a convincing and 

sustainable growth from the social and natural environment point of view (Gastal and Saragoussi, 

2008). According to Watson et al (2010), the sustainability literature has identified three broad 

sustainability goals (eco-goals):  eco-effectiveness, eco-efficiency, and eco-equity. First, eco-

effectiveness means working on the right things and it requires a shift of mindset and 

transformation of work process to reinvent processes, redesign the economy, understand the 

environmental concerns, and replace resources to attend environmental sustainability needs 

(Watson et al, 2010). Second, eco-efficiency refers to management of strategies linking economic 

and environment goals (Haigh and Griffiths, 2008). Finally, “eco-equity focuses on social 

responsibility for the future generations who will bear the consequences of excessive 

consumption of scarce resources and environmental degradation” (Watson et al, 2010). 

This line of thought, UN stimulates the consensus about the basic concept of sustainable 

development and the creation of a wide strategic framework for performing sustainable 

development among government, society, and organizations in order to search equity for 

economic, social and environment goals (UN, 2987). One of these initiatives is the Agenda 21 

programme in which was revealed at the United Nations Conference on Environment and 

Development in Rio de Janeiro, 1992, also known as the Earth Summit (Bengtsson and Agerfalk, 
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2011). Another initiative is named the Paris Treaty approved by 195 countries signed the 

UNFCCC. The progress in dealing the climate change are discussed and strengthened in the 

formal meeting of the Conferences of Parties (COP).   

One of the initiatives that aim to develop a wide framework for sustainable development 

is called Principles for Responsible Management Education (PRME) in which represents the first 

relationship between UN and leading academic institutions. The PRME idea was officially 

introduced by the Global Compact Office at the Global Forum “Business as an Agent of World 

Benefit” at Case Western Reserve University in October 2006 (UNPRME, 2017). The PRME 

task force has developed a set of six principles which lay the foundation for the global platform 

for responsible management education (UNPRME, 2017). They seek to establish a process of 

continuous improvement among institutions of management education in order to develop a new 

generation of business leaders capable of managing the complex challenges faced by business 

and society in the 21st century (UNPRME, 2017).  

Furthermore, the PRME initiative serves as a framework for gradual, systemic change in 

business schools and management-related institutions, based on three distinctive characteristics: 

continuing improvement, learning network, and reporting progress to stakeholders. The progress 

of stakeholders is an opportunity for exchanging effective practices and creates a learning 

community with other participating institutions (UNPRME, 2017). Tables 1 show Brazilian 

signatories.  

The PRME Champions are an invited group of signatories that contribute to thought and 

action leadership on responsible management education in the context of the United Nations 

Sustainable Development Goals. Advanced PRME signatories comply with the Sharing 

Information on Progress (SIP) policy and contribute to the annual service fee. Basic PRME 

signatories comply with the SIP policy. Non-communicating signatories have failed to comply 

with the SIP policy and will be dropped from PRME after one year if a SIP is not uploaded. 

Signatories are required to communicate their progress at least every 24 months through 

SIP. SIPs must include each of the following elements: a letter signed by the highest executive of 

the organization expressing continued commitment to PRME; a description of practical 

actions (i.e. disclosure of any relevant policies, procedures, activities) that the institution has 

taken to implement one or more principles during the past 24 months (since signing up to PRME 

or since last submission of SIP); an assessment of outcomes (i.e. the degree to which previously 

http://www.unprme.org/about-prme/the-six-principles.php
http://www.unprme.org/sharing-information-on-progress/sip-policy.php
http://www.unprme.org/sharing-information-on-progress/sip-policy.php
http://www.unprme.org/resource-docs/PRMEAnnualServiceFeefinalforweb.pdf
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outlined goals were met, or other qualitative or quantitative evaluation of results); specific 

objectives for the next 24-month period with regard to the implementation of the Principle(s). 

Precise strategies and timelines are encouraged. 

 

Table 1. Brazilian universities engaged into the PRME 

Institution Participant (Quantity) 
1. Fundação Dom Cabral (FDC) PRME champion (2) 

2. Fundação Getulio Vargas (ISAE/FGV) 
3.Brazilian School of Public and Business Administration 

(EBAPE/FGV) 

Advanced signatory (7) 

4.Universidade COPEL (UniCOPEL) 

5. School of Economics, Business Administration and Accounting 

at Ribeirão Preto (FEA-RP USP) 

6.UniCESUMAR 

7. System Federation of Industries of the State of Parana (FIEP) 

8.FEA-RP USP 

9.Business School – Pontifical Catholic University of Rio de 

Janeiro (IAG-PUC-Rio) 
10. Pontificia Universidade Católica de São Paulo (PUC-SP) Basic signatory (9) 
11. Faculty of Business and Management (Fagen/UFU) 

12.Universidade Tecnológica Federal do Paraná (UTFPR) 
13. Estação Business School 

14.Antonio Meneghetti Faculdade 

15.Faculdades Integradas do Brasil (UniBrasil) 

16.SECAL College 

17.Faculdade de Economia, Administração e Contabilidade (USP)  
18.OPET – Organização Paranaense de Ensino Técnico 

19.Instituto Nacional de Pesquisa e Ensino (INAPE) Non-communicating signatory (8) 

20.Insper 

21. Fundação Instituto de Administração (FIA) 

22.Escola de Administração de Empresas de São Paulo 

(EAESP/FGV) 

23.Escola Superior de Propaganda e Marketing (ESPM) 

24.Universidade Metodista de Sao Paulo 

25.Instituto de Tecnologia do Paraná 

26.Uniao Paranaense de Ensino e Cultura Faculdades Integradas 

Santa Cruz 

Source: Extracted from PRME report (2018) 

 

 

Table 1 shows that twenty-six Brazilian universities are engaged into the PRME. Among 

them, seven universities have an advanced level of engagement corporate sustainability and 

social responsibility, nine universities have been classified as a basic signatory, and eight 

universities failed to comply with the SIP policy (UNPRME, 2017).  

In general, organizations have faced various challenges to implementing wide projects 

for the environmental sustainability. First, there is an argument around the difficulty of the 

http://www.unprme.org/participants/view-participants.php?partid=3393
http://www.unprme.org/participants/view-participants.php?partid=3255
http://www.unprme.org/participants/view-participants.php?partid=2815
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organizations to understand and implement the broad concept of sustainability defined by 

Brundtland (Dao et al., 2011; Unhelkar, 2011) in which reach solutions to the harmony in the 

economy, the community, and the environment. Second, Tomlinson (2010) argues that “the 

relative narrowness of human comprehension and action, when compared to the scale of the 

word’s environmental concerns, is a critical factor in our ability to respond effectively”. 

Consequently, a limited knowledge that individually has towards the question “what to do about 

the environment issues”, limiting the ability to develop plans which are able to address such 

issues (Tomlinson, 2010).  

Given the inherent complexity of balancing basic principles of the sustainability, and the 

inefficient ways humans currently realize the environment concerns such as global climate 

change, information systems would be an alternative to reduce environment impacts and to aware 

individuals towards this subject (Bengtsson and Agarfalk, 2011). Innovations in IS across many 

aspects of society can have a strong impact (positive and negative) in the environment. For 

example, for more efficient practices and more environmentally conscious, IT can improve the 

efficiency with which we enact our daily lives, as a stimulating a business meeting by 

teleconference rather than flying people in from other countries (Tomlinson, 2010). 

Thus, organizations and technology together have a large potential to contribute to the 

environmental sustainability because they can promote positive transformations in the economy, 

change individual and collective behaviors, and finally, help to monitor and evaluate changes in 

the environment (Elliot, 2011). Part of innovation in organizations is related diffusing and using 

technologies to support work processes. Watson, Van Eck, and Noyons (2010) argue that 

“information systems have been the greatest force for productivity improvement in the last half 

century”. On the other hand, diffusion and use of technology have become the problem for 

environmental sustainability projects. Various projects are associated with issues about the 

disposal of IT, emissions of toxic gases and energy consumption (Molla et al., 2009). 

Information and communication technologies (ICTs) contribute to 2% of the total CO2 

emission in the United States, similar to the emissions created by the airline industry (Dedrick, 

2009). However, it can also play a key role to reduce environmental impacts such as saving 

energy and reducing CO2 emissions. It has been a motivation for organizations to think about 

social and environmental aspects and to adopt green initiatives into the work processes. For 

example, Google has improved the environmental and financial performance of its IT systems by 
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incorporating control measures that provide energy efficiency in its servers and data centers 

(Benitez-Amado & Walczuch, 2012).  

Scholars have studied the topic of IT and natural environment surrounds many subjects. 

Studies analyze information technology and systems applications for environmental sustainability 

(e.g., Hilty et al, 2006; Haigh and Griffiths, 2008; Bengtsson and Àgerfalk, 2011), explore 

organizational motivations issues to improve or adopt corporative environmental sustainability 

(e.g., Chow and Chen, 2009; Melville, 2010; Faucheux and Nicolai, 2011; Jenkin et al., 2011a; 

Jenkin et al., 2011b), and explore the green technologies’ contributions for the corporate 

sustainable strategies (e.g., Watson et al., 2010;  Buttler, 2010; Bose and Luo, 2011; Dao et al., 

2011; Desautels and Berthon, 2011;  Elliot, 2011). Further, studies (e.g., Bengtsson and Àgerfalk, 

2011) show that the introduction of an information system can change the sustainability 

performance of an organization. From these discussions emerges the term green information 

systems (Green IS) as a relevant research in the field of IS and environmental sustainability. 

 

2.2 GREEN INFORMATION SYSTEMS (GREEN IS) 

 

The term “green” was originally incorporated by IT practitioners to differentiate IT 

artifacts that are designed to support environmental sustainability practices (Park & Jeong, 2014; 

Buttler, 2011). However, the need to disseminate and implement green initiatives in organizations 

drew the attention of IS scholars in which associated the term “green” not only to IT but also 

incorporating companies, systems, products, and production processes. Due to this complex 

association, there is a variety of terminologies in the literature that try to define IT and 

organization in terms of “green” such as IT for environmental sustainability, green IT, green IS, 

IT for green, green computing. Moreover, the concepts surrounding the theme are treated 

differently, depending on how the IT is seen, as a problem or a solution (Cai et al, 2013).  

When IT is seen as a problem, the term “Green IT” is used to refer to the environmental 

impact caused by the use of IT to the level of hardware and software (Park & Jeong, 2014). On 

the other side, in IT as a solution, the term “Green IS” is used to refer to the use of IS that 

supports business initiatives aiming to reduce negative impacts on the environment (Park & 

Jeong, 2014). But, the differentiation of theses terminologies comes from the definition of the 

terms IT and IS, which IT refers to technologies of hardware and software that capture and 
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process information and IS represents the combination of IT, people, processes, individual 

advances, groups and business goals (Molla, 2013). In face of these fuzzy matters and in order to 

standardize terms, our study adopts the term green information system (Green IS) refers to the 

use of IS that supports business initiatives aiming to reduce negative impacts on the environment. 

However, this variety of terminologies brings on a theoretical confusion that diminishes 

the understanding of the relation between technology and natural environment. It occurs perhaps 

because the previous literature tries to conceptualize assuming a technical view of the term. 

Whether it assumes the term in an ecological view, its use seems to be clear. For example, there 

is a subtle difference between the terms “green” and “sustainability”, whilst “green” normally 

refers to environmental aspects, “sustainability” encompasses environmental, economic and 

social dimensions (Murugesan and Gangadharan, 2012).  

There are evidence that Green IS can bring organizational benefits, such as energy saving, 

recycling and reuse of material, reducing cost, pollution and water consumption, and preservation 

of natural resources (Park & Jeong, 2014; Chou & Chou, 2012). Banerjee and Akuli (2014) point 

out benefits from adopting green technologies such as ability to meet strict product specifications 

in foreign markets; reduction of input and energy costs; improvement of environenmental image 

of the organization; and ability to meet stricter envioronmental regulations in the future. Despite 

these benefits and its usefulness, organizations have faced doubts and challenges in the adoption 

process because the implementation of Green IS seems not be economically viable and its cost 

becomes an inhibitor factor of adoption (Lei & Ngai, 2012; Molla et al., 2009).  

The key question is that the Green IS adoption should have as the main consideration 

the IT potential to enable organizations to achieve eco-friendly goals in favor of the natural 

environment (Molla et al., 2009).  However, the discourse surrounding the theme in organization 

settings seems to incorporate the environmental sustainability as a market strategy, offering a 

rational, pragmatic and positivist understanding of the phenomenon (Leff, 2009). For this reason, 

some inconsistencies (e.g., in the implementation and support) and questions may appear during 

the adoption process since managers can have doubts about “what does it have to offer me?” 

(Unhelkar, 2011; Coffey et al., 2013). 

The uncertainties of the Green IS adoption process can be associated with several factors 

such as the difficulty of the organizations to understand and implement the broad concept of 

sustainability defined by Brundtland (Dao et al., 2011; Unhelkar, 2011). According to Melville 
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(2010), the definition of sustainability is complex, multilayered and characterized by uncertain 

and nonlinear interdependencies for involving economic, social and environmental aspects. Thus, 

the fundamental principle for an effective implementation of sustainable initiatives is to seek 

strategies that balance these three aspects: economics, socials and environmental in which Dao et 

al. (2011) define as three pillars of the TBL framework to achieve the sustainability goal (Figure 

3) 

 
Figure 3. Triple bottom line of sustainability 

 
Source: Adapted from Dao et al. (2011). 

 

Although this argument, Bengtsson and Àgerfalk (2011) point out that this view is not 

reflected in the IS and environmental sustainable studies. Wang et al. (2015) show that the 

researchers do not pay equal attention to these elements, for example, the discussion of social 

results is still scarce in the literature. Most studies focus only on environmental or economic 

results, revealing a lack of empirical research that incorporates the integration of the three factors. 

In IS field, the economics aspects represent common theme among the studies, but do not appear 

aligned with the Brundtland’s report intentions (Bengtsson & Àgerfalk, 2011).  

Usually, the main point of view of the economic perspective represents a classic vision 

of organizational issues such as productivity and profitability (Bengtsson & Àgerfalk, 2011; 

Melville, 2010). Molla (2009) argues that the Green IS adoption should have as the main 

consideration the IT potential to enable companies to achieve eco-friendly goals in favor of the 

natural environment. In the other hand, the social aspects are related to issues such as satisfaction 

and personal needs (ex.: fair market practices and human rights), also representing only 

organizational issues (Melville, 2010). It also is connected to the environmental orientation that 

has meant linking social behavior and cultural developments in organizations (Schaltegger et al., 
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2003). Although, the social considerations are occasionally mentioned, revealing the lack of 

studies that explore this area (Wang et al., 2015).  

Considering the environmental issues, the dominant factors of the publications in IS 

studies are the energy use, focusing mostly on technical discussions such as computers with 

energy efficiency, energy efficiency and data centers, server virtualization, aspects of hardware 

life cycle that affect the ecological footprint, among others (Bengtsson & Àgerfalk, 2011). In 

environmental considerations is necessary to pay attention to issues that include natural resource 

preservation and climate changes mitigation (Melville, 2010).  

 

Figure 4. Structure of relation between technology and fours spheres 

 

Source: Elaborated by researcher (2017) 

 

Figure 4 has been draft based on the logic of the circular flows for sustainability schema 

(Nunes et al., 2016). It suggests an overview of the technology and its communication between 

several spheres such as organization, economy, society, and natural environment. Technology 

passes through all the spheres contributing to integrate elements of each one as well as to make 

easy the communication process between them. The scheme point out to a multilevel perspective 

of the green IS field in which the technology usage can affect some organizations aspects at 

collective level such as the society’s awareness, a fairer economy, and natural environment. Such 

perspective open ups new opportunities for theory to understand linkages between such spheres 

and the technology.  
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2.3 GREEN INFORMATION SYSTEMS ADOPTION 

Over 26 years, the IS scholars analyze “how” and “why” individuals adopt or reject new 

information technology through various research streams (Venkatesh et al., 2003). Many models 

and theories have been used to investigate the technology adoption. Figure 5 shows the state of 

art of the kernel theories. In general, this area was driven by the Davis in 1986 when developed 

the technology acceptance model (TAM). Further, Davis (1989) developed measurement to 

individual’s cognitive process based on the level of mental effort performed by individuals to use 

the technology. According to Venkatesh et al. (2007), TAM is an adaptation of social psychology 

because it uses the relationship between the attitude and intention constructs of the theory 

reasoned action (TRA) created by Ajzen and Fishbein in 1980 and by Fishbein and Ajzen in 1975 

(Venkatesh et al., 2007). 

 

Figure 5. Kernel theories of technology adoption research 

 
Source: research data (2017) 

 

In the TAM, the technology can be analyzed at the organizational level (e.g., operational 

activities, regulatory compliance) or individual level (e.g., behavior and actions). For this, 

previous studies use as a background antecedents of technology such as technology features (ex. 

Davis, 1998; Ammenwerth et al., 2006), organizational characteristics (ex.: Sabherval et al., 

2006; Mithas et al., 2008) and group and individual’s behavior in organizational settings 

(Gallivan, 2001; Titah and Barki, 2009) or the successful implementation of IT/IS (ex.: Rai et al., 

2002; Caldeira and Ward, 2002).  

Although TAM is still considered the most influent and the most used in studies to 

address research concerns about IT adoption, the model presents limitations and weaknesses for 

disregard important factors (ex.: cultural and historical elements), providing a limited 
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investigation of the wide range of consequences involving the IT adoption, hence its main 

constructs are treated as "black boxes" (Benbasat and Barki, 2007; Gefen and Straub, 2000; 

Goodhue, 2007; Lee et al., 2003). 

In 1990, Tornatzky and Fleischer built the technology-organization-environment theory 

(TOE framework) which establishes that the organizational adoption and implementation of 

technological innovations are influenced by three elements: technological, organizational and 

environmental contexts. The first refers to the characteristics of the technologies that are 

available for possible adoption by the organization as well as the current state of the technology 

in the organization. The second consists of the organizational structure, it means, the presence of 

the process to enable innovation, such as informal communication and strategic behavior of top 

managements, the size and the lack of organizational resources. Finally, the third combines 

elements such as structure and market characteristics, external support to stimulate adoption of 

new technologies and government regulations. These three elements are positioned to interact 

with one another to influence the adoption decisions (Bose and Luo, 2011). 

In 2000, due to the TAM limitations, Venkatesh and Davis in 2000 developed the 

technology acceptance model extended (TAM2). The difference between the TAM2 and the 

original TAM is the presence of the subjective norm derived from TRA (Pavlou and Fygenson, 

2006). Further, formulating unified view about IT acceptance research, Venkatesh et al. (2003) 

developed the unified theory of acceptance and use of technology (UTAUT) that aim to examine 

and integrate the components of eight models TRA, TAM, motivational model (MM), Theory 

Planned Behavior (TPB), C-TAM-TPB, theory of PC utilization, innovation diffusion theory 

(IDT), and social cognitive theory. 

Next, innovation diffusion theory (IDT) has been modified since the original model 

published in 1962 (Rogers, 2003). The IDT was empirically tested and validated (e.g., He et al., 

2006; López-Nicolás et al., 2008), but it seems to be limited by not offering generalized measures 

about the five attributes that explain the adoption process. Yet, the subjectivity of the concept of 

each attribute of Rogers (2003) makes difficult the development of accuracy measures. Although 

Moore and Benbasat (2001) and Compeau et al. (2007) have proposed the measures for IDT, 

these measures hardly can be generalized due to the specificity of the research object (e.g., kind 

of technology). 
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However, studies about traditional IT adoption (e.g., Bandyopadhyay and Fraccastoro, 

2007; Chen et al., 2009; Devolver et al., 2008) and Green IS adoption (e.g., Koo and Chung, 

2014; Koo et al., 2015) have unified theories and models seeking for wider results. Usually, this 

union involves theories with complementary or different epistemological origins, making 

doubtful results (Zouain and Vieira, 2007). For example, recognizing that the area of Green IS 

adoption offers a more comprehensive proposal than the theories available, Bose and Luo (2011) 

combined the TOE framework, the IDT, and the Process-virtualization-theory. Koo and Chung 

(2014) joined the self-determination theory and TAM. Koo et al. (2015) used the motivation 

theory, the reference group theory the constructs of TAM. 

These theories have originated from social psychology and have been quite extensively 

applied to study the influence of various variables as antecedents of attitudes, intentions, and 

behaviors of individuals to adopt the technology. Prior literature have empirically analyzed 

various factors antecedents of perceived usefulness (PU), perceived ease of use (PEOU) and/or 

user’s attitudes towards technology adoption such as culture (e.g., Merchant, 2007), user 

satisfaction (e.g., Zviran; Erlich, 2003; Caldeira; Ward, 2002), system quality (e.g., Sabherwal et 

al., 2006), user training (e.g., Silva; Dias, 2006), top-management support (e.g., Sabherwal et al., 

2006), individual’s personality (e.g., Devolver et al., 2008), individual’s beliefs (e.g., Dong et al., 

2007), and so on.  

Kim and Crowston (2011) synthesized the similarities between IT adoption theories 

(Table 2). All of these constructs play a major part in explaining why people adopt and use a 

certain technology (Kim and Crowston, 2011). Thus, the adoption theories and models may help 

scholars to explain or predict the user’s initial acceptance during the continued use of the 

technology. It means the mainstream of the traditional IT adoption points out that the adoption 

process depends on how individuals perceive the technology (e.g.; how easy/hard it is to learn), 

and how organizational factors need to support it as well. It has speculated that there is a crisis of 

the technology adoption theories. The proliferation of new versions is said to be one of the main 

reasons for the crisis (Benbasat and Barki, 2007). 
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Table 2. Summary of the kernel theories in technology adoption research 

UTAUT TRA TPB TAM TAM2 IDT 
Performance 

Expectancy 
Beliefs, 

Attitude 
Beliefs, Attitude Perceived 

Usefulness 
Perceived 

Usefulness 
Relative 

Advantage 
Effort Expectancy - Perceived 

Behavioral Control 
Perceived Ease 

of Use 
Perceived Ease 

of Use 
Complexity 

Social Influence Subjective 

Norm 
Subjective Norm - Subjective 

Norm, Image 
- 

Facilitating 

Conditions 
- - - - Compatibility, 

Observability, 

Triability 
Source: Extracted from Kim and Crowston (2011) 

 

In consequence of this, Melville (2010) proposes a distinct model to explain the Green 

IS adoption process named belief-action-outcome (BAO) framework. The BAO differential is 

related to the attempt of explaining the complex relation between information systems, 

organization, and environment to alert researchers of the IS area to renew the analysis tools and 

the adoption theories in the face of the specificity of the organizational context that involves IT 

and environmental sustainability. BAO is based on the model of micro-macro relations suggested 

by Coleman in 1986 and implies a holistic view of the IT, natural environment and organization. 

Since then, few studies have explored this model, for example, Gholami et al. (2013) proposed an 

empirical study to test and validate the BAO model, Dias et al. (2013) empirically tested the 

model under the theme of Green IT/IS adoption involving Brazilian universities.  

The BAO proposal seems to overcome some of previous theories to address various 

unclear questions surrounding the relation between technology, organization and natural 

environment. Nevertheless, its empirical application has kept a similar propose of the previous 

theories in which the focus is “why” individuals accept Green IS, more than “how” or “what” to 

do. It indicates the need to revalidate the major theories because these were developed during an 

era of large-scale corporate information systems in an industrial economy (Pitt et al., 2011).  

Nevertheless, the majority of the factors of the tradiotinal theories are associated with 

theoretical models to explanation and understand the adoption process based on the success of the 

use of technology (Agarval and Prasad, 1997). Thus, part of this success depends on the level of 

cognitive effort performed by individuals during the use process considering organizational 

factors (e.g., social influence and faciliting conditions) and the characteristics of the system (e.g., 

performance expectancy and effort expectancy), facilitating or inhibiting the use of the system 

(Davis et al., 1989).  
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As a consequence, studies (e.g.: Koo et al., 2014; Gholami et al., 2013; Bose and Luo, 

2011) have investigated the initial process for analyzing the motivational forces of the adoption 

without look beyond this process. It indicates that previous theories seem not be flexible enough 

to address fuzzy questions involving the Green IS phenomenon.  

The IT adoption mainstream points out that the adoption process depends on how people 

perceive the technology and how organizational factors might to support it as well. In this 

context, organizations undertake new technologies pursuing organizational performance 

paradigms. Most researchers investigate the IT adoption to explain how system usage affects 

performance at a single level (e.g., individual, group, and organisational) (Burton-Jones and 

Gallivan, 2007). On the other hand, the Green IS adoption process goes beyond the system usage 

view, pursuing a sustainable development paradigm. For example, organizations have 

implementing these technologies to engage individuals and change their behavior to be more 

environmentally responsible (e.g., Corbett, 2013), improve the environmental performance (e.g., 

Hilty et al., 2006), and develop strategies for wider environmental sustainability projects (e.g., 

Chowdhury, 2012a). Table 3 summarizes the differences between traditional IT adoption and 

Green IS adoption areas.  

 

Table 3. Differences between traditional IT adoption and Green IS adoption 

Characteristics Traditional IT adoption Green IS adoption 

Paradigm Organisational performance Sustainable development 

Level of analysis Single level Multiple levels 

Aspects of adoption System usage Beliefs, actions, and outcomes 

Source: researh data (2018) 

 

The traditional IT adoption tends to study the system usage at single level (Burton-Jones 

and Gallivan, 2007). On the other hand, the Green IS adoption process goes beyond the system 

usage view, pursuing a sustainable development paradigm. For example, organizations have 

implementing these technologies to engage individuals and change their behavior to be more 

environmentally responsible (e.g., Corbett, 2013), improve the environmental performance (e.g., 

Hilty et al., 2006), and develop strategies for wider environmental sustainability projects (e.g., 

Chowdhury, 2012a). Moreover, whether the Green IS studies consider a holistic view of the 

elements of the sustainable development, it seems reasonable to think its analysis based on 
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multiple levels (e.g., individual, society, organization, and natural environment) to understand 

linkages and the effect of the technology on different levels of analysis.  

The level of analysis has influenced the way in which the adoption process has been 

investigated. In the traditional IT, the adoption process is based in two stages: 1) the primary 

adoption which represents a decision in company level to adopt the IT; and 2) the secondary 

adoption (after implementation) consisting of the user adoption in which represents the use stage 

(Gallivan, 2001). The primary adoption may be easier to be performed because the proposal of 

technology implementation promises immediate benefits such as increasing in efficiency and 

improvements of the organisational performance. Gallivan (2001) argues that the most discussed 

and critical stage is the system usage because the adoption decision can not be guaranteed by the 

users (individual level). In the Green IS studies, the BAO framework’ statements propose a view 

of the adoption process based on three aspects such as beliefs, actions, and outcomes. Its proposal 

offers a holistic view of the adoption phenomenon suggesting an analysis based on multiple 

levels (macro and micro aspects). 

According to Gallivan (2001) researchers have shown that the most common pattern 

within organizations is a consensus-based primary adoption decision (at the management level) 

that represents a decision in company level to adopt the technology, followed by authority-based 

secondary adoption (after implementation), that is, mandated and it consists of the user adoption 

which represents the use stage. Gallivan (2001) argues that the most discussed and critical stage 

is the use stage because in this case the adoption decision can not be guaranteed by the users. In 

this case, the primary adoption may be easier because the proposal of technology implementation 

promises immediate benefits such as increasing efficiency and improvements in organizational 

performance. 

In a wider proposal, Kim and Crowston (2011) suggested a framework where IT 

acceptance follows three steps: pre-adoption, adoption stage and post-adoption (Figure 6). At the 

pre-adoption stage (primary adoption), people may examine a new technology and consider 

adopting it (Kim and Crowston, 2011). At the adoption stage, they form an intention to adopt the 

technology, and they eventually purchase and use it (Kim and Crowston, 2011). At the post-

adoption stage (secondary adoption), people can either continue to use the technology or abandon 

it. If they abandon a technology, they may start to examine another technology at the same time 

in order to substitute their old technology (Kim and Crowston, 2011). 
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Figure 6. Technology acceptance process 

 
Source: Kim and Crowston (2011) 

 

However, the Green IS adoption process seems to pursue a paradigm that goes beyond 

efficiency and productivity. Moreover, empirical findings reveal (e.g. Hedman and Henningsson, 

2016) that Green IS is mainly driven from the bottom-up, not top-down as the traditional IT 

adoption. It means that the environmental concerns start from the individuals who use their 

authority and skills to promote Green IS to the organizational agenda (Hedman and Henningsson, 

2016).  

Organizations have implementing these technologies to engage individuals to change 

their behavior to be more environmentally responsible (e.g., Corbett, 2013), improve the 

environmental performance (e.g., Hilty et al., 2006), and develop strategies for wider 

environmental sustainability projects (e.g., Chowdhury, 2012a). The Green IS becomes an 

instrument of persuasion (e.g., Corbett, 2013) to reinforce changes of attitude and behavior in 

order to pursue a sustainable development paradigm. The BAO framework’ statements seem to 

propose a whole view of the adoption process based on three aspects such as beliefs, actions, and 

outcomes. 

Into the Green IS adoption context, the level of cognitive effort seems do not depend on 

characteristics of the systems, neither on organizational or individual factors involved in the use 

process (secondary adoption). Instead, it means that the cognitive process happens in three stages. 

First, in the initial stage of the acceptance when individuals have to make decision about “what to 

do in facing of environmental issues”. Second, during the Green IS development when 

individuals might decide “how to choose or develop the appropriated technology to attend 

organizational and environment goals”. Finally, during the formulation of strategic decisions 

from the outcomes generated by Green IS.  

It leads the individual for processing information surrounding of complex, fuzzy and 

multilayered issues such as information system, organization, and natural environment. Once the 

Adoption stage(t1) 

Form intention to 

adopt 

Purchase and use 

 

Pre-adoption(t1) 

Examine a 

technology and 

consider to adopt 

 

Post-adoption(t1) 

Continue to use 

or abandon the 

technology 

 



 40 

Green IS adoption process is interdisciplinary research area, it is relevant to rethink the basic 

processes of the green technology adoption in order to discover a new point of view, and/or 

improve theories and models to explain the dynamic of the Green IS adoption process.   

Nevertheless, prior literature does not explore deeply “how” people think and act 

surrounding of the complex issues involved into the entire Green IS acceptance process. Neither 

theory is flexible enough to understand questions such as who participate in the Green IS 

acceptance process, how people with different abilities, knowledge, and beliefs make the decision 

toward Green IS initiatives, who choose and manage the system, who analyze the outcomes of 

the system and how they use it to create strategies for environmental sustainability projects. For 

example, the BAO framework’ statements seem to propose a whole view of the adoption process. 

However, it does not explore deeply each phase (belief, action, and outcomes) of the process and 

how each phase is linked to each other. 

Considering the systematic literature review performed in this research (see Chapter 5), 

among 146 dedicated to the Green IS studies, seven refer to empirical or conceptual studies about 

Green IS adoption (Table 4). From 146, this current study also has selected the most influent 

papers of the Green IS area (Table 5) in order to understand the perspective of the studies with 

the highest scientific contribution (highest score citation index) to the area. 

 

Table 4. Previous international researches about Green IS adoption from 1989 to 2015 

Authors/year Theoretical Framework  Type of theory 
1. Bose and Luo 

(2011) 
 

Technology-organization-environment 

Theory, Innovation Diffusion Theory e  

Process-virtualization-theory 

Prescribe: theory as statement that says how 

something should be done in practice (provides 

information to be followed in practice by 

proposition means)  

2. Jenkin et al. 

(2011b) 
Green IT/S research framework 

adapted from Jenkin et al (2011a) 

3. Gholami et al. 

(2013) 
Belief-Action-Outcome Framework  Predict or explain: theory as a statement of 

relationships between constructs that can be tested 

(leads to propositions that can be empirically 

tested) 4. Koo and Chung 

(2014) 
Self-determination theory and TAM 

5. Koo et al. (2015) Theory of motivation; Reference group 

theory e TAM 
6. Deng and Ji 

(2015) 
Do not specify theory – Descriptive 

research 
- 

7. Bohas and 

Poussing (2016) 
Do not specify theory Econometric model 

Source: Research data based on the type of Gregor’s (2006) theory and on the assumptions of Burrel and Morgan 

(1979) 

 

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=2BNIiMkvK4qo8Kem5xv&field=TS&value=Motivation+theory&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=2BNIiMkvK4qo8Kem5xv&field=TS&value=Reference+group+theory&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=2BNIiMkvK4qo8Kem5xv&field=TS&value=Reference+group+theory&uncondQuotes=true
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Table 4 shows that studies of Green IS adoption have used theories such as technology-

organization-environment theory (TOE) framework developed by Tornatzky and Fleischer 

(1990); innovation diffusion theory (IDT) by Rogers (2003), technology acceptance model 

(TAM) by Davis (1986), belief-action-outcome (BAO) a conceptual framework suggested 

Melville (2010). It indicates that to explain the complex aspects involved in the Green IS 

adoption process, most of studies remain using the traditional theories and models of technology 

acceptance as well as applying methods of the dominant paradigm, assuming a functionalist view 

of the phenomenon. 

Additionally, a majority of the literature explore extensively the initial stage of the 

Green IS adoption (Figure 7). For example, Jenkin et al (2011b) analyze the Green IS acceptance 

process through employee’s perceptions of organizational practices considering motivating 

forces, strategies, and employee behaviors, cognitions, and attitudes. Gholami et al (2013) study 

the motivational drivers of a company when choosing to begin Green IS adoption and its 

subsequent impact on the firm’s environmental performance.  

 
Figure 7. Perspectives of the Green IS acceptance researches 

 
 

Source: Research data (2016) 

 

In order to explain wider adoption process of Green IS (specifically Green IS via 

virtualization), Bose and Luo (2011) grounded a framework that defines the Green IS 

implementation as three stages: pre-adoption (i.e., initialization), formal adoption (i.e., 

integration), and post-adoption (i.e., maturation). First, Green IS initialization is defined as 

evaluating and experiencing the benefits of Green IS to improve a firm’s performance in value 

chain activities such as cost and energy consumption reduction. Second, Green IS integration is 

defined as a shift from the acclimation with the fundamental concepts, benefits and tools of 

Green IS to the strategic consolidation of Green IS (Bose and Luo, 2011). Finally, Green IS 
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maturation in which Green IS becomes an integral part of a firm’s value chain activities. 

