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ABSTRACT

The significance of sustainability is continually expanding among researchers, policymakers, 
and decision makers. To improve the efficiency of value chain activities such as manufacturing, 
distribution, and consumption, an innovative research solution has been proposed: ‘Sustainable 
Consumption and Production (SCP) through Information and Communication Technology 
(ICT)’. Sustainability through ICT is significant for the industry in terms of its sustainable 
effects on production processes, environment, and community. This research seeks to gauge 
ICT—as knowledge management—for industries in the successful adoption and execution of 
SCP. In so doing, potential key ICT-based factors to SCP are identified from the literature 
and experts’ feedback. The present work suggests a decision framework for assessing the 
interrelationships among and between the ICT oriented factors by utilizing graph theory and 
matrix approach. Data for this work derives from three automotive companies operating in 
India. From findings, ‘Governance and Management’, is the topmost factor for the adoption 
of sustainable consumption and production in value chains. The relationship among the index 
values is further evaluated using Spearman’s rank correlation coefficient. This research can 
facilitate practitioners, government agencies, and customers for a better understanding of 
ICT-driven factors in managing resources, reducing waste, and improving cost, which would 
further help in meeting sustainable development goals of the United Nations of responsible 
consumption and production and innovation, industry, and infrastructure.
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1. INTRodUCTIoN

The present industrial consumption and production patterns provide huge impacts on the 
environment, for example, a worldwide increase in temperature, loss of biodiversity, air, soil, and 
water contamination, etc. In this sense, sustainable consumption and production (SCP) are increasing 
attention among stakeholders (Erlandsson and Tillman, 2009), which pushes the industries to adopt 
SCP practices along the value chain (Koplin et al., 2007). Focusing on SCP in an industry helps firms 
to lead the market with a focus on higher processes, people, and planet gains (Colbert and Kurucz, 
2007; Porter and Kramer, 2006).

Information and communication technologies (ICT) are contributing to a sustainable society 
(Cerri and Terzi, 2016). In line with this, in order to improve the efficiency of business activities such 
as manufacturing, production, and consumption, an innovative research solution has been proposed 
as ‘Sustainable Consumption and Production through Information and Communication Technology’ 
(Hilty and Aebischer, 2015; Grant et al.,(2019). Sustainability through ICT modules has received 
huge recognition in the industry in terms of sustainable effects on production processes and energy 
use (Lu et al., 2014).

From an industrial context, there is an immense potential for ICT to support sustainable 
development (Klimova et al., 2016; Morrar et al.,2019) in its various activities such as handling, 
transport, recovery, stockpiling, data representation, and exchange of information through different 
equipment, sensors, data administration instruments, etc. (Yang and Huang, 2016; Taylor, 2015; Hack 
and Berg, 2014). ICT can provide huge advantages to business in terms of cost savings, workers’ 
satisfaction, and reduction of waste by optimizing the resources, enhancing communication between 
members, supporting management functions, and improving the decision-making capabilities 
(Goodrum et al., 2016).

ICT has turned into a significant criterion for SCP activities; however, the research on ICT 
developments and application is somewhat limited in the context of SCP (Chugh et al., 2016). The 
reason is lack of infrastructure and facilities, lack of expertise, governance, and finance, etc (Clemons 
and Row, 1991). In nutshell, SCP can be accomplished by the selection of the right ICT practices in 
production, configuration, consumption, and disposal to achieve growth, gain efficiency, and reduce 
cost and time (Hassani et al., 2017).

The research questions that this paper proposes are:

1.  What are the ICT based factors for successful adoption and execution of SCP in Indian automotive 
companies?

2.  How the factors are organized based on their importance that influences the effectiveness of the 
case companies?

The current paper listed the following research objectives:

3.  To recognize the factors of ICT relevant to SCP in an industrial context.
4.  To model the factors to establish their priority.
5.  To test the applicability of the proposed framework in the industry.

This work aims to list and evaluate ICT based factors, which are responsible for the implementation 
of SCP in an industrial context. These factors of ICT have a noteworthy effect on the environment, 
economy, and society, and help enhance the proficiency and profitability of the automotive value chain. 
The factors linked to ICT are identified through an intense literature survey and experts’ feedback. 
The data for this work has been taken from three automobile companies from India. In this objective, 
we computed the adoption index values for the suggested framework of factors by taking multiple 
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automotive case companies through the Graph Theory and Matrix Approach (GTMA) technique. 
The applicability of the proposed framework is tested by Spearman’s rank correlation coefficient.

The automotive industry is an important division with a substantial number of medium and 
small measured automotive providers, however, due to rising prices of oil and scarcity of natural 
resources; it becomes the most required sector for technology advancements and innovation. The 
Indian automobile business has turned out to be the world’s fourth-leading automotive industry 
(IBEF, 2018). Concurrently, the Indian automotive industry needs to cut its carbon emissions, improve 
cost efficiency, and contribute to human welfare through responsible consumption and production. 
In this sense, ICT advancements can help Indian automotive industries to adopt and promote SCP 
practices in business.

The rest of the paper includes -Relevant literature is described in Section 2. The methodology of 
the research is described in Section 3. Data analysis and results are given in Section 4. A discussion 
of findings is explained in Section 5. Research implications are explained in Section 6 and finally, 
conclusions and future work is described in Section 7.

2. LITeRATURe ReVIew

2.1. SCP
SCP is crucial for the sustainability of the industry (Akenji and Bengtsson, 2014). In 1994 at Oslo 
Symposium, researchers described the SCP as “the utilization of administrations and related items, 
which react to fundamental needs and bring a superior personal satisfaction while limiting the use of 
regular assets and harmful materials and additionally the outflows of waste and toxins over the existence 
cycle of the administration or item so as not to endanger the necessities of further ages”(Clark, 2007). 
SCP works on the Triple bottom line (TBL) concept of improving financial-societal-environmental 
performances in business. In addition, governance is also important in improving a company’s 
productivity along with its social and ecological objectives (Porter and Kramer, 2006).

Being a leader in environmental practices, developed countries like Norway, Sweden, and 
Switzerland are far ahead of developing countries like India in SCP adoption and implementation 
(Ansari et al., 2010). Being positively linked to ecological and financial performance (Russo and Fouts, 
1997), firms of developing and developed countries involved in SCP efforts can achieve high market 
appreciation (Bansal and Clelland, 2004). This needs to be integrating each member of the supply chain 
like suppliers, consumers, controllers, investors with organizational sustainability missions of SCP 
into its activities through a network of communications. This further helps in empowering a web of 
information and learning trade amongst firms and their value chain collaborators along the life cycle 
of a venture (Gan et al., 2015). SCP can be targeted against different measures, however, concerning 
ICT, it aims to lower the energy consumption rate (Agrawal and Agarwal, 2012), increasing social 
and environmental awareness, reducing greenhouse gas discharge (Andreopoulou, 2012), adopting of 
innovative technology for less generation of waste (Ansari et al., 2010). The industries concentrating 
on these quadrants can easily provide a special position to consumer requirements (Porter and Kramer, 
2006). ICT can help in diminishing the assets required to streamline operations and improving overall 
process efficiency (Klimova et al., 2016). According to Gullo and Haygood, (2010), the acceptance 
of innovative sustainability practices in industries can increase the profit margin to 38%. Therefore, 
a need arises to recognize ICT as a driver in establishing SCP in business.

