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Barriers to Information and Digital Technologies Adoption in Humanitarian Supply
Chain Management: A Fuzzy AHP Approach
Abstract

Purpose: The humanitarian supply chain (HSC) area is rich with conceptual frameworks with
a focus on the importance of information and digital technologies (IDTs) applications. These
frameworks have a limited scope in investigating and prioritizing barriers to IDTs adoption in
HSCs. The present study thus identifies and prioritizes the barriers to IDTs adoption in

organizations involved in HSCs.

Design/methodology/approach: By using a literature review allied with expert discussions
and a fuzzy analytic hierarchy process, the study identifies and prioritizes a comprehensive set

of barriers that organizations involved in HSCs may consider to improve IDTs adoption.

Findings: The study investigates five main barriers (strategic, organizational, technological,
financial and human) interlocked with 25 sub-barriers impacting the level of IDTs adoption in
organizations involved in HSCs. The findings indicate that strategic barriers are of greatest
importance, followed by organizational, technological, financial and human barriers. The
findings indicate the difference in ranking barriers influencing the adoption of IDTs in HSCs

compared to the commercial supply chain.

Research limitations/implications: Although a three-step method adopted for this study is
rigorous in terms of the way this research is conducted, it is essential to report that prioritization

is based on the subjective opinions of the experts.

Practical implications: The findings aim to assist policymakers and practitioners in
developing effective strategies to improve IDTs adoption in organizations engaged in HSCs.
Moreover, the prioritization of barriers provides a systematic way to overcome any barriers to

improve HSCs performance.

Originality/value: This study is the first of its kind that investigates and prioritizes the barriers

to IDTs adoption in HSCs.

Keywords: Analytical hierarchy process; Humanitarian supply chain performance;

Information Technology; Fuzzy logic.

Paper type: Research paper
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Introduction

Disasters are inevitable, but preventive measures may lessen social and economic losses caused
by disasters (Cao et al., 2021; Yilmaz and Kabak, 2020). A supply chain approach is required
for a quick and effective response in the aftermath of disasters (Dubey et al., 2019; Lewin et
al., 2018, John et al., 2019). The objective of commercial supply chains (CSCs), such as
carrying the "right supplies" at the "right time" to the "right area" in the "right quantities" to
the "right people" (Petrudi et al., 2019), is applicable in humanitarian supply chains (HSCs).
However, unlike CSCs, HSCs operate under highly complex, uncertain and challenging
environments (Akhtar et al., 2020; Tomasini and Wassenhove, 2009). To this end, adopting
information and digital technologies (IDTs) may improve organizational performance in HSCs

(Mari¢ et al., 2021).

Digital technologies, including computing, information, communication and connectivity
technologies (Bharadwaj et al., 2013), are transforming the business models of commercial
supply chains. Similarly, technologies such as global positioning systems, early warning
systems and geographic information systems can improve the performance of HSCs (Ozdamar
and Ertem, 2015; Rodriguez-Espindola et al., 2020). Also, social networking websites such as
Facebook and Twitter collectively build and disseminate vital information about disasters to
society (Kankanamge et al., 2020; Searle, 2020). In this context, the adoption of IDTs becomes
crucial (Jung and Jung, 2018); however, the unique context of HSCs poses many challenges to

IDTs adoption (Baharmand et al., 2021).

Several challenges impede maximum utilization of technology to connect end-to-end
humanitarian operations (i.e. from donors to affected consumers) (Coppi, 2018). The
challenges range from strategic issues, to organizational issues to individual issues (Maiers et
al., 2005). The challenges include lack of availability of funds, lack of IT experts (Kabra and
Ramesh, 2015a), conflicting short-term-oriented culture in place of long-term commitment,
lack of information (Negi and Negi, 2020) and limited technological infrastructure. Further,
Cook and Picucci (2017) reported governance as the major challenge in using robots in disaster
management. These challenges affect the whole system, especially interlinked activities
between horizontal and vertical operations among organizations involved in HSCs (Kabra and

Ramesh, 2016a).