However, Bose and Luo (2011) do not explore the natural environment aspects into their 

framework.  

Due to this, the perspective of studies focuses just aspects linked to motivation forces to 

adopt Green IS. The literature has dedicated efforts to understand specifically the initial stage of 

the Green IS adoption without explaining how the Green IS initiatives have been treated into the 

entire adoption process. For example, the BAO framework was used to investigate the Green IS 

adoption process in organizations but it contains no concepts about the design (development of 

innovation) and use of the technology (implementation). It also does not require any understading 

about the organizational actions to undertake Green IS solutions. It tends which important entities 

such as environmental considerations are occasionally mentioned or neglected into the 

discussion, revealing the lack of studies that integrate these issues as part of the Green IS 

acceptance process. 

 

Table 5. Papers with highest impact factor of the Green IS field (papers selected from the findings of the Chapter 5) 

References Source Method Framing Focus/Findings 
1.Melville 

(2010) 
MISQ Literature 

review 
Belief-action-

outcome 
Criticizes the IS field into a holistic vision 

based on relation between information 

technology, organization and natural 

environment, formulating ten research 

questions connected to philosophical 

perspective and theory, research 

methodology and data sources to be 

discussed under BAO framework. 
2.Watson et al 

(2010) 
MISQ Conceptual/an

alytical 
- Formulate nine research questions as a 

starting set of actions in Green IS. 
3.Elliot (2011) MISQ Literature 

review 
- Propose thirteen research hypotheses to 

provide direction for future theoretical 

development and to encourage a cumulative 

research contribution. 
4.Jenkin et al 

(2011a) 
Information and 

Organization 
 

Literature 

review 
- Develop a multilevel research framework 

that discuss motivational forces and 

strategies  for environmental sustainability 

5.Beloglazov et 

al (2012) 
Future Generation 

Computer Systems 
Experiment - The experiment results have shown that this 

approach leads to a substantial reduction of 

energy consumption in Cloud data centers 

in comparison to static resource allocation 

techniques. 
6.Bose and Luo 

(2011) 
Journal of Strategic 

Information 

Systems 
 

Conceptual/an

alytical 
Technology-

organization-

environment 

(TOE) theory, 

Process-

virtualization-

theory (PVT) and 

Diffusion of 

innovation theory 

The defining of a theoretical framework to 

help organizations to assess their potential 

toward Green IT initiatives via the 

virtualization process. 

7.Dao et al Journal of Strategic Conceptual/an Resource-based Develops a theoretical research model and 
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(2011) Information 

Systems 
alytical view an integrated sustainability framework 

involving IT, HRM and SCM resources as 

critical aspects for firms to develop 

sustainability capabilities. 
8.Butler (2011) Journal of Strategic 

Information 

Systems 

Empirical 

study -case 

study 

Institutional theory 
 

The complexity of the institutional 

environment requires sophisticated sense-

making in order to inform decision making 

and to share and or create new knowledge. , 

it was revealed that all these three activities 

require the support of a Green IS in order to 

effectively address the problems of product 

compliance with environmental regulations 

and equivocal normative and cultural-

cognitive mechanisms. 
9.Beloglazov 

and Buyya 

(2011) 

Concurrency and 

Computation 
Experiment 

by 

simulations 

- According to the results of the analysis, we 

have proposed novel adaptive heuristics that 

are based on an analysis of historical data 

on the resource usage for energy and 

performance efficient dynamic 

consolidation of VMs. 
10.Haigh and 

Griffiths (2008) 
International 

Journal of 

Technology 

Management 

Explorative 

qualitative 

study 
 

- Environmental sustainability and 

operational efficiency outcomes were 

analyzed in relation to operational strategies 

surrounding IS implementation and it was 

evident that in many cases these strategies 

were not wholly represented during IS 

design. 
11.Bengtsson 

and Agerfalk 

(2011) 

Journal of Strategic 

Information 

Systems 
 

Qualitative 

study 
Actor network 

theory 
To implement successfully a sustainability 

initiative, a thorough understanding of 

organizational routines and standards is 

required to enrol the affected stakeholders. 

IS can play a central role as tools for 

improving sustainability indicators and 

routines, thereby constituting important 

change actants. 
12.Hilty et al 

(2006) 
Environmental 

Modelling & 

Software 

Experiment 

by 

simulations 

System Dynamics 

approach 
Information and communication technology 

(ICT) applications have relevant potential 

impacts on environmental sustainability on 

various levels: irst-order effects such as 

increasing electronic waste streams; second-

order effects such as energy savings by ICT-

supported facility management; third-order 

effects such as a product-to-service shift 

leading to a less material-intensive 

economy. 
13.Faucheux and 

Nicolai (2011) 
Ecological 

Economics 
Qualitative 

study 
Eco-innovation 

theory 
 

Describe the economic, social and 

environmental impact of IT and presents 

one of the distinctive features of the green 

IT and IT for green. 
14.Watson et al 

(2011) 
Journal of Strategic 

Information 

Systems 

Conceptual/an

alytical 
- A great challenge for society is to build 

physical and informational systems that 

synergistically can change individual and 

organizational behaviors in the direction of 

sustainable consumption and lower 

emissions. Innovations are essential to solve 

these social challenges.  
15.Chowdhury 

(2012a) 
Journal of 

Documentation 
Literature 

review 
- Information systems and services for the 

higher education and research sector 

currently generate massive greenhouse gas 

(GHG) emissions, and it is argued that there 

is an urgent need for developing a green 

information service, or green IS in short, 
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that should be based on minimum GHG 

emissions throughout its lifecycle, from 

content creation to distribution, access, use, 

and disposal. 
16.Beloglazov et 

al (2012) 
Future Generation 

Computer Systems 
 

Experiment - The experiment results have shown that this 

approach leads to a substantial reduction of 

energy consumption in Cloud data centers 

in comparison to static resource allocation 

techniques. 
17.Pitt et al 

(2011) 
Journal of Strategic 

Information 

Systems 

Conceptual/an

alytical 
- Describe several apps for smartphone that 

support the ecologically behavior of users 

and describe how organizations may use 

this tool to promote environmental actions. 
Source: Research data (2016) 

 

Table 5 shows that nine studies in the Green IS field are conceptual/analytical or 

literature review. It indicates that around 50% of the studies with highest scientific impact to this 

theme have worried to develop frameworks either research agenda to stimulate new directions in 

the Green IS field. The Green IS is field considered an interdisciplinary area in which involves 

complex issues involving the relation between information systems, organizational and natural 

environment. Due to this, the literature (Melville, 2010; Elliot, 2011, Jenkin et al., 2011a, Bose 

and Luo, 2011) have incorporated this complex relation in their discussions to point out the 

relevance and lack of the holistic view of the Green IS field.  

The novelty surrounding this subject leads to another concern involving the theory. The 

literature indicates that it is not clear what theories can be applied to assess the complex problems 

involving this relation (Melville, 2010). Scholars would do well to revalidate or develop theories 

more appropriate to explain the adoption of environmental technology of the new millennium 

because previous theories were developed during an era of large-scale corporate information 

systems in an industrial economy (Pitt et al., 2011). Despite these theories and models had 

contributed to the formation of a sound base for the IT adoption area, in the Green IS area, it 

seems to be limited to address questions such as “why” individuals or organizations adopt these 

technological initiatives. However, the debate surrounding environment issues such as “what is 

going on and why” is already gone. The focuses might be on actions, it means, “what is to be 

done”. This would certainly be useful for explaining fuzzy aspects of the Green IS field and 

understanding the relation between IS, natural environment and organization.   

In summary, the results show that, in the Green IS field related to the organizational 

issues, there is a consensus in the literature (e.g., Melville, 2010; Jenkin et al., 2011a; Dao et al., 

2011; Bose and Luo, 2011; Gholami et al., 2013) that the Green IS adoption process involves 
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personal aspects (e.g.; beliefs, values, knowledge, previous experience), external influence (e.g.: 

support regulatory), actions and design (something done by an individual to choose the 

appropriated Green IS), implementation and strategies for environmental sustainability from 

results of the Green IS.  

Yet, it is not clear what theories can be applied to assess the complex problems 

involving the relation between information systems, organizations and natural environment 

(Melville, 2010). Due to this, a major gap that exists in the Green IS research literature is the 

absence of a theoretical framework that can be used to assist organizations in assessing their 

potential for undertaking Green IS solutions (Bose and Luo, 2011). It explains why majority of 

the papers (e.g., Melville, 2010; Watson et al., 2010; Elliot, 2011; Jenkin et al., 2011a; Dao et al., 

2011; Hilty et al., 2006) with highest scientific impact to this theme have worried to develop 

frameworks either research agenda to stimulate new directions to the Green IS field. 

According to Pitt et al. (2011), scholars would do well to develop theories more 

appropriate to explain the adoption of environmental technology of the new millennium. 

Therefore, it is necessary to revalidate the major theories because these were developed during an 

era of large-scale corporate information systems in an industrial economy (Pitt et al., 2011). “If 

IS research is going to contribute to solving global warming, it also needs to adopt an innovation 

orientation”, because the traditional IT adoption research has no impact to address concerns of 

this issue (Watson et al., 2011; Bose and Luo, 2011).  

 

2.4 GREEN BUILDING MANAGEMENT 

 

“The adoption and use of green technologies involves the use of environmental 

technologies for monitoring and assessment, pollution prevention and control, and remediation 

and restoration” (Banerjee and Akuli, 2014: p. 97). Monitoring and assessment technologies are 

used to measure and track the condition of the environment, including the release of natural or 

anthropogenic materials of a harmful nature (Banerjee and Akuli, 2014). Prevention technologies 

avoid the production of environmentally hazardous substances or alter human activities in ways 

that minimize damage to the environment; it encompasses product substitution or the redesign of 

an entire production process rather than using new pieces of equipment (Banerjee and Akuli, 

2014). Control technologies render hazardous substances harmless before they enter the 
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environment (Banerjee and Akuli, 2014). Remediation and restoration technologies embody 

methods designed to improve the condition of ecosystems, degraded through naturally induced or 

anthropogenic effects (Banerjee and Akuli, 2014).  

The green building has achieved a rapid development with the global interest in the 

sustainable development (Hwang et al., 2018). Specifically, “HEIs worldwide put waste 

management activities as a beginning point for campus sustainability initiatives” 

(Tangwanichagapong et al., 2017: p. 204). In this case, controlling consumption is the most 

important goal for effective source reduction and sustainable waste management. For example, 

“decision makers may consider installing or improving water fountains on campus and ensure 

their water quality” (Tangwanichagapong et al., 2017: p. 215). Consequently, it may help to 

reduce the use of plastic bottles. However, Tangwanichagapong et al, (2017) argue that 

“controlling the generation of waste has been quite challenging due to weak regulations and the 

lack of effective policy mechanisms to control waste generation and disposal.” Table 6 shows the 

main eco-innovations allowed by IT for green and its applications main applications within eco-

city, smart buildings, intelligent transport or intelligent energy grids. All these technologies may 

help to minimize the amount of waste by buildings.  

 

Table 6. The main eco-innovations allowed by green technologies 

Areas of applications Applications Economic perspective 
Energy efficiency • Regulation, metering, remote 

management 

• Low consuming technologies 

• Storage and management of 

micro-energy 

• Efficient distribution 

This area benefits from an economic, political 

and regulatory context which is favorable at an 

international level, making it a very attractive 

market. The USA, the countries of Northern 

Europe, Germany and Japan have gained a head 

start. 

Sustainable building • Thermal modelling 

• Thermal, acoustic insulation 

• Intelligent building, home 

automation, remote management 

This is a huge market driven by an economic 

and a regulatory environment at an international 

level. It implies that those in the building sector 

find new technological partners. 

Renewable energies • Solar and wind production 

• Hydrogen 

• Electricity storage 

• Energy conversion 

• Descentralised distribution 

The economic context is very favorable. These 

eco-innovations will start to be widely 

distributed around 2020. Europe is less 

advanced than the USA or Japan in this area. 

Clean transport • Sensors 

• Monitoring networks 

• Flow model 

• Regulation, metering, remote 

management 

The economic regulatory and political context is 

very favourable at an international level. This 

market will expand rapidly from 2015. Europe, 

especially France, is in a good position, but not 

ahead of Japan. 

Source: Faucheux and Nicolai (2011) 
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Banerjee and Akuli (2014) describe four sectors where green technology may be used to 

contribute with the natural environment such as agriculture (organic agriculture), energy 

(efficiency technology, water and waste management, recycling technology, sewage treatment 

and solid waste management, and water purification), green building constructions (sustainable 

building material, and building performance technology), and transportation (rail transport, and 

electric vehicle). 

Specifically, the building sector is the largest contributor to global GHG emissions. 

Buildings use about 40 % of global energy, 25 % of global water, 40 % of global resources, and 

they emit approximately 30 % of GHG emissions (Jadhav, 2016). GHG emissions from buildings 

primarily arise from their consumption of fossil-fuel based energy, both through the direct use of 

fossil fuels and through the use of electricity which has been generated from fossil fuels (Jadhav, 

2016). It is also generated through construction materials, in particular insulation materials, and 

refrigeration and cooling systems (Jadhav, 2016).  

Given these facts, it’s imperative that significant actions be taken towards adoption and 

growth of green buildings, which can lead to significant reduction in GHG emissions especially 

during the operational phase of the building (Jadhav, 2016). Green building is the practice of 

creating structures and using processes that are environmentally responsible and resource-

efficient throughout a building’s life-cycle from siting to design, construction, operation, 

maintenance, renovation and deconstruction (Jadhav, 2016). This practice expands and 

complements the classical building design concerns of economy, utility, durability, and comfort 

(Jadhav, 2016). 

Green buildings are designed to reduce the overall impact of the built environment on 

human health and the natural environment by the efficiently using energy, water, and other 

resources, protecting occupant health and improving productivity, and reducing waste, pollution 

and environmental degradation (Jadhav, 2016). Several kinds of green building technologies can 

be used for improving performance of buldings. Such technologies can be energy consumption 

monitoring, waste management, water use and conservation, alternative transportation, 

construction waste management, carbon dioxide (CO2) monitoring, and so on. For example, the 

energy consumption can be reduced by 30-80% using proven and commercially available 

technologies (Jadhav, 2016). 
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Buildings produce waste such as paper, plastic, glass, food, cans, electronic waste and 

office equipment and furniture during its operational phase. Apart from this, there is construction 

waste during its construction and demolition phases. From recycling and reuse to purposeful at-

source reduction, there are several strategies to reduce the water and waste in buildings (Jadhav, 

2016). 

Apart from construction waste, there is a lot of waste generated by people who occupy, 

use and manage building.  “One of these wastes is the energy consumption. Energy management 

in buildings and the optimization of energy efficiency are of continuously growing importance” 

(Papadopoulou, 2012). “An efficient energy management in residential, commercial, and 

industrial sectors can reduce energy requirements and lead to savings in the cost of energy 

consumed, which also has positive impact on the environment” (Papadopoulou, 2012). “Energy 

management is not only important in distribution systems but it also has great significance in 

generation systems as well” (Papadopoulou, 2012). 

Buildings also consume water for several activities such as the provision of basic 

amenities like toilet and wash-rooms, cooking, landscaping, cleaning and also a significant 

amount of water can be consumed in the air-conditioning systems such as cooling towers. Jadhav 

(2016) higlights that, in buildings, water is typically consumed for the following purposes: 1) 

sanitation (toilets, showers, and wash basins); 2) whasing (laundry and cleaning of floors); 3) 

kitchen (food preparation, washing, and drinking water); 4) equipment (heating, ventilation and 

cooling system use water); and 5) landscaping (maintaining greenery, gardens and plants in the 

building). Kiperstok and Kiperstok (2017) highlight some reasons contribute to the absence of 

appropriate indicators to guide water saving programmes in institutional buildings. The main 

reasons are “users do not directly pay for water bill, they have a wide variety of habits and 

awareness levels to environmental issues, maintenance is generally weak, mainly in public 

institutions, complexity of piping and installations make leaks more difficult to identify, a single 

metering device accounts for large and complex systems, and sanitary devices are used more and 

tend to be defective more frequently” (p. 158). 

Buildings are also achievable for incorporating principles for green transportation. 

Abubakar et al (2016) highlighs some benefits provided for green transportations in a Universtity 

campus such as bus services and pedestrian walkways within the campus, encouraging carpooling 

and bicycling among the university community and charging for on-campus parking are some of 
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the features of green transportation system that the University should implement. This could 

mitigate the traffic jam experienced around the campus, and could reduce the emission of 

greenhouse gases into the atmosphere and the demand for land to provide more parking spaces as 

students, staff, and faculty travel to the campus by car (Abubakar et al., 2016). 

The green building performance is analyzed by metrics such as energy use intensity, 

renewable energy performance metrics, water-use performance metrics, and waste collection and 

recycling rate (Jadhav, 2016). However, users need to be provided with tools and information 

they require to efficiently operate their building (Jadhav, 2016). For example, benchmarking 

comparison to similar buildings means that the excessive users can be motivated to reduce energy 

and water usage (Jadhav, 2016). 

Li and Chao (2014) suggest constructing green university in four ways: improving 

evaluation index system of green university campus, building green landscape campus project, 

implementing green management, strengthening green culture and education. An example of 

application to engage individuals in green building programmes has been developed by Engie in 

collaboration with the Nanyang Technological University Singapore. The technology “gives 

university students and staff the opportunity to make better use of campus resources through an 

interactive and engaging game app on their smartphone” (Jadhav, 2016: p. 150). “The data from 

various users can be then aggregated and some data analytics performed to enable the facility 

managers to take actions to improve the occupant comfort based on their feedback” (Jadhav, 

2016: p. 150). 

The business case for green and smart buildings is often fragmented and not strong due to 

the fact that the stakeholders (e.g., owner, developer, builder, operator and occupant), each have a 

role to play. Often, a well-designed green and smart building is not able to achieve its desired 

environmental performance due to misunderstanding or lack of understanding between the 

occupants or users of the green features provided in the design (Jadhav, 2016).   

Some relevant systems were developed to assess environmental performance of buildings. 

For example, Building Environmental Performance Assessment Criteria (BEPAC) is a 

comprehensive method in Canada for evaluating the environmental performance of buildings 

(BEPAC, 2018). Yet, BEPAC is comprised of a comprehensive set of environmental criteria, 

structured in five major topics such as ozone layer protection, environmental impacts of energy 
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use, indoor environmental quality, resource conservation and site, and transportation (BEPAC, 

2018). 

Another solution is Comprehensive Assessment System for Built Environment Efficiency 

(CASBEE). CASBEE “is a method for evaluating and rating the environmental performance of 

buildings and the built environment”. It was developed by a research committee established in 

2001 through the collaboration of academia, industry and national and local governments, which 

established the Japan Sustainable Building Consortium (JSBC) under the auspice of the Ministry 

of Land, Infrastructure, Transport and Tourism (MLIT)”. 
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CHAPTER 3 

METHODOLOGY  

 

Considering the lack of theories more appropriate to explain the acceptance of 

environmental technology (Pitt et al., 2011), this study adopts the Design Science Research 

(DSR) approach since it is appropriated for understanding the real world associated with messy 

problems. “DSR paradigm has its roots in engeneering and the sciences of the artificial” (Hevner 

and Chatterjee, 2010: p. 11). It is fundamentally a problem-solving paradigm in which address 

problems characterized by 1) unstable requirements and constraists beased on ill-defined 

environmental contexts; 2) complex interactions among subcomponents of the problem; 3) a 

critical dependence upon human cognitive abilities to produce effective solutions; and 4) a 

critical dependence upon human social abilities (e.g.: team work) to produce effective solutions 

(Hevner and Chatterjee, 2010).  

“DSR is motivated by the desire to improve the environment by the introduction of new 

and innovative artifacts and the processes for building these artifacts” (Hilpert and Kranz, 2013: 

p. 317). The Figure 8 shows the information system research framework suggested by Hevner et 

al (2004). It outlines the flow of the design process for the theory or artifact. This process is 

influenced by business needs (relevance) and related to the theoretical knowledge (rigor) as well. 

It often begins by identifying and representing opportunities and problems in an actual 

application environment (Hevner, 2007: p. 89). The relevance cycle provides the requirements for 

the research (e.g., the opportunity/problem to be addressed) as inputs and defines acceptance 

criteria for the ultimate evaluation of the research results (Hevner, 2007). It is interested to 

address whether the design theory or artifact improves the environment and how this 

improvement can be measured (Hevner, 2007). 

On the other side, “design science draws from a vast knowledge base of scientific 

theories and engineering methods that provides the foundations for rigorous design science 

research” (Hevner, 2007: p. 89). The knowledge base contains two types of additional 

knowledge: 1) the experiences and expertise that define the state-of-art in the application domain 

of the research; and 2) the existing artifacts (or theories) and processes found in the application 

domain (Hevner, 2007). Thus, the rigor cycle provides past knowledge to the research project to 

ensure its innovation (Hevner, 2007). This current study is based on an iterative construction 
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approach of the framework grounded in both theory and empirical evidence to estabilish its 

validity, reliability, and practical utility. The empirical data represents additional evidence based 

on expert practitioners in order to corroborate the findings.  

 

Figure 8. Information System Research Framework 

 

Source: Hevner et al (2004) 

 

In the empirical evidence, this current research has defined the scope of the design 

process analyzing the appropriate environment, understanding the roles of the individuals for 

adopting green information systems, the kind of technologies adopted, and the organizational 

strategies and processes into the adoption process. In order to ensure the rigor of the research, the 

knowledge base is initially founded in the previous theories and models of technology adoption 

as well as the literature review about the topic. It has chosen the data analysis techniques multi-

methods as methodology for design the theory for green information systems adoption. The 

application of the knowledge base was essential o develop the theory through analytical and 

multi-case study evaluation (described in the Chapter 6). In summary, this current study has 

attended the seven guidelines described by Hevner et al (2004), ensuring the conduction and 

evaluation for a good design science research (Table 7). 
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Table 7. Design-science research guidelines for green IS adoption  

Guideline Description 

Guideline 1: Design as an artifact An artifact can be constructs, models, methods, and instantiations. This 

research has built a viable artifact for green IS adoption in the form of a 

model (abstractions and representations). 

Guideline 2: Problem relevance The relevance to outline the framework is that studies (e.g., Benbasat and 

Barki, 2007) have speculated that there is a crisis of the technology 

adoption theories due to the proliferation of new versions. Thus, the 

emergence of Green IS adoption studies represents a conflict within this 

context. 

Guideline 3: Design evaluation The utility, quality, and efficacy of the framework have been demonstrated 

by empirical analysis (multiple cases) in order to refine the initial 

framework as well as using informed arguments from the knowledge base 

(theoretical sampling). 

Guideline 4: Resarch contributions The clearest contribution was the creation of a new theory for 

understanding how organizations act to undertake green IS solutions. 

Guideline 5: Resarch rigor The current study has applied rigorous methods in both the construction 

and evaluation of the framework. 

Guideline 6: Design as a search 

process 

The design theory is a heuristic process. It means that it would be flexible 

for future improvements and different ways can be taken to organizations 

overcome the problems associated to the green IS adoption. Thus, in this 

current research, further refinement and reassessment process of the 

framework are typically described in future research directions. 

Guideline 7: Communication of 

research 

The framework is both technology-oriented and management-oriented. 

First, it enables practitioners to design appropriated green information 

systems in order to take advantage in sustainability projects. Second, it 

might provide understanding of how to align the busisess rules regarding 

the sustainability issues with the green IS design.  

Source: Based on Hevner et al (2004) 

 

This current chapter describes the methodological choices in which were based on the 

Design Science to build better design theory for green building technologies adoption area. These 

choices are based on the Hevner and Chatterjee (2010)'s statements. The Figure 9 shows the 

cyclic IS design science research consisting of four major research activites for developing IS 

design knowledge: 1) identify problem situations and desired outcomes; 2) review (kernel) 

theories and previous research; 3) propose/refine design theory; and 4) test design theory. 

First, “design theories and knowledge aim to support solving practical problems in such 

a way reaching desired outcomes” (Hevner and Chatterjee, 2010: p. 222). This current research 

problem is related to the scarce empirical evidence and lack of theory to understand the green 

information systems adoption. The complexity of the issue makes difficult the analyses because 

previous studies keep using the world regularities founded in the traditional IT adoption studies. 

It has produced limited knowledge about the relation organization, technology and natural 

environment involved in the green technology adoption phenomenon.  
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Figure 9. Steps of the design science for green information systems adoption  

 

Source: Based on Hevner and Chatterjee (2010) 

 

Second, the theory should be build to increase the likehood of reaching desired 

outcomes. Thus, design theories should be enhanced through grounding in previous research and 

kernel theories. Third, before propose the theory it is important to define at first the type of theory 

that desire to build. This current study intended to build a theory as statements that say “how 

something should be done in practice”, articulating the way in which green building systems 

should be designed, implemented, and managed in an adoption context (Gregor, 2006). Further 

testing of the desing theory is needed.  

Forth, one important activity in design theory development is tests. There are three 

types of tests: alpha, beta, and gamma (see Hevner and Chatterjee, 2010: p. 223). In this study, 

the test of the design framework was made with gamma test in which two IS researchers 

evaluating the following: 1) Is the design framework understandable?; 2) Is the design framework 

actionable?; and 3) Is it likely that using the design framework will result in desired outcomes?  

Drawing on the test results, the design theory is currently refined. Next, Chapters 4, 5, 6, and 7 

describe the methods used in each step of the design science for green information systems 

adoption as well as its analysis and interpretations.  

Identify problems and desired 

outcomes 

(Chapter 4) 

Review previous literature 

(Chapter 5) 

Propose/refine design 

theory 

(Chapter 6) 

Test design theory 

(Chapter 7) 
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  CHAPTER 4 

IDENTIFY PROBLEMS AND DESIRED OUTCOMES 

 

IT adoption field has influenced the nature of this Green IS studies in terms of 

formulation of research questions, use of same theories to explain the technology adoption and 

use of deterministic research methods to analyze the phenomena. The IT adoption field is a 

mature body of knowledge and represents the study of the IT artifacts and individual’s behavior 

that are investigated into the epistemological positivist perspective. The field has been criticized 

for creating a progress in the accumulation of knowledge, without presenting substantive 

theoretical progress due to continuous replication and small extensions of theories and models, 

keeping within a dominant functionalist approach (e.g., Benbasat and Barki, 2007; Venkatesh et 

al., 2007). This reality indicates that the replication of meta-theoretical issues such as ontological 

and epistemological issues of this field in the Green IS adoption studies can represent a limited 

progress of the area.  

The studies of IT adoption reflect an ontological nature that adapts in an objective 

realist approach, which consider that the world is immutable, concrete and tangible. The realism 

applied to the adoption models does not consider the logic complexity involving the process of 

technology adoption, especially when it refers to the Green IS adoption. For example, the “black 

boxes” of the TAM constructs used in the research of Koo and Chung (2014) assume that the 

reality observed is external to the individual. In this model, the technology characteristics (e.g., 

perceive ease of use) and individual’s behavior (e.g., attitude around the Green IS use) are based 

in a concrete pre-established structure, preventing the subject from think about the relationships 

of the events. The way these variables are treated, lead the subject to become non-thinking being, 

disregarding the idea that each individual can perceive different attributes of the technology and 

have a mutable behavior in different situations. 

Thus, due to the influence of models and theories of adoption, the trend of research in 

this area is to eliminate the subject of context to pay attention to the object of study. However, in 

Green IS adoption phenomenon, the subject needs to understand the subjective elements that 

involve the object of study, that is, the dynamic of the organizations, technology and natural 

environment relation; and the participation of the individual that carries different values, beliefs 

and ideologies around the object as well. These subjective elements are hidden inside the “black 
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boxes” of the models and adoption theories and its mystery is to understand how the adoption 

process works when it intends to introduce Green IS initiatives in organizations.  

Within the epistemological assumption, the IT adoption studies assume a positivist 

position using models and theories that predict and explain the adoption process through the 

search of regularities within organizational, technological and individual aspects. From this 

perspective, researches try to establish causal relationships between such elements, including 

only facts belonging to the laws established by adoption theories. This immutable way to 

communicate the world is perceived in both traditional IT adoption studies (e.g., He et al. 2006; 

Titah and Barki, 2009), and Green IS adoption studies (e.g., Gholami et al. 2013; Koo and 

Chung, 2014; Koo et al., 2015) as well. 

For example, Chen et al. (2009) test a model of IT adoption integrating the Innovation 

Diffusion Theory (IDT) and the Technology Acceptance Model (TAM) from the relationship of 

the operationalized constructs through rigorous scientific procedures. Specifically, in the Green 

IS studies, Gholami et al. (2013) used BAO framework as a declaration of relationships between 

constructs operationalized from previous studies. It represents evidence that IT adoption field 

remains creating an illusion of the progress in the accumulation of knowledge in which is known 

as “cumulative tradition illusion” (Benbasat and Barki, 2007). Such researches limit the study by 

focus only on variables relationships that are predefined.  

However, this process is challenger because the emergence of new theories is commonly 

preceded by a period of professional insecurity, since it requires a break of the paradigms and 

major changes in the problems and techniques of the normal science (Kunh, 2006). Although 

researchers recognize the subjectivity of the context involving organizational elements, Schreiber 

and Pinheiro (2008) point out that the trend of the studies of the technical areas is to measure 

variables based on quantitative and positivist views. In particular, in the traditional IT adoption 

studies, the positivist view may be related to the fact that the technology has become an 

epistemological tool of simplification and unconscious manipulation that are taken by rationality 

(Morin, 2005). 

But, despite the phenomenon of Green IS adoption studies requires a more integrated 

and subjective view of the reality, recent researches (ex.: Bose and Luo, 2011; Koo et al. 2015) 

are still using conventional methods represented by theories that try to explain the adoption 

phenomenon within a reductionist and fragmented view of the reality. But this functionalist 
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mainstream contradicts the nature and proposal of the Green IS research. Talking about adoption 

of Green IS solutions, the positivist proposal seems not meet the nature of the phenomenon due to 

the existence of complex (e.g., society, organization and individual) and large elements inserted 

in the environmental matters (Melville, 2010). In addition, the Green IS proposal brings implicit 

the idea of conscience and responsibility that the individual and society establish with the natural 

environment and the need to understand how technology fits into this relationship.  

Therefore, it is necessary to establish whether these models and previous theories that 

explain the IT adoption initiatives can be applied to the Green IS studies (Molla, 2009). This 

makes the Green IS adoption field an opportunity for future advances in the area. The technology 

adoption theories are going through a crisis characterized by the proliferation of new versions, 

and in this case, the emergence of Green IS adoption studies represents a conflict within this 

context. When crisis or conflicts appear, it means a sign that it is time to renew the instruments 

(Kunh, 2006).  

 

Figure 10. Schema of concepts of the Green IS adoption context 

 
Source: Elaborated by researcher (2017) 

 

Figure 10 shows the complex relation between the elements involved in the Green IS 

adoption context. This context is complex “because organizations (and individuals) operate in an 

environment of densely interconnected networks, in which the wider ramifications of decisions 

cannot be ignored” (Eden and Ackermann, 2001). Each individual holds he/she own personal 
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subjective view of the problem. Such characteristics would influence in the interest of the 

organizational members to the economic and environmental issues as well as increase their 

potential do understand the effect of organizational’s activities on the environment and their 

motivations to adopt new technologies.  

Since that Green IS studies propose an analysis complex between technology, 

individuals, and natural environment, the functionalist approach inherited from the traditional IT 

adoption field can compromise the development of the area and discourage scientific progress in 

the Green IS adoption field. However, the challenge is to identify the paths to be followed and the 

theories to be used to embrace in an appropriate way the complexity of the phenomenon 

(Machado et al., 2015). Thus, to address the general research question, the researcher needs to 

access detailed information to provide valuable and deep insights about the phenomenon. This 

investigation has as unit of analysis the green information systems adoption for monitoring 

environmental indexes of sustainability projects in the University context. In general the Green IS 

adoption process still represents an unclear area on the literature. A better understanding might 

address issues of uncertainly such as “what needs to be done or how best to proceed towards 

environmental concerns in organizations”. 
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CHAPTER 5 

PREVIOUS LITERATURE 

 

This Chapter considers the methods, analysis, and interpretations performed for review 

the previous research. It aimed to address the following research questions: “how has the green 

IT/IS literature developed over time?” (RQ1) and “what are the main research fields within a 

scientific domain of green IT/IS?” (RQ2), attending the first specific goal of this study. To do so, 

a systematic literature review was necessary to map the science towards the Green IS field. First, 

it was performed the review of theories of the traditional IT adoption and Green IS studies. 

Second, it was performed the review of previous literature about Green IS in which was based on 

two analysis: 1) scientometric analysis to mapping the performance and analyzing the progress of 

the general green information technology and systems (Green IT/IS) literature, and 2) systematic 

literature review to identify the main topics of research and its relations.  

 

       Figure 11. Steps for the Systematic Literature Review 

 

      Source: Adapted from Higgins and Green (2011) 
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The IS field has received a solid stream of research dedicated to improve the quality of 

literature reviews (Okoli, 2015). However, previous studies have focused only on certain parts of 

the process and none of them employs rigorous and standardized methodology for a systematic 

process of literature review that has developed from the health sciences and others fields (Okoli, 

2015). To present a comprehensive and transparent systematic process, we explored and adapted 

the Cochrane Systematic Review (CSR) instructions described in the Cochrane Collaboration1 as 

well as the standards of trustworhiness by Paré, Tate, Johnstone, and Kitsiou (2016). CSR has 

been developed to promote a systematic review of the health discipline and has spurred 

collaboration in areas like education and environment (Billota, Milner, and Boyd, 2014). CRS 

method was chosen as it provides clear and rigorous guidance to collect the existing evidence 

appropriated with pre-specified criteria to address the research questions for the literature review.  

Figure 11 shows five stages of producing a systematic literature review followed by this current 

research. This study describes bellow details about the methods, analysis and interpretations of 

the review theories and previous research. 

 

5.1. METHODS FOR REVIEW PREVIOUS LITERATURE 

 

Scientometric analysis is considered one of the most important measures to assess the 

scientific production and a reliable way to track the scientific community (Kumar and 

Kaliyaperumal, 2015). Scientometric analyzes the measures of impact of the journals and 

researchers (e.g., Jesubright and Saravanan, 2014). It is useful to provide an understanding of the 

scientific citations (e.g., Bhardwaj, 2016) and to support the mapping of the science to identify 

research themes (e.g., Uddin, Singh, Pinto, & Olmos, 2015).  