2.2 ICT as a driver in SCP Adoption
ICT models are crucial for business effectiveness (Aral and Weill, 2007). Researchers began to assess 
the effect of ICT in a pragmatic way since the first decade of the 21st century (Zhou et al., 2018), 
whereas it was implemented widely in production function since the 1990s. ICT with the internet 
economy seems to increase the efficiency in each dimension of sustainability (people, process, and 
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the planet). Brindley and Oxborrow (2014) stated that the network of information exchange must be in 
line with the market trends to meet the transformations or interruptions in the supply chain. Hack and 
Berg (2014) declared that ICT provides clear information, improves responsibility, amplify precision 
of records, empowers automation and incorporation of exercises, and creates knowledge for better 
basic leadership and optimization of resources. Mignoneet al. (2016) considered profitability as an 
advantage with digitized and customized document administration systems by including fragmented 
processes of an assignment through automated and streamlined correspondence. In a holistic view, 
ICT advances the sharing of information (Simchi-Levi et al., 2008), optimize the flow of materials 
(Lee, 2000), provides flexibility to the operations (Keller and Heiko, 2014), streamline monetary 
functions (Rai et al., 2006) and improve communication among the members (Yang and Huang, 2016; 
Goodrum et al., 2016) by integrating IT platforms across the organizational supply chains (Lai et 
al., 2015). SCP by ICT is also improving the efficiency of the value chain by capturing and sharing 
information, advancing transportation, reducing consumption of material and electricity, and utilizing 
automated technologies (Hilty and Aebischer, 2015). Wu and Raghupathi, 2015 strategically examine 
strategic cooperation between ICT and sustainability by incorporating certain factors and stated that 
ICT can promote the SCP of the country. Techatassanasoontorn et al., 2011 examined four factors 
of socio-culture on the development of ICT efforts in Thailand and commented that the growth of 
Thailand is depending upon the increasing funds and enhancement in innovation and technology. 
Gholami et al., 2010 examines the relationship between ICT proliferation and human development 
using data from 52 developed and developing countries by conducting a panel regression analysis. 
According to Majid (2018), ICT has proved effective in fighting un-sustainability and poverty and 
has the potential to be helpful in the execution of sustainable consumption and production patterns. 
Majeed (2018), conducts a comparative empirical analysis of 132 developed and developing economies 
to explore ICT’s link with the environment and concludes that ICT has the power to determine the 
ecological future of the world.

In this sense, the focus should be shifted towards applying clean technologies instead of cleaning 
technologies. ICT can contribute to SCP in terms of making, empowering, and encouraging continuous 
blueprints of production and consumption to reduce product and energy consumption in their life 
cycle (Hilty and Aebischer, 2015). Hosseini et al. (2017) successfully created a model for construction 
projects of Iran and concluded that sustainability can be accomplished by ICT through the substitution 
of media, optimization of processes, and control externalization. Chugh et al. (2016) determined 
the awareness of professionals towards the environmentally sustainable practices of ICT in India. 
Klimova and Rondeau (2017) analyzed the structure for the execution of continuous growth of the ICT 
curriculum and the recent trend and approach for the expansion of the academic agenda in the field 
of learning. Zhou et al. (2018) utilized the approach of three-tier structural decomposition analysis 
(SDA) to analyze the major factors after China’s energy intensity changes due to the importance 
of ICT. Dao et al. (2011) discuss the function of information technology in sustainability instead 
of a reduction in energy consumption. Luthra et al. (2018) identified the drivers of ICT, which are 
important to establish sustainability in business. Hassani et al. (2017) reviewed the importance of 
quantitative and non-quantitative effects of both innovation and technology in the petrochemical 
and petroleum industries. Sadorsky (2012) further inspected ICT’s impact on the utilization of 
power in rising economies and with the help of a dynamic demand model, concludes that there is an 
affirmative and arithmetic connection among ICT and power utilization. Forster (2015) considered 
the case of the German automotive industry and utilized innovation insights to identify the advances 
and procedures applicable to sustainable production. According to Romm (2002), in the USA, the 
industries adopting ICT practices are consuming less energy than conventional manufacturing 
industries. In addition, Takase and Murota (2004) studied the reasons for ICT as far as utilization of 
energy and CO2discharges for Japan and the U.S.

Thus, in order to achieve SCP, ICT based factors and processes are crucial for industries. In view 
of the above considerations, ICT resources can act as a change agent for SCP and hence develop 
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sustainable development culture. In the current work, the ICT driven factors of SCP are recognized 
through the literature and the discussion with experts. Initially, the ICT driven factors are listed by 
searching the keywords ‘Information and communication technology in sustainable consumption 
and production’, ‘Factors/Drivers/Enablers of Information and communication technology’, 
‘Information and communication technology in the supply chain’, ‘Sustainability by Information 
and Communication Technology’. Later, we discussed the factors with experts for their agreement. 
The factors are presented in Table 1.

2.3 Research Gaps
The present work documented the following research gaps:

• Based on the “Knowledge-to-Action” gap in the perspective of value chains, the ICT function is 
contributing to substantial e-waste created in a developing country like India (Chugh et al., 2016). 
Because of e-waste volume and toxicity (Wath et al., 2010), ICT quickly turning into a noteworthy 

Table 1. ICT driven factors to adopt SCP

S.No. ICT Factors References

(i) Governance and Management (GM)

1 Government policies and encouragement in SCP 
through information system (GM1)

Zhang et al., 2015; Elliot, 2007; Puri and Sahay, 2007

2 Higher coordination and cooperation among 
members (GM2)

Pero et al. (2017); Murugesan, 2008; Matos and Hall, 
2007

3 Change management (GM3) Tatoglu et al. (2016); Gunasekaran and Ngai, (2008)

4 Advanced digital infrastructure and cost-effective 
models in the era of Industry 4.0 (GM4)

Hossein et al., 2017; Dao et al., 2011; Jonsson and 
Mattsson, 2013

5 Competitiveness and globalization (GM5) Cepolina, 2011

(ii) Technology and Skills (TS)