Despite the promising benefits of IDTs for organizations involved in HSCs, social and

behavioral research reports low utilization of information technology (Negi and Negi, 2020).
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Extant research tends to focus on isolated technologies in HSCs. These include big data (Dubey
et al., 2019), radio frequency identification (Yang et al., 2011), sensors (Alamdar et al., 2017),
IoT (Sinha et al., 2019), and blockchain technology (Dubey et al., 2020). Sahebi et al. (2020)
have analyzed blockchain barriers in HSCs using the best-worst method while Kabra and
Ramesh (2017) focus on the relationship between the enablers to information and
communication technology. These studies consider only a segment of the range of emerging
technologies or set of few enablers in the context of HSCs. Therefore, there is a lack of research
that considers the comprehensive set of barriers influencing IDTs adoption in those

organizations involving HSCs.

The instant removal of all barriers influencing IDTs adoption in organizations involved in
HSCs is impossible due to limited resources in terms of finance, capital and personnel allied
with time constraints. Therefore, it is imperative to establish the relative importance of barriers
to systematically improve the utilization of IDTs. To the best of the author's knowledge, there
is a lack of studies examining the relative importance of relevant barriers. Consequently, to
assist the organizations engaged in HSC and to endeavour to bridge the knowledge gap, this
study identifies and prioritizes barriers to IDTs adoption in HSCs. The study combines a
literature review with expert discussions to investigate five main barriers (strategic,
organizational, technological, financial and human) interlocked with 25 sub-barriers. The

barriers are then prioritized using the fuzzy analytic hierarchy process (F-AHP) method.

The subsequent Section explains the IDTs adoption barriers in HSCs. Section 3 and 4 present
the research methodology and illustrate the application of the method, respectively. Section 5
presents the discussion and implications of the study. Finally, Section 6 present the conclusion,

including limitations and possible directions for future research.

2. Literature review

The COVID pandemic has significantly impacted CSCs and HSCs. For instance, the lack of
availability of alternative suppliers has disturbed the entire production line. Resulting
unemployment is responsible for a reduction in consumption and irrational buying behavior of
many consumers (Kovacs and Sigala, 2021). Studies have reported many global challenges for
the humanitarian supply chain in extant literature. Such challenges include unpredictability
about disaster occurrence, irregular supply and demand and requirements for immediate relief
supplies (Aringhieri et al., 2017). Kovacs and Spens (2009) reported challenges to HSCM as

"lack of vehicles, low use of advanced ICT technologies, lack of communication, lack of
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supplies, lack of equipment, difficulties in enforcing standards, lack of knowledge of
humanitarian organizations, brain drain, lack of governance, dependence on government
declaring a state of emergency, lack of transport infrastructure, lack of early warning systems,
absence of legislation, security problems, lack of coordination". There are also huge challenges
to be faced in humanitarian operations depending on the scale of devastation and disaster types

(Kovacs and Spens, 2009).

Academicians, practitioners and policymakers have been arguing that information technology
adoption in HSCs may improve the performance of humanitarian operations (Buddas, 2014;
Delmonteil and Rancourt, 2017). For example, information systems for information sharing
may prove helpful in critical tasks such as transportation, logistics and procurement of relief
materials (Pettit and Beresford, 2009). Similarly, aerial robotics, including unmanned aerial
vehicles (UAVs), can assess the situation at a disaster site in real-time to improve humanitarian
operational performance. However, the adoption of IT by organizations involved in HSCM is
still not at the forefront of operations (Kabra and Ramesh, 2015a). The effective utilization of
IT in HSCs is hampered due to several barriers rooted in multi-disciplinary domains. These
barriers are not only technological, but are also often part of organizational issues linked with

culture, mission and top management commitment (Maiers et al., 2005).