The analysis was based on citation network in order to offer an overview of the research 

domain (Sakata, Sasaki, Akiyama, and Sawatani, 2013). Citation network analysis has received 

limited attention in the scientometric literature (Van Eck and Waltman, 2014). However, it is 

useful to provide a historiographic view of a certain scientific domain. For example, through 

citation network, it is possible to understand the starting point of a scientific field, its 

predecessors and successors bibliographic and the main researches of the area (Van Eck and 

                                                 
1  http://handbook.cochrane.org/ 

http://handbook.cochrane.org/
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Waltman, 2014). For further clarification, Garfield, Pudovkin, and Istomin (2002) and Garfield, 

Pudovkin, and Istomin (2003) are important studies about this subject. 

Citation networks also allow the analysis of mapping of science. The mapping aims to 

provide insight into the structure of a network (Waltman et al., 2010) and it can be made through 

clustering technique (e.g., Van Eck and Waltman, 2014). Specifically, we follow Waltman et al. 

(2010) in developing fit questions to address specific topics of our study. Thus, it has examined 

the following two research questions (RQ): 1) how has the scientific domain of green IT/IS 

developed over time? (RQ1) and 2) what are the main research fields within a scientific domain 

of green IT/IS? (RQ2). 

To address RQ1, we first examine the visualization of the citation network to describe the 

historiographic structure of the green IT/IS field by identifying the core publications. Thus, it has 

examined bibliometric indexes such as h-index and scientific production and impact factor of 

journals and researchers. To address RQ2, it has performed the science mapping analysis through 

clustering analysis to identify the main topics of research and its relations.                   

To outline the green IT/IS literature, it was used the Web of ScienceTM Core Collection 

(WoS) using the indexes Science Citation Index Expanded (SCI-EXPANDED) and Social 

Science Citation Index (SSCI). The WoS was preferred because it offers access to the 

bibliographic and citation information to the world’s leading citation databases2 and it also offers 

enough resources to support citation network analysis (Van Eck and Waltman, 2014). The WoS 

also rank top countries, journals, scientists, papers, and institutions by field of research 

(Bhardwaj, 2016).  

The search process was conducted on May 10, 2016 using the following keywords 

combined through Boolean operators (AND, OR): “green IT”, “green information technology”, 

“green IS”, “green information systems”, “information systems”, “environmental sustainability”, 

“information technology”, “IT for green”, “IS for green”, “green computing”, covering all the 

years to rescue the historical progress of the area. 

In the search refining process, we included only publications defined as article published 

in English. The analysis dropped out publications defined as: proceedings paper, letter, editorial 

material, book review, book chapter, among others. Following Jenkin et al. (2011a), this research 

did not restrict the search to journals of information systems and management. ‘Sustainability’ 

                                                 
2  www.thomsonreuters.com 

http://www.thomsonreuters.com/
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journals were also explored in order to satisfy research requirements which involves information 

systems and environmental sustainability (e.g., Melville, 2010), and to provide insights from a 

theoretical perspective to understand how studies have associated information systems and 

environmental sustainability disciplines. 

Therefore, papers were refined into 13 categories: Computer Science Information 

Systems, Information Science Library Science, Environmental Sciences, Engineering 

Environmental, Management, Computer Science Theory Methods, Operation Research 

Management Science, Computer Science Software Engineering, Computer Science 

Interdisciplinary Applications, Business, Environmental Studies, Computer Science Hardware 

Architecture and Economics.  

Search strategies followed an iterative process in which the keywords were modified as 

the search tests were conducted (Billota et al., 2014). After certain stage, the rewards to further 

search were not worth the effort required to identify the additional references when the search 

process returned fewer relevant references (Bilotta et al., 2014).  

 

Table 8. Criteria for inclusion of titles, abstracts, and keywords 

Participants Individuals in organizations (e.g., managers, stakeholders, user of systems, customers, 

academics, students, consumers) or social systems (e.g., communities, countries, 

municipalities) 
Interventions Interventions focusing the use of technology and information systems in organizational, 

economic, social and environment settings related to concerns/solutions of environmental 

sustainability 
Comparisons Do not specify exclusion criteria 
Outcomes Implementation assessment or investigation of environmental, socioeconomic, organizational 

and/or technological outcomes 

Source: Adapted from Bilotta et al. (2014) 

 

Two steps was performed to identify the included and excluded papers: 1) inclusion of 

papers belonging to the core publication subnetwork; 2) analysis of titles, abstracts and keywords 

of papers out of core publications subnetwork in order to make decision about inclusion and 

exclusion process. 

Following Bilotta et al. (2014), inclusion criterion considered key components based on 

PICO (Participants, Interventions, Comparisons and Outcomes), because they adapted the 

analysis of the components for environment issues. The general inclusion criterion (Table 8) was 

applied in the papers that were identified out of core publication subnetwork. Inclusion criterion 
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was based on four PICO components adapted by Bilotta et al. (2014) for environmental topics. 

Yet, qualitative and quantitative papers of any study type were included.  

Thus, titles, abstracts and keywords were analyzed to add papers focusing on 

environmental issues related to information technology and systems (IT/IS) in economic, social 

and environmental contexts. Papers focusing on environmental ethics (e.g., Vogel, 2001), green 

marketing (e.g., Ku, Kuo, Wu, and Wu, 2012), technical issues (hardware and programming) 

about energy efficient and datacenter (e.g., Pedram, 2012), botany field (e.g., Contreras, Galindo, 

Morillas, and Lorenzo, 2003) and others were dropped from the analysis (see Appendix C). 

Figure 12 shows the results of inclusion and exclusion stage. Initial screening on WoS 

found 894 papers that, after refining process, it was reduced to 265 papers which were loading 

into Citation Network Explorer (CitNetExplorer). It obtained a citation network consisting of 265 

papers and 264 citation relations for the period 1986-2016. Among the 265 papers, 135 core 

publications (citation subnetwork) were identified and 130 papers had no citation relation (input 

and output) to other papers. 

 

                   Figure 12. Flow diagram of included papers 

Source: Research data (2006) 

894 papers found in Web 

of Science database 

265 papers after refining process 

and loaded into CitNetExplorer 

135 core 

publications 

130 papers out of 

core publications 

11 papers after 

semantic analysis 

Total: 146 papers included 
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A core publication is a publication that has at least a certain minimum number of citation 

relations (inputs and outputs) with other core publication (Van Eck and Waltman, 2014). To 

identify the core publication, it is common to get rid of unimportant publications in the periphery 

of a citation network (Van Eck and Waltman, 2014). In this paper, a core publication was defined 

as a paper that has at least one citation relation with other core publication. Based on this 

criterion, 135 (92.5%) papers were included as core publications consisting of a subnetwork with 

264 citation relations for the period 1994-2016. 130 papers were identified as unimportant in the 

citation network; however, a semantic analysis (titles, abstracts and keywords) based on PICO 

was performed. Of the 130 papers, 11 (7.5%) were accepted for inclusion criterion. The final 

decision included 146 papers in the analysis. 

Some tools were developed to analyze citation networks, for example, HistCite Program 

by Garfield et al. (2002) and CitNetExplorer by van Eck and Waltman (2014). CitNetExplorer is 

the earliest tool published in Journal of Informetrics in 2014 that can handle much larger citation 

networks than HistCite (Van Eck and Waltman, 2014). CitNetExplorer can be used to study the 

development of a research field, to outline the literature in a research area (e.g., science mapping) 

and to support the literature review (Van Eck and Waltman, 2014). 

However, CitNetExplorer analyzes citation networks of individual publications; it is 

limited to analyze other kind of networks such as networks of journals and researchers (Van Eck 

and Waltman, 2014). Besides, VOSviewer software can generate the list of top journals with 

highest scientific production and researchers (including co-authorship). 

 

Table 9. Script used in the content analysis 

Subject Script 

Motivation motivation:=belief|values|coercive pressure|mimetic pressure| 

motivation*|inhibitors|attitude|behavior|incentive|regulation|knowledge|normative|social 

norms|external forces|motivating forces|ecological forces 

Development development:=infrastructure|artifact|training|device|optimization|technological 

structure|deploy*|design*|supply|technique|implement*|develop* 

Strategy strategy:=strateg*|thinking|goal|tactic|generalship|action 

plan|policy|polic*|program|develop* 

Computer architecture architecture:=artifact*|infrastruc* 

Cloud computing cloud:= cloud*|data center*|infrastruc* 

Computer performance performance:=performance*|efficiency|infrastruc* 

Carbon and energy carbon:=carbon*|energy*|efficiency|infrastruc* 

Source: Resarch data (2017) 
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The analysis was performed on topic of h-index and science mapping. Thus, 

CitNetExplorer and VOSviewer tools were preferred because they are particulary useful to work 

on data from the WoS database and offer appropriate features to analyze citation networks as well 

(Van Eck and Waltman, 2014; Van Eck and Waltman, 2010).  

The science mapping was performed through clustering technique of the core 

publications. The label process of clusters was performed through semantic analysis of core 

publications with internal citation score (ICS) >=1. Yet, this current study used resources of 

Atlas.ti version 8 in order to perform a content analysis to improve the results and reduce 

probable bias from the semantic analysis. Table 9 shows the terms used in the content analysis of 

the papers. Based on this, five clusters were identified and labeled into two research topics using 

the semantic information of titles, abstracts and keywords of papers. To obtain the smaller 

number of clusters that provide a more meaningful sense of a significant area group, we used a 

value of 0.65 for the resolution parameter. 

 

5.2 ANALYSIS AND INTERPRETATIONS FOR REVIEW PREVIOUS LITERATURE 

 

Due to the uncertainties of terms for Green IS, this research performed the literature 

review in Green IT/IS. The next sections describe the scientometric analysis and literature review 

of the green technology and information systems (Green IT/IS) field. The scientometric analysis 

was guided by two research questions (RQ): 1) How the Green IT/IS literature has developed 

over time? (RQ1) and 2) What are the main research fields within a scientific domain of green 

IT/IS? (RQ2). 

Research Question 1: How the Green IT/IS literature has developed over time? 

Figure 13 provides an overview of the structure of the Green IT/IS field over the last 22 

years. The visualization of the citation subnetwork was generated by core publications. It shows 

only the 100 most frequently cited papers of the subnetwork. The location of the paper in the 

vertical dimension has been determined by the year and its horizontal dimension by the closeness 

of citation relations among papers (Van Eck and Waltman, 2014). Impact factor of core 

publications has h-index = 8, it means the eighth paper of the top list of the most cited papers 

(Appendix A – Table A1) is the point in the sequence where the number of citations is equal to 

the number of papers published in the Green IT/IS field. 
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According to the Figure 11, the oldest paper of the core publication network is titled “It’s 

not easy being green” published in 1994 by Walley and Whitehead in Harvard Business Review 

which was cited for three (ICS = 3) papers into the subnetwork. There is an absence of 

publication between 1994 and 2005 in the green IT/IS area in journals in the WoS database. The 

emergence of the theme is clearly perceived in the period 2006-2016 where there is a high 

concentration of papers that constitutes the denseness of the citation subnetwork. In this most 

productive period, the precursor is entitled “The relevance of information and communication 

technologies for environmental sustainability – a prospective simulation study” published by 

Hilty et al. (2006) which was cited only four times (ICS = 4), which means this paper does not 

contribute much to the progress of science of green IT/IS into the citation subnetwork. 

 

Figure 13. Core publication citation subnetwork of the science mapping of Green IT/IS (100 most cited papers) 

 

Source: Generated by CitNetExplorer (2016) 

 

Papers included in the analysis process are provided in Appendix A (Table A1) and 

Appendix B (Table B1) where the papers are ranked according to the number of citation received 

by other papers. Table A1 shows the papers of core publication and Table 2 shows the papers out 

of core publications that have not any relation citation with other papers of the citation network, 
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however, they were included in the analysis because attend to the inclusion and exclusion criteria 

of the Review Protocol. 

Out of the included 146 papers, 8 (5.5%) are papers of the h-index of the core publication 

subnetwork which were cited at least by eight other papers (ICS >=8), such as: Melville (2010) 

with ICS = 39, Watson et al. (2010) with ICS = 36, Elliot (2011) with ICS = 19, Jenkin et al. 

(2011a) with ICS = 14, Beloglazov et al. (2012) with ICS = 14, Bose and Luo (2011) with ICS = 

10, Dao et al. (2011) with ICS = 10 and Butler (2011) with ICS = 9. The paper published by 

Melville (2010) titled “Information Systems Innovation for Environment Sustainability” was the 

most cited paper in the citation subnetwork during the period 2011-2015. The influence factor of 

his paper has higher value ICS = 39, meanings that 39 papers of the citation network cited this 

paper. It indicates that Melville contributes significantly to the green IT/IS field.   

The second paper with higher influence is titled “Information Systems and 

environmentally sustainable development: energy informatics and new directions for the IS 

community” published by Watson et al. (2010). Next, the paper titled “Transdisciplinary 

perspectives on environmental sustainability: a resource base and framework for IT-enabled 

business transformation” by Elliot (2011), is the third paper with higher influence in the citation 

subnetwork (cited by 19 papers). These papers were published in MIS Quarterly which indicates 

among journals of the citation subnetwork, MIS Quarterly is a journal with higher influence in 

the development of the Green IT/IS field.   

In sequence, 4 (2.7%) papers contribute significantly to the area such as: Beloglazov and 

Buyya (2012) with ICS = 7, Haigh and Griffiths (2008) and Molla and Abareshi (2012) with ICS 

= 6 and Bengtsson and Agerfalk (2011) with ICS = 5. The rest of the papers have ICS <= 4, 

which 5 (3.4%) papers are cited four times (ICS = 4), 6 (4.1%) papers are cited three times (ICS 

= 3), 11 (7.5%) papers are cited twice (ICS = 2), 29 (19.8%) papers are cited only once (ICS = 1) 

and, finally, 83 (56.8%) papers are not cited by any other paper (ICS = 0). However, out of these 

83 papers, 38 were published in 2015 and 2016 which are too recent to judge their scientific 

contribution to the Green IT/IS field. Majority of these early papers have ICS = 0, only the paper 

of Wang et al. (2015) received one citation (ICS = 1). 
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Figure 14. Number of papers per year (1994-2016) 

 

Source: Data extracted from CitNetExplorer (2016) 

 

Figure 14 and Table 8 are based on 146 papers included in the analysis (see Appendices A 

and B). During the period 1994-2008, a total of 5 (3.4%) papers were published in the WoS, but 

the annual growth in this period kept unchanged. The scientific production increased between 

2009 and 2013, but decreased in 2014 to 25 papers with a negative percentual of change in the 

year (-19.35%). The highest number of publications is observed in 2015 with 32 (21.8%) papers 

published with 28% of change in number of publications. Only 6 (4.1%) papers were published in 

2016 (until the data of the search). These results suggest that the green IT/IS field is in its initial 

stages of growth (Table 10). Despite this, the findings highlight that the annual average growth of 

publications during 1994-2016 is 49%. 

Papers were published in 86 journals in the WoS database. Considering the h-index value, 

out of 86 journals, only 4 (4.7%) journals have papers with highest influence and scientific 

contribution to the green IT/IS field, such as: MIS Quarterly, Information and Organization, 

Computer Science, Theory & Methods, and Journal of Strategic Information Systems. Table 10 

shows top ten ranking journals with higher scientific production during the period 1994-2016. 

Findings reveal that the journals with higher number of papers published in the green IT/IS area 

are the following: Journal of Supercomputing with 9 (10.5%) papers, and Journal of Strategic 

Information Systems and Future Generation Computer Systems with 8 (9.3%) papers each, 

followed by Information Systems Frontiers and MIS Quarterly with 5 (5.8%) papers each, 

Business & Information Systems Engineering with 4 (4.7%) papers, Cluster Computing and 

Sustainability with 3 (3.5%) papers each and  IEEE Transactions on Computers, and International 
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Journal of Information Management with 2 (2.3%) papers each. Although MIS Quarterly is not 

the top in the list, it is considered the journal with higher impact factor (19.20) in the green IT/IS 

field. On the other hand, Journal of Supercomputing has the highest number of publications, but 

its impact factor (0.67) is the lowest value in the list. 

 

Table 10. Trend of publications in green IT/IS field during 1994-2016 

Publication Year Nº of 

publications 
% of 146 Change in nº of 

publications 
% change over year 

2016 6 4.11 -26 -81.25 

2015 32 21.92 7 28 

2014 25 17.12 -6 -19.35 

2013 31 21.23 11 55 

2012 20 13.70 3 17.65 

2011 17 11.64 12 240 

2010 5 3.42 -- -- 

2009 5 3.42 4 400 

2008 1 0.68 -- -- 

2007 1 0.68 -- -- 

2006 1 0.68 -- -- 

1997 1 0.68 -- -- 

1994 1 0.68 -- -- 

Source: Annual average growth = (∑ of % change over year)/number of years (Bhardwaj, 2016). 

 

Among top ten journals, Future Generation Computer Systems keeps the frequency of 

publications for two years (Table 11). Next, only MIS Quarterly and Business & Information 

Systems Engineering keep the frequency of publication for three years. Journal of 

Supercomputing and Cluster Computing published papers in the field for two years. Majority of 

journals published papers for only one year such as Journal of Strategic Information Systems, 

Information Systems Frontiers, IEEE Transactions on Computers, International Journal of 

Information Management, and Sustainability. 
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Table 11. List of top ten journals with highest number of publications in the period 1994-2016 and its respective 

impact factor (ordered by number of production) 

Journal Production Nº of 

Years 

Total of 

citations 

Impact factor 

Journal of Supercomputing 9 2 6 0.67 

Journal of Strategic Information Systems 8 1 43 5.38 

Future Generation Computer Systems 8 4 19 2.38 

Information Systems Frontiers 5 1 3 0.60 

MIS Quarterly 5 3 96 19.20 

Business & Information Systems Engineering 4 3 1 0.25 

Cluster Computing 3 2 0 0.00 

Sustainability 3 1 2 0.67 

IEEE Transactions on Computers 2 1 1 0.50 

International Journal of Information Management 2 1 0 0.00 

Note: Top ten extracted from VOSviewer. Calculating the impact factor available in Journal of Citation Reports 

<http://wokinfo.com/essays/impact-factor/>. Production: number of papers published by the journal. Nº of years: 

number of years published by journal. Total of citation: sum of citations of all papers published by the journal. 

Impact factor: impact factor of the journal (total of citations/production) 

 

Table 12 shows researchers with highest number of publications during the period 

1994-2016 defining a threshold of at least 3 publications (including co-authorship). Considering 

the threshold, results reveal that Enokido and Takizawa have both 5 papers and are the 

researchers with highest output published in the field. They are closely followed by Aikebaier, 

Koo, and Molla with 4 papers published each. Majority of researchers published only 3 papers. 

Other researchers of the subnetwork citation produced two papers or less within this period. 

 

   Table 12. List of researchers with publications during the period 1994-2016 (Threshold >= 3) 

Researchers / Years of publications Production Nº of years Total of 

citations 
Impact factor 

Enokido, T (2010, 2013, 2014) 5 3 5 1 

Takizawa, M (2010, 2013, 2014) 5 3 5 1 

Aikebaier, A (2010, 2013, 2014) 4 3 5 1.25 

Koo, C (2013, 2014, 2015) 4 3 3 0.75 

Molla, A (2013, 2012, 2014) 4 3 7 1.75 

Benitez-Amado, J (2012, 2015) 3 2 3 1 

Buyya, R (2011, 2012) 3 2 24 8 

Chen, Q (2013, 2014) 3 2 4 1.33 

Chen, Y (2009, 2012, 2015) 3 3 4 1.33 

http://wokinfo.com/essays/impact-factor/
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Chowdhury, G (2013, 2012) 3 2 5 1.67 

Chung, N (2014, 2015) 3 2 1 0.33 

Park, SH (2012, 2013) 3 2 0 0 

Xiao, Z (2013, 2014) 3 2 4 1.33 

Source: Top ten extracted from VOSviewer. Calculating the impact factor available in Journal of Citation Reports 

<http://wokinfo.com/essays/impact-factor/>. Production: number of papers published by researcher. Nº of years: 

number of years published by researcher. Total of citation: sum of citations of all papers published by each 

researcher. Impact factor: impact factor of the researcher (total of citations/production). 

According to the data, Enokido, Takizawa, Aikebaier, Koo, Molla, and Chen, Y kept 

the production in the green IT/IS field for three years. The rest of the researchers in the list 

published during two years. In general, the annual frequency in which researchers have published 

can be considered low. Among the most productive researchers, Buyya is the researcher with 

highest scientific contribution (IF = 8) in the green IT/IS field. However, all his papers were 

published in co-authorship. It is also important to mention researchers in the list do not 

necessarily have the highest impact factor in subnetwork citation. To exemplify, researchers with 

lowest number of publications such as Melville, and Beloglazov published only two papers in the 

area, but their impact factor values are considered high with IF = 19.5 and IF = 10.5, respectively. 

Research Question 2: What are the main research fields within a scientific domain of green 

IT/IS?  

It was identified two macro-clusters in the core publications labeled as “green IT/IS 

management” and “green computing”. In order to improve our analysis, the papers were included 

in the ITS research stream according to a classification provided by Sidorova et al (2008). Table 

13 shows papers loaded in each field and its respective theme (sub-clusters), considering papers 

cited at least once by other papers in the core. 

Researches of the “green IT/IS management” field cover the mainstream literature 

towards management issues, IT/IS and environmental sustainability. On the other hand, the 

“green computing” field comprises research exploring technical issues related to design of 

hardware or software to improve the green performance of technological resources in order to 

manage carbon and energy.  

The “green IT/IS management” is the largest macro-cluster that consists of 74 papers 

published during the period 1994-2016. Drilling down into this cluster, the citation subnetwork 

shows the relation structure of main papers on the h-index, starting with the publication by 

http://wokinfo.com/essays/impact-factor/
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Walley and Whitehead (1994) and ending with the recent publications by Li et al. (2016), 

Shrivastava et al. (2016) and Pollard (2016). Among 8 papers on the h-index, 7 papers were 

loaded into this macro-cluster. Results show that the h-index constitutes “green IT/IS” macro-

cluster and it represents the denseness of the citation network. It means it is considered to cover 

the core of the science mapping of the green IT/IS literature. 

The papers loaded in this field are classified into the WoS categories that comprise the 

variety of disciplines from natural science (e.g., computer science, ecology, and operational 

research), social and behavioral sciences (e.g., management and business), and engineering 

sciences (e.g., manufacturing, environmental, electrical and eletronic). However, despite covering 

management and IT/IS issues, majority of these papers belong to disciplines from natural science. 

It reveals that majority of the papers in this field have been published in journals covering 

resources of the acquisition, processing, storage, management, and dissemination of electronic 

information and holding bibliographic studies, information ethics, information processing and 

management, scientometrics, special libraries, etc (TR, 2017). 

Yet, papers in “green IT/IS management” field cover three themes developed and 

labeled by the authors such as “motivation for green IT/IS” (IT and individuals), “development of 

green IT/IS” (IS development), and “strategic management of green IT/IS” (IT and 

organizations). First, the “Motivation for green IT/IS” theme explores organizational 

motivational subjects on improving or adopting corporate environmental sustainability. 

Mainstream literature of this theme analyzes the motivational forces towards adoption and use of 

green IT/IS. The debate follows the stream of research in IT/IS adoption in order to examine the 

green IT/IS phenomenon using classical theories of IT adoption such as Theory of Reasoned 

Action and Theory of Planned Behavior (Chow and Chen, 2009). Nevertheless, the research 

within this theme highlights alternatives for dominant paradigms, offering new models of 

research (belief-action-outcome framework) and an interdisciplinary perspective for the 

sustainability phenomena (Melville, 2010). Furthermore, researchers validate the Melville’s 

model in order to understand the antecedents and consequences of green IT/IS adoption (Gholami 

et al., 2013). In general, empirical studies found motivational forces such as organizational and 

sociocultural (Jenkin et al., 2011b), market (Molla and Abareshi, 2012), regulatory (Cai et al., 

2013) individual’s attitudes (Koo and Chung, 2014), among others.  
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Table 13. Research topics labeled based on core publications subnetwork for papers with highest scientific 

contribution (Threshold >= one citation)  
Disciplines (nº of papers 
by categories of WoS) 

Main fields 
(macro-cluster) 

Themes and subjects 
(sub-clusters)** 

Sources 

Natural Sciences 
CS - Information Systems 
(20) 
CS - Information Science 
and Library Science (17) 
CS – Hardware and 
Architecture (2) 
CS – Theory and Methods 
(2) 
CS – Interdisciplinary 
Applications (1) 
Ecology (1) 
Environmental Science (2) 
Environmental Studies (1) 
Operations Research and 
Management Science (2) 
 
Social and Behavioral 
Sciences 
Management (8) 
Business (3) 
Planning and Development 
(1) 
Economics (1) 
 
Engineering Sciences 
E - Industrial (1) 
E - Manufacturing (1) 
E - Environmental (1) 
E - Electrical and Electronic 
(1) 
E - Multidisciplinary (1) 
Telecommunications (1) 

Green IT/IS 
management  

Motivation for Green 
IT/IS  
 

• Adoption and use 

• Behavior, attitude 
and intention 

• Beliefs and values 

• Motivating and 
inhibitor forces 

Chow and Chen, 2009;  Melville, 2010; 
Jenkin et al., 2011b;  Molla and 
Abareshi, 2012; Cai et al., 2013; 
Gholami et al., 2013; Loock et al., 2013;  
Wunderlich et al., 2013; Koo and 
Chung, 2014. 

Development of Green 
IT/IS  
 

• Analysis and 
design 

• IT/IS artifact 

• IT infrastructure 

• Impact of IT/IS 

Hilty et al., 2006;  Haigh and Griffiths, 
2008; Watson et al., 2010; Schuman 
and Kranz, 2013; Seidel et al., 2013; 
Park and Jeong, 2014 

Implementation and 
strategy of Green IT/IS  
 

• IT/IS resources 

• Strategy 

• Implementation 

• Evaluation 

• Innovation 
 

 

Bengtsson and Àgerfalk, 2011; Buttler, 
2011; Jenkin et al., 2011a; Jenkin et al., 
2011b; Bose and Luo, 2011; Dao et al., 
2011; Desautels and Berthon, 2011; 
Elliot, 2011; Faucheux and Nicolai, 
2011; Hedman and Henningsson, 2011; 
Pitt et al., 2011; Watson et al., 2011; 
Zhang et al., 2011;  Benitez-Amado and 
Walczuch, 2012; Chou and Chou, 2012; 
Li et al., 2012b;  Ryoo and Koo, 2013; 
Wang et al., 2015 

Natural Sciences 
CS - Information Systems 
(3) 
CS – Hardware and 
Architecture (4) 
CS – Theory and Methods 
(12) 
CS – Interdisciplinary 
Applications (1) 
Operations Research and 
Management Science (1) 
 
Engineering Sciences 
E - Electrical and Electronic 
(8) 
Telecommunications (1) 
 

 
Green 
computing 

 
Computer architecture  

Enokido et al., 2010; Murphy et al., 
2010; Wang et al., 2011; Enokido et al., 
2014a; Ihm et al., 2014 ; Lee et al., 
2014; Park et al., 2014 

 
Cloud computing 

Beloglazov and Buyya, 2011; 
Beloglazov et al., 2012;  Nowak et al., 
2012; Xiao et al., 2013; Song et al., 
2014 ; Xiao et al., 2014  

 
Computer performance 

 
Garg et al, 2011 

 
Carbon and energy 

Gao et al, 2012; Wang et al, 2013 
 

Source: Research data (2016). Categories extracted from WoS database. . WoS classification by Leiden Univerisity 

http://www.cwts.nl/pdf/nowt_classification_sc.pdf. CS: Computer Science. E: Engineering. 

* Consider that each paper can belong to one or more categories 

** Sub-clusters for Green IT/IS were developed by the authors based on content analysis; sub-clusters for green 

computing were automatically developed by the CitNetExplorer software and confirmed by the authors.  

http://www.cwts.nl/pdf/nowt_classification_sc.pdf
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The second theme is named “development of green IT/IS”. It covers the stream of 

literature that analyzes IT/IS applications for environmental sustainability. These scholars focus 

on the debate in two areas. First, some studies investigate the positive and negative impacts of 

IT/IS applications on the environmental sustainability initiatives focusing on effects in the 

environment, production, and process (Hilty et al., 2006) and IS design and implementation 

(Haigh and Griffiths, 2008). Second, they discuss the development of systems, technological 

artifact, IS design, and methods to support sustainable business process (Watson et al., 2010; 

Loock et al., 2013; Schuman and Kranz, 2013; Seidel et al., 2013; Park and Jeong, 2014). 

Finally, the third theme is named “implementation and strategy of green IT/IS” that 

explores how the phenomenon of green IT/IS contributes to corporate sustainablility strategies. 

This debate starts the discussion with proposing ways for the IS community to engage and make 

decisions around development of environmentally sustainable business practice (Butler, 2011). 

The stream of reseach on strategy focuses on explaining how organizations work with green 

IT/IS practices (Dao et al., 2011; Desautels and Berthon, 2011; Hedman and Henningsson, 2011; 

Pitt et al., 2011; Benitez-Amado and Walczuch, 2012), and how innovative information systems 

can play a central role to support changes that affect the principles of the sustainability and 

improve its indicators and routines (Bengtsson and Àgerfalk, 2011).  

Specifically, the research on strategy, studies discuss variables such as business 

transformation (Bose and Luo, 2011; Elliot, 2011), transportation systems (Watson et al., 2011), 

system design (Zang et al., 2011); human resources (Li et al., 2012b), business value (Ryoo and 

Koo, 2013) for understanding what strategies are necessary to achieve environmental 

sustainability goals and how aligning these strategies with firm’s resources. Yet, Jenkin et al 

(2011) has developed a multilevel research framework discussing motivational forces and 

strategies for environmental sustainability.  

Moreover, the “green computing” (IS development) field consists of 46 papers published 

during the period 2009-2016. Chow and Chen (2009) define green computing as the study and 

practice of using computing resources efficiently in order to minimize the environmental 

pollutions. This current study considers green computing the technical part of the study and 

practice for developing or selecting infrastructure of hardware and software in order to implement 

technological solutions (e.g., technological features) for reducing amount of toxic waste (e.g., 

carbon and nitrogen) which we release as emissions into our air, water, and land. Papers in this 
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cluster address technical issues specific to the discipline of the natural sciences (e.g., computer 

science) and engineering sciences (e.g., electrical & electronic). Most of the papers are published 

in the Theory & Methods discipline in which includes the top ten Journal of Supercomputing. In 

general, papers of green computing field have been published in journals covering “experimental 

computer processing methods or programming techniques such as parallel computing, distributed 

computing, logic programming, object-oriented programming, high-speed computing, and 

supercomputing” (TR, 2017). 

Yet, four themes were identified in this field. However, it was more difficult to label 

them since they mainly cover technical issues towards energy efficiency. Thus, we labeled these 

themes as “computer architecture”, “cloud computing”, “computer performance” and “carbon 

and energy”. First, “computer architecture” theme explores components of software and hardware 

interacting with computer systems in order to evaluate or design energy efficiency platforms. 

Research in this theme covers issues such as analysis of algorithms in terms of power 

consumption (Enokido et al., 2010; Enokido et al., 2014a), designing methods to use limited 

computer resources efficiently (Ihm et al., 2014) and proposal of advanced systems capable of 

automatically tracking objects with economy of computer resources (Park et al., 2014). 

Conceptual papers in this theme provide discussion about advanced architectures and execution 

models to support green computing resources (Murphy et al., 2010) and to describe the energy 

efficiency computing problems, as well as to identify strategies to tackle such problems (Wang et 

al., 2011). 

Second, “cloud computing” theme comprises research exploring cloud computing 

technologies. Studies discuss energy efficiency and performance in cloud computing platforms 

(Beloglazov and Buyya, 2011; Beloglazov et al., 2012), dynamic of resource allocation using 

cloud computing environment (Xiao et al., 2013), adaptative resource provisioning for the cloud 

(Song et al., 2014), and automatic scaling of Internet applications (Xiao et al., 2014). Research in 

this theme uses the concept of green IT to discuss particular issues around the manamegement 

and optimization of business process and cloud patterns (Nowak et al., 2012). 

Finally, two last smaller themes were the “computer performance” theme highlighting 

performance issues as one of the core discussion of the research and “carbon and energy” theme 

embracing discussions about Internet applications for solutions of carbon management (Gao et 

al., 2012) and develop scheduling heuristics to reduce energy consumption (Wang et al., 2013). 
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However, 15 papers do not belong to a cluster (Appendix 1 –Table A1) in which most of them 

belong to categories of Computer Science - Hardware and Architecture. Only one paper (Kern et 

al., 2015) belongs to environmental studies discipline. 

In summary, the findings reveal that green IT/IS management field covers the 

intellectual core of the Green IT/IS research. Thus, we have defined cut-off points in the 

clustering analysis to identify future directions into this field. In general, the stream research has 

investigated organizations undertaking green IT/IS initiatives. We conclude that for organizations 

undertaking green IT/IS initiatives, there are three phases: 1) investigating motivational forces, 2) 

IS development process, and 3) implementating of green IT/IS and strategies for environmental 

sustainability. 
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CHAPTER 6 

PROPOSE AND REFINE DESIGN THEORY 

 

This Chapter describes the methodology, analysis and interpretations performed to 

attend the third and fourth research questions: “which design framework can be properly used to 

understand the green IS adoption process” (RQ3) and “how is the framework reflected on te 

practice?”, respectively. It has attended the second and third specific goals of this study. 

The design theory is intended to contribute toward a deeper understanding on the Green 

IS adoption context. These analyses were performed to integrate data for developing an initial 

integrative framework addressing the Green IS adoption assumptions. It was performed following 

the stages of descriptive theory building by Hevner and Chatterjee (2010). To build the 

framework this current study has proceed through three steps: observation, classification, and 

association (Figure 15). The activities for the framework building started at the bottom of the 

pyramid called observation. The observation step intends to observe the phenomenon and 

carefully describe and measure it (Hevner and Chatterjee, 2010). It includes investigating things 

such as people, organizations, technologies, and process (Hevner and Chatterjee, 2010). The 

measures must be were documented in words to identify constructs of the phenomenon, helping 

to understand and visualize what the phenomenon is and how it operate. 