1 Understanding and awareness of ICT tools among 
stakeholders (TS1)

Hossein et al., 2017; Kausar et al., 2017

2 Human expertise in ICT tools and techniques 
(TS2)

Clemons and Row, 1991; Abdulrahman et al., 2014

3 Technological up-gradations and process 
innovation (TS3)

Ansari et al., 2010; Erek, 2011; Kausar et al. 2017; El 
Kadiri et al., 2016

(iii) Legal & Ethical (LE)

1 Cultural factors (LE1) Ahuja et al., 2009; Hearn et al., 2005; Orlikowski, 2008

2 Transparency mechanism for responsible 
management (LE2)

Ansari et al., 2010; Hossein et al., 2017; Greco et al., 
2015

3 Higher security, privacy, and trust in the business 
environment (LE3)

Keller and Heiko, 2014; Ageron et al., 2012;Trentesaux et 
al., 2016; Du et al.,2011

(iv) Social (S)

1 Integration of people-process-planet benefits (S1) Pero et al. (2017); Van Breedam, 2016; Zhang et al., 2011

2 Customer preferences towards ICT in SCP (S2) Aleke et al., 2011; Apulu et al., 2011; Kagaari et al., 2010

3 Managing people and supply chain resources (S3) Dao et al., 2011

4 Encourage private and foreign investment (S4) Vickery et al. (2003); Saguy and Sirotinskaya (2014)
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area of waste generation. Thus, it is important to minimize the gap between information and work, 
so that ICT can help to reduce e-waste and contribute to responsible consumption and production.

• In order to achieve SCP, ICT driven change management is important in business (Heeks, 2010). 
Therefore, there is a need for adequate research in relation to exploring drivers/factors to ICT 
for the effective use of energy management, technology, and environmental degradation related 
practices for responsible consumption and production (Pick and Azari, 2011).

• Poor ICT investment choices can unfavorably influence profitability (Taylor, 2015) whereas 
inadequate usage of ICT can negatively affect the community and environment (Hack and Berg, 
2014). Any insufficiency in coordinating ICT applications may further deform the capability of 
the framework to progress and convey critical information with respect to environmental effects 
to all the members in the SCP focused value chain. (Zhang et al., 2015). Thus, it is imperative 
for market players and government bodies to manage information and establish frameworks for 
understanding the causal relationships among factors to develop effective SCP concepts in the 
industry. There is negligible research that offered the causal relations for the ICT driven factors 
in SCP adoption in an industrial context.

To address the above-listed research gaps, the current work is one of the initial efforts to evaluate 
ICT based factors to drive SCP concepts taking a case of multiple Indian automotive companies in 
India through GTMA and Spearman’s rank correlation coefficient.

3. SoLUTIoN MeTHodoLoGy

In this work, we utilized the GTMA based approach as the solution methodology. The GTMA 
analyzes the ICT driven factors to SCP and ranks them according to their index values. Spearman’s 
rank correlation coefficient is utilized to calculate the relationship among the index values of adopting 
ICT driven factors to SCP. The Spearman’s rank correlation coefficient can describe the connection 
among the rankings of two variables. The suggested framework for this work is shown in Figure 1.

3.1 GTMA
GTMA is a flexible and methodical tool for modeling and analyses in various areas of engineering 
and sciences like operation research, group theory, economics, linguistics, stochastic process by 
converting qualitative values to quantitative numbers (Grover et al, 2006). GTMA is a study of 
relationships with a set of nodes and connections that can abstract anything from city layout to 
computer data. A graphical representation is the visual display of data that will help us present the 
data in a meaningful way and it provides data that is very easy to understand and helps management 
to make decisions. GTMA came into existence in 1736 by Leonhard Euler for solving the problem 
of the Konigsberg Bridge. GTMA is extensively used by investigators in diverse domains, such as 
SCM, analyze contractors, GSCM, diesel engines (Darvish et al., 2009; Faisal et al., 2007; Muduli 
et al., 2011; Geetha and Sekar, 2016). GTMA is preferred over Analytic Network Process (ANP), 
Decision-Making Trial and Evaluation Laboratory (DEMATEL), Analytical Hierarchical Process 
(AHP) as it is capable of solving the system implicitly and explicitly and evaluates the inter-relationship 
among variables in a system as well (Muduli et al., 2013; Jangra et al., 2011). Graph theory helps in 
analyzing and understanding the system completely by recognizing the component level and subsystem 
to the system level. GTMA can visually represent the inter-relationship between all the factors using 
diagraph. GTMA provides index value to optimally compare and rank the factors. Following are the 
steps of GTMA (Muduli et al., 2013):

Step 1. Identification of the Factors: The factors relevant to SCP adoption are identified using 
literature review and expert’s opinions.
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Step 2. Development of the Digraph: The digraph of the recognized factors was developed by 
analyzing their interdependencies. A behavioral digraph is a graph that provides direction to the 
factors based on their interdependencies. The digraph is provided with nodes and edges where a 
node represents all the factors of SCP whereas directed edges represent the inter-dependencies 
amongst the factors. If the arrow/directed edging is in the direction of ‘y’, it represents the factor 
‘x’ has relative significance above factor ‘y’ which is represented as ‘cxy’, and if the arrow/
directed edging is towards ‘x’, it signifies the relative importance of factor ‘y’ above factor ‘x’ 
and is represented as ‘cyx’ (Rao et al., 2007).

Step 3. Development of the Matrix: The digraphs developed in step 2 are transformed into matrices 
using Table 2.

Step 4. Permanent of the Matrix: Cauchy introduced a class of symmetric functions of the matrix 
for computing its determinant. Later, Muir named it permanents (Nourani et al., 1999). The 
expression for obtaining the permanents of a matrix is the same as that of determinants with just 
one difference that in permanents the negative sign is replaced by a positive sign (Faisal et al., 
2007; Rao et al., 2006). The permanent of the matrix is obtained using the standard expression 
(Jurkat and Ryser, 1966) as provided in Eq. (1):

Figure 1. Framework for this research
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Step 5. Theoretically Best and Worst Values: The theoretically best values of the factors are attained 
by giving the best value i.e. 5 and the theoretically worst values of the factors are attained by 
providing the worst value i.e. 1. If the factor is close to its best value, it represents that it is very 
important in the implementation of the SCP in an industry, while if the factor is close to its worst 
value, the factor is not so effective in SCP adoption.

Table 2. Scale for relative importance of factors (cxy)

Definition
Relative Importance of Factors

cxy cyx= 10-cxy

Evaluating factors are evenly essential 5 5

An evaluating factor is moderately essential above other factor 6 4

An evaluating factor is strongly essential above other factor 7 3

An evaluating factor is very strongly essential above other factor 8 2

An evaluating factor is extremely essential above other factor 9 1

An evaluating factor is exceptionally above other factor 10 0

(Source: Muduli et al., 2013)
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3.2 Spearman’s Rank Correlation
The correlation among the computed index values is described using Spearman’s rank correlation 
coefficient. It is a non-parametric gauge of rank correlation, which defines the connection among the 
ranks of two factors compared to the companies in question in this research. The Spearman correlation 
among two values varies (rs is high if observations have the same ranks among the two data sets, and 
low if observations have different ranks) according to the ranks of the data sets (Kumar et al., 2017). 
Spearman’s rank correlation is extensively used by investigators in diverse domains, such as health 
survey for England, customer retention in automobile workshops, ecological execution analysis of 
Chinese industry, etc. (Martin and Springate, 2018; Kumar et al., 2017; Bi et al., 2015).