The technology adoption process in organizations involved in HSCs involves change and
change management; some challenges may be anticipated in advance due to such transition.
These hurdles result in barriers influencing the adoption of the technology adoption process in
HSCs. The barriers require immediate attention at the initial stage to smooth the technology
adoption process in HSCs. Also, technology adoption requires analysis from different angles,
such as organization technical capacity. This study considers only those papers that have
considered disaster relief operations from the supply chain perspective i.e., humanitarian
supply chain. The study has utilized the following academic databases to search related
literature: Scopus, Web of Science, ScienceDirect, Emerald, Google Scholar and Ebsco. The
study begins with a search of papers using selected query keywords: "big data" or "blockchain"
or "technology" or "cloud computing" or "Information and communications technology" or
"ICT*" or "Information and communication*" or "information technology" or “information
systems” AND '"Internet of things" or "humanitarian supply chain" or "humanitarian
supply*" or "humanitarian operations*" or "disaster operations*" or "relief supply chain" or

"humanitarian logistics". The keywords are identified after discussion with leading scholars in
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the area of the humanitarian supply chain. Only papers that have been written in the "English"
language are included. With this search, articles have been obtained that address the challenges
to adopting IDTs in HSCs. The articles include conceptual papers, case studies, qualitative
studies and literature reviews. The challenges are categorized into five groups as discussed in

the next section.

2.1 Barriers to IDT adoption in HSCs

There is a lack of research aimed at understanding the barriers to IDTs adoption, so initial
examination of the barriers is supplemented by expert discussions. The barriers are classified
into five main areas (strategic, organizational, technological, financial and human) duly

verified by a group of experts, as explained below.

2.1.1 Strategic barriers (SB)

Strategic barriers are related to the strategic aspect of the IDTs adoption by organizations
involved in the HSCs. Organizations need extra funds, efforts, and time to adopt IDTs. The
process of IDT adoption in organizations involved in HSCs requires strong leadership and top
management commitment. However, it has been recognized that technology adoption is not
top management's priority (Maiers et al., 2005). The following barriers fall under the category

of strategic barriers.

Lack of policies to adopt technology (SB1): There is a lack of policy at the organization level
towards adopting IDTs. Organizations involved in HSCs generally work in silos; they hardly
ever share information with other organizations in the disaster preparedness phase (Petrudi et
al., 2019). The resistive behavior of organizations towards information sharing (Kabra, 2017,

Patil et al., 2021) often complicates the development of policy at organization level.

Inadequate policy awareness and support from the government (SB2): Organizations involved
in HSCs are not fully aware of government policies that support facilitating IDT adoption. This
includes support in generating funds, training and knowledge gathering (Kabra and Ramesh,

2015a).

Lack of management vision (SB3): The process of IDTs implementation requires support from
top management. However, the adoption of IDT is not amongst management's top priorities.
Top management is not fully aware of the benefits of technology in HSCs, particularly

advanced applications such as big data applications, the use of the internet of things and drone
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deployment (Vogt et al., 2011). Moreover, top management of many organizations involved in

HSCs regard investment in IT systems as an overhead cost.

Lack of cross-organization development program (SB4): There is a lack of coordination and
collaboration with commercial organizations to improve IDT adoption by organizations
involved in HSCs. Subsequently, there is a lack of cross-organization development programs

with potentially valuable partners in the commercial sector (Nurmala et al., 2017).

Lack of supply chain understanding (SB5): The supply chain is the backbone of any relief
operation regardless of the scale and geographic location of the disaster. However, knowledge
about the role of supply chain management and its links with technology is minimal in many
organizations involved in HSCs (Gustavsson, 2003; Kabra and Ramesh, 2015a). Kabra (2017)
also pointed out that the lack of supply chain understanding complicates the performance of

organizations engaged in HSCs.

2.1.2 Organization barriers (OB)

Organizational barriers are related to structural issues such as lack of pressure from other
organizations and short-term goal-oriented thinking. The use of technology improves
information sharing between organizations involved in HSCs (Kabra and Ramesh, 2016b; Lee
and Zbinden, 2003). However, the differences in organizations' objectives impacts the process
of IDT adoption. Thus, this forms the basis of the organization's barriers. The following barriers

fall under the category of organization barriers.

Conflicting short-term focus goal-oriented culture (OB1): Organizations involved in HSCs
work only during the disaster response phase. They have no interest in long-term improvement

in the disaster preparedness phase (Kabra and Ramesh, 2015a; Maiers et al., 2005).

Not inviting end-user input (OB2): Experts have pointed out that the end-user’s involvement
is minimal in making decisions to improve the performance of many organizations. The process

of IDT adoption requires input from the end-user.