 

Figure 15. Stage of the descriptive theory building 

 
Source. Hevner and Chatterjee (2010). 

 

Further, with the phenomena observed and described, the analysis was moved up the 

pyramid to the second stage in which it was classified the phenomena into categorization 
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schemes (Hevner and Chatterjee, 2010). Such categorization schemes attempt to simplify and 

organize the world in ways that highlight possibly consequential relationships between the 

phenomena of interest in order to build frameworks (Hevner and Chatterjee, 2010). Finally, it 

was explored the association between the category-defining attributes and the outcomes observed 

(Hevner and Chatterjee, 2010). The association step was intended to specify relationships among 

constructs. 

 

Figure 16. Stages for the development of the framework 

 

Source: Developed by the researcher (2018) 

 

Considering the stages for theory building, this current study developed a design theory 

guideline (Figure 16) adopting a research iterative and cyclic processes, performing two cicles of 

data collection: theoretical sampling and empirical sampling for the theory buildin. Theoretical 

and empirical samplings aimed to identify the general principles of the Green IS adoption 

through deductive and inductive process, respectively. Steps for developing of design the theory 

for Green IS adoption are described bellow. First, it describes the methods, analysis, and 
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interpretations for the theoretical sampling cycle, suggesting the initial framework. Next, it 

describes the methods, analysis, and interpretations for the empirical sampling cycle, suggesting 

the refined framework. 

 

Research Question 3: Which design framework can be properly used to understand the green IS 

adoption process 

Next sections describe the methods, analysis, and interpretations to address the RQ3. 

 

6.1 METHODS FOR THEORETICAL SAMPLING 

 

The theoretical sampling was performed to build the initial framework and decide which 

variables are most important, which relationships are likely to be most meaningful, and, as a 

consequence, what information should be collected and analyzed. It means, identifying the initial 

and general elements of the framework such as constructs (measures), categories of the constructs 

and associations based on the literature. Steps of the design are described bellow as following: 1) 

observation; 2) categorization; and 3) association.  

The clustering analysis carried out in the scientometric study was useful to identify 

constructs (concepts) of the phenomenon. Therefore, such constructs were identified throught 

semantic analysis of the papers related to the Green IT/IS management field. In order to ensure an 

objective process, the constructs were initially categorized into categories of the technology 

acceptance process by Kim and Crowston (2011) named as pre-adoption, formal adoption and 

post-adoption. The adoption of categories as a theoretical concept in each stage also followed the 

mainstream of the literature review to seek specific data such as motivational factors, technology 

implementation and strategies. Finally, the categories were associated according to the relations 

identified in the previous literature (e.g., Bose and Luo, 2011). As an outcome of the first cicle, 

the design theory generated the initial framework. 

 

6.2 ANALYSIS AND INTERPRETATIONS FOR THEORETICAL SAMPLING 

 

In this section are described the analysis and interpretations of the theoretical sampling 

for Green IS adoption in order to build the initial framework. This process follows the three steps 
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of the descriptive theory building by Hevner and Chaterjee (2010): observation, classification, 

and association. 

 

6.2.1 OBSERVATION 

  

The constructs of the phenomenon were identified following the study fields found out 

on the literature review such as motivation for Green IS adoption, development of Green IS, and 

implementation (system usage) and strategy of Green IS. The constructs of the phenomenon are 

decribed bellow. 

 

6.2.1.1 Motivational factors for Green IS 

 

Green IS adoption process involves complex, fuzzy, and multilayer issues about 

information systems, organizational and natural environment that demand a certain level of 

cognitive activities to make a decision about adopting it or not. Thus, in the initial stage, various 

motivational drivers may influence the progress of an organization’s Green IS adoption (Table 

14). 

 

Table 14. Motivational forces of the Green IS adoption from “motivation for green IT/IS” theme 
Sources Drivers Description 
Chow and Chen 

(2009) 
Subjective norm “People who perceive greater social pressure to participate green 

computing have a more positive atttitude toward it (8).” p. 137 
Perceived behavioral 

control  
“Detailed beliefs influence general perception toward green computing 

(1,10).” p. 138 
Jenkin et al 

(2011b) 
Technological  “Technological capabilities/innovations influence the degree to which 

organizations can implement Green initiatives” p. 273 
Organizational “Power of internal stakeholders (including employees), leaderships, 

structure, policies, financial considerations, and their influence on 

environmental strategy” p. 274 
Regulatory-market  “Standards, fulfilling requirements/requests of customers, market 

(competition), and regulatory pressures influence the degree to which 

organizations will want to implement Green initiatives.” p. 275 
Sociocultural  “Values, beliefs, worldviews, and trends in society related to the 

environment, the influence of media as well as organizations' need for 

social legitimacy.” p. 276 
Ecological  “Current resource levels, consumption rates, and level of degradation, all of 

which affect the choice of environmental strategy.” p. 277 
Molla and 

Abareshi (2012)  
Eco-efficiency motives “Desire to improve eco-sustainability while at the same time pursuing cost 

cutting objectives” p. 96 
Eco-effectiveness motives “Beliefs and value system of an organization to achieve socio-political 

outcomes out of deep concern for the natural environment” p. 96 
Eco-responsiveness motives “Eco-sustainability desire due to green opportunities or in response to 

actions of competitors, customers, and suppliers” p. 96 
Eco-legitimacy motive  “Desire to improve eco-sustainability dut to political and social pressures 

facing a company” p. 96 
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Cai et al (2013) Public concerns “It represents the opinions and concerns from public, customers, and social 

groups.” P. 494 
Regulatory force  “Regulations represent another typical political force and have kept up 

pace with the growing public concern. Compliance with laws/regulations 

has been identified as one of the most important reasons for companies to 

go green and be environmental friendly (e.g. Barrieu and Sinclair-

Desgagne, 2006; Carter and Jennings, 2004; Chen et al., 2009).” p. 494 
Cost leadership  “…a firm can obtain competitive advantage by selling products or services 

with the lowest cost in its industry.” p. 495  
Differentiation  “...a firm can use differentiation strategies to create unique features for its 

products or its services.” p. 495 
Gholami et al 

(2013) 
Coercive pressure “Coercive isomorphism, on the other hand, is driven by both formal and 

informal pressure from other firms; e.g. those in the supply chain.” p. 432 
Mimetic pressure “Mimetic isomorphism is normally the firm’s response to uncertainty when 

the course of action is unclear. It occurs because many other firms have 

adopted a technology or practice and the positive impacts achieved because 

of this action.” p. 432 
Consideration of future 

consequences  
“It required the respondents to state the extent to which they consider the 

potential distant outcomes of their current behavior and the extent to which 

they were influenced by these potential outcomes.” p. 433 
Loock et al 

(2013) 

Attitude Intrapersonal factor that determine the individual’s behavior 

Intention “Behavioral intentions, again, are determined by attitudes toward the 

behavior, perceptions of social norms, and perceptions of behavioral 

control.” p. 1315 

Subjective norms Interpersoanl factor that determine the individual’s behavior 

Emotions Mental short-cuts reducing or bypassing cognitive deliberation entirely 

undermining the assumptions that underlie the models of rational choice 

(Hassell and Cary 2007) 

Wunderlich et al 

(2013) 
Perceived ease of use “it reflects the amount of expected mental and physical effort necessary to 

use a system (Davis 1989).” p. 359 
Perceived usefulness  “Perceived usefulness captures the degree to which a consumer believes 

that adopting HEMS enhances the effectiveness of energy management 

tasks, primarily related to monitoring and regulating energy consumption.” 

p. 359 
Perceived behavioral 

control 
“perceived behavioral control is related to the consumer’s subjective 

degree of control over adopting and using transformative services such as 

HEMS.” p. 359 
Subjective norm “the subjective norm implies that consumers use HEMS to get approval 

from friends, neighbors, or family members.” p. 359 
Koo and Chung 

(2014) 
Eco-technological 

knowledge 
“Environmental knowledge represents the factual information that people 

possess about the state of the environment and the influence of human 

actions on the environment.” p. 144 
Intrinsic motivation “Intrinsic motivation refers to the innate tendency to do an activity for the 

inherent satisfaction of the activity itself (Deci and Ryan, 1985). Intrinsic 

motivation drives individuals to act out of personal choice and interest 

(Pelletier et al., 1998).” p. 142 
Integrated regulation “Integrated regulation occurs when identified regulations are fully 

assimilated to the self, such that regulations have been evaluated and 

brought into congruence with one's values and needs.” p. 142 
Identified regulation  “The identified regulation represents an improvement in self-determination 

in which the individual deliberately chooses to engage in certain behavior.” 

p. 145 
Introjected regulation “Introjected regulation is related to feelings of anxiety and coping more 

poorly with failure than with success.” p. 142 
External regulation “Continuous Smart Green IT use intention.” p. 147 

Source: Research data (2017) 
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The drivers may be divided in two types: internal and external forces (Table 15). Internal 

forces are organizational factors including economic, technological and sociocultural issues. The 

economic issues embrace the pursuing for cost reduction (Molla and Abareshi, 2012), meeting for 

demands from the market environment (Molla and Abareshi, 2012), and obtaining competitive 

advantage and differentiation strategies (Cai et al., 2013). The technological issues embrace 

issues such as the organizational’s potential to create technological innovation (Jenkin et al., 

2011b), and the potential of the technology to reduce the indivdual’s mental and physical effort 

(Wunderlich et al., 2013). Finally, the sociocultural issues represent organizational structure and 

policies, and individual’s factors (e.g.: values, beliefs, worldviews, trends, power, intention, 

feelings) in relate to their general perception toward the technology (Chow and Chen, 2009; 

Loock et al, 2013), their influence on environmental strategies (Jenkin et al., 2011b), their 

behavior towards the potential outcomes of the Green IS (Gholami et al., 2013), their 

environmental knowledge and action (e.g., individuals act out of personal choice and interest) on 

the environment (Koo and Chung, 2014). 

 

Table 15. Summary of the motivational forces 
Source Internal forces External forces 

Economic Technological Sociocultural Social Pressure Ecological 

Chow and Chen (2009) - - x x - 

Jenkin et al (2011b) x x - x x 

Molla and Abareshi (2012) x - x x - 

Cai et al (2013) x - - x - 

Gholami et al (2013) - - x x - 

Loock et al (2013) - - x x - 

Wunderlich et al (2013) - x x x - 

Koo and Chung (2014) - x x x - 

Source: Research data (2017) 

 

Some of these motivational forces such as the perceived ease-of-use and usefulness 

represent a functional and traditional mainstream. It points out that the adoption process depends 

on how people perceive the technology regarding the efficiency of work processes. Nevertheless, 

in Green IS adoption process, the business needs to adopt goals beyond organizational efficiency. 

It means “to embrace sustainability, restoration, and regeneration as standard organization 

aspirations” (Watson et al., 2010). For example, if the overall goal is to increase energy 

efficiency and reduce CO2 emissions, the way in which the system will be deployed to achieve 

these goals will be dependent on a blend of motivational forces (Watson et al., 2010). It means 
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that environmental goals depend on these forces direct the organizational attention to 

fundamental factors of environmental concerns. 

The external forces represent the influence of external context on the organization’s 

actions to implement environmental initiatives. The literature has explored two kinds of external 

forces: social pressure and ecological. Social pressure appears as political pressure from 

government regulations and standards (Jenkin et al., 2011b; Molla and Abareshi, 2012; Cai et al., 

2013), opinions and concerns of society for more sustainable actions in organizations (Jenkin et 

al., 2011b; Wunderlich et al., 2013), formal and informal pressure from other organizations 

(Gholami et al., 2013). These factors have been empirically explored and the literature has found 

controversial results. Chow and Chen (2009) supported the hypothesis that “people who perceive 

greater social pressure to participate green computing have a more positive attitude toward it” 

(Chow and Chen, 2009: p. 137). On the other hand, Cai et al. (2013) found out that public 

concerns and regulatory forces are not positively related to the adoption of IT for green. The 

ecological force appears when the environmental factors (e.g., current resource levels, 

consumption rates, and level of degradation) affect the choice of environmental strategy (Jenkin 

et al., 2011b).  

Previous literature has developed frameworks to explain the influence of these factors on 

Green IS adoption scenario. For example, Bose and Luo (2011)’s model suggests that the degree 

to which organizations decide to initiate Green IS are driven by variables derived from 

technological (e.g.: virtualization), organizational (e.g., economic expectation of enhancing 

efficiency), and environmental contexts. Jenkin et al. (2011b)’s framework points four factors 

(technological, sociocultural, social pressure, and ecological) influencing the organization’s 

decision to act in an environmentally sustainable way as well as the environmental sustainability 

strategies. 

 

6.1.1.2 Aspects of development for Green IS 

 

The traditional approach to system development aims to “analyze the client’s 

requirements and deliver a system to meet their expressed needs” (Watson et al., 2011: p. 60). To 

do so, the IS development project requires a collaboration between business and technology 
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experts to design suitable systems that integrate “business details” with technological solutions 

“serving the needs of business operations as well as strategic demands” (Lee et al., 2015).  

Nevertheless, the emergence of new actions for environmental sustainability supported 

by technology prompts a reinterpretation of information systems and assessment of work 

practices to address the environmental goals. From this point of view, the orientation of the Green 

IS initiatives might also result in a system with functions and structure that meets natural 

environment’s requirements demanding collaboration of stakeholders (e.g., environmental 

experts, society, suppliers) into the IS development process (Watson et al., 2010).  

In the literature, authors have attempted to discuss the design of environmental IS-

related. The design-oriented approach has been employed to understand Green IS persuasive 

potential of increasing the sustainable behavior of organizational individuals (e.g., Corbett, 

2013), and to develop and evaluate the Green IS prototypes related to its features to gather, store, 

integrate and analyze environmental indicator data (e.g., Schumann and Kranz, 2013). However, 

the Green IS design has been explored during the using personal process. Few contributions have 

analyzed it focusing an approach in how organizations plan and act towards 

development/acquisition of environmental IS-related.  

Table 16 shows that the previous literature highlights three relevant elements for Green 

IS design: 1) kind of the technological application and its features (e.g., primary task support); 2) 

organizational sectors (e.g., processes, areas, and stakeholders) affected by technology and/or 

interested in environmental solutions; and 3) the environmental areas affected by organization.  

 

Table 16. Design of the green technology from the “development of green IT/IS” theme 
Sources Elements of design Description 
Hilty et al. (2006) Technology 

(Type of application) 
• e-business; 

• virtual mobility (telework, teleshopping, virtual meetings); 

• virtual goods (services partially replacing material goods); 

• ICT in waste management; 

• intelligent transport systems; 

• ICT in energy supply; 

• ICT in facility management; 

• ICT in production process management. 
Economic and social sectors of 

the organization 
• transport sector 

• industry sector; 

• domestic sector; 

• agriculture; 

• energy industry; 

• service sector. 
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Environmental needs • green house gas emission; 

• energy intensity of the economy;  
• volume of transport to gross domestic; 

• modal split of transport; 

• urban air quality; 

• municipal solid waste landfilled or incinerated. 
Haigh and 

Griffths (2008) 
Organizational issues (business 

rules) 
• procurement; 

• purchase methods; 

• leave applications; 

• training bookings; 

• timesheets; 

• information services; 

• regulatory services. 
Environmental needs 

 
• Time required; a standard business process metric; 

• number of people involved; 

• sheets of A4 paper consumed; 

• amount of time computers were used by operators (encapsulating a 

basic monitor and processor setup). 
Schuman and 

Kranz (2013) 
Technology 

(Primary task support - functions, 

activities, features) 

• decision-making; 

• knowledge creation; 

• sense-making. 
Environmental needs • CO2 emissions calculated based on fuel receipts. 

Seidel et al (2013) Technology 

(Primary task support - functions, 

activities, features) 

• Monitoring, analysis, presentation; 

• Information access, interaction; 

• Configuration, controlling; 

• File sharing, communication. 
 Organization • beliefs, actions, and outcomes; 

• enable imagination, articulation, and assessment of alternative 

actions and outcomes based on environmental sustainability 

considerations; 

• influence the decision making. 

 Environment • consumption of paper or other nonrenewable; 

• harmful; 

• environmentally undesirable resources 

Source: Research data (2017) 

First, several kind of application (e.g., Hilty et al., 2006; Watson et al., 2010) may be 

adopted by organizations to address the environmental issues. The literature (Hilty et al., 2006; 

Watson et al., 2010) highlights technologies for energy efficiency (e.g., ICT in energy supply), 

sustainable building (e.g., ICT in waste management), clean transport (e.g., intelligent transport 

systems), renewable energies (e.g., ICT in energy supply), and others. In addition, the function 

and purpose of a technological structure bring elements (e.g., the potential to integrate 

technological components) that are influenced by external forces (e.g., stakeholders). For 

example, the requirements’ systems define that the Green IS must provide specific information 

about the environmental performance for managers, consumers or government (Watson et al., 

2010). It means that the technological functions (e.g., activities, features) need to recognize 

interdependencies between data, technological components (e.g., prevention technologies), and 

organizational goals. 
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Second, the functions of technology will depend on understanding towards 

organizational sectors affected and/or interested in environmental solutions. Each type of 

application attempts to address different economic and/or political perspectives (Faucheux and 

Nicolai, 2011) as well as benefiting a specific organizational sectors and stakeholders (Hilty et 

al., 2006). Hilty et al. (2006) point out that these technologies may provide advantage for several 

sectors such as transport sector, industry sector, domestic sector, agriculture, energy industry, and 

service sector. Further, the information systems’ potential to increase or reduce environmental 

impacts depends on how the business rules are evaluated and applied by organizations. For 

example, if some business rules (e.g., timesheets submission process, purchase methods) are not 

questioned, the individuals will not wholly consider environmental strategies into the IS design 

(Haigh and Griffths, 2008). It means that the information on environmental impacts always has to 

be understood in its particular business context in order to promote shifts in the business rules 

(Haigh and Griffths, 2008). In addition, these technologies also will affect a variety of 

stakeholders such as supplies, consumers and governments (e.g., Watson et al., 2010).  

Third, an environmental IS-related need to provide data for measuring environmental 

indexes and tools for analyzing and interpreting adequately information (Schumann and Kranz, 

2013). Some of these indexes are volume of green house gas emission, volume of transport to 

gross domestic, index of urban air quality, and municipal solid waste landfilled or incinerated 

(Hilty et al., 2006; Schuman and Kranz, 2013). It means organizations must develop/acquire 

technological solutions aligned with ecological goals, integrating technology and environmental 

resources. To do so, these goals must be considered as well as consistent with the IS design (High 

and Griffths, 2008; Corbett, 2013). Table 17 synthesizes results of these elements. 

 

Table 17. Summary of the design of the Green IS 
Source Design of the Green IS 

Technical issues Organizational issues Environmental 

needs 

Type of application Primary task 

support 

Business rules/areas/stakeholders  

Hilty et al. (2006) x - x x 

Haigh and Griffiths 

(2008) 

- - x x 

Schuman and Kranz 

(2013) 

- x - x 

Seidel et al. (2013) - x - - 

Source: Research data (2017) 
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Synthesizing the features of the technology to attend sustainability projects, Seidel et al 

(2013) identify three relevant functional affordances of information systems for environmental 

sustainability transformations, creating an actionable context in the environmentally sustainable 

business practices. First, Seidel et al (2013) describe that one of the technical issues category 

represents individuals’ interpretation of information systems through their goals for action. 

“Acting on the perceived functional affordances leads to new intentions about the use of the 

material properties of an information system, in turn enabling new work practices” (Seidel et al., 

2013: p. 1280). 

Second, the organizational issues refer to the “reconsideration of belief formation, 

action formation, and outcome assessment related to work practices” (Seidel et al., 2013: p. 

1282). Yet, it enables “dissemination and interaction about sustainability-related information 

from both internal and external sources, the diffusion and network cultivation of information as 

well as opportunities to participate in and influence the decisions made as part of the initiative” 

(Seidel et al., 2013: p. 1282).  

Finally, the environmental issues “enable the management of environmentally harmful 

outputs and the associated resource consumption of work practices” (Seidel et al., 2013). 

Moreover, it enables work practices to become location-independent and thus reduce negative 

sustainability impact stemming from resource movement to location of work (Seidel et al., 2013). 

The analysis of these elements suggests that several technical and social issues of the 

organization in which need to be addressed, comprehended, and related to each other “to ensure 

IS are designed to operate efficiently” (Haigh and Griffths, 2008). However, developing these 

systems can be problematic because several data relating to operations, people and the 

organization’s relationship with the natural environment can not be collected by the organization 

(High and Griffths, 2008). Watson et al. (2010)’s framework relates the stakeholders with 

different types of technology, identifying how this relation can aim the reducing society’s energy 

consumption. Yet, Hilty et al (2006) combine economic sectors with environmental indicators to 

identify the IT applications with potential environmental effects. It suggests that identifying this 

relation looks reasonable to select technological features associated with environmental needs. 

Searching an interdisciplinary orientation, theories such as TOE framework incorporate 

relevant elements to the adoption process. One of these elements represents the “characteristics of 
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the technologies which are available for possible adoption by organization, and the current state 

of technology can be expressed in both material (e.g., equipment owned by the organization) and 

immaterial (e.g., methods currently in use)” (Bose and Luo, 2011). Empirically, Bose and Luo 

(2011) have performed a limited analysis of the integration between technology and environment 

into the TOE framework. These authors describe the technological context in a functional view in 

which involves the analysis of equipment and processes of the technology, characteristic and 

resources of the firm, size and structure of the industry, the competitors and regulatory 

environment. But they do not offer any analysis incorporating the technology features to attend 

the environmental indicators. 

The maker decisions might provide alternative solutions for green technologies that 

attend the needs of the natural environmental (Hilpert et al., 2013). It will bring some benefits for 

the organization. For example, the selection of the technology with suitable features to address 

the environmental issues will enable informed decision making in organization (e.g., by 

providing accurate reports), knowledge creation, and contribute to sustainability goals 

(Schumann and Kranz, 2013). To do so, the set of indicators (e.g., environmental and 

organizational) must be admitted during the project (Hilty et al., 2006), ensuring that the Green 

IS provide features adequate to attend the initial requirements.  

According to Seidel et al. (2013) the way that Green IS can be designed to aid 

sustainability challenges emerges when the features of information systems (technology) are 

“interpreted as affording action possibilities (task) congruent with the imposed new action of 

individuals (people)”. Thus, this stage is not interested to address technical issues (e.g., 

infrastructure of IT, devices, algorithm) related to the design of Green IS. Instead, it requires a 

system requirements approach focusing on how the organization materialize the primary 

adoption, acting to plan the technology design aligning organizational goals, integrating resources 

(technological, organizational, and environmental), and understanding environmental indicators 

to implement tools of Green IS.  

In summary, this research question is interested to understand the organizational actions 

that incorporate the key environmental elements into the Green IS design. It means how 

organizations act to design the appropriated technology to attend organizational and 

environmental goals. It attempt to address which type of application has been chosen, which the 

primary tasks are supported by the application, which elements are relevant and must be 
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analyzed, processed, and stored by a Green IS design, which organizational sectors and/or 

business rules are affected by Green IS and/or who are the interested in environmental solutions, 

and which environmental indicators has been analyzed to integrate the Green IS. It will provide a 

good understanding of the ecological problems and the role of the information systems to address 

such issues. 

 

6.2.1.3 Implementation (system usage) and strategies for Green IS 

 

The Green IS development/acquisition process will lead the organization to the next step 

considered the use of the system. In this stage individuals make the decision to implement the 

technology. According to Bose and Luo (2011), in the adoption process, the IS implementation 

means “putting it to use”. The concept of “use” as the post-adoption stage is employed along with 

technology adoption in order to describe the continued use behavior of technology (Kim and 

Crowston, 2011). IS usage might be defined as the utilization of technology in a certain context 

(Kim and Crowston, 2011). 

In the traditional IT adoption studies argue that post-adoption is the most discussed and 

critical stage of the process because the adoption decision can not be guaranteed by the users 

(Gallivan, 2001). Usually, the factors related to this decision depend on individuals’ perceived 

ease of use and usefulness of the system for their work practice. In the Green IS initiatives we 

believe that one of the reasons might be related to the readiness level of the organization to 

process information provided by the system and produce knowledge to broad their sustainability 

projects.  

In the Green IS area, it is necessary to understand the role of the information systems in 

enabling and driving environmental sustainability actions (Melville, 2010). The basis of Seidel’s 

et al (2013) research is that “the primary role of information systems in sustainability 

transformation is to create action possibilities for sensemaking and sustainable practicing”. It 

represents a key transformative power that information systems provide to organizations in 

becoming environmentally sustainable (Seidel et al., 2013). 

Thus, ensuring the successful implementation “information systems act as a change 

agent in green initiatives, contributing to sustainable work practices, enabling the development of 

sustainable capabilities, and forming beliefs about environmental sustainability” (Seidel et al., 
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2013: p. 1278), and providing information necessary for the strategy formulation process. 

However, the sustainability strategies require of organizations an understanding of social and 

environmental impacts caused by its activities (Dao et al., 2011). In special, managers of 

universities need to understand how their buildings may impact the natural environment and the 

society to better interpreting the outcomes provided by Green IS. It might improve the developing 

of strategic decisions towards sustainable development issues. In this stage, individuals may 

incorporate factors such as beliefs, values and regulations into strategic decisions and it may 

influence the manner how they develop strategies and actions to attend the eco-goals to 

contribute to long-term for the environmental sustainability in their organizations.  

Considering the concept of the triple bottom line framework, the strategies can be 

categorized into three elements essentials for the sustainability: economic, social, and 

environmental. Table 18 highlights the results of the distribution of these elements for each 

paper. The literature highlights that economic strategies are related to the minimization of 

product’s environmental impacts through redesign of production processes (Jenkin et al., 2011b), 

cost for materials purchasing, fee for waste treatment, and fine for environmental accidents (Ryoo 

and Koo, 2013), cost and efficient of process (Bengtsson and Agerfalk, 2011), reducing of 

margins, efficiency savings, cost shifting, and pricing strategies (Desautels and Berthon, 2011).  

 

Table 18. Strategies and goals of the green information systems 

Sources Strategies  Description 
Butler (2011) Economic - 

Social - 
Environmental - 

Bengtsson and Agerfalk 

(2011) 

 

 

Economic • An increase in orders placed at framework agreement suppliers; 

• Better options for renegotiating the framework agreements because of 

their improved utilization, with larger orders and less transportation;  

• New routines pointing to a decrease in cash and carry purchases;  

• A decrease in internal administration and invoices caused by joining 

orders; 

• A decrease in total cost per package because of more efficient 

transportation. New routines worked well. The change to fixed delivery 

dates and ordering deadlines helped the work-places to improve their 

ordering routines. This had positive effects on their main activities. 
Social Eleven of the 13 interviewees stated that the project had increased their 

awareness of the sustainability impact of transportation 
Environmental The CO2 emissions from internal transportation decreased from 824.3 kg 

during October–December 2007 to 159.0 kg for the same period in 2008 (a 

decrease of more than 80%). For external transportation, there was an 

approximate decrease of 36%, based on the decrease in transportation 

directly to work-places and an overall decrease of transport operations to 

the central depot by 10%. 
Desautels and Berthon 

(2011) 
Economic Pricing strategies of sustainable notebooks. The notebooks produced to 

high sustainability standards reduced margins, efficiency savings, and cost 
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shifting. 
Benitez-Amado and 

Walczuch (2012) 
Social “…increasing the environmental sensitivity of employees, training 

employees in environmental issues and environmental management” p. 673 
Environmental “…controlling consumption, managing recycling appropriately” p. 673 

Jenkin et al. (2011b) Environmental Describes four strategies related to work practices in the light of 

sustainable considerations: image-oriented only, prevent/control, product 

stewardship, and sustainable development. p. 286 
Social Describes three strategies related to environmental orientation: employee's 

behaviors, cognitions and attitudes. p. 289 
Li et al. (2012b) Social “Collectivistic identity orientation and a relational orientation have some 

significant direct or moderating effects. However, the effects of orientation 

should be given more consideration.a firm’s HRM in IT is more likely to 

have a positive effect on performance in sustainable development if the 

firm has a collectivistic identity orientation.” p. 3851 
Ryoo and Koo (2013) Economic Economic performance: “cost for materials purchasing, fee for waste 

treatment, and fine for environmental accidents.” p. 806 
Environmental “Environmental performance: (1) improvements to current processes or 

creation of new processes, (2) cost efficiencies of energy and materials use, 

(3) learning about customers and markets for our products, (4) creation of 

new products, product enhancements, and (5) development of new business 

opportunities.” p. 806 
Wang et al. (2015) Social Environmental orientation refers to the firm’s degree of 

involvement/development with/of environmental management activities. 
Source: Research data (2017) 

 

Social strategies represent individuals encouraged to engage with the initiatives and 

“provided with new personal work targets related to the sustainability theme” (Seidel et al., 2013: 

p. 1283). It includes the employees’ orientation considering the employee perceptions (cognitions 

and attitudes) and participation (behaviors) with respect to green information and system 

technology practices (Jenkin et al., 2011b), their awareness for the sustainability (Bengtsson and 

Agerfalk, 2011), and environmental orientation (Li et al., 2012b; Wang et al., 2015). 

 

Table 19. Summary of the strategies and goals of the green information systems 
Source Economic Social Environmental 

Butler (2011) - - - 

Desautels and Berthon (2011) x - - 

Benitez-Amado and Walczuch (2012) - x x 

Jenkin et al., 2011b - x x 

Li et al. (2012b) - x  

Ryoo and Koo (2013) x - x 

Wang et al. (2015) - x - 

Source: Research data (2017) 

Environmental strategies include the decreasing of environmental indicators such as 

CO2 emissions (Bengtsson and Agerfalk, 2011), creation of mechanisms to capture and properly 

dispose of waste to minimize harm, mechanisms to prevent/reduce waste, or mechanisms to make 
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more efficient use of natural resources (Jenkin et al., 2011b), control of consumption and 

managing recycling appropriately (Benitez-Amado and Walczuch, 2012). Table 19 synthesizes 

results of the strategies and goals of the green information technology 

Thus, the implementation and strategies for green information systems represents the 

post-adoption stage in which the decision makers could obtain a balance between the elements of 

the TBL framework. Thus, it is interested to address which the strategic decisions are developed 

from Green IS outcomes supporting environmental sustainability projects. 

 

6.2.2. CLASSIFICATION AND ASSOCIATION 

 

Figure 17 shows three categories defined from the theoretical sampling analysis. The 

categorization of the constructs was based on three sequential steps of adoption: pre-adoption, 

formal adoption, and post-adoption in which it has been identified as motivations, system 

development (design), and system usage (strategies), respectively. 

Figure 17. Classification of the constructs for Green IS adoption in categories 
 

 

 

 

 

 

 

 

 

Source: Elaborated by researcher (2017) 

 

Consistent with the technology acceptance literature (Gallivan, 2001; Kim and 

Crowston, 2011; Bose and Luo, 2011) and the steps to implement information systems, this study 

draft the initial framework for green information systems adoption considering three stages: pre-

adoption, formal adoption and post-adoption (Figure 18). Additionally, it sought to redefine (e.g., 

expanding and generalizing concepts) the measures and factors proposed in the Bose and Luo’s 

(2011) framework. In the pre-adoption stage (motivations), the framework theorizes what 

motivate individuals to decide about green information systems initiatives. The formal adoption 
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stage (development) considers how they design the system to attend organizational and 

environmental needs. Finally, the post-adoption stage (system usage) represents the system usage 

considered as the maturation stage. It considers how organizations define desired goals and make 

strategic decisions around the outcomes provided by the system in order to create 

environmentally sustainable organizations. Thus, Bose and Luo (2011) suggest a linear relation 

between motivations, development, and strategies categories. 

This current study theorizes that each stage of the Green IS adoption represents a 

complex context that involves ill-structured problem situations because each stage embraces the 

understanding of the relation between elements of the sustainability as well as the three elements 

such as technology, organization and natural environment. Consequently, each stage may require 

a certain level of environmental awareness, motivation (e.g., beliefs and values), knowledge (e.g., 

environment issues and appropriated technology), and ability (e.g., to evaluate the Green IS 

results) of individuals involved in the process.  

The pre-adoption stage involves internal and external forces as drivers of the adoption of 

Green IS. This process may be influenced by factors such as individual’s beliefs and values, 

regulative and normative norms, and how individuals incorporate them into their decisions to 

adopt Green IS (Gholami et al., 2013). The formal adoption stage considers how individuals act 

to adopt technology solutions designed to attend organizational and natural environment 

requirements (Seidel et al., 2013). It means that the scope to address to the environmental 

sustainability issues involving solutions such as Green IS initiatives requires the development and 

use of technological solutions aligned with the natural environment and organizational 

requirements.  
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Figure 18. Initial framework for Green IS based on the theoretical sampling 

 

Source: Elaborated by researcher (2017) 

 

The post-adoption stage represents the system usage enabling organizations to formulate 

effective sustainability strategies. The implementation results (successful or not) will produce 

changes within organization to improve and/or contribute with the environmental sustainability 

(Bengtsson and Agerfalk, 2011). According to the Bose and Luo (2011) the post-adoption stage 

represents the maturation of the green technology in which is widely and routinely used as an 

integral part of the value chain activities. 

 

Research Question 4: How is the framework reflected on the practice? 

Next sections describe the methods, analysis, and interpretations to address the RQ4. 

 

6.3. METHODS FOR EMPIRICAL SAMPLING 

 

The empirical sampling was performed to capture the individual’s experiences of a 

particular series of actions about the adoption of green information systems. Additionally, it was 

importante to catch how the adoption process is reflected in the practice. To do so, a specific 

technology for monitoring the performance of buidings in HEIs was selected in three universities 

as an investigation object. Thus, this research reports on the results of three case studies of 

universities that have adopted a system for monitoring of environmental performance in the 

buildings. Yet, this research analyzed official documents of the PRME’s reports available on the 

website of the PRME as well as documents of the universities available in institutional websites 
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and documents (e.g., schemas of the projects analysis, empirical studies performed by the work 

teams) provided for the interviewees (Table 20).  