The Spearman’s rank correlation coefficient is symbolized by ‘rs’ and is given by Eq. (2) when 
there is no tie between ranks:

r
d

n n
s

i= −
−( )
∑1

6

1

2

2
 (2)

where:

di=Difference between the two ranks 
n=Number of main factors 

4. dATA ANALySIS ANd ReSULTS

4.1 Background of Case Companies
In India, the automobile business is holding a major position in the market. The companies in the 
automotive sector in India are enthusiastic about incorporating corporate ecological, societal, and 
financial aspects at local and worldwide levels (Luthra and Mangla, 2018). However, the Indian 
automotive sector has limited capacity to insert such practices completely on the shop floor. To 
help industries, three automobile companies operating in India are considered in this research. The 
companies produce light and heavy-duty vehicles, spare parts, engines for maritime purpose, diesel 
engine, and transmissions, two, three, and four-wheeler vehicles, military vehicles, tractors, inverters, 
batteries, etc. Companies believe that green technology is the need to move towards sustainability. 
The managers of the companies understand the importance of sustainability and green environment, 
and therefore, continuously working on its manufacturing operations, products, and supply chain. 
The companies are profoundly working towards fuel-efficiency and emissions in collaboration with 
the consumers, stakeholders, and suppliers. Management of the case companies is involved in a 
project “Responsible Consumption and Production through ICT”. Management also intends to list 
and analyze the factors for successful SCP concepts through information systems in the supply chain.

Three automobile companies are included in this research whose profiles are given below in Table 3.

4.2 data Collection and Survey Questionnaire
In order to gather data for this work, a survey questionnaire (see Appendix A) was formed. Properly 
designed survey questionnaires offer reliability among respondents, more profound knowledge of 
the industrial practices, and predominant information quality (Synodinos, 2003). The questionnaire 
pretesting was done by providing a questionnaire to 5 experts (3 academicians and 2 industrial experts). 
The feedback of the experts is used to further modify the survey questionnaire. After pretesting, the 
applicability of the content and reliability of the questionnaire was checked. Content validity is a 
practice used to judge the relativity of the content of the questionnaire with the identified factors 
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(Sekaran, 2016). The data is collected by opting the convenience and random sampling methods 
(Luthra et al., 2016):

1.  Convenience Sampling: Convenience sampling is the technique in which the data was collected by 
visiting the case companies personally. Using convenience sampling 16 responses were collected. 
This technique is helpful in reducing the confusion about the content of the questionnaire while 
filling it.

2.  Random Surveys: Among the various types of automotive industries, 25 respondents were 
taken to form the database. The sample size with 25 experts has been justified in the context 
of multiple case study research (please refer study of Mangla et al. 2015 for more details). The 
targeted people were arbitrarily chosen and the mail containing the survey questionnaire was sent 
to 20 respondents. After repetitive emails, and telephonic calls, and reminders 9 valid responses 
were collected and invalid/incomplete responses were discarded which results in a response rate 
of 45% which is considered as satisfactory for the current study (Malhotra and Grover, 1998).

For the purpose of this work, the demographic detail of the respondents is given in Table 4.

4.3 Validation of Factors
Initially from the literature, 15 ICT based factors for SCP in automotive supply chains were listed. 
Based on the survey instrument, the identified factors were validated. The feedback is used to rank 
the expert’s rating of every factor on a scale of 1 – 7 (where 1-least significant and 7-most relevant). 
The experts selected were highly competent professionals in the area of value chain sustainability. We 
decided to the factors with a rating of 1 or 2. The experts were additionally approached to add/remove 
some other factors. Hence, two factors were added to the list. The added factors are - training and 
development of employees, and standardization procedures. Training and development of employees 
regarding the implementation and benefit of SCP through ICT are extremely important as it helps 
industries to produce and consume sustainably. With a specific goal in the present business world, 
organizations are contending for a profoundly qualified workforce, therefore, incorporation and 
interfacing training and development framework into the supply chain activities is highly significant. 
Trained suppliers and stakeholders help in the planning and controlling of the consumption and 
production of automobile parts, and hence increase the efficiency of the automobile value chain. 
Efficient SCP acceptance changes the vision of an industry and it requires uplifting the workers’ 

Table 3. Consolidated profile of automobile case companies

Company’s Attributes Company 1 Company 2 Company 3

Turnover (in USD) 155.60 Million 73.13Million 77.80 Million

No. of Employees More than 300 Around 1000 Around 1500

Year of establishment 1948 1981 1945

Certifications QS 9000, ISO 9001, ISO 
9002, ISO 14001

ISO-14000 Business world FICCI-SEDF 
Corporate Social Responsibility 
Award

Types of manufactured 
products

Light and heavy-duty 
vehicles, spare parts, 
engines for the maritime 
purpose

Four wheelers, 
diesel engine, and 
transmissions

Two, three and four-wheeler 
vehicles, military vehicles, tractors, 
inverters, batteries, and gen-sets

Nature of business Original equipment 
manufacturer, Supplier

Manufacturer, 
Supplier

Original equipment manufacturer, 
Supplier
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Table 4. Demographic summary

S. No. Demographic Details of 
the Respondent

Criteria No. of 
Respondents

Percentage

1 Qualification Graduate 8 32

Post Graduate 15 60

Doctorate 2 8

2 Total years of experience Less than 6 years 2 8

6-12 years 17 68

13-18 years 2 8

19-24 years 1 4

More than 24 years 3 12

3 Type of Automobile Sector Private Sector 18 72

Public Sector 5 20

Multinational Corporation 2 8

4 Type of Organization Original Equipment Manufacturer 19 76

Supplier to Original Equipment 
Manufacturer

6 24

5 Load capacity of vehicle Light duty vehicle 11 44

Heavy duty vehicle 6 24

Both light and heavy duty vehicles 8 32

6 Type of fuel used Petrol engine vehicles 3 12

Diesel engine vehicles 3 12

Both Petrol and Diesel 19 76

7 Workforce Less than 100 Employees 2 8

101- 300 Employees 6 24

More than 300 Employees 17 68

8 Years of business Less than 10 years 3 12

10-25 years 5 20

25-50 years 7 28

More than 50 years 10 40

9 Yearly Turnover (in 
Million rupees)

Less than or equal to 100 Nil Nil

101-500 2 8

501-1000 3 12

1001-5000 4 16

5001-10,000 6 24

More than 10,000 10 40

10 Environment management 
system

Yes 18 72

No Nil Nil

In progress 7 28
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skills through training etc. In order to achieve sustainability, organizations need to follow standardized 
procedures to reduce waste, greenhouse gas (GHG), and CO2 impacts throughout the supply chain 
and intelligently consume the raw materials. In addition, the successful adoption of SCP practices 
can reduce the harmful impact on the surroundings. These 17 validated factors were then divided into 
4 main factors - Governance and Management (GM), Technology and Skills (TS), Legal & Ethical 
(LE), and Social (S)(see Appendix B).