Lack of IT personnel (OB3): Organizations involved in HSCs lack skilled IT personnel in
their workforces (Kabra, 2017).
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Lack of pressure from other organizations (OB4): Experts point out a lack of pressure from
other organizations working to better the humanitarian operations to improve utilization of

IDTs.

Lack of transparency in the utilization of funds (OBS5): Donors ideally look for transparent and
scalable utilization of funds (Oloruntoba and Gray, 2009). Organizations are responsible for
maintaining transparency in utilizing funds received from donors. However, organizations lack

the systems needed to show proper utilization of funds at micro-levels (Maiers et al., 2005).

2.1.3 Technology barriers (TB)

Technological barriers refer to limited access to appropriate software and hardware to improve
work efficiency. These barriers are related to poor awareness of infrastructure. Odedra-Straub
(1993) concluded that poor IT infrastructure issues in developing countries are the key reasons
why humanitarian organizations cannot gather sufficient information for effective

coordination.

Lack of awareness about exact technological solutions (TB1): Organizations involved in HSCs

lack problem-specific technological solutions (Vogt et al., 2011).

Lack of IT enabling infrastructure (TB2): The role of technology in relief operations is crucial.
However, traditional terrestrial technology infrastructures need an update in the current
scenario (Delmonteil and Rancourt, 2017). Infrastructure needing revision includes hardware,

software and better trained IT staff.

Lack of customization (TB3): Humanitarian operations require specific technology
applications customized to the activities in the context of HSCs (Gavidia, 2017). Standard
commercial packages do not cater for the needs of humanitarian operations (Falagara Sigala et
al., 2020). Customized disaster response applications, on the other hand, are either unavailable

or prohibitively expensive.

Frequent updates of technology (TB4): IT and driven applications are continuously changing
and updating (Sahebi et al., 2020). Constant update requires a significant investment of

resources and further complicates the process of satisfying the donor.

Incompatibility in IT facilities linked with different organizations (TBS): The utilization of

technology goes through a series of stages, starting from IT adoption in an umbrella

Page 7 of 28



oNOYTULT D WN =

Journal of Enterprise Information Management

organization to its supply chain processes linked with other interconnected organizations.
Compatibility among stakeholders is essential, with effective IT implementation bringing all
of them onto the same platform through appropriate integration and information sharing (Vogt
etal., 2011). However, humanitarian organizations lack such integration, and their differences

in available facilities are significant hurdles.

2.1.4 Finance barriers (FB)

An organization's ability to adopt technology into their operations, to a large extent, depends
on the availability of financial resources. Those organizations involved in HSCs need funds to
improve all aspects of their operations (Burkart et al., 2016). Funding improves the
effectiveness and efficiency of humanitarian organizations in relief operations (Wakolbinger
and Toyasaki, 2014). Thomas (2003) reported that donor behavior is among the major
stumbling blocks that prevent humanitarian actors from developing processes and systems to

improve HSCs performance. The following fall under the category of finance barriers.

Donor support (FB1): Donor support is the backbone for any relief operations (Burkart et al.,
2016). It has been noted that donor support is available after the disaster (Sandwell, 2011);
donors do not support IDTs adoption in the preparedness phase (Maiers et al., 2005). Donors
are hesitant to provide funds for enhancing advanced facilities needed for technology

utilization (Oloruntoba and Gray, 2006).

Lack of funds for investment in technology (FB2): Organizations suffer from the unstable
nature of funding (Aflaki and Pedraza-Martinez, 2016; Oloruntoba and Gray, 2006). Moreover,
many organizations receive only in-kind donations such as food supplies and clothes. These
organizations do not receive money to invest in the IT process. The preference of donors for
short-term improvement compared to long-term planning processes further complicates the
performance of HSCs (Ibegbunam and McGill, 2012; Tomasini and Van Wassenhove, 2009).
Thus, there is a lack of investment in technology in organizations involved in HSCs

(Gustavsson, 2003).