 

Table 20. List of universities and documents analyzed in the research 

University Documents 

Federal University of Bahia (UFBA) Website <http://teclim.ufba.br/web/aguapura/>, Schemas of the 

project analysis sent by the interviewee, empirical studies about 

the water savings performed by the eco-team of the university 

Federal University of Rio de Janeiro (UFRJ) Website <www.fundoverde.ufrj.br>, Plano diretor 

Federal University of Paraíba (UFPB) Website <www.ufpb.br/cga> 

Source. Research data (2018) 

 

Before choose the type of green IS to be taken as object under investigation, the 

researcher carried out a previous investigation with universities to know more about which 

universities and what kind of technologies they were implementing to support sustainability 

projects in the campus. Initially, this research priorized the universities involved with the PRME 

initiative. It was downloaded the reports of the universities considered PRME champion, 

advanced signatory and basic signatory to investigate if they were implementing some kind of 

information system for supporting the environmental sustainability in the campus. The reports 

showed few universities that four universities could have some technology related to the 

environmental sustainability: PUC-Rio, Antonio Meneghetti Faculdade, ISAE/FGV and 

EBAPE/FGV.  

The researcher contacted all these universities, some of them sent back the answer but 

did not confirm any interview. Then, the researcher initiated the search by Google to found out 

universities engaged in initiatives of sustainability independently if it was part of the PRME 

initiative. All the contact process (via email, telephone or face-to-face) was performed with 16 

universities between June, 2017 and April, 2018. The researcher tried more than once to contact 

the all the 16 universities but just got confirmation to perform the data collection of three of 

them. 

It was noticed that they have adopted (in different levels) a specific kind of green IS for 

monitoring the environmental performance as well as sustainability projects. Due to this, this 

current research decided to investigate the phenomenon by the analysis of a specific solution 

called green building systems.  

http://teclim.ufba.br/web/aguapura/
http://www.fundoverde.ufrj.br/
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In a cyclic process, this current study carried out the empirical sampling performing the 

second cicle of the analysis in the three stages for theory building: observation, classification, and 

association. This current study has adopted the network display as an analytic display method. 

Networks are effective heuristics for higher level analysis such as developing theories (Miles et 

al., 2014). It is also useful to show complex interrelationship between variables (Miles et al., 

2014). In order to describe the actions involving the context of the green building technologies 

adoption, networks via cognitive mapping were developed.  

This current study has performed a thematic analysis (intra-case and inter-case) using 

coding mechanisms through content categorization of the interview such as descriptive, focused, 

and axial codings (Saldaña, 2009). The intra-case analysis has been performed to show general 

results, and inter-case (cross case) analysis to show comparative results across universities (Miles 

e Huberman, 1994). The relevance to investigate the phenomenon cross cases aims to transcend 

the uniqueness of events, improve generalizability, and deepen understanding and explanation as 

well (Miles e Huberman, 1994). According to Miles and Huberman (1994), “case-oriented 

analysis is good at finding specific, concrete, historically-grounded patterns common to small 

sets of cases bit its findings often remain particularistic, while pretending to great generality”. 

The thematic analysis has followed five phases in the data analysis process described for 

Echenique (2014): 1) familiarizing with the data (transcription, reading, and associating general 

ideias); 2) generating general codes (coding of relevant aspects, and recompilation of data); 3) 

searching for themes (elaborating a thematic map); 4) defining and naming themes; and 5) 

preparing to informe (final analysis of quotations, and writing the explanations).  The goal of the 

coding process was not to show codes with highest number of quotations. Instead, each quotation 

or set of quotations represent “the meanings” of the interviewees in order to justify “the 

concepts” used in the cognitive map. 

Therefore, code generation has followed four steps according to Miles and Huberman 

(1994). First, it has created the display format for each case in order to identify the categories for 

each stage of the adoption process (descriptive coding). Second, it has entered the data for all the 

variables, case to case, to build the meta-matrix in order to reduce data (axial coding). Third, it 

has built the partially ordered meta-matrix (case-level display – comparable ones) and entering 

further reduced data. On the analysis and matrices will depend more on what the data have to say 

and the kinds of relationships the researcher is interested in (Miles and Huberman, 1994). Forth, 
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it has performed a cognitive mapping to identify the relationships among categories. The analysis 

was performed by the computational tool Atlas.ti version 8. 

The map construction has followed two steps: first, it was drew a preliminary map; 

second, the map was presented to interviewees to review and make possible corrections as well as 

to receive their final approval. “It is noteworthy that the maps are owned by the interviewees, so 

the researcher should allow corrections and modifications until the interviewees validate the 

maps” (Pessôa et al., 2015). 

The framework built in the theoretical sampling step was as an important input for the 

empirical sampling cicle of the design theory because it has delimited the boundaries of the 

research. From this input, the current study developed an interview protocol (Appendix D) to 

collect the empirical data. In order to develop a reliable and valid the interview protocol, this 

study used three techniques to evaluate the relevance, representativeness, and clarity of 

statements of the questions such as 1) using a list of key questions based on Flick (2013: p. 113) 

in order to verify the construction of the interview protocol considering how each question has 

been asked; and 2) managing the pre-test. 

The experience for developing the interview protocol has started from the literature 

review. This process has allowed the formulation of 15 (fifteen) critical questions based on the 

adoption process designed in the research framework. Then, it was conducted a semi structured 

interview performed with 3 (three) individuals of universities involved with projects of 

sustainability initiatives. The interviews were performed via Skype and face-to-face. 

The pre-test was carried out with one technical employee from HEI who had used a 

green IS to support projects of environmental sustainability. The sample was selected according 

to the convenience of time and access to the interviewees. The interviews were performed via 

Skype and it took around 26 minutos (Table 21). The interview was transcribed and sent to 

interviewers to approve it. Further, the preliminary analysis was performed with the first 

interviewee. From the transcription and preliminary analysis, it was possible to realize biased 

questions and questions without meaning, and provide more transparency and easier 

identification of concepts by interviewer. Additionally, the pre-test interview revealed a text with 

fragmented answers and an intense dialogue between interviewer and interviewee.  
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  Table 21. Interviews 

Interviewee 

(ficticious name) 

Interview duration Interview 

Date 

Interaction Amount of 

pages 

 João (pre-test)  22 minutos 21/02/2018 Skype 7 

Carla 26 minutes and 36 seconds 22/02/2018 Skype 8 

Tereza 28 minutos 17/04/2018 Skype 8 

Marcela 26 minutes and 30 seconds 19/04/2018 Face-to-face 8 

 Source. Research data (2017) 

 

The ethical issues have been managed in three steps: planning, data collection, and data 

analysis. In the planning step was guided by two principles: 1) to avoid any kind of damage to 

participants and 2) to produce positive benefits (Gibbs, 2009). The data collection steps would 

use the principle of informed consent where it must make their own identity known, state clearly 

their expectations for participation provide an explicitly informed consent letter that is available 

as discussion participants come and go at any moment, and any data collected would be returned 

or discarded. Yet, it has intended to keep them informed about research progress and findings as 

well. Participants would be informed about the focuses of the study, how would be managed and 

used the data of the interview after the conclusion of the study (Gibbs, 2009). Finally, in the 

analysis step, this current study intended to maintain the privacy, confidentiality, and anonymity 

of the individuals (Gibbs, 2009).  

Next, the interview protocol was changed in which from 16 questions, just one question 

was dropped and the final interview protocol was changed for 15 questions and managed with 

two more interviewees. During the interview, specific questions were asked by the interviewer to 

ascertain ‘what’, ‘where’, ‘how’, or ‘why’ things are done in certain ways. After the transcription 

and analysis, it was possible to realize a more cohesive text and with less interference of the 

interviewer. The entire pre-test process followed the ethical issues in which the interviewed 

assigned the informed consent form (see Appendix E). 

The analysis was performed in three coding cycles. The first cycle was performed to 

identify the codes (concepts) of the network. The second and third coding cycles were performed 

to review the descriptive quotations and identify possible redundancies, standardize labels and 

reduce the structure of the coding model. In the first coding cycle for Motivations’ concepts were 

coded 7 descriptive codes. In the second cycle, 1 quotation and 1 code were reduced. Table 22 

shows the quantity of quotations in each cycle for each concept of the Motivations variable.  

 



 99 

Table 22. Quantity of quotations for each concept of Motivations for all the interviewees 

Codes Motivations 

(concepts) 

Descriptive coding 

(nº of quotations – 1º 

cycle) 

Focused coding 

(nº of quotations – 

2º cycle) 

Axial coding 

(nº of quotations 

– 3º cycle) 

MOTIVATION 1 0 0 

motivation - economic 2 3 3 

motivation - environment 6 6 6 

motivation - regulatory force 1 1 1 

motivation - social pressure 2 2 2 

motivation - sociocultural 2 3 3 

motivation - specific 2 DROPPED - 

Source: Extrated from Atlas.ti software (2018) 

 

In the first coding cycle for Actions’ concepts were coded 16 descriptive codes. In the 

second cycle, just 2 quotations code were reduced and 5 quotations added. In the third cycle only 

one code was dropped. Table 23 shows the quantity of quotations in each cycle for each concept 

of the Actions variable.  

 

Table 23. Quantity of quotes for each concept of Actions for all the interviewees 

Codes Actions 

(concepts) 

Descriptive coding 

(nº of quotes – 1º 

cycling) 

Focused coding 

(nº of quotes – 

2º cycling) 

Axial coding 

(nº of quotes – 3º 

cycling) 

action - collection of fluorescent lamps 1 1 1 

action - energy efficiency 2 2 2 

action – gardening 1 1 1 

action - rational use of water and energy 1 1 1 

action - reducing and reuse of water 1 1 1 

action - renewable energy 1 1 1 

action - sustainable urban mobility 4 4 4 

action - waste and paper recycling 1 1 1 

action - water monitoring 1 1 1 

ACTIONS 0 0 0 

actions – challenges 17 17 19 

actions – diagnostic 12 12 14 

actions - monitoring consumption 1 1 1 

actions – projects 8 6 7 

solution for monitoring 0 5 5 

hard progress of projects 2 2 DROPPED 

action - use and occupation management - - 1 

Source: Extrated from Atlas.ti software (2018) 

 

Next, in the first coding cycle for Team’s concepts were coded 25 descriptive codes. 

Both second and third cycles were dropped 2 codes of the analysis. Table 24 shows the quantity 

of quotations in each cycle for each concept of the Team variable.  
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Table 24. Quantity of quotes for each concept of Team for all the interviewees 

Codes Team 

(concepts) 

Descriptive coding 

(nº of quotes – 1º 

cycling) 

Focused coding 

(nº of quotes – 

2º cycling) 

Axial coding 

(nº of quotes – 3º 

cycling) 

conception of projects 1 DROPPED - 

coordinator – selection and training process 1 1 1 

coordinator - situational analysis 1 1 1 

coordinator - validation and analysis 1 1 1 

feed system 3 3 3 

fellowship - develop system 1 1 1 

fellowship - monitor data 1 1 1 

fellowship - monitor environment indexes 1 1 1 

fellowship - monitor units 2 3 3 

fellowship - perform diagnostic 1 2 2 

fellowship – update system 1 2 2 

parter - generate statistics and data 1 1 1 

partner - feed system 1 1 1 

require technicians 1 1 1 

require updates 2 1 1 

team - technical administrative 1 DROPPED - 

team - technical assistent - - 1 

team – coordinator 4 3 3 

team – fellowship 5 2 1 

team – manager 1 1 1 

team – partner 2 1 3 

team – researcher 0 1 DROPPED 

team - technical members 2 1 1 

team – users 2 1 2 

TEAM ROLES 1 0 0 

technicians - fix problem 2 2 2 

technicians - investigate problem 3 3 3 

users - investigate reason consumption 1 1 1 

users - monitor consumption 1 1 1 

users - monitor hydrometer 1 1 1 

users - participate activities 1 0 DROPPED 

bidding of companies 0 1 1 

design of projects 0 1 1 

fellowship – technical tasks 0 1 1 

partner – monitoring consumption 0 1 1 

partner – participating meetings 0 1 1 

Source: Extrated from Atlas.ti software (2018) 

 

Furthermore, in the first coding cycle for Development’s concepts were coded 5 

descriptive codes. In the second cycle, just 1 code was dropped. Table 25 shows the quantity of 

quotations in each cycle for each concept of Development variable.  
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Table 25. Quantity of quotes for concept of Development for all the interviewees 

Codes Development 

(concepts) 

Descriptive coding 

(nº of quotes – 1º 

cycling) 

Focused coding 

(nº of quotes – 

2º cycling) 

Axial coding 

(nº of quotes – 3º 

cycling) 

Design 1 17 19 

Design - engage users 1 1 DROPPED 

Design - conscious users 1 1 DROPPED 

SYSTEM DEVELOPMENT 3 3 3 

system function 15 DROPPED - 

Source: Extrated from Atlas.ti software (2018) 

 

Finally, in the first coding cycle for System Usage’s concepts were coded 11 descriptive 

codes. The second cycle dropped 1 code of the analysis. Table 26 shows the quantity of 

quotations in each cycle for each concept of the System Usage variable.  

Table 26. Quantity of quotes for concept of System Usage for all the interviewees 

Codes System Usage 

(concepts) 

Descriptive coding 

(nº of quotes – 1º 

cycling) 

Focused coding 

(nº of quotes – 

2º cycling) 

Axial coding 

(nº of quotes – 3º 

cycling) 

goal 1 1 1 

goal - economic 5 3 3 

goal - environment 2 DROPPED - 

strategy 1 0 0 

strategy - economic 1 1 1 

strategy - environment 5 6 7 

strategy – social 12 11 11 

system training 1 2 2 

SYSTEM USAGE 2 2 2 

system usage – challenges 2 2 2 

training – challenges 1 1 1 

Source: Extrated from Atlas.ti software (2018) 

 

Data collection was performed based on the concepts of the initial framework. The 

coding data collection has discovered categories as emerging from the data, returning to the 

categories selected from the theoretical sampling when it is necessary as well as returning to the 

initial framework to seek eventual changes. Once the analysis has been finalized, it was refined 

the framework about them, sensitizing concepts and general perspectives concentrated on the 

analysis and arguments from the literature review to design the theory. 

This research has used the cognitive mapping techniques for green building technologies 

adoption of the point of view of interviewee engaged in projects of sustainability in universities. 

This methodology has been used to facilitate more effective management of messy problems by 

management teams (Eden and Ackermann, 2004). “The analyst using the technique of cognitive 

mapping seeks to elicit the beliefs, values and expertise of decision makers relevant to the issue 
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in hand through interview or through the analysis and coding of documents” (Eden and 

Ackermann, 2004). Moreover, “cognitive maps have a way of looking more organized, socially 

desirable, and systematic than they probably are in the person’s mind” (Miles et al., 2014).     

 

6.4 ANALYSIS AND INTERPRETATIONS FOR EMPIRICAL SAMPLING 

 

Table 27 shows the participant demographics for this study, where respondents are 

experts on biology, sanitary and environmental engeneering, and environmental law. The data 

collected from the first interviewee was useful for the pre-test and validation of the interview 

protocol. The three women interviewees were respondents of the three case studies used in this 

research’s analysis. 

 

Table 27. Interviewee profile 

Interviewee Education Expert Institution Relation to the green 

IT/Sustainability 

projects 

Time in the 

institution 

Joao Master in 

Environmental 

Geochemistry 

Biologist UFRJ Technical member of 

the Fundo Verde 

5 years 

Carla Master in Urban 

Environment 

Sanitary and 

environmental 

engineer 

UFBA Researcher of TECLIM 37 years 

Renata Doctorate in 

Transport 

Engeneering 

Biologist UFRJ Project Manager of the 

Office of the Fundo 

Verde 

10 years 

Marcela Doctorate in 

Geography 

Environmental 

Law 

UFPB Coordinator of the Use 

and Occupation Project 

8 years 

Source. Research data (2017) 

 

The participant demographics show that the respondents occupied high-ranking 

positions such as coordinator, project manager, and researcher with an aggregated average of 8 to 

37 years of work experience in the institution. The responses are from those with higher status 

who are responsible for the implementation of sustainable practices in the Universities. 

 

6.4.1. OBSERVATION 

 

This phase was important for identification of the specific elements of the green building 

systems adoption from the empirical data. The analysis was delimited by the theoretical findings 
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and based on the constructs of the initial framework for Green IS. The intra-case analysis and the 

cognitive mapping for each case study are described bellow. 

 

6.4.1.1 First case study – Federal University of Bahia 

 

Federal University of Bahia (UFBA) has implemented the Programa de Uso Racional de 

Água of the Rede TECLIM named Água Pura. Água Pura project was created in 2001 in order to 

monitor the water consumption in the building. Specifically, Aguapura project is monitored by a 

system called AGUAPURA VIANET (Figure 19) that aims to manage the rational use of water in 

public buildings. The system has been used since 2004 allowing all the users in a building may 

follow their water consumption daily through Internet.  

 

Figure 19. Aguapura system 

 
Source: <http://teclim.ufba.br/web/aguapura/login> 

  

The water consumption monitoring allows identifying quickly the potential events which 

cause water waste. It makes easier taking the right attitudes to obtain a more rational use of the 

water. Since 2001, UFBA has achieved desired goals performing basic actions for monitoring the 

water consumption. According to the report of UFBA, with the VIANET system the university 

reduced its per capita consumption from 30 liters to 18 liters per day.  

The first step of the cognitive map was to identify the motivational forces that lead the 

individual to adopt the green technologies. The motivation forces for the first case are the 

following: “economic”, “environmental”, and, “sociocultural”. Economic motivational forces 

come from an individual’s awereness for reducing the costs of the university with water and 

energy as well as saving public funds. Environmental motivational forces represent the desire and 
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need of the coordinator for avoid waste of water and energy. The third motivational force 

represents the influence of coordinator’s beliefs on the development of projects for sustainability 

(Table 28).  

 

Table 28. Motivation factors of UFBA engaging in sustainability projects 

MOTIVATIONS 

Motivation Force Occurrences 

Economic Awareness for saving public funds 

Awareness of the high costs with consumption of water and energy 

Environmental Desire and need for avoiding waste 

Sociocultural Influence of coordinator’s beliefs on the development of projects for sustainability 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

These motivational forces were reported as a driver to decide for actions of 

sustainability. Table 29 shows that actions of sustainability are collection of fluorescent lamps, 

energy efficient, gardening, rational use of water and energy, and waste and paper recycling. 

There are two situations associated with the actions. First, performing the actions is a challenging 

process because several situations can indicate a risky and threaten the progress of the projects. 

For the first case (UFBA), such situations can be the low engaged of individuals, lack of proper 

technical mantainance to repair problems of water leaks, low engaged of the top management of 

the university, lack of experts to support technical tasks (e.g., repair water leaks), low engaged of 

individuals from Environment Departament, and low interest of individuals to remain a 

continuous participation. Such challenges might influence other steps of the adoption process. 

For example, it is difficult to stimulate individuals to achieve desired goals when there is no 

proper mantainance to repair the water leaks or whether the hydrosanitary network does not work 

properly. Despite these challenges, the environmental actions are carried out through projects for 

sustainability designed by the ecological team of the university. It is important to highlight that 

these challenges are specific of the public institutions due to the complex processes involving 

their activities.   

 

Table 29. Environmental actions of UFBA 

ENVIRONMENTAL ACTIONS 

Type of actions 

Collection  of fluorescent lamps; 

Energy efficiency; 

Gardening; 

Rational use of water and energy; 
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Waste and paper recycling. 

Challenges 

Low engaged of individuals in the projects; 

Lack of proper technical mantainance; 

Low engaged of the top management; 

Lack of experts to support technical tasks (e.g., repair water leaks); 

Low engaged of individuals from Environment Departament; 

Low interest of individuals to keep a continuous participation. 
Diagnostic (business rules) Occurrences 

Technical (infrastructure of the building, 

technologies, and equipments) 

Mapping equipments, maintenance service, and building 

structure as well as stakeholders. 

Mapping the infrastructure of the building. 

Social (behavioural) Investigating the individual’s behaviour in order to understand 

consumption profile of the building. 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Yet, preliminary diagnostic is part of development of environmental actions (Table 28). 

In UFBA, diagnostics are related to the behavioural aspects of the building users. The social 

diagnostic is carried out for investigating the individual’s behaviour of water consumption in 

order to understand the consumption profile of the building. For example, understanding why and 

how users consume water. Study performed in the UFBA show that the main reason for toilets 

customers uses a regular toilet, instead of available urinals, was the need for privacy (Kiperstok 

and Kiperstok, 2017). Technical diagnostic refers to analysis of the infrastrutuctre of building, 

technologies, equipments, and the identification of affected stakeholders. Once made the 

diagnostic, the team will think about what the solutions would be taken for monitoring the 

environmental performance and the projects for sustainability. The search for solutions for 

monitoring is part of the plan of projects. It was the cause that leads the team to develop a system 

to attend such needs.  

 Considering the aspects of the system development (Table 30), the interviewee reported 

three features of the system attending technological, environmental, and organizational design. 

First, the system has the potential to provide tailored information to the users. Second, users can 

monitor their daily consumption (water or energy) as well as identify patterns of consumption of 

water in the building. Third, the system helps to make decision to reduce waste of water in the 

building, users must store consumption data in the system to increase the conscious about their 

own consumption, and system increases the engagement of individuals in the projects in order to 

search for rational spending of public money. 
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Table 30. System Development UFBA 

SYSTEM DEVELOPMENT 

Design Occurrences 

Technological Design System provides tailored information to the users; 

Environmental Design Users can monitor their daily consumption (water or energy); 

Users can identify patterns of consumption of water in the building; 

Organizational Design System helps to make decision to reduce waste of water in the building; 

Users must store consumption data in the system to increase the conscious about 

their own consumption; 

System increases the engagement of individuals in the projects in order to search 

for rational spending of public money. 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Next, three aspects are part of the usage system process (Table 31): 1) system training; 

2) definition of goals; and 3) strategies formulation. Fisrt, users are trained to use the system in 

order to monitoring and analyse daily their own water consumption. Despite this, individuals 

abandoned the training and, consequently, the consumption monitoring due to the lack of 

stimulus from the top of management of each Departament to support the projects because they 

are not awareness enough about the environmental concerns. Second, the process of use also 

generated the elaboration of economic goals based on the analysis of the water consumption. The 

team estabilished a desired goal for reducing 40% with consumption costs. From this goal, the 

university was able to save 300 reais per month in the general bills. According to the interviewee, 

it is not easy to the achieving the established goals because it depends on certain challenges 

involved in the actions process such as the lack of proper mantainance to repair the water leaks. 

 

Table 31. System Usage UFBA 

SYSTEM USAGE 

Goals Occurrences 

Economic goals Reduce 40% of consumption costs 

Saving per month 300 reais in the university’s bills 

Strategies Occurrences 

Economic strategy The money saved will be used to the benefit of the Departament; 

Environmental strategy Replacing conventional devices (sanitation) for ecological or sustainable devices. 

Discussing with top of management alternatives to reduce the water waste based on 

data consumption provided by the system 

Social strategy Using the system for stimulating individuals to engage in projects of sustainability; 

Training individuals for using the system; 

Using the system for keeping the water consumption awareness alive across 

individuals; 

Using the system to communicate to the community information about the 
consumption in order to make individuals aware about the rational use of water and 

to stimulate individuals to save public money as well. 

Extending projects Sharing the system with State Government Agencies 

Source: Analysis of quotations extracted from Atlas.ti (2018)  
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Third, the system usage also involves the strategies formulation process. It has 

generated three types of strategies which attend the triple of the sustainability. First, economic 

strategies were formulated to use the money saved for the benefit of the Departaments. Second, 

environmental strategies were formulated for replacing conventional devices for ecological or 

sustainable devices, for example, replacing conventional sanitation for ecological sanitation. 

Likewise, the using of the system provided useful information to decide about alternative 

solutions for reducing the water consumption. Finally, social strategies were also created for 

stimulating individuals to engage in projects of sustainability. To do so, it was necessary training 

the users for using the system. Another strategy related to the social issues was created to hold 

the water consumption awareness across individuals. It was possible because the system was 

developed to enable users to monitor daily the water consumption by storing their own 

consumption data. Yet, using the system was possible to communicate to the academic 

community information about the consumption in order to support individuals’ awareness about 

the rational use of water and stimulate them saving public money as well.  

University extends the system with State Government Agencies. According to 

interviewee’s report, State is an active participant of the projects and uses the system for daily 

monitoring their own consumption as well as participates of forthnightly meetings with the 

UFBA team. Interviewee reported that the monitoring activity of the State Agencies is more 

effective than monitoring of the University. In this interaction, UFBA is responsible for generate 

half-yearly reports and sent it to State as a feedback.  

The activities such as performance of the Aguapura project, development of the system, 

and system usage are monitoring by a team created and trained to conduct the activities of the 

rational use of water. The team is formed by coordinator, system users, fellowship, technical 

members (plumbers, technical supporters, and building technicians), and partners represented by 

the State Government Agencies such as schools, hospitals, and others. The rules of the team are 

described in the Table 32. The coordinator of the Aguapura Project is responsible for designing 

and performing the projects for sustainability. Users are responsible for monitoring the data of 

hydrometer, water consumption, and the changes in the water consumption. 
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Table 32. Team Rules UFBA of Aguapura Project 

TEAM AND RULES 

Team Rules 

Coordinator (professor) Responsible for designing and performing the projects for sustainability 

Users (individuals and 

Departaments of the building) 

Responsible for monitoring the data of hydrometer 

Responsible for monitoring daily the water consumption of the Departament 

Responsible for investigating the causes of changes in the consumption 

Fellowship Responsible for developing the system; 

Responsible for encouraging users about the importance of the system; 

Responsible for monitoring the use of the system; 

Responsible for analyzing the reports of the system; 

Responsible for monitoring environmental indexes; 

Responsible for updating the system according to users’ needs. 

Technical members Responsible for verifying technical problems in the water consumption 

Responsible for fixing technical problems in the water consumption 

Responsible for verifying technical problems in the water consumption 

Partners (State Government 

Agencies) 

Responsible for monitoring their water consumption by the system (Vianet) 

Responsible for participating of meetings with the team’s university 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Fellowships are responsible for developing the system, monitoring the use process. 

Demands for changes and requirements for the system come from users to the fellowships for 

updating the system according to users’ needs. Yet, fellowships are responsible for monitoring 

environmental indexes, analyzing the reports of the system, and encouraging users about the 

importance of the system. 

Further, the clusters were defined to think about each step of the adoption process, 

identifying key connection concepts that represent the link between the adoption steps. Figure 20 

shows the semantic structure of the cognitive network of the UFBA. It includes five categories: 

motivation, actions, system development, team rules, and system usage. Each category presents a 

set of specific concepts emerging from the interview. 
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Figure 20. Cognitive network of the UFBA for Aguapura Vianet adoption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Extracted from the Atlas.ti (2018). 
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The findings show that the motivation category determines which sustainability action 

taken by the university. The search for technology solutions (information systems) comes from 

the implementation of the sustainability projects, specifically when the university performs the 

change analysis in its business rules. The business rules will determine the design of the system, 

attending technological, environmental or organizational factors. In this scenario, the technology 

solution intends to monitor the environmental and projects performance, providing tailored 

information to the managers and academic community. The system’s outcomes should be 

supported by the system usage and argued to better formulation of desired goals and 

sustainability strategies.  

The performance of the sustainability projects and the effectiveness of the green 

building systems adoption depend on how the work team conducts the activities. To do so, each 

participant assumes responsibilities and rules working together to put forward and to make 

advances in sustainability projects in the campus.  

 

6.4.1.2 Second case study: Federal University of Rio de Janeiro 

 

Federal University of Rio de Janeiro (UFRJ) started the projects in sustainability in 2014 

with the creation of Fundo Verde. Fundo Verde of Development and Energy of UFRJ was 

created by State Decree nº 43.903/2012. Resource from the imposto sobre circulação de 

mercadorias e serviços (ICMS) tax of energy is redirected to the Fundo Verde to perform projects 

of improving mobility, energy consumption (efficiency and production of alternative sources), 

reducing water consumption and indexes monitoring. Since then, Fundo Verde and Fundação de 

Apoio of UFRJ (COPPETEC) created a project office to develop and manage projects of 

sustainability in the campus. 

According to the interviewee, motivational forces that lead the university undertaken 

sustainable practices involve three aspects: environmental, social pressure, and sociocultural 

(Table 33). First, team tries to understand the problems dialy identifying the indicators and causes 

of environmental impacts provoked in the campus. Therefore, thinking about the environmental 

concerns, the coordinator decided to put forward initiatives for a more sustainable campus.  
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Table 33. Motivation factors of UFRJ engaging in sustainability projects  

MOTIVATIONS 

Motivation Force Occurrences 

Environmental Knowledge about the causes of environmental impacts into the campus 

Social Pressure Influence of government on the projects of sustainability 

Sociocultural Influence of organizational policies on the projects of sustainability 

Understanding the role of the university for sustainability and environmental actions 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Second, the initiatives were motivated by social pressure with the external influence 

from Governor of Rio de Janeiro, stimulating the sustainable initiatives. The Governor has 

allowed the UFRJ to use the ICMS tax from the energy bills. The ICMS is converted as a 

resource for the Fundo Verde to create and run up projects for sustainability. Governmental 

premises play an important role in developing more rational uses of natural resources as they are 

supposed to lead by example on the path to sustainability (Kiperstok and Kiperstok, 2017). 

Third, besides the external influence, UFRJ also was motivated by internal influence 

through the organizational policies incentivating the creation of projects of sustainability. The 

interviewee related that the policies are described in the Plano Diretor that broadly stipulates to 

2020 greater participation of the university in projects of sustainability such as renewable energy, 

water consumption, bicycle path, and so on. Yet, the understanding about the role of the 

University for the sustainability and environmental actions lead the team to searh for solutions. 

Table 34. Environmental actions of UFRJ 

ENVIRONMENTAL ACTIONS 

Type of actions 

Energy efficiency; 

Reducing and reuse of water; 

Renewable energy; 

Sustainable urban mobility. 

Challenges 

Complexity of the building infrastructure (e.g., electrical system, water consumption system) and 

installations; 

Difficulty to obtain and store data in the database; 

Fellowship turnover; 

Lack of training to use certain ecological technologies; 

Diagnostic (business rules) Occurrences 

Technical diagnostic 

(infrastructure of the building, 

technologies, and equipments) 

Team performs analysis of structure of the building; 

Identifying the generation renewable system in the building; 

Team performs analysis of bicycle path of the building; 

Mapping buildings of the university to install solar panels; 

Understanding the building electrical system; 

Environmental diagnostic Mapping the amount of energy consumption in the building; 

Team performs analysis of natural environmental areas. 

Social (behavioural) Understanding the energy consumption in each building. 

Source: Analysis of quotations extracted from Atlas.ti (2018)  
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These motivational aspects have influenced the creation of environmental actions (Table 

34). Among the actions, UFRJ has performed actions such as energy efficiency, reducing and 

reuse of water, renewable energy, and sustainable urban mobility. Similarly, challenges have also 

emerged from interview of UFRJ as part of actions. One of the challenges refers to the difficulty 

to understand how the electrical system and water consumption system work due to the 

complexity of the building infrastructure and installations. Due to this, it is hard to obtain data 

and store it in the database. Additionally, fellowship turnover working in the projects is a reality 

of the Fundo Verde that can compromise the performance of the projects. Finally, there is a lack 

of training to enable employees to use certain ecological technologies. This process refers to the 

training of the technical members to support the preventive and corrective maintenance. 

Recognizing the challenges, Fundo Verde team has added the training in the public notice to 

provide qualification to technical members of the university. 

UFRJ interviewee reported the need for preliminary diagnostic about the conditions of 

building to hold projects for sustainability. Such diagnostic is related to the physical aspects such 

as investigating which building have generation renewable system and potentiais buildings for 

installing of solar panels as well as understand the building electrical system. Moreover, team has 

performed analysis of building and natural environmental areas, mapped the amount of energy 

consumption in the building, analyzed the bicycle path, and understanding the energy 

consumption in each building. 

Considering the process of development (Table 35), there is an indicator monitoring 

system called Monitoring Information System of the Fundo Verde. Scuh system been developed 

by an outsourced company. It serves to aid the understanding of the area and contribute to make 

decision process. The system aims storage and vizualize via Web of georeferenced data, sharing 

data about water consumption, energy, mobility, waste and building control. The main data 

regularly collected and stored are related to sustainability indexes such as quantity of solid waste 

produced, energy consumption demand, and water and mobility consumption (fuel consumption 

of urban buses, journey time of internal buses, number of vehicles coming and going from the 

campus).  
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Table 35. System Development UFRJ 

SYSTEM DEVELOPMENT 

System Development Occurrences 

Technological design System monitors the performance of the projects;  

System provides environmental indexes;  

System supports the reducing of users’ consumption;  

System provides information about the performance of the projects;  

Environmental design Users can identify quickly the reasons of changes in consumption;  

Users can identify patterns of consumption of energy 

Organizational design System allow integration of data from several sources, systems, and technologies 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Database of the Fundo Verde comes from several sources from two different systems.  

The first system store information related to consumption data obtained regularly such as energy 

consumption, waste generation, mobility, water consumption, and so on. The second data source 

refers to the satellite system installed in the Fundo Verde such as hydrometers and fotovoltaic 

system from the solar parking. 

From the system, users can identify quickly the reasons of changes of consumption as 

well as patterns of consumption of energy, the system aims to monitor the performance of the 

projects, provide environmental indexes, support the reducing of users’ consumption, and provide 

information about the performance of the projects. Specifically, the interviewee reported that the 

system has been used as a canal of communication to share information with users of the 

building. For example, the team has informed to users how much energy has been saved and how 

much such does mean this in carbon dioxide avoided. Therefore, the system has not been used to 

define sustainability goals. 

  

Table 36. System Usage UFRJ 

SYSTEM USAGE 

Strategies Occurrences 

Environmental strategy Increasing the potential of the university for developing renewable energy. 

Social strategy Align the sustainability projects plan with the organizational plan (Plano Diretor) 

Reinforce to the community the importance for more sustainable practices for 

improving the quality of life in the campus. 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Into the semantic structure, the system usage (Table 36) has generated two kinds of 

strategies. Environmental strategy refers to the perspective to increase the potential of the 

University for developing renewable energy. It might represent a recursive moviment in which 

the system usage contribute to increase the organizational ability to promote more sustainable 
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development in the campus. Moreover, there are two social strategies: align the sustainability 

projects plan with the organizational plan (Plano Diretor) and reinforce to the community the 

importance for more sustainable practices for improving the quality of life in the campus. 