4.4 Ranking the Factors Using GTMA
After the finalization of factors, the analysis process is done by applying the GTMA technique. 
Based on the procedural steps, the index evaluation digraph for the main factors is plotted as shown 
in Figure 2. Likewise, the directed digraphs for specific factors within the main factors are formed 
(for details see Appendix C).

The matrix that represents the above digraphs provides one to one illustration of the main factors. 
These matrices are square matrices that consider all the main factors (GM, TS, LE, and S) and their 
relative importance (cxy). The matrix for the main factors of ICT is represented below in Eq. (3):

ICT

GM c c c

c TS c c

c c LE c

c c c S

=







12 13 14

21 23 24

31 32 34

41 42 43









 (3)

In the same way, the digraph for each specific factor is converted into matrices as per the Eq. (2) 
(for details see Appendix D). A permanent value of the main factor - Governance and Management 
(GM) for all three case companies is calculated and is shown below:

Figure 2. Index evaluation digraph of main factors to ICT
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Per GMI 1

4 3 2 3 5

7 6 7 3 7

8 3 3 7 4

7 7 3 5 4

5 3 6 6 2

( ) =













= ×2827 102  

Per GMI 2

5 3 7 4 6

7 6 7 3 7

3 3 5 3 5

6 7 7 2 7

4 3 5 3 4

=













= ×2671 102  

Per GMI 3

4 5 4 6 3

5 3 3 6 4

6 7 2 7 5

4 4 3 3 3

7 6 5 7 5

( ) =













= ×2288 102  

where, PerI1 (GM), PerI2 (GM), and PerI3 (GM) correspondingly represent the permanent values for 
the factor Governance and management (GM) for the companies 1, 2, and 3.Similarly, the permanent 
values of other main factors are shown in Appendix E.

The adoption index of ICT for all three case companies is evaluated by calculating the permanent 
function of matrix ICT:

Per ICTI 1

282700 7 6 7

3 12438 4 8

4 6 11397 5

3 2 5 13704

( ) =













= ×54917 1013  

Per ICTI 2

267100 6 6 8

4 13868 4 7

4 6 13559 6

2 3 4 11294

( ) =













= ×56723 1013  

Per ICTI 3

228800 6 5 8

4 13744 4 7

5 6 11012 7

2 3 3 12736

( ) =













= ×44103 1013  

The ICT adoption index values are shown in Table 5.
Next, we calculated the theoretical best and worst values. The best value for the main factor, 

Governance and Management (GM), is obtained as:



Journal of Global Information Management
Volume 29 • Issue 1 • January-February 2021

177

Per GM
Best( ) =











5 5 5 5 5

5 5 5 5 5

5 5 5 5 5

5 5 5 5 5

5 5 5 5 5



= 375000  

Similarly, the best value for SCP focused factors adoption index is:

Per ICT
Best( ) =







375000 5 5 5

5 15000 5 5

5 5 15000 5

5 5 5 15000







= ×12656 1014  

Per GM
Worst( ) =











1 5 5 5 5

5 1 5 5 5

5 5 1 5 5

5 5 5 1 5

5 5 5 5 1



= 168376  

Similarly, the worst value for ICT focused factors adoption index is:

Per ICT
Worst( ) =







168376 5 5 5

5 6776 5 5

5 5 6776 5

5 5 5 6776







= ×52384 1012  

The worst and best values of the main factors are represented in Table 5.

Table 5. Index values of SCP factors for all three case companies

Governance and 
Management 

(GM)

Technology and 
Skills (TS)

Legal and 
Ethical 

(LE)

Social (S) ICT Focused Factor 
Adoption Index

Company 1 2827 x 102 12438 11397 13704 54917x1013

Company 2 2671 x 102 13868 13559 11294 56723x1013

Company 3 2288 x 102 13744 11012 12736 44103x1013

Best Value 3750 x 102 15000 15000 15000 12656x1014

Worst Value 1683 x 102 6776 6776 6776 52384x1012
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4.5 Testing for SCP Adoption Index Using Spearman’s Rank Correlation
The relationship among the index values of selected automobile companies is described using 
Spearman’s rank correlation coefficient. It is a considerable gauge to decide the point of relationship 
and to verify the consistency among the ranks as suggested by the professionals (Raju and Kumar, 
1999). The Spearman’s rank correlation coefficient is symbolized by ‘rs’ and is computed by using 
Eq. (2):

r
d

n n
s1

1
2

2
1

6

1
1

6 6

4 16 1
0 4= −

−( )
= −

×

−( )
=∑ .  

r
d

n n
s2

2
2

2
1

6

1
1

6 2

4 16 1
0 8= −

−( )
= −

×

−( )
=∑ .  

r
d

n n
s3

3
2

2
1

6

1
1

6 2

4 16 1
0 8= −

−( )
= −

×

−( )
=∑ .  

Based on the above method, we can test the null hypothesis (Ho). The approach of the p-value is 
employed for the rejection of the null hypothesis, if we have a p-value < 0.05 and then H1 is expected 
to be true. The similarity among the ranks of the factors of the three companies exist with spearman’s 
rank correlation coefficient as 0.4 between company 1 and 2, 0.8 between companies 2 and 3, and 
again 0.8 between companies 1 and 3. Further details on relative ranks of main factors for all three 
case companies are presented in Table 6.

5. dISCUSSIoN oF FINdINGS

The ICT focused factor indexes for three automobile companies are 54917x1013, 56723 x 1013, 
and 44103 x 1013. According to Table 6, the preference order of the main factors for company1 is 
Governance and Management (GM)>Social (S)>Technology and Skills (TS)>Legal & Ethical (LE). 
For company 2, it is Governance and Management (GM)> Technology and Skills (TS)>Legal & 
Ethical (LE)>Social (S), and for company 3, it is Governance and Management (GM)> Technology 
and Skills (TS)> Social (S)> Legal & Ethical (LE). The factors having a higher index value ranks 
1st and so on. In addition, the closeness of the factor to its best value represents its importance in the 
SCP effectiveness in industry, whereas, if the factor is closer to its worst value, the factor is not so 
effective in SCP adoption.