High Cost (FB3): There is a high cost involved in adopting suitable technology (Delmonteil
and Rancourt, 2017). Funds are required at different phases of adoption. Kapucu and Garayev
(2012) also showed that effective utilization of IT calls for more investment in IT infrastructure

and advanced technology that humanitarian organizations lack.
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Competition for funding (FB4): There is an increase in the number of organizations working
to alleviate human suffering after a disaster. The increase in the number of organizations leads

to intense competition in generating funds (Wakolbinger and Toyasaki, 2014).

Fundraising expenses (FBS5): Funding systems involve multiple stakeholders with different
objectives (Wakolbinger and Toyasaki, 2014). The expenses incurred to acquire funds from

different funding agencies and donors is high in the context of HSCs.

2.1.5 Human barriers (HB)

Human barriers are related to psychological issues such as needs, expectations and individual
concern towards organizational change. Expert discussions further reveal that organizations
involved in HSCs operating in developing countries lag far behind compared to developed
countries in terms of education, funding and equipment to improve their response to disasters
(Van Wassenhove, 2006). Human factors are crucial for the success of any HSCs (De Camargo

et al., 2021). The following are categorized as human barriers.

Lack of skills to use IT (HB1): The workforce often lacks essential IT skills to use IDTs such
as satellite technology (Delmonteil and Rancourt, 2017). Staff lack IT adoption knowledge and
experience working with appropriate software needed to generate valuable insights from

advanced structured and unstructured data that contribute to operational performance (Kabra,

2017).

Lack of education and training for employees (HB2): The transfer of information and instant
decision-making skills requires training for employees tasked with improving the performance
of HSCs (Kabra, 2017). Similarly, continuous improvement through training is vital to support
the process of IDT adoption. However, employees working in organizations involved in HSCs

do not have sufficient training opportunities to build on their skills (Patil et al., 2021).

Lack of benchmarking about knowledge of IT (HB3): Experts pointed out that benchmarking
about knowledge of IT in HSCs is not available.

Workforce resistance to change (HB4): Employees are used to working in an established
system and are wary of any structural changes for fear of having to learn new skills. Lack of
benchmarking about knowledge of IT leads to workforce resistance to take on new ideas; they

are not sure about the efforts required to gain the knowledge needed for new IT systems.
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Lack of motivation to use IT (HB5): Employees, mainly working in organizations involved in
HSCs, are critical stakeholders in relief operations (Agostinho, 2013). However, they are
unaware of the benefits that can significantly increase their decision-making to make faster and
more effective decisions linked with front-line needs (Vogt et al., 2011). Employees are not
motivated to use IT in their work. The negative perception and the fear of losing their jobs

contribute to a lack of willingness to adopt IT and its use.

The literature review highlights technology adoption barriers in the CSCs (Akhtar et al., 2018;
Hoque and Sorwar, 2017). However, barriers to technology adoption in HSCs differ from CSCs
in many ways. These include the availability of resources, unpredictability about the
occurrence of the disaster and different organizational structures in HSCs (Oloruntoba and
Kovécs, 2015; Tomasini and Van Wassenhove, 2009). Moreover, design and formation
activities in HSCs are more complex than in CSCs (Dubey et al., 2020; Queiroz et al., 2020).
The related issues differ across industries and countries. These differences may be due to the
spectacular growth in IDTs and changes in government policies. In India, it is crucial to
innovate and implement IDTs to improve performance of humanitarian operations. Some
researchers have attempted to examine the adoption of IDTs issues in the Indian context but no
studies are available that prioritize the barriers to IDT adoption in HSCs. Existing literature
only focuses on the role and importance of technology in HSCs. It investigates barriers from
the view of isolated technologies such as satellites (Delmonteil and Rancourt, 2017) or
blockchain (Sahebi et al., 2020). Therefore, this study is a unique attempt to investigate and
analyze the strength of barriers to IDT adoption in HSCs. The current study adopts a rigorous
procedure by considering expert opinions to examine the strength of barriers to IDT adoption

in HSCs in the Indian context.