 

Table 37. Team Rules UFRJ of the Fundo Verde Project 

TEAM AND RULES 

Team Rules 

Executive Coordinator (professor) Responsible for designing the projects for sustainability 

Responsible for bidding expertise companies for performing 

projects for sustainability 

Manager of Project Office (researcher) 

 

Responsible for designing the projects for sustainability 

Administrative and technical support 

 

Supporting technical tasks 

Partner (City Hall) Contribute to store data in the system 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Team of Fundo Verde is quite small (Table 37). Actually, it is formed by one 

professor executive coordinator who is responsible for designing the projects for 

sustainability and bidding expertise companies for performing projects for sustainability. 

The manager of the Project Office also is responsible for designing and monitoring the 

projects for sustainability. Fellowships are the students participating of projects of the 

Fundo Verde. They are important to contribute in the social sphere of the sustainability for 

stimulating the ecologically responsible thinking in the professional qualification.   
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Figure 21. Cognitive network of the UFRJ for Monitoring Information System adoption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Extracted from the Atlas.ti (2018). 
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The cognitive mapping of the UFRJ (Figure 21) also was built into the same structure 

delimited in the theoretical sampling analysis. It shows the main categories (motivations and 

actions, development, and system usage) of the adoption process and its specific concepts. The 

cognitive network highlights that the sustainability actions have been motivated for three 

motivations regarding environmental, sociocultural, and social pressure issues. Curiously, UFRJ 

has no any desired goal to attend the sustainability issues. Due to this, strategies also are not 

formally defined. The interviewee revels that the system is precariously used by the users and it 

could be related with the lack of desired goals and strategies. Additionally, certain challenges 

might compromise the performance of the project such as the fellowship turnover and lack of 

training to use ecological technologies. 

 

6.4.1.3 Third case study – Federal University of Paraíba 

 

Among the projects of sustentability, the Environmental Management Committee of 

Federal University of Paraíba (UFPB) has carried out two sustainability projects since 2013: use 

and occupation and water monitoring. The first one aims to use efficiently the building spaces in 

order to conservate the Atlantic Forest. The second one has generated monthly reports via 

spreedsheet in order to analyse the water consumption.  

The initial idea was motivated for two factors: environmental and regulatory forces 

(Table 38). First, the motivational forces related to environmental needs were reported by the 

interviewee arethe following: awareness of the importance of preserving the natural environment 

and need for reducing the environmental damages provoked by the campus. Both of them arose 

from internal demands of the University City Hall to build new buildings in the campus. City 

Hall has sent often administrative proceedings to the Environmental Management Committee 

asking technical advices about the conditions of the university to construct new buildings in the 

campus. The initial understanding was that the constructions were deflorestating the Atlântica 

Forest. They started wondering whether the constructions were necessary and whether there was 

other environment (in disuse) where individuals could reuse it, instead to build it. From this 

situation, the team has started the analysis of the phisical structure of the building to judge the 

administrative proceedings of the City Hall. 
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Table 38. Motivation factors of UFPB engaging in sustainability projects 

MOTIVATIONS 

Variables Occurrences 

Environmental Awareness of the importance of preserving the natural environment 

Awareness about the need for reducing the environmental damages provoked by the 

campus 

Regulatory Force Influence of regulations on the development of projects for sustainability 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Second, the influence of regulations on the development of projects for sustainability has 

been another motivational force. According to the interviewee, the Federal Senate approved a 

draft bill in which becomes compulsory the using of taps with automatic sealing device in all 

collective toilets, both private and public toilets. Moved by this new law, UFPB has performed 

the analysis of toilets to implement the changes required by Federal Senate, replacing 

conventional taps for more ecological taps. All those motivation forces have influenced the 

actions (Table 39) of the Environmental Management Committee to build a more sustainable 

campus. 

 

Table 39. Environmental actions of UFPB 

ACTIONS 

Variables Occurrences 

Type of actions 

Use and occupation management; 

Water monitoring. 

Challenges 

Lack of interest of technical members; 

Stuff turnover; 

Difficulty to access certain environment of the university for data collect and diagnostic; 

Outsourcing of team compromises the progress of the projects. 

Diagnostic (business rules) Occurrences 

Technical diagnostic 

(infrastructure of the 

building, technologies, and 

equipments)  

Team performs analysis of equipments and rooms of the building.  

Environmental diagnostic Knowledge about the environmental concerns of the campus.  

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

According to the interviewee, an important step for the implemention of the projects of 

sustentability was the preliminary diagnostic of the building conditions and environmental 

situation of the campus. The interviewee reports that a detailed diagnostic was performed in the 

campus, analyzing physical aspects of the building such as quantity of rooms, laboratories, 

quantity and type of equipments (e.g., taps, toilet flush, hydrosanitary equipment, drinking 
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fountains) in each room, efficiency of equipments, and so on. From this, it is possible to estimate 

costs with new equipments as well as how much the university can save replacing conventional 

devices for ecological devices. Moreover, the interviewee reported that studies of UPFB show 

that 60 years ago the university lost 70% percentual of the Atlantic Forest. Due to this, team has 

understood that the building expansion is one of the causes of the deflorestation.  

 

Table 40. System Development UFPB 

SYSTEM DEVELOPMENT 

System Development Topics 

Technological Design System provides tailored information to the users. 

Organizational Design System allows integrating of tasks among departaments and individuals in the 

campus. 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

The Spatial Database System (Figure 22) was created by the team of the Environmental 

Management Committee. Table 40 shows that the system provides tailored information to the 

users about quantity of rooms to make decision whether it is necessary to build new buildings in 

the campus. Moreover, the system allows integrating of tasks among departaments and 

individuals in the campus, once its goal intends to make easier the communication between users, 

University City Hall, and technical supporters. For example, the interviewee reports that through 

the use of system users can alert the technical members about likely leaks, making possible repair 

promptly of the water leaks. 

 

Figure 22. Spatial Database System 

 

Source: http://www.ufpb.br/cga 

 

All these data collected by team of the project are stored in the spatial database but it is 

not publicy available for the academic community.  The data are available to University City Hall 
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and administrations. The further proposal is to provide data to technical members and all users of 

the building. Considering the limited use of the system, UFPB has no very well defined goals for 

sustainability (Table 41). Interviewee reported that the team has monitored the water since 2013 

thinking about develop economic goals. However, there are no clear goals about it. Similarly, 

there are no any precise strategies formulated from the data analysis. The likely strategies that 

might be created in the future are related to the environmental and social issues. First, 

environmental strategy refers to the replacing of conventional devices for ecological or 

sustainable devices. Second, social strategies are related to using the system for stimulating 

individuals to engage in projects of sustainability and communicating to community information 

about the consumption. 

 

Table 41. System usage UFPB 

SYSTEM USAGE 

Goals Occurrences 

Economic goals Since 2013 they monitor the water consumption thinking about economic goals 

Strategies Occurrences 

Environmental strategy Replacing conventional devices for ecological or sustainable devices 

Social strategy Using the existing spaces efficiently 

Using the system for stimulating individuals to engage in projects of sustainability  

Communicating to community information about the consumption  

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Team (Table 42) is formed by professor coordinator responsible for performing the 

situational analysis of the problems of the building, monitoring and validate the diagnostic made 

by fellowships (students), and sellecting and training new members for the project. The rule of 

the fellowship is performing the situational analysis of the problems of the building. Students are 

responsible for collecting detailed data of all the environment of the building (e.g., rooms, 

laboratories, toilets). They identify how each environment is working, which equipments or 

devices contains the environment. For example, kind of tap (e.g., manual, automatic or semi-

automatic) of the chemistry lab, kind of flush (e.g., coupled, suspended or two drives) of the 

toilets, how many liters a discharge can make. This analysis aims to replace conventional 

equipments for more sustainable equipments. 

Figure 23 summarizes the adoption elements of the Spatial Database System. In the 

same flow, it starts from the motivational forces influencing the sustainability actions. The 

sustainability projects perform specific actions in which challenges and diagnostic of business 

rules are part of this. 
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Table 42. Team Rules UFPB of the Use and Occupation and Water Management Projects 

TEAM AND RULES 

Team Rules 

Coordinator Responsible for performing the situational analysis of the problems of the building 

Responsible for monitoring and validate the diagnostic made by fellowships  

Responsible for sellecting and training new members for the project 

Fellowship Responsible for performing the situational anaylsis of the problems of the building 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

UFPB has performed several sustainability actions, however the monitoring information 

system was chosen due to needs from the use and occupation project. The system has been built 

by the team to monitor the spaces of the building in the campus. However, the interviewee 

reported that the system is not in use by users. The team is still in the analysis phase of the 

physical structure and existing equipments of the building. Despite this, the interviewee reveals 

that it is possible to predict some goals and strategies to attend the sustainability needs. 

Additionally, the interviewee reported that to formulate more clear sustainability goals (e.g., 

regarding the water consumption) is necessary to install the ecological devices and to monitor the 

indexes by the system to ensure accuracy information about the reducing of water consuptiom. 
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Figure 23. Cognitive network of the UFPB for Spatial Database System adoption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Extracted from Atlas.ti software (2018). 
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6.4.2. CLASSIFICATION AND ASSOCIATION 

 

The classification step was performed by the inter-case analysis. The association step 

followed the structure of the initial framework but it has been refined to build a framework for 

green information systems adoption. The findings show that the universities were stimulated to 

go green by different motivations (Table 43). The ecological motivation was reported for all the 

interviewees as a driver to move the university go green. 

 

Table 43. Summary of the motivational forces for Universities 

University Motivational Forces 

Economic Technological Socialcultural Social Pressure Ecological 

UFBA x - x - x 

UFRJ - - x x x 

UFPB - - - x x 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

All the interwiewee reported two relevant processes to perform the projects for 

sustainability such as situational diagnostic and challenges (Table 44). First, the initial process for 

performing the sustainability projects is the situational diagnostic. It is a relevant step for 

understanding the problems involving the environmental concerns in the campus. All the 

universities performed the situational diagnostic (business rules’ analysis) when decided to 

implement sustainability projects. Second, the interviewees also highlighted challenges during 

the implementation of the sustainability projects. The challenges were observed in both actions 

and system usage stages.  

Table 44. Summary of the diagnostic and challenges 

University Actions - Projects 

Diagnostic (business rules) Challenges 

UFBA x x 

UFRJ x x 

UFPB x x 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Specifically, Table 45 highlighs that the business rules’ diagnostic was based in at least 

two aspects. The technical analysis has been performed by all the universities whether analyzing 

the infrastructure or the existing equipments in the building. Two universities pay attention to the 

environmental issues such as mapping the amount of energy consumption in the building (UFRJ); 

performing analysis of natural environmental areas (UFRJ), and understanding the environmental 
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concerns of the campus (UFPB). Both UFBA and UFRJ have performed analysis of the 

individual’s behavior in order to understand the water and energy consumption in each building. 

 

Table 45. Summary of the type of the business rules analysis  

 Diagnostic (business rules) 

University Technical Environmental Social 

(behavioural) Infrastructure of 

the building 

Technologies and 

equipments 

UFBA x x - x 

UFRJ x x x x 

UFPB x x x - 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Considering the design of green building technologies, the interviewees from UFBA and 

UFRJ perceived that the system embraces technological, organizational, and environmental 

features (Table 46). Interviewee form UFPB only did not identified clearly the environmental 

features in the system but related that the system can indirectly aid to understand environmental 

problems, for example, identifying quickly where certain water leak is happening.  

 

Table 46. Summary of the types of the system design 

University Design of green building technologies 

Technological Organizational Environmental 

UFBA x x x 

UFRJ x x x 

UFPB x x - 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

The reason to decide for develop the system was the need for monitoring the 

performance of the projects. The system usage process has an essential role to support the 

sustainability projects of universities. According to empirical data, such process is stimulated 

among users mainly to increase their awareness about the own consumption in the campus. It 

might help the university to achieve economic goals by reducing costs as well as support social 

and environmental issues, contributing for more engagement of the academic community in the 

sustainability projects. Despite these benefits, the findings (Table 47) show that two universities 

tryied to develop desired goals for their projects. UFBA defined concrete economic goal but 

revealed that some challenges make difficult individuals to achieve the goals. UFPB reported that 

the team has paid attention to define economic goals but they do not present any clear goals for 

this dimension. In general, all the universities show difficulty to define goals for all the elements 
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of the sustainability. It can be consequence of the poor use of the system reported by all of them. 

Actually, only the UFBA reported to be using the system even using it poorly. 

 

Table 47. Summary of the desired goals 

University Desired goals 

Economic Environmental Social 

UFBA x - - 

UFRJ - - - 

UFPB x - - 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

To maintain the sustainability projects, the work team develops several strategies such as 

increase the individual’s awareness for effective consumption, extend the sustainability projects 

to the external community, etc. The effectiveness of these strategies should be consequence of the 

system’s potential to share tailored information (outputs), communicate the environmental 

indexes to academic community, and level of use by users. Despite Table 48 highligh that all the 

universities were able to develop sustainability strategies, only UFBA reported to develop and 

implemented economic and environmental strategies. Both UFRJ and UFPB reported their 

intention to implement sustainability strategies. For such universities strategies were defined but 

not implemented.  

 

Table 48. Summary of the sustainability strategies 

University Strategies 

Economic Environmental Social 

UFBA x x - 

UFRJ x x x 

UFPB x x - 

Source: Analysis of quotations extracted from Atlas.ti (2018)  

 

Figure 24 redefines the categories of adoption merging concepts from theoretical and 

empirical sampling. Some changes have been made in each stage with concepts emerging from 

the empirical data. The first change reveals that the motivational forces were founded to support 

findings of the literature. However, from the empirical sampling emerged the concept “diagnostic 

(business rules)” in which represents the university’s action to go green in response to the 

influence of the motivation forces. Such actions refer to the technical, environmental, and social 

analysis regarding the business rules of the institution. The dimension development is formed for 
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three elements that integrate technological, organizational, and environmental aspects in the 

system design. 

Figure 24. Classification of the refined constructs for Green IS adoption in categories 
 

 

 

 

 

 

 

 

 

 

 

Source: developed by the researcher (2018) 

 

Finally, in the post-adoption stage emerges the concept of goals and strategies regarding 

the three elements of the sustainability such as economic, environment, and social issues. 

Moreover, two concepts have been emerged from the interviews such as challenges and team. 

The work team refers to the multidisciplinary team working together to support the sustainability 

projects in the campus (Kiperstok and Kiperstok, 2017). Challenge refers to the difficults faced 

by the work team to implement the sustainability actions (pre-adoption) as well as to stimulate 

individuals for the continous system usage (post-adoption). Table 49 details the constructs 

extrated from the theoretical and empirical analysis, higlighing its definition, source, and 

examples.  

 

Table 49. Summary of the constructs extracted from the literature review and interviews 
Variables Definition Source Example 

Economic 

motivation 

Influence of the economic 

factors on the organization’s 

intention to perform 

sustainability actions.  

Theoretical and 

empirical sampling 

Cost reduction (Molla and Abareshi, 2012), 

meeting for demands from the market 

environment (Molla and Abareshi, 2012), and 

obtaining competitive advantage and 

differentiation strategies (Cai et al., 2013). 

Technological 

capabilities 

Influence of the technological 

factors on the organization’s 

intention to perform 

sustainability actions. 

Theoretical 

sampling 

Organizational’s potential to create 

technological innovation (Jenkin et al., 2011b), 

the individual’s mental and physical effort 

necessary to use a system (Wunderlich et al., 

2013), and the perceived usefulness of the 

system (Wunderlich et al., 2013). 

Socialcultural Influence of the socialcultural Theoretical and Values, beliefs, worldviews, trends, power, 

Pre-adoption Stage 

(Motivations and Actions) 

 

Internal Forces 

Economic 

Technological 

Sociocultural 

 

External Forces 

Social pressure 

Ecological 

 

Diagnostics (business rules) 

Technical 

Environmental 

Social 

 

Work team and challenges 

 

Formal adoption Stage 

(System Development) 

 

Design of Green IS 

Technological 

Organizational 

Environmental 

 

Work team 

 

 

Post-adoption Stage 

(Goals and Strategies) 

 

Goals 

Economic 

Environment 

Social 

 

Strategies 

Economic 

Environment 

Social 

 

Work team and challenges 
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motivation factors on the organization’s 

intention to perform 

sustainability actions. 

empirical sampling intention, feelings in relate to individual 

perception towards the technology (Chow and 

Chen, 2009; Loock et al, 2013), their influence 

on environmental strategies (Jenkin et al., 

2011b), behavior towards the potential 

outcomes of the Green IS (Gholami et al., 

2013), environmental knowledge and action 

(Koo and Chung, 2014). 

Social Pressure 

motivation 

Influence of the society and 

government factors on the 

organization’s intention to 

perform sustainability actions. 

Theoretical and 

empirical sampling 

Government’s permission to reuse the financial 

source saved from the cost reducing with 

energy or water. 

Ecological 

motivation 

Influence of the natural 

environment factors on the 

organization’s intention to 

perform sustainability actions. 

Theoretical and 

empirical sampling 

Current resource levels, consumption rates, and 

level of degradation. 

System 

development 

Refers to the organization’s 

degree of development a 

system integrating 

technological, environmental, 

and organizational needs. 

Theoretical and 

empirical sampling 

Water control and monitoring system, energy 

control and monitoring system, spatial database 

system for monitoring use and occupation in 

the buildings. 

Technological 

design  

 

 

Refers to the technical features 

in which organizations might 

consider to design the system in 

order to attend the 

sustainability needs.  

Theoretical and 

empirical sampling 

Providing information to strengthen the 

sustainable projects, communicating outcomes 

with users, contribute to sustainability goals 

(e.g., Schumann and Kranz, 2013). Providing 

specific information about the environmental 

performance (Watson et al., 2010). 

Organizational 

design  

Refers to the organizational 

features in which organizations 

might consider to design the 

system in order to attend the 

sustainability needs. 

Theoretical and 

empirical sampling 

Enable informed decision making in 

organization by providing accurate reports, 

knowledge creation, stimulating individuals for 

awareness consumption, involving individuals 

in environmental sustainability actions 

(Schumann and Kranz, 2013), recognizing 

interdependencies between data, technological 

components, and organizational goals. 

Environmental 

design  

Refers to the environmental 

features in which organizations 

might consider to design the 

system in order to attend the 

sustainability needs. 

Theoretical and 

empirical sampling 

Monitoring consumption of resources to target 

desired goals (Schumann and Kranz, 2013) 

System Usage Refers to the organization’s 

degree of development desired 

goals and strategies to attend 

the three elements of the 

sustainability. 

Theoretical and 

empirical sampling 

Power to analyze data to compare, predict, and 

interpretate environmental indexes. 

Economic 

goals 

Refers to the use of the system 

enabling the sustainability 

projects working effectively in 

the formulation of economic 

goals 

Empirical sampling Reduce the percentual of water and energy 

costs by certain period. 

Social goals Refers to the use of the system 

enabling the sustainability 

projects working effectively in 

the formulation of social goals 

Empirical sampling Increase the percentual of individuals’ of the 

building awareness about environmentally 

sustaibanable issues by certain period. 

Environmental 

goals 

Refers to the use of the system 

enabling the sustainability 

projects working effectively in 

the formulation of 

environmental goals 

Empirical sampling Recude the percentual of CO2 emissions, 

water, and energy consumption by certain 

period. 

Economic 

strategies 

 

Refers to the use of the system 

to maintain the sustainable 

projects working effectively in 

Theoretical and 

empirical sampling 

Minimization of product’s environmental 

impacts through redesign of production 

processes (Jenkin et al., 2011b), cost for 
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the formulation of economic 

strategies 

materials purchasing, fee for waste treatment, 

and fine for environmental accidents (Ryoo and 

Koo, 2013), cost and efficient of process 

(Bengtsson and Agerfalk, 2011), reducing of 

margins, efficiency savings, cost shifting, and 

pricing strategies (Desautels and Berthon, 

2011). 

Social 

strategies 

Refers to the use of the system 

enabling the sustainability 

projects working effectively in 

the formulation of social 

strategies 

Theoretical and 

empirical sampling 

Increasing the environmental sensitivity, 

training individuals in environmental issues 

and environmental management, increasing the 

awareness for a more sustainable behaviour, 

and integrating units of the university to unify 

the sustainability projects. employees’ 

orientation considering the employee 

perceptions (cognitions and attitudes) and 

participation (behaviors) with respect to green 

information and system technology practices 

(Jenkin et al., 2011b), their awareness for the 

sustainability (Bengtsson and Agerfalk, 2011), 

and environmental orientation (Li et al., 2012b; 

Wang et al., 2015). 

Environmental 

strategies 

Refers to the use of the system 

enabling the sustainability 

projects working effectively in 

the formulation of 

environmental strategies 

Theoretical and 

empirical sampling 

Decreasing of environmental indicators such as 

CO2 emissions (Bengtsson and Agerfalk, 

2011), creation of mechanisms to capture and 

properly dispose of waste to minimize harm, 

mechanisms to prevent/reduce waste, or 

mechanisms to make more efficient use of 

natural resources (Jenkin et al., 2011b), control 

of consumption and managing recycling 

appropriately (Benitez-Amado and Walczuch, 

2012). 

Work team 

roles 

Refers to the roles of 

multidisciplinary work team 

working together to achieve the 

environmental sustainability 

programmes and make feasible 

the use of the green bulding 

system 

Empirical sampling Making users aware, develoging systems, 

creating solutions for monitoring 

environmental performance, training users to 

use the system (extracted from interviews), 

users demanding changes in the system, 

stablishing desired goals, share information 

about the environmental performance 

(Kiperstok and Kiperstok, 2017) 

Diagnostic 

(business 

rules) 

Refers to the organization’s 

degree for assessment and 

understanding the business 

rules to attend requirements of 

system and projects of 

sustainability 

Empirical sampling Attitude, knowledge, ability, infrastructure of 

the building, natural environment, technologies 

and equipments, and behaviour of building’s 

users, process. 

Source: Research data (2018) 

 

Before examining the framework, it is necessary to understand the flow of events of the 

implementation of green initiatives in the practice in order to show how the categories are 

interconnected. This research has draft a schema (Figure 25) regarding an example of interactions 

among variables within the context of the sustainability transformation in a campus.  This schema 

is based on the cases reported in the interviews, showing the complexity of subsytems and its 

interactions.  
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The schema highlights the organizational’s actions in each adoption stage: pre-adoption 

(motivations and actions), formal adoption (system development), and post-adoption (system 

usage). First, it theorizes that the university was motivated to engage in sustainability initiatives 

by the creation of a new federal law (regulative norms) demanding the mandatory use of 

ecological sanitary in all toilets of the public institutions. Such motivation would stimulate the 

university to implement the rational water consumption attending the sustainability issues. To do 

so, the main action is to replace conventional sanitary for ecological sanitary in order to reduce 

the water consumption in the campus.  

 

Figure 25. Example of interactions of the university’s actions for adopting Green IS 

 
Source: Extracted from Atlas.ti (2018) 

 

To promote shifts in the business rule “replace conventional sanitary for more ecological 

sanitary” was necessary to perform two analyzes: 1) individual’s behaviours for identifying 

consumption patterns, and 2) technical aspects such as conventional and ecological sanitary as 

well as the infrastructure of the building. These activities depend on several factors such as the 

conditions of the building to afford ecological devices.  

Second, during the implementation of projects, managers search solutions of technology 

to monitor the environmental performance. For this, it is necessary to define the system’s design 

based on the sustainability issues as well as the business rules. It focuses primarily on examining 

of previous diagnostic. For instance, the system might be able to persuade individuals for more 

environmentally behavior, integrate departaments and eco-technologies. Some of these features 

can make the process more complex, for example, when the Green IS requires integration with 

different sources such as technologies (e.g., sensors, hydrometer) and databases (Kiperstok and 
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Kiperstok, 2017). Since the results of the implementation of eco-technologies might be 

incorporated in the system and the data can comes from several sources. It means that the 

technological functions (e.g., activities, features) need to recognize interdependencies between 

data, and technological components (e.g., prevention technologies) as well. 

Third, the monitoring of the environmental performance is made up during the system 

usage. Resultings of the system will enable managers to create clear goals to reduce the water 

consumption as well as strategies such as sharing tailored information across the academic 

community and training users and technicians to use the system. It might help managers to follow 

the progress of the actions, understanding the time-evolution of the sustainability transformations. 

For instance, the progress of the actions can be perceived when the shared information promotes 

shifts in the individual’s consumption behavior. It represents a recursive and evolutionary process 

of the actions. 

Finally, there are two emergent factors which have strong influence in the performance 

of the actions: the work team and challenges faced during the green initiatives implementation. 

On one hand, the work team can be responsible for the several activities involved in all the 

adoption stages. On another hand, challenges such as a weak maintenance to repair promptly 

water leaks can have a negative effect on both, the consumption behavior and achieving of 

desired goals. For instance, Kiperstok and Kiperstok (2017) highlight that several challenges can 

compromises the actions  such as are “users do not directly pay for water bill, they have a wide 

variety of habits and awareness levels to environmental issues, maintenance is generally weak, 

mainly in public institutions, complexity of piping and installations make leaks more difficult to 

identify, a single metering device accounts for large and complex systems, and sanitary devices 

are used more and tend to be defective more frequently” (p. 158). Jenkin et al (2011b) argue that 

when individuals perceive these conflicts the influence of the Green IS on their behavior tends to 

be diminished because they feel that organization creates expectations on them to which the 

organization itself can not hold it. 
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CHAPTER 7 

TEST DESIGN THEORY 

 

 

Following the orientations by Hevner and Chaterjee (2010), the test of the design 

framework was made with gamma test in which two IS researchers evaluating the following: 1) Is 

the design framework understandable?; 2) Is the design framework actionable? (able to be done, 

having practical value); and 3) Is it likely that using the design framework will result in desired 

outcomes? The interviews were performed via Skype and took around 40 minutes each one. The 

interviewed are postgraduate in Administration and researchers in the information systems field. 

Drawing on the test results, the design theory is currently refined.  

 

7.1. REFINED FRAMEWORK AND VALIDATION APPROACHES 

 

Considering the complexity of the events, this current study has refined the framework 

suggesting a schema non-linear to understand the adoption process of green information systems. 

Figure 26 suggests a framework formed for five main components: motivations, business rules, 

green building technology’s design, system usage (goals and strategies), and spheres of 

sustainability. The arrows connecting the boxes represent the flows of the events across the 

stages. The initial state of the system can be identified from the motivation factors that lead the 

organization for sustainability transformation. According to the empirical analysis the 

motivational forces have influence on the university’s decision to perform sustainability actions 

in the campus. It means that depending on the motivation force, organizations will decide for 

different sustainability actions (e.g., rational water consumption, energy efficiency, green 

mobility).  

Thus, the motivation would define which business rules (e.g., replace conventional 

devices to reduce consumption costs, reuse rooms in a building to avoid deflorestation, increase 

the individuals’ sustainability awareness in a building) requer shifts to attend sustainability 

issues. According to Haigh and Griffths (2008) the business rules might be questioned to enable 

individuals to consider environmental strategies into the IS design. Thus, the diagnostic process is 

an important stage to identify organizational problems as well as it helps to align the business 

rules to the system design. Since the information system’s potential to increase or reduce 
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environmental impacts depends on how the business rules are evaluated and applied by 

organizations (Haigh and Griffths, 2008). 

 

Figure 26. Refined framework for green information system adoption 

 
Source: Based on the research analysis (2018) 

 

From the analysis of the business rules, managers might provide alternative solutions 

for green information systems to attend environmental needs, bringing benefits for the 

organization. The identification of features of the system is result of the previous diagnostic in 

the business rules performed during the implementation of sustainability actions. Such aligning 

would provide several benefits, for example, the selection of the technology with suitable features 

to address the environmental issues will enable informed decision making in organization (e.g., 

by providing accurate reports), knowledge creation, and contribute to sustainability goals 

(Schumann and Kranz, 2013). To do so, the set of indicators (e.g., environmental and 

organizational) must be admitted during the project (Hilty et al., 2006), ensuring that the green 

information system provides features adequate to attend the initial requirements of system. In the 
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point of view of this research, the requirements come from the analysis of the relation between 

business rules and the three spheres of the sustainability. 

Yet, such requirements refer to the to three main technology’s features required for the 

transformations of sustainability: technology, organization and natural environment (Seidel et al., 

2013). Based on this features, the system might provide useful information to enable managers to 

compare, predict, and make decisions about environmental actions as well as define desired goals 

for sustainability issues. The system’s design refers to the ability of the Green IS to support the 

alignment of environmental goals and behaviors in the organization (Corbett, 2013). Thus, the 

green IS’s functions will help users achieve their goals (Corbett, 2013). Such goals are essentials 

to require a shift of mindset and transformation of work process, reinvent processes, redesign the 

economy, understand the environmental concerns, and replace resources to attend environmental 

sustainability needs (Watson et al, 2010).  

Considering the literure review and empirical data, the system usage is formed by two 

essencial elements representing the formulation of desired goals and strategies for sustainability 

in the campus. When organizations develop sustainability goals, it enables individuals to assign 

priorities for action to be taken as well as make comparison between environmental measures in 

different periods. Once the goals, then strategies might be formulated to strengthen the 

sustainability actions, enabling organizations to guide individuals to make decisions around the 

environmentally sustainable business practice (Butler, 2011).  

The framework reveals that the implementation of sustainability actions and green 

information systems might be supported by activities of a multidisciplinary work team regarding 

their different roles. Such team will maintain the sustainability actions as well as design and use 

the system. In this case, the green information systems adoption is a continuous and integrated 

effort of the team making an ongoing commitment to promoting sustainability initiatives. Thus, 

the role of each member has an important contribution for the evolution of the projects. For 

example, to promote the commitment of individuals to ecologically behavior or maintain the 

awareness of their own consumption, the technical members might have work conditions to 

repair any water leak. Whether the mantainance conditions are not proper, it would be difficult 

for individuals to achieve desired goals. Therefore, the effectiveness of the system depends of a 

cooperative activity of the academic community for a wider transformation of the organizational 

culture. 
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Sustainable work practices are performed via sustainability projects usually conducted 

by the work teams (Kiperstok and Kiperstok, 2017). Teams are created and trained to conduct 

and manage the sustainability projects, starting by daily following up the projects (Kiperstok and 

Kiperstok, 2017). Moreover, it represents the empowerment of a specific group for developing 

and keeping the sustainability awareness alive, conducting activities, and controlling and 

managing the environmental indexes daily (Kiperstok and Kiperstok, 2017). A daily control of 

these indexes would provide information to the community and avoid negatives changes in the 

performance of the desired goals and behaviors as well.  

Work team is responsible for motivating users to engage in sustainable practices by use 

of the system. The activities concerned with behavioral aspects can also help and stimulate 

individuals to keep their goals. To do so, it is necessary to follow planned actions for 

understanding the user profile and following up the consumption of resources (water and energy), 

maintaining permanent awareness of users, and designing a communication plan to share 

information with the users (Kiperstok and Kiperstok, 2017). 

The work team is essential to the context because it is the bridge between the user needs 

and design of the system. The green information systems design depends on how the work team 

analyzes the sustainability needs in the organization. The design of green information systems is 

interested to understand the organizational actions that incorporate the key environmental 

elements into the design. From the theoretical sampling, it attempt to address which type of 

application has been chosen, which the primary tasks are supported by the application, which 

elements are relevant and must be analyzed, processed, and stored by the design, which 

organizational sectors and/or business rules are affected by Green IS and/or who are the 

interested in environmental solutions, and which environmental indicators has been analyzed to 

integrate the Green IS design. During the empirical sampling analysis, these aspects emerge in 

the design of the system categorized in three aspects: technological, environmental, and 

organizational. These aspects represent the key elements to design a green building technology 

which might be aligned with the problems, goals, and strategies for sustainability.  

Challenges and work team are variables influencing the performance and the way that 

each process must be conducted. There are a set of challenges inherent to the green IS adoption 

process. Corbett (2013) shows that despite of organizations express their desire to go green, many 

still have real challenges going so. The research findings show that the challenges are specifics of 



 134 

each university, projects, and information system. It can be related to the work team performance, 

involvement of the high administration, lack of interest of indivíduos for environmental issues, 

degree of integration between sectors and departaments, training, and so on. Such challenges 

would influence several events of the adoption process. In this case, the team might work in an 

integrated way to mitigate likely events that represents risks for the project. 

Additionally, the framework embraces an aspect of the Green IS that only few empirical 

studies have embedded in the research models and theories. Studies have frequently focused on 

the Green IS initiatives as an isolated action. However, such initiatives cannot be isolated from 

work practices because there is a recursive relationship between them (Hedman et al., 2016). 

Empirically, studies (e.g. Kiperstok and Kiperstok, 2017) show that sustainable work practices 

are organizational actions preceding investments of IT solutions. Thus, Green IS adoption might 

be part of the implementation plan of such work practices. In the other hand, the outcomes 

provided by the Green IS solutions and its features (design) can assist organizations in 

establishing environmentally sustainable work practices as well as influencing the motivational 

forces for performing new sustainability actions (Seidel et al, 2013). 

In general, the integration of these stages reveals that the dynamic principles can operate 

in each level in which a system is part of another system going to subsystems. Depending on the 

effort of the team to putting more or less energy to change the system, it will bring the state of the 

transformations of sustainability of the organization to another level. The practical proposal 

suggests a dynamic and evolutionary flow of events. It is considered dynamic because likely 

transformations in any event will require changes in another one. It is also evolutionary because 

the framework aims increasing the organizational’s potential to implement more sustainability 

projects. For example, the potential of design of the green information system grows with the 

capacity of the work team to perform the analysis of business rules and align it with the system’s 

design. It theorizes that the more the system’s design is aligned with the business rules the more 

it will provide tailored information to users, contributing to more effective and clear definition of 

goals. Consequently, goals well defined would enable managers to create strategies and increase 

the university’s potential to implement sustainability projects.  

To ensure useful knowledge for organizations, this framework can be further tested. 

This current research presented major concepts for the study of green information systems and, 

specifically, for building technology adoption regarding what must be done in the practice. 
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Metodologically, this study recommends an evaluation of the framework based on Dynamic 

Systems approach. It would help scholars to analyze via simulation the interaction among 

variables of the framework, the way in which the variables affect each other as well as determine 

the state of the sustainability projects at each moment of time from its states at all previous times. 

One suggestion should be simulating shifts in the pre-adoption stage observing the 

implementation of desired goals and strategies from the Green ITS outcomes over time, for 

example, examining its effect on individual’s awareness toward environmental issues by 2020. 