The index values of factor ‘governance and management support (GM)’ for companies 1, 2, 
and 3 are 2827 x 102, 2671 x 102, and 2288 x 102, respectively, which is also greater than the index 
values of all the other factors.

Table 6. Relative ranks of main factors

Factors Company 1 Rank (x1)
Company 

2 Rank (x2) Company 3 Rank (x3) d1
2= (x1-x2)2 d2

2= (x1-x3)2 d3
2= (x2-x3)2

GM 2827 x 102 1 2671 x 102 1 2288 x 102 1 0 0 0

TS 12438 3 13868 2 13744 2 1 1 0

LE 11397 4 13559 3 11012 4 1 0 1

S 13704 2 11294 4 12736 3 4 1 1
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Governmental support and effective management play a critical role in implementing safe 
practices in the automotive industry in India. In India, because of the low awareness of people towards 
government and management policies, SCP is lacking in most of the required fields. Therefore, it 
is important to include governance and management support (GM) as a factor of ICT to be aware 
of the customers, managers, and stakeholders of the case companies. With clear directions form the 
government, the producers and consumers could easily understand the importance of ICT in the 
adoption of SCP. Further, in this research, an attempt has been made to provide ICT adoption index 
value, which will help Indian automobile companies to benchmark their SCP practices adoption 
through ICT. Based on computed ICT adoption index values, the importance of government and 
management support is more in case company1 and less in case company3. It means that case company 
3 needs more focus on government and management supportive policies to improve SCP practices in 
their organization. It has been stated that support and dedication of management are highly appreciable 
for SCP implementation in the industry (Zhu et al., 2005). As the public’s interest in environmental 
issues is increasing, in response, the companies have to be transparent in their processes in value chains. 
Aryee et al., (2008) considered human interaction as a significant factor for an innovative framework. 
Carter and Rogers, (2008) revealed that to achieve sustainability all members of the supply chains 
should work together in an integrated way. In supply chains, coordination and cooperation among 
members are essential in overseeing materials and merchandise streams and in enhancing economic 
and service performances. The firms by working together and cooperating and sharing information 
with each other can meet the demand of the customers more efficiently. In order to be consistent with 
the organizational missions, new competencies should be established along with ICT. Such capacities 
do not jeopardize the upper hand of a firm and furthermore reinforce the situation of the automotive 
firm through the empowering impacts of good repute (Colbert and Kurucz, 2007). ICT network 
design and infrastructure has a significant impact on organizational changes and is significant in the 
successful implementation of SCP in business (Luthra et al., 2018). Using advanced design network, 
help companies in improving with their operational efficiency and performance (Dao et al., 2011). 
The changing design and infrastructure of operations and reporting standards are always associated 
with capacity measures, and it is mediated by arbitration and acquisition through financial resources 
(Ward and Zhou, 2006). Therefore, there is a need to design and implement a flexible information 
system to maximize the overall presentation of the network to deal with potential interference and 
sustainable business activities.

The index values of factor ‘Technology and Skills (TS)’for companies 1, 2, and 3 are 12438, 13868, 
and 13744, respectively. It acquires 2nd position in case companies 2 and 3, and 3rdposition in case 
company 1 for the establishment of SCP trends through ICT, where the significance of technology and 
skills is more in the case automobile company2 and lesser in the case automobile company1. Higher 
technological advancements act as a landmark in the path of ICT implementation. The innovative and 
upgraded technology helps to produce and consume sustainable products. In addition, human resources 
and workers’ expertise eases out the production and promotion of sustainable practices. Kaushik et 
al., (2014) in their study found that efficient information and communication networks and expert’s 
knowledge help in accepting innovative eco-friendly technologies in the value chain. According to 
Rogers, (2010), having knowledge or information about an idea or a subject is considered as the initial 
step in the direction of selection. This will contribute to the increase in energy efficiency and energy 
conservation through ICT solutions (Klimova et al., 2016). In applying ICT tools and techniques, 
proper knowledge and awareness provide environmental, social, and economic benefits to business 
organizations. As tactical practices and technological procedures are important in integrating ICT 
and automotive industry activities for making it resource-efficient (Erek, 2011), and thus, automotive 
managers need to develop their human capabilities and skills in this regard. According to Al-Sharah 
et al (2010), increased pressure provides creative and technically commercial opportunities in the 
market. ICT capabilities need consistent upgrading and ranges of abilities from the experts included 
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and provide the sources that increase the operational efficiency of processes. The technical platform 
plays an important function in developing the IT resources of firms.

The factor ‘Legal and Ethical (LE)’ has the 3rd position with index values 13559 for case company 
2 and 4th position with index values 11397 and 11012 for case companies 1and 3. The advancement 
of moral and safe practices of SCP is considered as significant towards business sustainability and 
SCP (Young et al., 2010). Cultural issues are significant for the automotive industry context, as 
the majority of resources are underutilized in companies due to ineffective structured frameworks, 
unproductive technologies, or informal behavior, etc (Jenkin et al., 2011). Therefore, the change in 
behavior is necessary. Among the sustainability conditions, Chen, (2008) has characterized these 
outer relations as green social capital and has discovered a certain connection among IT resource 
capability and the competitive advantage. An efficient IT resource capability will contribute to the 
increase in energy efficiency and energy conservation.

The factor ‘Social (S)’ comes in the 2nd position with index value 13704 for case company 1, 4th 
with index value 11294 for case company2, and in the 3rd position with index value 12736for case 
industries 3. A societal benefit with safe working culture is crucial. Grabot and Schlegel (2014) have 
reflected that ICT applications can positively affect SCP adoption. By integrating people, processes, 
and planet benefits, employees can focus on developing processes for sustainable operations and the 
firm has been able to provide sustainability value to both the stakeholders and themselves. Active 
participation of customers to decide and choose ICT services is significant in promoting organizational 
sustainability. Currently, if firms want to avoid losing customers because of providers’ poor business 
rehearses, managers should effectively urge their providers to work in a sustainable way (Dao et al., 
2011). Thus, managers are suggested to take suitable initiatives to develop a sustainable society. In 
addition, managers should arrange some training sessions to change the attitude of customers towards 
SCP trends. Customer awareness can drive industries for prompt response in including SCP trends 
in business.

The index values of all the above-discussed factors are very close to their best values except factor 
‘Governance and Management’ for case companies 2 and 3, and therefore, are highly significant in 
the adoption of SCP through ICT in Indian automobile case companies.

6. ReSeARCH IMPLICATIoNS

This research can assist automotive managers and practitioners in SCP adoption by improving resource 
utilization and coordination among members through ICT developments in an industrial context.