3. Research Methodology

The study adopts a systematic review methodology (Tranfield et al., 2003) allied with expert
discussion to examine the barriers influencing IDTs adoption in organizations involved in
HSCs. A team of six experts have taken part to achieve the study's objectives. The team
includes technology developers, supply chain experts, IT experts and academic scholars.
Details of the experts are given in Table 1. Studies based on multicriteria decision-making
methods (MCDM) have recently gained attention in HSC due to their practical relevance
(Venkatesh et al., 2019). Important papers have been written on supply partner selection in

HSC (Venkatesh et al., 2019), humanitarian housing projects (El-Anwar et al., 2010),
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temporary shelter location selection (Nappi and Souza, 2015) and preparedness activities in
humanitarian supply chains with a focus on cyclones (Yadav and Barve, 2019). Further,
Gutjahr and Nolz (2016) recommended the use of MCDM methods in the field of humanitarian
aid

“Table 17

Analytic hierarchy process (AHP) is a widely recognized MCDM to identify the importance of
factors or criteria (Mardani et al., 2015). AHP was developed by Saaty in 1980. The main
advantage of AHP over other MCDMs is its simple computation; however, the main limitation
of the method is an inability to handle ambiguous and uncertain environments (Gumus, 2009).
Thus, the AHP method is combined with fuzzy logic to improve decision-making and
accurately handle any vague and uncertain environments (Kumar and Ramesh, 2019).
Consequently, the study utilized a combination of the analytic hierarchy process (AHP) and

fuzzy logic to prioritize IDT adoption barriers in organizations involved in HSCM.

Fuzzy AHP is a systematic and widely acknowledged method for solving MCDM problems
(Saaty, 1988; Sharma and Sehrawat, 2020). This method employs inputs from selected experts,
inheriting the ability to handle uncertain and imprecise judgments, helping to resolve MCDM
problems (Khan et al., 2019; Nazam et al., 2020). The prioritization of IDTs adoption barriers
in organizations involved in HSCM is an MCDM problem. It originates due to the absence of
a unique optimal solution. In this instance, the decision-makers (experts) select the best

alternative from a set of available alternatives (Ahn, 2017; Kabra et al., 2015).

The proposed methodology consists of three phases (see Figure 1). Initially, barriers
influencing IDT adoption are identified through a systematic literature review allied with
expert discussion. Secondly, the quality inputs provided by the selected experts are utilized to
form pairwise comparison matrices for the barriers. Finally, the barriers are prioritized using

the F-AHP method.

3.1 Fuzzy AHP
The steps for applying the F-AHP method are as follow:

Step 1: Selection of scale for pairwise comparison
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Table 2 presents the scale relative importance based on triangular fuzzy numbers (TFNs), 1 to 9
has been used to perform a pairwise comparison between main and sub barriers. Figure 2

depicts the membership function for the corresponding TFNss.

"Figure 2"
"Table 2"

Step 2: Formation of comparison matrix
The pairwise comparison for the main barriers and sub-barriers has been conducted using TFNs
(see Table 2) with the experts interested in the study. A single fuzzy comparison matrix A is

formed by taking the geometric mean of the pairwise comparison of all experts.

1 agz - @
5 : 1 - &
= Loy (1)
dp1 - 1

a ij1s the connection of variable 1 with variable j. If 1 equal to j, then a ij= 1 otherwise 1/]112.

Step 3: Formation of crisp comparison matrix (CCM)

The alpha cut method as proposed by Adamo (1980) has been used to convert a fuzzy CM into
CCM. The method converts TFNs into a set of interval values using Equations (2) and (3). The
p index of optimism (determined by the decision-makers) is fixed as 0.5, while a is constant as

0.8.
N [atlxll;‘ a%lu] e [a%nl;-a%nu]
A « _ cee ees (2)

[agll; a%lu] et [a%nl; a%nu]

Where A= [af, a]=[(a2—a) @ +a; (a3—a) a + a3]

af = pagy, + (1 - pag, where 0<p<1 )
1 a2 - aiy
: 1 - 4
A- : 1 a:Zn ( )
ani 1
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Step 4: Calculating the relative frequencies

The following Equation calculates the relative frequency

air  anz A1n

Sos TS 1 fi2 = fin
R Rt I IF R (5)
1 ¢ Qon G fnl fnZ fnn
Sn n Sn
n
where Sy = Zj _ 1@ (6)

Step 5: Calculating the entropy value
The following Equations (Equation (7)-(9)) calculates the entropy values (Hi) using the relative

frequencies (obtained in step 4)

Hi=-X/_,(fiplogz (f1)) ()
Hy=-X7_,(f2)log (f2) ®)
Hy=-X7_,(faplogz (f)) ©)

Step 6: Calculating the final weight of main and sub barriers
The resulting final weight of the main and sub barriers is obtained by the normalization of

entropy values.