As research strategy, future studies could use a qualitative approach in a longitudinal 

study to investigate how green information systems have implied in sustainability transformation 

over time. Future studies could investigate how the elements of sustainability might be influenced 

by green information systems. Based on expert interviews, studies could identify which 

motivations lead to shifts of business rules (a set or specific business rule) as well as which 

sustainability indicators (economic, social, and environmental) might be influenced by such 

business rules. From the business rules/sustainability indicators combination, it would be 

questioned how such combination could be considered into the system design regarding 

technology, organizational, and environmental aspects. Furthermore, such design’s aspects could 

be treated into the system usage process as the most relevant aspects for create sustainability 

goals and strategies to attend sustainability issues, shifting business rules in a recursive process. 

The framework represents concrete prescriptions that enable IS scholars and 

practitioners to understand and address the problems inherent in developing and implementing 

(e.g., system usage) information systems within organizations regarding the elements of the 

sustainability into the system design. It prescribes a particular class of user requirements to 

develop green information systems aligned with business rules, organizational strategies, and 

aspects of the sustainability. 

This framework has been designed to attend needs of potential stakeholders such as 

managers, society, IT professionals, and natural environment. First, it might enable managers to 

understand the practical aspects of the Green IS adoption phenomenon in order to better decide 

about the appropriated ecological technologies attending the sustainability’s needs. It also can 

provide knowledge to managers about which would be the starting point to organization 

undertake green initiatives. Specifically, managers could restructure the organizational’s business 
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rules to address environmental needs and align the organization goals with the IS design (Corbett, 

2013). Second, system’s users involve all the members of the organization as well as the society. 

Since the Green IS requires systems with persuasive functions stimulating more ecologically 

behavior (Corbett, 2013), it might be disseminated through the internal and external community 

of the organization. Thus, the effectiveness in the implementation of the green information 

systems will depends on the engagement of the society in the sustainability actions of the 

organization, stimulating more ecologically responsible behaviors. Finally, the framework is 

useful to enable IT professionals to design green systems capable to aggregate the spheres of the 

sustainability with business rules’ needs.  

 

7.2. STEPS FOR GREEN INFORMATION SYSTEM DESIGN AND ADOPTION 

 

Considering the software development, the practice contribution can be described in five 

steps. All this steps can be taken for organizations that intend to adopt green information systems. 

1. Setting environmental targets for organization’s activities: targets can be from the 

motivational forces, it should help with decision making to identify shifts in the business 

rules; 

2. Prototyping the system to meet all environmental targets that have been set in an 

incremental process, improving the prototype until the targets are achieved. To implement 

the improvements needed: 

a. To take a holistic approach of the organization’s activities/business rules as well 

as detailed its processes, thus, it is important to map the life cycle of the 

activity/business rules to understand the places where we perceive and estimate its 

environmental impact; 

b. To quantify the impact at every life cycle of the business rule considering these 

indexes into the system design. 

3. Implementing the prototype; 

4. Assessing the environmental impact of the business rules; 

5. Keeping in the cycle 2-4 until the system meet the environmental targets. 
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CHAPTER 8 

CONCLUSIONS 

 

This research aimed to outline a framework for the green information systems adoption. 

By applying the Design Science Research approach, it has built a framework for green 

information systems adoption, suggesting research strategies and an agenda for future validations. 

The empirical findings of this research reveal that there are four three topics need to be 

emphasized in respect to green information systems adoption such as human’s behavior related to 

the motivational forces, system development and design, and goals and strategies for 

sustainability. First, it has founded that the motivation forces has influenced the decisions of the 

organizations to go green. Despite of particularity of the motivations, all of them have been 

identified by prior literature. For example, the sociocultural variable is widely discussed on the 

literature in which their relation with green IS adoption has been empirically tested (Gholami et 

al., 2013; Loock et al., 2013; Wunderlich et al., 2013; Koo and Chung, 2014). Such motivational 

forces are related to two contexts: internal (economic, technological, and sociocultural) and 

external forces (social pressure and ecological). Empirically, the findings reveal that motivation 

forces have determinated the choice on which sustainability action would be taken by the 

university. Such actions are performed by projects developed by work teams responsible for 

creating, implementing, and monitoring both, the projects performance and environmental 

performance as well. This stage will require a certain level of environmental awareness, 

motivation (e.g., beliefs and values), knowledge (e.g., environmental issues and appropriated 

technology), and ability (e.g., to evaluate the Gree IS results) of the individuals in the process. 

Second, once individuals make decision to adopt the system moved by awareness, 

beliefs or knowledge, they need to think about which kind of technology could be able to meet 

the organizational and natural environmental requirements. In the literature review, to align the 

system with these requiments, the design of the green information systems has focused in three 

aspects: technical, organizational, and environmental issues. Such issues are important to design 

the system with features aligned to the organizational and natural environment needs. Yet, the 

empirical findings complement the definition of each variable revealing that universities perform 

three types of analysis before to undertake green building systems: 1) technical diagnostic 

(infrastructure of the building, technologies, and equipments); 2) environmental diagnostic; and 
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3) social diagnostic (behavioural). Such analysis regard elements essentials to the design of the 

system and it can identify, for example, wich business rules, individuals or departament are more 

sensitive for green building technologies and therefore most relevant for further consideration. 

Yet, these analyses would determine the design and role of the green building system for the 

sustainability projects. For example, Kiperstok and Kiperstok (2017) argue that a conceptual 

scheme of the green building project would be useful to design the information system in order to 

build a technology to persuade users being awareness of their consumption and more 

environmentally friendly behavior.  

Third, the effectiveness of the Green IS’ role depends on the system usage process, in 

special, how the team will create goals and strategies to engage individuals in sustainability 

projects and change behavior towards environmental issues. Once successful the strategies, it 

may change the organizational culture and support greater awareness across the organization’s 

individuals. Besides to provide tailored information about environmental performance, the role of 

the green information systems is also the engagement of all the stakeholders to integrate the 

sustainability projects and promote broader view of the actions developed by the organization. It 

indicates that whether more people are engaged in sustainability projects and awareness about 

their own consumption, more would be the potential of the organization to go green and adopt 

green technologies. 

Specifically, in the empirical findings, the relation between sustainability actions and the 

use of green building systems is founded to mediate activities of a multidisciplinary work team 

regarding their different roles. Such team will maintain the sustainability actions as weel as 

design and use the green building technology. In this case, the green building tecnologies 

adoption is a continuous and integrated effort of the team working to put forward the projects of 

sustainability. The role of each member has an important contribution for the evolution of the 

projects. For example, if the technical members are not trained to repair any water leak, the users 

are not able to keep the awareness of their own consumption. It makes difficult to achieve desired 

goals. Therefore, the effectiveness of the system depends of a cooperative activity of the 

academic community for a wider transformation of the university culture. 

The empirical sampling reveals that the flow of the process for green building system 

adoption followed a similar pattern of events. The differences involving the three case studies are 

how they prioritize the elements of the sustainability during the projects. Some of them pay more 
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attention to economic and environmental aspects than others. The priorities will depend on the 

influence of the internal and external motivations, the challenges faced by the team to develop 

projects of sustainability, the individual’s attitude and knowledge about environmental issues.  

  The framework reinforces the notion of non-linearity involved in the green ITS 

adoption because one initiative in the initial stage can lead to big differences at later stages. For 

example, lack of interest of the individuals for environmental concerns can be seen as a problem 

to put forward projects in sustainability. In this case, the design of the system could persuade 

certain group of individuals guiding users in an attitude change process. Hence, it also depends 

on system usage, in special, the way in which the work team will create goals and strategies to 

engage individuals to use the system. Once successful the strategies, it may change the 

organizational culture and the awareness of its members. 

The results would provide several theoretical and practical contributions. Theoretically, 

the study can help to explain the role of IS in advancing of the environment sustainability. To 

advance theory in the Green IS adoption stream, this research believes that rethink the basic 

processes of the green technology adoption might improve theories and models such as the BAO 

framework by developing a deep understanding of each phase of the model. Moreover, it 

addresses research concerns about the complex relation between technology, organization, and 

natural environment, showing that such relationship may arises into the system development 

process. Since technology, organization, and natural environment are elements that interact with 

each other to influence technology adoption decisions (Bose and Luo, 2011).  Additionally, this 

research presents how the framework can improve the green building systems adoption at 

universities and suggests methodological procedures showing how it can be measured for future 

validation. 

For practitioners, the framework shows what must be done in practice when the 

university decides to undertake green information systems. First, the framework highlights how 

the elements of the sustainability must be considered during the each process to ensure advances 

in sustainability projects, for example, helping managers to understand how the business rules 

can be modified to afford a campus more sustainable.  Yet, the understanding of the elements 

may help organizations to increase their potential to adopt green innovations and increase the 
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ecological awareness of their employees for taking the environment into account in your daily 

business thinking and decisions as well.  

Second, it expects that the information systems help individuals to know how to act and 

face the natural environment problems by analysis and diagnostic of the potential environmental 

impacts caused by the building. It also may help people solve problems connected with green 

building technologies adoption to work together in order to select the technology that address all 

the stakeholders involved in the project, and attend the environmental needs and the business 

rules as well. In general and stimulated by theorists (e.g., Schaltegger et al., 2003), this current 

research points out that the framework helps to understand the relationship between information 

systems, organization and the natural environment, encouraging the idea of wider sustainable 

development.  

This research is not free of limitations. First, the experience to contact HEIs in assisting 

this research has showed a hard process. This research intended initially to performe interviews 

with universities signatories of the PRME with highest commitment to the initiative. However, 

the analysis of PRME’s reports revealed that some universities had no implement green 

information systems. Yet, the contact with some of them was not possible. Second, this research 

has no performing empirical tests regarding the test design theory’ statements of the design 

science. Instead, it has carried out the validation based on the experts’ opinion. Hovewer, further 

testing of the design theory is needed, proposing a framework that should be empirically tested 

by scholars to attend such proposal. 

One of the biggest limitations of this research is related to the difficults faced by the 

researcher during the data collection process. During 11 months the researcher tried contact 16 

universities more then once to perform the interview but just three universities confirmed the 

colaboration. Yet, in each university it was possible to interview just one or two employers able 

to talk about the sustainability projects. It could represent a weak empirical validation and 

compromise the findings of the research as well as the research framework. However, the focus 

of this study was performing the literature review, using methodological rigor to identify the 

main variables, categories and relationships of the research framework. The empirical sampling 

was just to confirm some variables and its relationships. Thus, performing the theoretical and 

empirical samplings help to design the research framework able to understand how organizations 
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adopt Green IS regarding not only predicting the intentions of the individuals but also their 

actions to adopt it. 

Despite the empirical sampling has been performed in a specific context of the 

universities and a specific technology (green building system), it was possible to drawn part of 

the dynamic of the individual actions when organizations decide to undertake sustainability 

initiatites. Thus, most likely the research framework can be tested in other kind of organizations 

because its basic structure was built based on the general principals of the literature. 
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Appendix A: Core publications (1994-2016) ranked by internal citation score. 

 
Table A1 - List of the papers of the core publications subnetwork in the period 1994-2016 

 Researcher/

Y 
Title Journal ICS MC 

1 Melville 

(2010) 
Information Systems Innovation for 

Environmental Sustainability 
MIS Quarterly 39 MC1 

2 Watson et al 

(2010) 
Information Systems and environmentally 

sustainable development: energy informatics and 

new directions for the IS community 

MIS Quarterly 36 MC1 

3 Elliot (2011) Transdisciplinary perspectives on environmental 

sustainability: a resource base and framework 

fot IT-enabled business transformation 

MIS Quarterly 19 MC1 

4 Jenkin et al 

(2011a) 
An agenda for “Green” information technology 

and systems research 
Information and 

Organization 
14 MC1 

5 Beloglazov et 

al (2012) 
Energy-aware resource allocation heuristics for 

efficient management of data centers for cloud 

computing 

Computer Science, 

Theory & Methods 
14 MC2 

6 Bose and Luo 

(2011) 
Integrative framework for assessing firm’s 

potential to undertake green IT initiatives via 

virtualization – a theoretical perspective 

Journal of Strategic 

Information Systems 
10 MC1 

7 Dao et al 

(2011) 
From green to sustainability: information 

technology and an integrated sustainability 

framework 

Journal of Strategic 

Information Systems 
10 MC1 

8 Butler (2011) Compliance with institutional imperatives on 

environmental sustainability: building theory on 

the role of Green IS 

Information and 

Organization 
9 MC1 

9 Beloglazov 

and Buyya 

(2011) 

Optimal online deterministic algorithms and 

adaptive heuristics for energy and performance 

efficient dynamic consolidation of virtual 

machines in Cloud data centers 

Concurrency and 

Computation-Practice 

& Experience 

7 MC2 

10 Haigh and 

Griffiths 

(2008) 

The environmental sustainability of information 

systems: considering the impact of operational 

strategies and practices 

International Journal 

of Technology 

Management 

6 MC1 

11 Molla and 

Abareshi 

(2012) 

Organizational green motivations for 

information technology: empirical study 
Journal of Computer 

Information Systems 
6 MC1 

12 Bengtsson 

and Agerfalk 

(2011) 

Information technology as a change actant in 

sustainability innovation: insights from Uppsala 
Journal of Strategic 

Information Systems 
5 MC1 

13 Hilty et al 

(2006) 
The relevance of information and 

communication Technologies for environmental 

sustainability – a prospective simulation study 

Environmental 

Modelling & Software 
4 MC1 

14 Enokido et al 

(2010) 
A Model for Reducing Power Consumption in 

Peer-to-Peer Systems 
IEEE Systems Journal 4 MC2 

15 Faucheux and 

Nicolai 

(2011) 

IT for green and green IT: a proposed typology 

of eco-innovation 
Ecological Economics 4 MC1 

16 Watson et al 

(2011) 
Green projects: an information drives analysis of 

four cases 
Journal of Strategic 

Information Systems 
4 MC1 
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17 Chowdhury 

(2012a) 
Building environmentally sustainable 

information services: a green IS research agenda 
Journal of the 

American Society for 

Information Science 

and Technology 

4 MC1 

18 Walley and 

Whitehead 

(1994) 

Its not easy being green Harvard Business 

Review 
3 MC1 

19 Chow and 

Chen (2009) 
Intended belief and actual behavior in green 

computing in Hong Kong 
Journal of Computer 

Information  Systems 
3 MC1 

20 Murphy et al 

(2010) 
Advanced architectures and execution models to 

support green computing 
Computing in Science 

& Engineering 
3 MC2 

21 Jenkin et al 

(2014b) 
Green information Technologies and systems: 

employee’s perceptions of organizational 

practices 

Business & Society 
 

3 MC1 

22 Garg et al 

(2011) 
Environment-conscious scheduling of HPC 

applications on distributed cloud-oriented data 

centers 

Journal of Parallel and 

Distributed Computing 
3 MC2 

23 Chou and 

Chou (2012) 
Awareness of Green IT and its value model Computer Standards & 

Interfaces 
3 MC1 

24 Mukherjee et 

al (2009) 
Spatio-temporal thermal-aware job scheduling to 

minimize energy consumption in virtualized 

heterogenous data centers 

Computer Networks 2 NC 

25 Marcus and 

Fremeth 

(2009) 

Green management matters regardless Academy of 

Management 

Perspectives 

2 MC1 

26 Ruth (2009) Green IT — More Than  a Three Percent 

Solution? 
Computer Science, 

Software Engineering 
2 MC2 

27 Naumann et 

al (2011) 
The greensoft model: a reference model for 

green and sustainable software and its 

engineering 

Sustainable-

Computing 

Informatics & Systems 

2 NC 

28 Pitt et al 

(2011) 
Integrating the smartphone into a sound 

environmental information systems strategy: 

principles, practices and a research agenda 

Journal of Strategic 

Information Systems 
2 MC1 

29 Zhang et al 

(2011) 
Designing IT systems according to 

environmental settings: a strategic analysis 

framework 

Journal of Strategic 

Information Systems  
2 MC1 

30 Benitez-

Amado and 

Walczuch 

(2012) 

Information technology, the organizational 

capability of proactive corporate environmental 

strategy and firm performance: a resource-based 

analysis 

European Journal of 

Information Systems 
2 MC1 

31 Wang et al 

(2013) 
Energy-aware parallel task scheduling in a 

cluster 
Future Generation 

Computer Systems  
2 MC2 

32 Xiao et al 

(2013) 
Dynamic resource allocation using virtual 

machines for cloud computing environment 
IEEE Transactions on 

Parallel  and 

Distributed Systems 

2 MC2 

33 Ryoo and 

Koo (2013) 
Green practices-IS alignment and environmental 

performance: The mediating effects of 

coordination 

Information Systems 

Frontiers 
2 MC1 

34 Sabharwal et 

al (2013) 
Enabling green IT through energy-aware 

software 
IT Professional 2 MC2 

35 Hedman and 

Henningsson 

(2011) 

Three strategies for green IT IT Professional 1 MC1 

36 Desautels and 

Berthon 

The PC (polluting computer): forever a tragedy 

of the commons? 
Journal of Strategic 

Information Systems 
1 MC1 
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(2011) 
37 Wang et al 

(2011) 
Survey on energy-efficient data management Sigmod Record 1 MC2 

38 Gao et al 

(2012) 
It’s not easy being green ACM Sigcomm 

Computer 

Communication 

Review 

1 MC2 

39 Nowak et al 

(2012) 
Pattern-driven green adaptation of process-based 

applications and their runtime infrastructure 
Computing 1 MC2 

40 Mazzucco 

and Dyachuk 

(2012a) 

Balancing electricity bill and performance in 

server farms with setup costs 
Future Generation 

Computer Systems  
1 NC 

41 Li et al 

(2012a) 
Cyberguarder: a virtualization security assurance 

architecture for green cloud computing 
Future Generation 

Computer Systems 
1 NC 

42 Kipp et al 

(2012) 
Layered green performance indicators Future Generation 

Computer Systems  
1 MC2 

43 Chowdhury 

(2012b) 
An agenda for green information retrieval 

research 
Information 

Processing & 

Management 
 

1 MC1 

44 Li et al 

(2012b) 
Firm’s human resource in information system 

and sustainable performance: does their 

organizational identify matter? 

International Journal 

of Human Resource 

Management 

1 MC1 

45 Wang et al 

(2012) 
Thermal aware workload placement with task-

temperature profiles in a data center 
Journal of Super 

Computing 
1 NC 

46 Mazzucco 

and Dyachuk 

(2012b) 

Optimizing cloud providers revenues via energy 

efficient server allocation 
Sustainable 

Computing-

Informatics & Systems 

1 NC 

47 Schuman and 

Kranz (2013) 
Leveraging green IS in logistics: developing an 

artifact for greenhouse gas emission tracking 
Business & 

Information  Systems 

Engeneering 

1 MC1 

48 Gholami et al 

(2013) 
Senior managers’ perception on green 

information system (IS) adoption and 

environmental performance: results from a field 

survey 

Information   & 

Management 
1 MC1 

49 Corbett 

(2013) 
Designing and using carbon management 

systems to promote ecologically responsible 

behaviors 

Journal of the 

Association for 

Information Systems 

1 MC1 

50 Cai et al 

(2013) 
Exploring the role of IT for environmental 

sustainability in China: An empirical analysis 
International Journal 

of Production 

Economics 

1 MC1 

51 Wunderlich 

et al (2013) 
The impact of endogenous motivations on 

adoption of IT-enabled service: the case of 

transformative services in the energy sector 

Journal of Service 

Research 
1 MC1 

52 Seidel et al 

(2013) 
Sensemaking and sustainable practicing: 

functional affordances of information systems in 

green transformations 

MIS Quarterly 
 

1 MC1 

53 Loock et al 

(2013) 
Motivating energy-efficient behavior with green 

IS: an investigation of goal setting and the role 

of defaults 

MIS Quarterly 
 

1 MC1 

54 Song et al 

(2014) 
Adaptive resource provisioning  for the cloud 

using online bin packing 
IEEE Transactions on 

Computers  
1 MC2 

55 Xiao et al 

(2014) 
Automatic scaling of Internet applications for 

cloud computing services  
IEEE Transactions on 

Computers 
1 MC2 

56 Mittal et al Master: a multicore cache energy-saving IEEE Transactions on 1 NC 
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(2014) technique using dynamic cache reconfiguration Computers 
57 Enokido et al 

(2014a) 
Energy-efficient server clusters to perform 

communication type application processes 
Journal of 

Supercomputing 
1 MC2 

58 Ihm et al 

(2014) 
Efficient duality-based subsequent matching on 

time-series data in green computing 
Journal of 

Supercomputing 
1 MC2 

59 Lee et al 

(2014) 
A power-efficient vertical handover with MIH-

based network scanning through consistency 

check 

Journal of 

Supercomputing 
 

1 MC2 

60 Park and 

Jeong (2014) 
Cloud computing-based jam management for a 

manufacturing system in a Green IT 

environment 

Journal of 

Supercomputing 
 

1 MC1 

61 Park et al 

(2014) 
Automated and coupled services of advanced 

smart surveillance systems toward green IT: 

tracking, retrieval and digital evidence 

Journal of 

Supercomputing 
 

1 MC2 

62 Koo and 

Chung (2014) 
Examining the eco-technological knowledge of 

Smart Green IT adoption behavior: a self-

determination perspective 

Technological 

Forecasting and Social 

Change 
 

1 MC1 

63 Wang et al 

(2015) 
How information technology influences 

environmental performance: empirical evidence 

from China 

International Journal 

of Information 

Management 

1 MC1 

64 Jeffers (2010) Embracing sustainability information 

technology and the strategic of operations in 

third-party logistics 

International Journal 

of Operations & 

Production 

Management 

0 MC1 

65 Koslowski 

and Struker 

(2011) 

ERP On Demand Platform Complementary 

Effects Using the Example of a Sustainability 

Benchmarking Service 

Business & 

Information  Systems 

Engeneering 

0 MC1 

66 Tang et al 

(2012) 
A unified methodology for scheduling in 

distributed cyber-physical systems 
ACM Transactions on 

Embedded Computing 

Systems 

0 NC 

67 Green et al 

(2012) 
Do environmental collaboration and monitoring 

enhance organizational performance? 
Industrial 

Management & Data 

Systems 

0 MC1 

68 Niemi and 

Hameri 

(2012) 

Memory-based scheduling of scientific 

computing clusters 
Journal of 

Supercomputing 
0 NC 

69 Gottschalk 

and Kirn 

(2013) 

Cloud computing as a tool for enhancing 

ecological goals? Analyzing necessary 

preconditions on the consumer side 

Business & 

Information  Systems 

Engeneering 

0 MC1 

70 Kessaci et al 

(2013) 
A pareto-based metaheuristic for scheduling 

HPC applications on a geographically 

distributed cloud federation 

Cluster Computing – 

The Journal of 

Networks Software 

Tools and 

Applications 

0 MC2 

71 Wu et al 

(2013) 
Classified power capping by network 

distribution trees for green computing 
Cluster Computing – 

The Journal of 

Networks Software 

Tools and 

Applications 

0 NC 

72 Chou (2013) Risk identification in green IT practice Computer Standards & 

Interfaces 
0 MC1 

73 Enokido and 

Takizawa 

The evaluation of the extended transmission 

power consumption (ETPC) model to perform 

Computing 
 

0 MC2 



 154 

(2013) communication type processes   
74 De Alfonso et 

al (2013) 
An economic and energy-aware analysis of the 

viability of outsourcing cluster computing to a 

cloud 

Future Generation 

Computer Systems 
0 MC2 

75 Du et al 

(2013) 
How to balance sustainability and profitability in 

technology organizations: an ambidextrous 

perspective 

IEEE Transactions on 

Engeneering 

Management 

0 MC1 

76 Molla (2013) Identifying IT sustainability performance 

drivers: instrument development and validation 
Information Systems 

and Frontiers 
0 MC1 

77 Hertel and 

Wiesent 

(2013) 

Investments in information systems: a 

contribution towards sustainability 
Information Systems 

and Frontiers 
0 MC1 

78 Bai and 

Sarkis (2013) 
Green Information technology strategic 

justification and evaluation 
Information Systems 

Frontiers 
0 MC1 

79 Toyasaki et al 

(2013) 
The value of information systems for product 

recovery management 
International Journal 

of cooperative 

information systems 

0 MC1 

80 Chowdhury 

(2013) 
Sustainability of digital information services Journal of 

Documentation 
0 MC1 

81 Corbett 

(2013) 
Using information systems to improve energy 

efficiency: Do smart meters make a difference 
Information Systems 

Frontiers 
0 MC1 

82 Hasan and 

Huh (2013) 
Heuristic based energy-aware resource 

allocation by dynamic consolidation of virtual 

machines in cloud data center 

KSII Transactions on 

Internet and 

Information Systems 

0 MC2 

83 Lee et al 

(2013) 
Greening with IT: practices of leading countries 

and strategies of followers 
Management Decision 0 MC1 

84 Inoue et al 

(2013) 
Power consumption and processing models of 

servers in computation and storage based 

applications  

Mathematical and 

Computer Modelling 
0 MC2 

85 Trimi and 

Park (2013) 
Green IT: practices of leading firms and NGOs Service Business 0 MC1 

86 Tian et al 

(2013) 
Performance evaluation and dynamic 

optimization of speed scaling on web servers in 

cloud computing 

Tsinghua Science and 

Technology 
0 MC2 

87 Mishra and 

Akman 

(2014) 

Green information technology (GIT) and gender 

diversity 
Environmental 

Engineering and 

Management Journal 

0 MC1 

88 Lekakos et al 

(2014) 
Green is good but is usuability better? Consumer 

reactions to environmental initiatives in e-

banking services 

Ethics and Information 

Technology 
0 MC1 

89 Luo et al 

(2014) 
Hybrid shuffled frog leaping algorithm for 

energy-efficient dynamic consolidation of 

virtual machines in cloud data centers 

Expert Systems with 

Applications 
0 MC2 

90 Jiang et al 

(2014) 
Dynamic consolidation of virtual machines in 

cloud datacenters  
IEICE Transactions on 

Information Systems 
0 MC2 

91 Molla et al 

(2014) 
Green IT beliefs and pro environmental IT 

practices among IT professionals 
Information 

Technology & People 
0 MC1 

92 Vitali and 

Pernici 

(2014) 

A survey on energy efficiency in information 

systems 
International Journal 

of cooperative 

information systems 

0 MC2 

93 Enokido et al 

(2014b) 
Energy-efficient redundant execution of 

processes in a fault-tolerant cluster of servers 
International Journal 

of Parallel 

Programming 

0 MC2 

94 Mittal and 

Zhang (2014) 
Encache: a dynamic profiling-based 

reconfiguration technique for improving cache 

Journal of Circuits 

Systems and 

0 NC 
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energy efficiency Computers 
95 Melville and 

Whisnant 

(2014) 

Energy and carbon management systems 

organizational implementation and application 
Journal of Industry 

Ecology 
0 MC1 

96 Yen et al 

(2014) 
Computational awareness towards green 

environments 
Journal of 

Supercomputing 
0 MC2 

97 Horri et al 

(2014) 
Novel resource allocation algorithms to 

performance and energy efficiency in cloud 

computing 

Journal of 

Supercomputing 
0 MC2 

98 Cecere et al 

(2014) 
Technological pervasiveness and variety of 

innovators in green ICT: a patent-based analysis 
Research Policy 0 MC1 

99 Ardito and 

Morisio 

(2014) 

Green IT – Available data and guidelines for 

reducing energy consumption in IT systems 
Sustainable  

Computing-

Informatics & Systems 

0 NC 

100 Koo et al 

(2014) 
How does ecological responsibility affect 

manufacturing firms’ environmental and 

economic performance?  

Total Quality 

Management & 

Business Excellence 

0 MC1 

101 Mann (2015) Allocation of virtual machines in cloud data 

centers: a survey of problem models and 

optimization algorithms 

ACM Computing 

Surveys 
0 MC2 

102 Becker et al 

(2015) 
In search of information systems (grand) 

challenges a community of inquirers perspective 
Business & 

Information Systems 

Engineering 

0 MC1 

103 Itani et al 

(2015) 
G-route: an energy-aware service routing 

protocol for green cloud computing 
Cluster Computing – 

The Journal of 

NetworksSoftware 

Tools and 

Applications 

0 MC2 

104 Li et al 

(2015) 
Deduplication-based energy efficient storage 

system in cloud environment 
Computer Journal 0 MC2 

105 Khani el al 

(2015) 
Distributed consolidation of virtual machines for 

power efficiency in heterogeneous cloud data 

centers  

Computers & 

Electrical Engineering  
0 MC2 

106 Mcgibbon 

and Van 

Belle (2015) 

Integrating environmental sustainability issues 

into the curriculum through problem-based and 

project-based learning: a case study at the 

university of cape town 

Current Opinion in 

Environmental 

Sustainability 

0 MC1 

107 Romer et al 

(2015) 
Smart energy for Robinson Crusoe: an empirical 

analysis of the adoption of IS-enhanced 

electricity storage systems  

Electronic Markets 0 MC1 

108 Drenkelfort et 

al (2015) 
Aquifer thermal energy storages as a cooling 

option for german data centers 
Energy Efficiency 0 MC2 

109 Kern et al 

(2015) 
Impacts of software and its engineering on the 

carbon footprint of ICT 
Environmental Impact 

Assessment Review 
0 NC 

110 Liu et al 

(2015) 
Energy-aware scheduling with reconstruction 

and frequency equalization on heterogeneous 

systems 

Frontiers of 

Information 

Technology & 

Electronic Engineering 

0 MC2 

111 Subirats and 

Guitart 

(2015) 

Assessing and forecasting energy efficiency on 

cloud computing platforms 
Future Generation 

Computer Systems  
0 MC2 

112 Amokrane et 

al (2015) 
Greenslater: on satisfying green slas in 

distributed clouds 
IEEE Transactions on 

Network and Service 

Management 

0 MC2 

113 Bruneo et al Modeling and evaluation of energy policies in IEEE Transactions on 0 MC2 



 156 

(2015) green clouds Parallel  and 

Distributed Systems 
114 Farahnakian 

et al (2015) 
Using ant colony system to consolidate VMS for 

green cloud computing 
IEEE Transactions on 

Services Computing 
0 MC2 

115 Genc and Di 

Benedetto 

(2015) 

Cross-functional integration in the sustainable 

new product development process: the role of 

the environmental specialist 

Industrial Marketing 

Management 
0 MC1 

116 Benitez-

Amado et al 

(2015) 

IT impact on talent management and operational 

environmental sustainability 
Information 

Technology & 

Management 

0 MC1 

117 Lennerfors et 

al (2015) 
ICT and environmental sustainability in a 

changing society the view of ecological  world 

systems theory 

Information 

Technology & People 
0 MC1 

118 Koo et al 

(2015) 
Assessing the impact of intrinsic and extrinsic 

motivators on smart green IT device use: 

reference group perspectives 

International Journal 

on Information 

Management 

0 MC1 

119 Walterbush et 

al (2015) 
A decision model for the evaluation and 

selection of cloud computing services: a first 

step forwards a more sustainable perspectives 

International Journal 

of Information 

Technology & 

Decision Making 

0 MC1 

120 Chuang and 

Huang (2015) 
Effects of business greening and green IT capital 

on business competitiveness  
Journal of Business 

Ethics 
0 MC1 

121 Liao et al 

(2015) 
Energy-efficient algorithms for distributed 

storage system based on block storage structure 

reconfiguration  

Journal of Network 

and Computer 

Applications 

0 MC2 

122 Tan et al 

(2015) 
Harnessing collective IT resources for 

sustainability: insights from the green leadership 

strategy of China mobile   

Journal of the 

Association for 

Information Science 

and Technology 

0 MC1 

123 Elijorde and 

Lee (2015) 
Cloudswitch: a state-aware monitoring strategy 

towards energy-efficient and performance-aware 

cloud data centers  

KSII Transactions on 

Internet and 

Information Systems 

0 MC2 

124 Maccio and 

Down (2015) 
On optimal policies for energy-aware servers Performance 

Evaluation 
0 NC 

125 Dolci et al 

(2015) 
Implementation of green IT in organizations: a 

structurational view 
Revista de 

Administração de 

Empresas 

0 MC1 

126 Ahmad and 

Mehmood 

(2015) 

Enterprise systems: are we ready for future 

sustainable cities 
Supply Chain 

Management – An 

International Journal 

0 MC1 

127 Baek and 

Park (2015) 
Sustainable development plan for Korea through 

expansion of green IT: policy issues for the 

effective utilization of big data 

Sustainability 0 MC1 

128 Salahuddin 

and Alam 

(2015) 

Internet usage, electricity consumption and 

economic growth in Australia: a time series 

evidence 

Telematics and 

Informatics 
0 MC1 

129 Lent (2015) Evaluating the cooling and computing energy 

demand of a datacentre with optimal server 

provisioning 

Future Generation 

Computer Systems 
0 MC2 

130 Li et al 

(2016) 
Proactive environmental strategies and 

performance: role of green supply chain 

processes and green product design in the 

Chinese high-tech industry 

International Journal 

of Production 

Research 

0 MC1 

131 Shrivastava et 

al (2016) 
Strategic technological innovation for 

sustainable development 
International Journal 

of Technology 

0 MC1 
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Management 
132 Pollard 

(2016) 
Feature: green computing IT energy 

conservation at work people don’t always act the 

way they feel 

IT Professional 0 MC1 

133 Gai et al 

(2016) 
Dynamic energy-aware cloudlet-based mobile 

cloud computing model for green computing 
Journal of Network 

and Computer 

Applications 

0 MC2 

134 Elijorde et al 

(2016) 
Goal-driven optimization strategy for energy 

and performance-aware data centers for cloud-

based wind farm CMS 

KSII Transactions on 

Internet and 

Information Systems 

0 MC2 

135 Liu et al 

(2013) 
Achieving green IT using VDI in cyber physical 

society 
Journal of Internet 

Technology 
0 NC 

Source: Extrated from CitNetExplorer. Researcher/Y: researcher and year of publication. ICS: internal citation 

score. MC: macro-cluster. MC1: “Green IT/IS” macro-cluster. MC2: “Green computing” macro-cluster. NC: Do not 

belong to any cluster. 

 

Appendix B: Papers out of core publications and included in the analysis. 