This research proposes the following crucial implications:

• Inform Government for Supporting ICT in SCP: Government policies and support for ICT 
is extremely important in SCP centered exercises in a financial and technical perspective. This 
helps in constant up-gradation of the processes in an organization. The government must provide 
standardized business procedures for automotive organizations. In this regard, the government 
may interact should support automotive organizations to organize conferences, workshops, 
seminars, symposiums etc. to develop a skill set for responsible consumption and production 
trends through ICT applications. The government should encourage third party involvement at 
the cluster level by involving academic organizations or business organizations or supported by 
industry associations.

• Highly Developed Digital Infrastructure: In order to adopt SCP, advanced digital infrastructure 
is significant as it enhances the operational-ecological-social- the excellence of organizations. 
For instance, the application of Industry 4.0, the Internet of Things, Big data, and Blockchain 
technologies can help the automotive industry to reduce wastage, improve cost, the high process, 
and operational control, demand management, etc. Industry 4.0 is the pattern towards automation 
and information trade in manufacturing technologies and procedures. The transparency provided 
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by Industry 4.0 furnishes administrators with huge measures of helpful information expected to 
make appropriate decisions. Thus, automotive company managers need to adopt highly developed 
digital infrastructure to augment the general introduction of the system to manage potential 
obstruction and reasonable business exercises.

• Increased Collaboration Amongst Value Chain Members: In order to develop an ICT focused 
SCP concept, collaboration and coordination amongst the members of the value chain are highly 
required. This helps automotive managers improving their services and financial performances as 
well as reducing waste generation and improving resource efficiency. In the automobile industry, 
the Original Equipment Manufacturers (OEMs) should collaborate with their Tier 1 and Tier 2 
suppliers for effective ICT-driven SCP practices among the suppliers. Car sharing and electric 
vehicles could be preferred options for achieving sustainable development goals of resource 
consumption and production and Industry innovation and infrastructure.

• Benchmark Services: ICT can help in superior forecasting and demand planning and improve 
customer service and excellent organizational-supplier relationships for sustainable energy-
material-resources consumption. Advancement in ICT empowers the business to be progressively 
proficient in planning, fabrication, distribution, and service of products around the world. With the 
help of ICT in the automotive value chain, activities like sustainable procurement, manufacturing, 
packaging, distribution, and real-time traffic information can be improved. The giant automotive 
company such as Ford Motors utilizes virtual prototype technology in the product development 
process to save resources, money, time, etc. Thus, Indian automotive managers are suggested to 
follow ICT driven benchmark practices provided by the Automotive Component Manufacturers 
Association of India (ACMA) for promoting sustainability and SCP concepts in business.

7. CoNCLUSIoN ANd FUTURe woRK

The concept of ICT has become important for business in SCP adoption. ICT driven initiatives to SCP 
is comparatively underdeveloped in developing nations. The reason is a lack of strategic focus in the 
development and implementation of ICT practices in SCP. The current research seeks to deal with 
ICT in improving organizational social, economic, and environmental gains. This research attempts 
to recognize and evaluate ICT based factors for SCP adoption in the industry.

This research seeks several unique contributions as given below:

• The concept of ICT driven initiatives to SCP is comparatively underdeveloped in developing 
nations, especially in India. The reason is a lack of strategic focus in the development and 
implementation of ICT practices in SCP. Therefore, the current research presents key ICT based 
factors for the adoption of SCP taking a case study of multiple Indian automobile companies. 
These ICT based factors assist in the establishment of responsible consumption and production 
aspects in an automotive value chain context. Key ICT based factors are identified with the help 
of a literature survey and expert input.

• The GTMA is applied to evaluate the interrelationships among and between the ICT oriented 
factors to SCP. Additionally, applied GTMA uncovers their level of impact in building up a 
sustainable culture in business.

• The Spearman’s rank correlation coefficient is utilized to evaluate the relationship among the 
index values and to verify the consistency among the ranks.

Findings of the research reveal that the main factor ‘Governance and Management’ acquire 
the highest index value for all the three case automotive companies. The relationship between the 
index values of case automotive companies are further evaluated using Spearman’s rank correlation 
coefficient.
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There are some constraints of this study, which can be considered as future work opportunities. 
This work is based on the perspective of the experts, so this process needs care as the opinion of 
experts can vary. The study comprises of the case study of three Indian automobile companies. Thus, 
the sample size may be increased in future studies. The proposed study might be employed to other 
industrial sectors such as Power, Manufacturing, Construction, etc. In addition, this work may also be 
extended to other developing nations, based on their stand on ICT and SCP adoption in value chains.
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APPeNdIX A

Survey Questionnaire
Dear Sir/Madam,

Greetings of the day!!
This work aims to list and evaluate ICT based factors, which are responsible for the implementation 

of SCP in an industrial context. These factors of ICT have noteworthy effect on environment, economy 
and society, and help enhance the proficiency and profitability of the automotive value chain.The 
information for this work is gathered in 3 stages, whose details are given as:

Phase 1: Company Identifier Information

1.  Name of the Company: ……………………..
2.  Location: ……………………………
3.  Type of Automobile Sector:

a.  Public Sector
b.  Private Sector
c.  Multinational Corporation
d.  Regulatory Bodies
e.  If other, please specify………………..

4.  Type of Organization:
a.  Original Equipment Manufacturer
b.  Supplier to Original Equipment Manufacturer
c.  If other, please specify………………..

5.  Load capacity of vehicle:
a.  Light duty vehicle
b.  Heavy duty vehicle

6.  Type of fuel used:
a.  Petrol engine vehicles
b.  Diesel engine vehicles
c.  Electric vehicles
d.  If other, please specify………………..

7.  Workforce:
a.  Less than 100
b.  101- 300
c.  More than 300

8.  Years of business:
a.  Less than 10 years
b.  10-25 years
c.  25-50 years
d.  More than 50 years

9.  Annual Turnover (in Million rupees):
a.  Less than or equal to 100
b.  101-500
c.  501-1000
d.  1001-5000
e.  5001-10,000
f.  More than 10,000

10.  Does your organization have an environmental management system?
a.  Yes
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b.  No
c.  In Progress

Demographic Details of the Respondent

1.  Gender:
a.  Male
b.  Female

2.  Qualification:
a.  Graduate
b.  Post Graduate
c.  Doctorate
d.  If other, please specify……….

3.  Age: ………………………….
4.  Total years of experience:

a.  Less than 6 years
b.  6-12 years
c.  13-18 years
d.  19-24 years
e.  More than 24 years

5.  Position: …………………………………..
6.  Your responsibility: ……………………………

Phase 2: Validating the Factors
There are four main factors and seventeen specific factors are identified in this work. Please put your 
responses to add/delete/reword for any other factors relevant to SCP adoption in Indian automotive 
industry context. Tables 7-10 show the factors of ICT to SCP adoption in a supply chain context 
listed from literature.

Table 7. Governance and management

GM Governance and Management Degree of Priority

GM1 Government policies and encouragement in SCP through 
information system

GM2 Higher coordination and cooperation among members

GM3 Change management

GM4 Advanced digital infrastructure and cost effective models in era of 
Industry 4.0

GM5 Competitiveness and globalization

GM6 (Please indicatesome other sub-factor if any)

GM7 (Please indicate some other sub-factor if any)
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Phase 3: determine the Priority of Factors
After listing the main factors and specific factors, we seek to analyze them for knowing their priority 
of concern. Thus, please put your responses by utilizing the given scale.

Table 8. Technology and skills

TS Technology and Skills Degree of Priority

TS1 Understanding and awareness of ICT tools among stakeholders

TS2 Human expertise on ICT tools and techniques

TS3 Technological up-gradations and process innovation

TS4 (Please indicate some other sub-factor if any)

TS5 (Please indicate some other sub-factor if any)

Table 9. Legal and ethical

LE Legal and Ethical Degree of Priority

LE1 Cultural factors

LE2 Transparency mechanism for responsible management

LE3 Higher security, privacy and trust in business environment

LE4 (Please indicate some other sub-factor if any)

LE5 (Please indicate some other sub-factor if any)

Table 10. Social

S Social Degree of Priority

S1 Integration of people-process-planet benefits

S2 Customer preferences towards ICT in SCP

S3 Managing people and supply chain resources

S4 Encourage private and foreign investment

S5 (Please indicate some other sub-factor if any)

S6 (Please indicate some other sub-factor if any)

Table 11. Relative importance of factors (cxy)

Definition
Relative Importance of f=Factors

cxy cyx= 10-cxy

Evaluating factors are evenly essential 5 5

An evaluating factor is moderately essential above other factor 6 4

An evaluating factor is strongly essential above other factor 7 3

An evaluating factor is very strongly essential above other factor 8 2

An evaluating factor is extremely essential above other factor 9 1

An evaluating factor is exceptionally above other factor 10 0
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APPeNdIX B
ICT Basedfactors to Adopt SCP

Table 12. ICT driven factors to adopt SCP

S.No. ICT Factors Description References

(i) Governance and Management (GM)

1

Government 
policies and 
support in 
SCP through 
information 
system (GM1)

Government policies and supportfor adopting ICT 
based resources and infrastructure is crucial for 
organizations in SCP adoption.

Zhang et al., 2015; Elliot, 2007; Puri 
and Sahay, 2007

2

Higher 
coordination 
and cooperation 
among members 
(GM2)

For aneffective SCP concept, managementneeds 
to developconfidence among value chain 
members. Coordination and sharing of 
information is important for management between 
stakeholders and the members of the value chain 
to improve SCP adoption

Pero et al. (2017); Murugesan, 2008; 
Matos and Hall, 2007

3
Change 
management 
(GM3)

Currently, ICT can acts as a change management 
for organizations to drive SCP concepts in their 
value chain activities.

Tatoglu et al. (2016); Gunasekaran 
and Ngai, (2008)

4

Advanced digital 
infrastructure 
and cost effective 
models in era 
of Industry 4.0 
(GM4)

In order to implement SCP, ICT requires an 
efficient and accurate information communication 
network between the producers and consumers, 
and along with the system

Jonsson and Mattsson, 2013; 
Hossein et al., 2017; Dao et al., 2011

5
Competitiveness 
and globalization 
(GM5)

Globalization and competitiveness are pushing 
organizations to adopt SCP through ICT processes 
and operations

Cepolina, 2011

(ii) Technology and Skills (TS)

1

Understanding 
and awareness of 
ICT tools among 
stakeholders 
(TS1)

Stakeholder’s understanding and awareness about 
ICT tools is highly encouraged for adoption of 
sustainability in the business

Hossein et al., 2017; Kausar et al., 
2017

2
Human expertise 
on ICT tools and 
techniques (TS2)

Human expertise is an important factor in 
promoting ICT patterns, which can increase the 
effectiveness of SCP adoption in supply chain

Clemons and Row, 1991; 
Abdulrahman et al., 2014

3

Technological 
up-gradations 
and process 
innovation (TS3)

Technological updates and process innovations are 
highly appreciated to improve information network 
and SCP practices in industry.

Ansari et al., 2010; Erek, 2011; 
Kausar et al. 2017; El Kadiri et al., 
2016

4
Training and 
development of 
employees (TS4)

Training and development of employees about ICT 
is crucial to adopt SCP trends in valuechains Expert’s input

continued on following page
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S.No. ICT Factors Description References

(iii) Legal & Ethical (LE)

1 Cultural factors 
(LE1)

Cultural factors are significant in the successful 
execution of ICT to promote SCP

Ahuja et al., 2009; Hearn et al., 
2005; Orlikowski, 2008

2

Transparency 
mechanism for 
responsible 
management 
(LE2)

The traceability mechanism for monitoring 
product/process wastageis an imperative aspect of 
business sustainability

Ansari et al., 2010; Hossein et al., 
2017; Greco et al., 2015

3

Higher security, 
privacy and 
trust in business 
environment 
(LE3)

Organizations need to ensure higher security, 
privacy and trust among members in setting 
up ICT system. This would further help in 
accomplishing sustainable development objective 
sin business.

Keller and Heiko, 2014; Ageron et 
al., 2012;Trentesaux et al., 2016; Du 
et al.,2011

4 Standardization 
procedures (LE4)

ICT system can help organizations to fix the issue 
of standardization Expert’s input

(iv) Social (S)

1

Integration of 
people-process-
planet benefits 
(S1)

ICT based processes and operations can 
assist organizations in integrating people, 
process and planet’s aspects in sustainable 
businessdevelopment

Pero et al. (2017); Van Breedam, 
2016; Zhang et al., 2011

2

Customer 
preferences 
towards ICT in 
SCP (S2)

Participation of customers to decide and choose 
ICT services can play animportant role in 
promoting organizational sustainability.

Aleke et al., 2011; Apulu et al., 
2011; Kagaari et al., 2010

3
Managing people 
and supply chain 
resources (S3)

IT assets can empower firms to create 
sustainability capacities through coordination with 
individuals and SCM resources

Dao et al., 2011

4

Encourage 
private and 
foreign 
investment (S4)

Encouraging private and foreign investment is an 
important factor to strengthen ICT infrastructure 
and capabi l i t ies  to  improve the  people-
process-planet gains of business organizations.

Kumar et al. (2013); Vickery et al. 
(2003); Saguy and Sirotinskaya 
(2014)

Table 12. Continued
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APPeNdIX C
Behavioral digraph for Specific Factors to ICT

Figure 3. Digraph for factor Governance and Management (GM)

Figure 4. Digraph for factor Technology and Skills (TS)
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Figure 5. Digraph for factor Legal and Ethical (LE)

Figure 6. Digraph for factor Social (S)
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APPeNdIX d
Matrix Representation
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APPeNdIX e
Permanent Values of Specific Factors
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