 

Table B1 – List of the papers out of core publications included in the analysis 

 Researcher/Y Title Journal ICS 

1 Lombardi and 

Basden (1997) 
Environmental sustainability and information 

systems: the similarity 
Systems Practice 0 

2 Falk and Ryan 

(2007) 
Inventing a sustainable future: Australia and the 

challenge of eco-innovation 
Futures 0 

3 Huang (2009) A model for environmentally sustainable 

information systems development  
Journal of Computer 

Information Systems 
0 

4 Mohan et al 

(2012) 
Managing disruptive and sustaining innovations 

in green IT 
IT Professional 0 

5 Park et al 

(2012) 
Assessing and Managing an Organization's 

Green IT Maturity 
MIS Quarterly Executive 0 

6 Coffey et al 

(2013) 
Small business in a small country: attitudes do 

“green” IT 
Information Systems Frontiers 0 

7 Lanfranchi 

and Pekovic 

(2014) 

How green is my firm? Workers’ attitude and 

behaviors towards job in environmentally-

related firms 

Ecological Economics 0 

8 Rohn et al 

(2014) 
Resource efficiency potential of selected 

technologies, products and strategies 
Science of the Total 

Environment 
0 

9 Deng and Ji 

(2015) 
Organizational green IT adoption: concept and 

evidence  
Sustainability 0 

10 Ho et al 

(2015) 
Does environmental sustainability play a role in 

the adoption of smart card technology at 

universities in Taiwan: an integration of TAM of 

TRA 

Sustainability 0 

11 Zhang and Xie 

(2015) 
Toward green IT: modeling sustainable 

production characteristics for Chinese electronic 

information industry, 1980-2012 

Technological Forecasting and 

Social Change 
0 

Source: Extrated from CitNetExplorer. Researcher/Y: researcher and year of publication. ICS: internal citation 

score. 

 

Appendix C: Papers excluded of the analysis. 

 

Table B1 – List of the papers excluded of the analysis 
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 Researcher/Y Title Journal ICS 

1 Gowen (1989) Biofuel v fossil-fuel economics in developing-

countries – how green is the pasture  
Energy policy 0 

2 Kabasakalis and 

Tsitouridou 

(1992) 

Fluometric determination of cadmium traces 

with brilliant green applications to potable and 

sea waters 

Fresenius Environmental 

Bulletin 
0 

3 Banerjee and 

Mckeage (1994) 
How green is my value: exploring the 

relationship between environmentalism and 

materialism 

Advances in Consumer 

Research 
0 

4 Kilbourne 

(1995) 
Green advertising: salvation oxymoron Journal of Advertising 0 

5 Chiranjeevi et al 

(1997) 
Spectrophotometric determination of quinalphos  

with methylene green 
Fresenius Environmental 

Bulletin 
0 

6 Vick (1998) Just how green is this industry? Pollution Engineering 0 
7 Raizada and 

Rana (1998) 
Acute toxicity of malachite green to an air 

breathing teleost, clarias batrachus (linn) 
Journal of Environmental 

Biology  
0 

8 Zhang (1998) Macroeconomic effects of co2 emission limits: 

a computable general equilibrium  analysis for 

China 

Journal of Policy Modeling  

9 Loftness et al 

(1999) 
The collaborative building: mediating between 

climate and interior quality 
Cooperative Building: 

integrating information, 

organizations  and architecture 

0 

10 Brix (1999) How ‘green’ are aquaculture, constructed 

wetlands and conventional wastewater treatment 

systems?  

Water Science and 

Technology 
0 

11 Vogel (2001) How green is Judaism? Exploring Jewish 

environmental ethics 
Business Ethics Quarterly 0 

12 Domenech et al 

(2002) 
How green is a chemical reaction? Application 

of lca to green chemistry 
Environmental Science & 

Technology 
0 

13 Contreras et al 

(2003)  
An application of expert systems to botanical 

taxonomy  
Expert Systems with 

Applications 
0 

14 Xu et al (2005) Theories and methods of strategic 

environmental assessment of modern logistic 

development: a case study of  Dalian city, China 

Chinese Geographical Science 0 

15 Guimaraes 

(2006) 
The green language Computer languages systems 

& Structure 
0 

16 Telle (2006) ‘IT pays to be green’: a premature conclusion? Environmental & Source 

Economics 
0 

17 Hilton et al 

(2006) 
How green is my river? A new paradigm of 

eutrophication in rivers 
Science to the Total 

Environment 
0 

18 Lockwood 

(2006) 
Building the green way  Harvard Business Review 0 

19 Gunther et al 

(2007) 
Green is good Fortune 0 

20 [anonymous] Programming language enables creative 

visualization  
Computer 0 

21 Suplee et al 

(2009) 
How green is too green? Public opinion  of what 

constitutes undesirable  algae levels in streams 
Journal of the American Water 

Resources Association 
0 

22 Schroeder and 

Robinson 

(2010) 

Green is free: creating sustainable competitive 

advantage  through green excellence 
Organizational Dynamics 0 

23 Kiesling and 

Manning (2010) 
How green is your thumb? Environmental 

gardening identity and ecological gardening 

practices 

Journal of Environmental 

Psychology 
0 

24 Oglethorpe and Sensible Operational choices for the climate International journal of 0 
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Heron (2010) change agenda Logistics Management 
25 Muntean and 

Stremtan (2010) 
Green marketing: a new challenge for 

Romanian organisations 
Journal of Environmental 

Protection and Ecology 
0 

26 Do (2011) Comparison of allocation schemes for virtual 

machines in energy-awere server farms 
Computer Journal 0 

28 Wang et al 

(2011) 
Task scheduling with ann-based temperature 

prediction in a data center: a simulation-based 

study 

Engineering with computers 0 

29 Tong and Ding 

(2011) 
A method for planning mandatory green in 

china  
Computers Environment and 

Urban Systems 
0 

30 Stafford (2011) How green is your campus? An analysis of the 

factors that drive universities to embrace 

sustainability 

Contemporary economic 

policy 
0 

31 Perkel (2011) Lab tools how green is my lab? Scientist 0 
32 Jain et al (2011) Assessing green it initiatives using the balance 

scored card 
IT Professional 0 

33 Uddin and 

Rahman (2011) 
Techniques to implement in green data centres 

to achieve energy efficiency and reduce global 

warming effects 

International Journal of Global 

Warming 
0 

34 Ku et al (2012) Communicating green marketing appeals  

effectively the role of consumers’ motivational 

orientation to promotion versus prevention  

Journal of Advertising 0 

35 Sarood et al 

(2012) 
“Cool” load balancing for high performance 

computing data centers  
IEEE Transactions on 

Computers  
0 

36 Io and Spash 

(2012) 
How green is your scheme? Greenhouse gas 

control the Australian way 
Energy policy 0 

37 Pedram (2012)  Energy-efficient datacenters IEEE Transactions on 

Computer-Aided design of 

Integrated Circuits and 

Systems 

0 

38 Alouf et al. 

(2012) 
Analysis of power saving and its impact on web 

traffic in cellular networks with continuous 

connectivity 

Pervasive and Mobile 

Computing 
0 

39 Mancuso and 

Alouf (2012) 
Analysis of power saving with continuous 

connectivity 
Computer Networks 0 

40 Takeshita et al 

(2012) 
Energy efficient network design tool for green 

IP/Ethernet networks 
Optical switching and 

networking 
0 

41 Fang et al 

(2012) 
Network element scheduling for achieving 

energy-aware data center networks  
International Journal of 

Computers Communications 

& Control 

0 

42 Vorakulpipat et 

al (2012) 
Polite sender: a resource-saving spam email 

countermeasure based on sender responsibilities 

and recipient justifications 

Computers & Security 0 

43 Parry (2012) Going green: the evolution of micro-business 

environmental practices  
Business Ethics-A European 

Review 
0 

44 Ding et al 

(2012) 
Potential toxicity and affinity of 

triphenylmethane dye malachite green to 

lysozyme 

Ecotoxiology and 

Environmental Safety 
0 

45 Chang et al 

(2012) 
Totally green : evaluating and designing servers 

for lifecycle environmental impact  
ACM Sigplan Notices 0 

46 Munir et al 

(2012) 
High-performance energy-efficient multicore 

embedded computing 
IEEE Transactions on Parallel 

and  Distributed Systems 
0 

47 Bose and Pal 

(2012) 
Do green supply chain management initiatives 

impact stock prices of firms? 
Decision Support Systems 0 

48 Niedermeier et Quantifying IT energy efficiency Advances in Computers 0 
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al (2012) 
49 Shieh et al 

(2012) 
Going green: developing a conceptual 

framework  for the green hotel rating system 
Actual Problem of Economics 0 

50 Green et al 

(2012) 
Green supply chain management practices: 

impact on performance 
Supply Chain Management- 

an international Journal 
0 

51 Makiela and 

Misztur (2012) 
Going green versus economic performance Inzinerine Ekonomika-

Engineering Economics 
0 

52 Capra et al 

(2012) 
IS software “green”? Application development 

environments and energy efficiency open source 

applications 

Information and Software 

Technology  
0 

53 Park and Rhee 

(2013) 
Network types and performance in SMEs: the 

mediating effects of technology 

commercialization 

Asian Journal of Technology 

Innovation 
0 

54 Mostowfi et al 

(2013) 
SME web energy efficient platform (sweep): a  

new architecture  for a hybrid  web server 
Sustainable computing-

Informatics & Systems 
0 

55 Hwang (2013) M-green: an active queue management 

mechanism for multi-qos classes 
Computer Standards & 

Interfaces 
0 

56 Morata and 

Sandoval (2013) 
When “green” is not always sustainable: the 

inconvenient truth of the eu energy policy  
Carbon management 0 

57 Martinez et al 

(2013) 
Semi-automatic land consolidation software 

based on geographic information systems 
Computers and Electronics in 

Agriculture 
0 

58 Kachris and 

Tomkos (2013) 
Power consumption evaluation of all-optical 

data center  networks 
Cluster Computing-the journal 

of networks software tools  

and applications  

0 

59 Kazandjieva et 

al (2013) 
Measuring and analyzing the energy use of 

enterprise computing systems 
Sustainable Computing- 

Informatics & Systems 
0 

60 Tretter (2013) Sustainability and neoliberal urban 

development : the environment, crime and the 

remaking of austin’s downtown 

Urban Studies 0 

61 Estoque and 

Murayama 

(2013) 

Landscape pattern and ecosystem service value 

changes: implications for environmental 

sustainability planning for the rapidly 

urbanizing summer capital of the philippines  

Landscape and Urban 

Planning 
0 

62 Gaker and 

Walker (2013) 
Revealing the value of “green” and the small  

group with a big heart in transportation mode 

choice  

Sustainability 0 

63 Jiang et al 

(2013) 
Toward sustainable sensor field by greener 

technique of optimization with queue-based 

approach 

Journal of Internet 

Technology 
0 

64 Sousa et al 

(2013) 
Green data centers: using hierarchies for 

scalable energy efficiency in large web clusters 
Information Processing 

Letters 
0 

65 Iyoob et al 

(2013) 
Cloud computing operations research  Service Science 0 

66 Zheng and Cai 

(2013) 
CMDP Based adaptive power management in 

server clusters 
Sustainable Computing-

Informatics & Systems 
0 

67 Lent (2013) A model for network service performance and 

power consumption  
Sustainable Computing-

Informatics & Systems 
0 

68 Zhang et al 

(2013) 
Energy-efficient task scheduling algorithms on 

heterogeneous computers with continuous and 

discrete speeds 

Sustainable Computing-

Informatics & Systems 
0 

69 Chen et al 

(2013) 
Towards energy-efficient parallel analysis of 

neural signals 
Cluster Computing – The 

Journal of  Networks Software 

Tools and Applications 

0 

70 Kiertscher et al 

(2013) 
Cherub: power consumption aware cluster 

resource management 
Cluster Computing – The 

Journal of  Networks Software 

0 
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Tools and Applications 
71 Jeong et al 

(2014) 
G-cloud monitor: a cloud monitoring system for 

factory automation for sustainable green 

computing 

Sustainability 0 

72 Cameron (2014) Energy efficiency in the wild: why datacenters 

fear power management 
Computer 0 

73 Deka (2014) Cost-benefit analysis of datacenter 

consolidation using virtualization 
IT Professional 0 

74 Silva et al 

(2014) 
Development of a web-based multi-cirteria 

spatial decision support system for the 

assessment of environmental sustainability of 

dairy farms 

Computers and Electronics in 

Agriculture 
0 

75 Liu et al (2014) Greendroid: automated diagnosis of energy 

efficiency for smartphone applications 
IEEE Transactions on 

Software Engineering  
0 

76 Tsai (2014) Location-demand-based residential floor area 

ratio distribution method 
Urban Studies 0 

77 Beister et al 

(2014) 
Power model design for ICT systems-a generic 

approach 
Computer Communications 0 

78 Sharma et al 

(2014) 
Leveraging weather forecasts in renewable 

energy systems 
Sustainable computing-

Informatics & Systems 
0 

79 Hofman and 

Samson (2014) 
Biomagnetic monitoring as a validation tool for 

local air quality models: a case study for a urban 

street canyon  

Environment International 0 

80 Li et al (2014) Towards automated provisioning and 

emergency handling in renewable energy 

powered datacenters 

Journal of Computer Science 

and Technology 
0 

81 Llopis et al 

(2014) 
Survey of energy-efficient and power-

proportional storage systems 
Computer Journal 0 

82 Chetsa et al 

(2014) 
Exploiting performance counters to predict and 

improve energy performance  of  HPC systems 
Future Generation Computer 

Systems 
0 

83 Mukerjee and 

Das (2014) 
Degradation of malachite green by enterobacter 

asburiae strain xjuhx-4tm 
Clean-Soil Water 0 

84 Mei et al (2014) Energy-aware task scheduling in heterogeneous 

computing environments  
Cluster Computing 0 

85 Yen et al (2014) Power-saving management for energy-green 

clouds 
Journal of Internet 

Technology 
0 

86 Szulczewska et 

al (2014) 
How much green is needed for a vital 

neighborhood? In search for empirical evidence 
Land use Policy 0 

87 Zapater et al 

(2014) 
A novel energy-driven computing paradigm for 

e-health scenarios 
Future Generation Computer 

Systems 
0 

88 Pawlish et al  

(2014) 
A call for energy efficiency in data centers Sigmod Record 0 

89 Chong et al 

(2014) 
Not all green is as good: different effects of the 

natural and cultivated components of urban 

vegetation on bird and butterfly diversity 

Biological Conservation 0 

91 Mittal (2014) A survey of architectural techniques for 

improving cache power efficiency 
Sustainable Computing-

Informatics & Systems 
0 

92 Kirkwood and 

Walton (2014) 
How green is green? Ecopreneurs balancing 

environmental concerns and business goals 
Australian Journal of 

Environmental Management 
0 

93 Tyworth (2014) Organizational identity and information 

systems: how organizational ICT reflect who an 

organization is 

European Journal of 

Information Systems 
0 

94 Lent (2015) Grid scheduling with makespan and energy-

based goals 
Journal of Grid Computing 0 

95 Andrews et al Rate-adaptive scheduling policies for network IEEE-ACM Transactions on 0 
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(2015) stability and energy efficiency  Networking 

96 Lin et al (2015) Energy-efficient task scheduling for multi-core 

platforms with per-core dvfs 
Journal of Parallel and 

Distributed Computing 
0 

97 Triki et al 

(2015) 
A green energy-aware hybrid virtual network 

embedding approach  
Computer networks 0 

98 Arsuaga-Rios 

and Vega-

Rodriguez 

(2015) 

Multi-objective energy optimization in grid 

systems from a brain  storming strategy 
Soft Computing 0 

99 Noureddine et al 

(2015) 
Monitoring energy hotspots in software Automated Software 

Engineering 
0 

100 Song and Kang 

(2015) 
Internet information orientation: the link to 

national competitiveness on Internet 
KSII Transactions on Internet 

and Information Systems 
0 

101 Mahani and 

Sharabiani 

(2015) 

SIMD parallel MCMC sampling with 

applications for big-data Bayesian analytics 
Computational Statistics & 

Data Analysis 
0 

102 Ghose et al 

(2015) 
Thin is green: leveraging the thin-client 

paradigm for sustainable mobile computing 
Computers & Electrical 

Engineering 
0 

103 Guo et al (2015) AMPS: an adaptive message push strategy for 

the energy efficiency optimization in mobile 

terminals 

Computer Journal 0 

104 Park et al (2015) A generic software development process refined 

from best practices for cloud computing  
Sustainability 0 

105 Mancinelli et al 

(2015) 
Impact of land ownership and altitude on 

biodiversity evaluated by indicators at the 

landscape level in central Italy 

Land use Policy 0 

106 Foster (2015) Technology foresight for sustainable production 

in the german sutomotive supplier industry  
Technological Forecasting and 

Social Change 
0 

107 Moghaddam et 

al (2015) 
Carbon-aware distributed cloud: multi-level 

journal of networks software  tools and 

applications 

Cluster Computing 0 

108 Wang et al 

(2015) 
Methane reforming in a small-scaled plasma 

reactor- industrial application of a plasma 

process from the viewpoint of the 

environmental profile 

Chemical Engineering Journal  0 

109 Scanniello et al 

(2015) 
On the effect of exploiting gpus for a more eco-

sustainable lease of life 
International journal of 

Software Engineering and 

Knowledge Engineering 

0 

110 Kwang et al 

(2015) 
Breaking the myths of the IT productivity 

paradox 
KSII Transactions on Internet 

and Information Systems 
0 

111 Mittal and 

Vetter (2015) 
A survey of methods for analyzing and 

improving GPU energy efficiency 
ACM Computing Surveys 0 

112 Costley (2015) Leveraging the standards life cycle for green IT Computer 0 
113 Chuang et al 

(2015) 
Discovering phase timing information of traffic 

light systemsby stop-go shockwaves 
IEEE Transactions on mobile 

Computer 
0 

114 Rashkovit 

(2016) 
Preference-based content replacement using 

regency-latency tradeoff 
World Wide Web-Internet and 

Web Information Systems 
0 

115 Ge and 

Brewster (2016) 
Informational institutions in the agrifood sector: 

meta-information and meta-governance of 

environmental sustainability 

Current Opinion in 

Environmental Sustainability 

0 

  

Appendix D: Interview Protocol 

 

Introduction 
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Opening conversation: introductions, general purpose of the study 

Explain the process: present letter of information, consent form, reiterate that the interview would 

be recorded, emphasize discussion-based interview style. 

 

Demographic questionnaire 

 

What position, or job title, do you hold in your university? 

How long have you been in this position in your university? 

What is your educational background? 

 

Grand tour question (To begin the discussion and frame the interview) 
OPENING QUESTIONS 

1. Initially, I would like that you 

comment about the environmental 

actions performed by your 

institution? 

 

- 

 

- 

2. Comment about the team 

responsible for executing, 

monitoring, and controlling these 

actions. What is your influence in 

this process? 

Kiperstok and Kiperstok 

(2017) 

Sustainable work practices are projects 

usually conduced by work teams for the 

sustainability called Eco-teams 

(Kiperstock and Kiperstock, 2017). Eco-

teams are created and trained to conduct 

and manage the sustainability projects, 

starting by daily following up the project 

(Kiperstok and kiperstok, 2017). Also, it 

represents the empowerment of an 

specific group for developing and 

keeping the sustainability awareness 

alive, conducting activities, and 

controlling and managing the 

environmental indexes daily (Kiperstok 

and Kiperstok, 2017). A daily control of 

these indexes would provide information 

to the community and avoid negatives 

changes in the performance of the desired 

goals. 

 

Critical questions 
PRE-ADOPTION STAGE 

Question Source Justification 

3. Could you tell me how did arise 

the need for developing sustainability 

actions? 

4. Tell me about the 

technology/system (it was specified 

by the researcher) used by your 

university to support sustentability 

actions. What does the purpose of the 

technology/system? 

5. Could you tell me the reasons that 

lead the university to decide adopt 

green technology/system? 

Chow and Chen (2009); Jenkin et al 

(2011b); Molla and Abareshi 

(2012); Cai et al (2013); Gholami et 

al (2013); Wunderlich et al (2013); 

Koo and Chung (2014) 

Prior literature has pointed out that 

various drivers to adopt Green IS 

such as sociocultural factors (e.g., 

Molla and Abareshi, 2012), social 

pressure (e.g., Chow and Chen, 

2009), technological characteristics 

(e.g., Jenkin et al., 2011b; 

Wunderlich et al., 2013), 

competitor’s actions (e.g., Gholami 

et al., 2013), support regulatory 

(e.g.,Gholami et al., 2013); intrinsic 

and extrinsic motivation (Koo and 

Chung, 2014), eco-technological 

knowledge (Koo and Chung, 2014). 
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FORMAL ADOPTION STAGE 

Question Source Justification 

6. Could you tell me how was 

performed the 

choose/sellecting/acquisition of the 

system? Tell me about it. 

Hilty et al. (2006); Watson et al. 

(2010) 

Several kind of application (e.g., 

Hilty et al., 2006; Watson et al., 

2010) may be adopted by 

organizations to address the 

environmental issues. The literature 

(Hilty et al., 2006; Watson et al., 

2010) highlights technologies for 

energy efficiency (e.g., ICT in 

energy supply), sustainable building 

(e.g., ICT in waste management), 

clean transport (e.g., intelligent 

transport systems), renewable 

energies (e.g., ICT in energy 

supply), and others. 

 
POST-ADOPTION STAGE 

Question Source Justification 

7. Tell me about the process of use of 

the technology/system. 

Seidel’s et al (2013) Seidel’s et al (2013) argue:  “the 

primary role of information systems 

in sustainability transformation is to 

create action possibilities for 

sensemaking and sustainable 

practicing” (p. 1276). It represents a 

key transformative power that 

information systems provide to 

organizations in becoming 

environmentally sustainable (Seidel 

et al., 2013). Thus, to ensure the 

successful implementation, 

“information systems need to act as 

a change agent in green initiatives, 

contributing to sustainable work 

practices, enabling the development 

of sustainable capabilities, forming 

beliefs about environmental 

sustainability” (Seidel et al., 2013: 

p. 1278), and providing information 

necessary for the strategy 

formulation process. 

8. Does the university intended to 

achieve goals for environmental 

sustainability? Tell me about it. Have 

the goals been estabilished? 

9. How the technology/system has 

contributed to attend the 

sustainability goals? 

Corbett, 2013 The interactive functions of the 

system which will help users 

achieve their goals (Corbett, 2013). 

10. How have technology 

contributed to the strategy 

formulation towards to the 

sustainability actions? Which 

strategies have been formulated? 

Jenkin et al. (2011b); Ryoo and 

Koo (2013) ; Bengtsson and 

Agerfalk (2011); Desautels and 

Berthon (2011) 

The literature highlights three kinds 

of strategies regarding sustainability 

issues: economic strategies (Jenkin 

et al., 2011b; Ryoo and Koo, 2013; 

Bengtsson and Agerfalk, 2011; 

Desautels and Berthon, 2011); social 
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strategies (Seidel et al., 2013; Jenkin 

et al., 2011b; Bengtsson and 

Agerfalk, 2011; Li et al., 2012b; 

Wang et al., 2015); and 

environmental strategies (Bengtsson 

and Agerfalk, 2011; Jenkin et al., 

2011b; Benitez-Amado and 

Walczuch, 2012). 

11. How do the system’s outcomes 

have contributed to the sustainability 

actions of the university? 

Hedman et al (2016); Kiperstok and 

Kiperstok (2017); Seidel et al 

(2013) 

Studies have frequently focused on 

the Green IS initiatives as an 

isolated action. However, such 

initiatives cannot be separate and 

isolated from work practices 

because there is a recursive 

relationship between them (Hedman 

et al., 2016). Empirically, studies 

(e.g. Kiperstok and Kiperstok, 2017) 

show that sustainable work practices 

are organizational actions preceding 

investiments of IT solutions. Thus, 

Green IS initiative adoption is 

outcome of such work practices. In 

the other hand, the outcomes 

provided by the Green IS solutions 

and its features (design) can assist 

organizations in establishing 

environmentally sustainable work 

practices as well as influencing the 

motivational forces influencing new 

actions (Seidel et al, 2013). 

 

Ending questions 

Is there anything else you think I should know to understand better? 

Is there anything you would like to ask me? 
 

Interview Protocol (Portuguese version) 

Abertura da entrevista: introdução, propósito geral do estudo 

Explicação do processo: apresentação da carta de apresentação do esstudo, termo de 

consentimento livre e esclarecido, reforçar que a entrevista será gravada, enfatizar o estilo de 

entrevista. 

 

1) Sua participação é voluntária, você escolhe participar ou não da pesquisa; 

2) A entrevista será gravada, transcrita e depois enviada para o seu email como feedback; 

3) A informação gravada será confidencial, ninguém exceto você terá acesso às informações; 

4) Seu nome não será identificado na gravação; 

5) A informação documentada ficará gravada no computador do pesquisador e apenas você terá 

acesso; 

6) Se você, em algum momento, desistir da pesquisa, as informações coletadas serão devolvidas e 

destruídas do computador; 

7) A duração da entrevista será em torno de 1 hora, o questionário possui 15 questões abertas e 3 

questões demográficas; 

8) Todas as questões devem ser respondidas sob uma perspectiva institucional 
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Questões demográficas 

 

Qual a posição que você ocupa na sua universidade? 

Por quanto tempo você ocupa essa posição? 

Qual o seu nível de escolaridade? 
 

Questões gerais 
 

1. Inicialmente, eu gostaria que você comentasse sobre as ações de sustentabilidade ambiental 

realizadas pela sua instituição.  

2. Fale sobre a equipe responsável pela execução, acompanhamento e controle dessas ações. Qual 

a sua participação nesse processo? 
 

Questões críticas 

3. Como surgiu a necessidade de desenvolver as ações de sustentabilidade ambiental?  

4. Existiu algum plano estratégico para executar e implantar as ações de sustentabilidade? 

Comente sobre isso. (se existir) Como foi o processo de elaboração do plano estratégico? 

(exemplo: foi baseado em análise de elementos como: regras de negócios da universidade, 

stakeholders, assuntos ambientais) 

5. Quais metas iniciais a universidade pretendia alcançar para as ações de sustentabilidade 

ambiental? (Exemplos: redução de custos, redução de CO2) Como essas metas foram elaboradas? 

6. Fale um pouco sobre a tecnologia/sistema/aplicativo (espeficicar) que atualmente a instituição 

utiliza para apoiar as ações de sustentabilidade da universidade. (Ex: sistemas para monitorar 

gastos com energia, sistemas para controle de dispositivos - Qual é o propósito da tecnologia?) 

7. Comente as razões que levaram sua universidade a decidir adotar a 

tecnologia/sistema/aplicativo. 

8. Como aconteceu o processo para desenvolvimento/seleção/aquisição do 

tecnologia/sistema/aplicativo? 

9. Comente sobre o processo de uso da tecnologia. (quem é o responsável por manter, gerir, 

controlar e usar o sistema?) 

10. Caso a universidade tenha estabelecido metas de sustentabilidade, como a tecnologia 

contribui para atender essas metas? 

11. Como a tecnologia contribui para a elaboração de estratégias (ou planos estratégicos) voltadas 

às ações de sustentabilidade da universidade? (quais estratégias?) 

 

Questões de finalização 

Existe algo que você não entendeu na entrevista? 

Há algo mais que você gostaria de me perguntar?  
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Appendix E: Informed consent form 

 

 
FEDERAL UNIVERSITY OF RIO GRANDE DO NORTE 

SCHOOL OF APPLIED SOCIAL SCIENCES 

DEPARTAMENT OF ADMINISTRATION SCIENCE 

GRADUATE SCHOOL OF MANAGEMENT 

 

This informed consent form is for social sciences provides by Petruska de Araújo Machado under the 

supervision of Professor Anatália Saraiva Martins Ramos (anatalia@ufrnet.br) in the Graduate School of 

Management at Federal University of Rio Grande do Norte and Professor Breno Nunes 

(nunesbts@aston.ac.uk) in the Technology and Operations Management Research Group at Aston Business 

School. We are inviting to participate in PhD research, titled “A FRAMEWORK FOR GREEN INFORMATION 

SYSTEMS ADOPTION IN HIGH EDUCATION INSTITUTIONS”.  

 

Principle investigator: Petruska de Araujo Machado (petruskamachado@gmail.com) 

Organization: Federal University of Rio Grande do Norte 

Sponsor: Brazilian Federal Agency for Support and Evaluation of Graduate Education (CAPES)  

 

This Informed Consent Form has two parts:  

• Information Sheet (to share information about the study with you)  

• Certificate of Consent (for signatures if you choose to participate)  

 

Part I: Information Sheet  

 

Introduction  

I am Petruska de Araujo Machado, graduating from Federal University of Rio Grande do Norte. I am doing 

research on the green information technology acceptance in organizations.  I am going to give you information 

and invite you to be part of this research. You do not have to decide today whether or not you will participate 

in the research. Before you decide, you can talk to anyone you feel comfortable with about the research.  

This consent form may contain words that you do not understand. Please ask me to stop as we go through the 

information and I will take time to explain. If you have questions later, you can ask them of me or of another 

researcher.  

 

Purpose of the research 

The climate change is widely acknowledged to be the most important environmental problem facing 

humankind. It has affected the economy and caused social injustice due to the consequences of global 

warming. Some of the main drivers of global warming are from anthropogenic activities associated 

with the waste generation. Thus, Higher Education Institutions (HEIs) are change agents in which 

must have institutionalization of environmental policies to promote research and development of 

technologies for sustainability. Moreover, the services and infrastructure of HEIs require solutions to 

manage the waste discarded. Given these needs, green information systems (Green IS) would be an 

alternative to manage waste activities at HEIs reducing the environmental impacts and promoting 

sustainable development. Today, organizations are conscientious about being “green”, but they are 

not sure how to go about it. Thus, some of uncertainties towards of the Green IS adoption are 

associated with various obstacles, unknown challenges, and the complex understanding of the relation 
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between technology, organization, and environment. One of the great challenges of environmental 

action lies in knowing what to do, limiting the ability to develop plans which are able to address such 

issues. The prior literature does not explore deeply “how” people think and act surrounding of the 

complex issues into the Green IS adoption process. Yet, there is a lack of appropriated theory to 

understand how individuals make the decision to adopt Green IS initiatives. Thus, this PhD research 

project aims to outline a framework for the green information systems adoption at Brazilian 

HEIs. 

 
Type of Research Intervention 

This research will involve your participation in a face to face interview that will take no more than one hour. 

 

Participant Selection  

You are being invited to take part in this research because we feel that your experience as a maker decision of 

the Green IS adoption process can contribute much to our understanding and knowledge of how organizations 

undertaking the Green IS initiatives. 

 
Voluntary Participation  

Your participation in this research is entirely voluntary. It is your choice whether to participate or not. The 

choice that you make will have no bearing on your job or on any work-related evaluations or reports. You may 

change your mind later and stop participating even if you agreed earlier. 

 

Procedures  

A. Provide a brief introduction to the format of the research study.  

 

We are asking you to help us learn more about making-decision process in Green IS acceptance. We 

are inviting you to take part in this research project. If you accept, you will be asked to participate in 

an interview with Petruska Machado. During the interview, I or another interviewer will sit down 

with you in a comfortable place at the Centre. If it is better for you, the interview can take place in 

your home, in a friend's home or via Skype. If you do not wish to answer any of the questions during 

the interview, you may say so and the interviewer will move on to the next question. No one else but 

the interviewer will be present unless you would like someone else to be there. The information 

recorded is confidential, and no one else except _______________________________ will access to 

the information documented during your interview. The entire interview will be tape-recorded, but 

no-one will be identified by name on the tape. The tape will be kept in file stored into computer of 

researcher. The information recorded is confidential, and no one else except 

_______________________________ will have access to the tapes.  

 

Duration  

The interview will last for about one hour. We will visit you once for interviewing you and send 

feedback of transcription and analysis.  

 
Risks  

There is a risk that you may share some personal or confidential information by chance, or that you 

may feel uncomfortable talking about some of the topics. However, we do not wish for this to happen. 

You do not have to answer any question or take part in the interview if you feel the question(s) are too 

personal or if talking about them makes you uncomfortable. 
 

Benefits  
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There will be no direct benefit to you, but your participation is likely to help us find out more about 

how organizations decide to adopt green information systems. 
 

Reimbursements 

You will not be provided any incentive to take part in the research. However, we will provide you the results of 

their participation. 

 

Confidentiality  

The research being done in the community may draw attention and if you participate you may be asked 

questions by other people in the community. We will not be sharing information about you to anyone outside 

of the research team. The information that we collect from this research project will be kept private. Any 

information about you will have a number on it instead of your name. Only the researchers will know what 

your number is and we will lock that information up with a lock and key. It will not be shared with or given to 

anyone except Federal University of Rio Grande do Norte, Aston University and Brazilian Federal Agency for 

Support and Evaluation of Graduate Education (CAPES). 

 

Part II: Certificate of Consent  

 
 I have been invited to participate in research about green information systems adoption.  

 

(This section is mandatory) 

I have read the foregoing information, or it has been read to me. I have had the opportunity to ask questions 

about it and any questions. I have been asked have been answered to my satisfaction. I consent voluntarily to 

be a participant in this study. 

 

Name of Participant: _____________________________________     

 

Signature of Participant ___________________________________ 

 

Date: _____/_____/______ 
  

If illiterate 3 

 

I have witnessed the accurate reading of the consent form to the potential participant, and the individual has 

had the opportunity to ask questions. I confirm that the individual has given consent freely.  

 

Print name of witness____________       Thumb print of participant 

Signature of witness    _____________ 

Date ________________________ 
                 

Statement by the researcher/person taking consent 

 

                                                 
3  A  literate witness must sign (if possible, this person should be selected by the participant and should have no 

connection to the research team). Participants who are illiterate should include their thumb print as well.   
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I have accurately read out the information sheet to the potential participant, and to the best of my 

ability made sure that the participant understands that the following will be done: 

1. performing a face to face interview; 

2. recovering and transcribing the interview;  

3. sending the transcript and analysis of the interview to the participant. 

I confirm that the participant was given an opportunity to ask questions about the study, and all 

the questions asked by the participant have been answered correctly and to the best of my ability. I 

confirm that the individual has not been coerced into giving consent, and the consent has been given 

freely and voluntarily.  

   

A copy of this ICF has been provided to the participant. 

Name of Researcher/person taking the consent: Petruska de Araujo Machado   

Signature of Researcher /person taking the consent__________________________ 

Date: _____/_____/______    

 