4. Application of F-AHP
The study utilizes the F-AHP method to examine the relative importance of barriers influencing
IDT adoption in organizations involved in HSCM. The following Section discusses the

problem and the finding of F-AHP.

Problem description and results

The practitioners and academicians are continuously trying to strengthen IDTs utilization in
HSCM to improve humanitarian operations' performance. The utilization of IDTs is critical to
responding to disasters in a timely fashion. For example, technologies were promptly deployed
to deal with the disaster that occurred in Uttarakhand (a Northern state in India) during June
2013, which also indicated the need to enhance technology utilization in HSC (Livemint,
2013). Similarly, technology utilization has supported the disaster management after the
Chennai floods (Sharma, 2015). There are abundant examples of humanitarian operations'

efficiency and effectiveness by maximizing IDTs utilization (Jefferson and Johannes, 2016).
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However, many interdisciplinary barriers hinder the effective utilization of IT, as explained in
Section 2. It is impossible to select all 360-degree barriers for IDTs implementation
simultaneously; it is necessary to prioritize the critical barriers step-wise. We thus adopt a

multi-phase approach to address this problem.

Phase 1: Identification of barriers for IT implementation in HSCM
In this phase, 25 barriers (sub-criteria) under five main criteria (see Table 3) are identified using
literature review in combination with expert discussions (comprising of technology developers,

supply chain and IT experts).
"Table 3"

Phase 2: Formation of pairwise comparison matrices (PCM)
The PCM for barriers and sub barriers was formed using the scale given in Table 2. The PCM

of barriers and sub- barriers is given in Tables 4-9.
"Tables 4-9"

Phase 3: Calculate the weights of barriers

The results are calculated from the pairwise comparison matrices and are placed in Table 10.

"Table 10"

S. Discussion
The present study is the first of its kind to investigate and prioritize five main barriers (strategic,
organizational, technological, financial and human) and 25 sub-barriers affecting IDTs

adoption in HSCM. This utilized two critical facts:

» Out of five main barriers, none of them has obtained insignificant weights. Even though
there is a marginal difference in values, these are the critical barriers to IDTs adoption in HSCs.

» Strategic barriers (0.256) are the most important followed by organizational (0.218),
technological (0.196), financial (0.176) and human (0.153) barriers.

The study results align with previous studies (e.g., Van Wassenhove, 2006; Kovacs and Spens,
2009; Agarwal et al., 2020; Mosteanu et al., 2020). However, there is a difference in ranking
of the barriers influencing the adoption of IDTs in HSCs compared to CSCs. In CSCs, human
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barriers are rated ahead of other barriers in the list influencing the adoption of IDTs in HSCs.
One possible reason for this may be that the organizations engaged in HSCs are motivated by
the thought of saving human life and alleviating suffering in the aftermath of disasters (Gavidia,
2017). The workers employed in organizations involved in improving the performance of relief
operations are well aware of the importance of their job. They understand that they are working
to mitigate human suffering to save people's lives and that life is most precious compared to
the time identified in CSCs. The worker understands the importance of the right kind of

materials reaching the right place at the right time.

The importance of strategic barriers (SB) has been widely cited in the literature (Kabra et al.,
2015). This study contributes to the relative importance of strategic sub-barriers and has found
that a lack of policies for IDT adoption is a critical sub-barrier. The list of strategic barriers is
in line with earlier studies that have discussed the barriers to HSCs in general. For instance,
Akhtar et al., (2012) suggest that a single organization is unable to satisfy the demands of
disaster-affected people. Similarly, coordination and collaboration among organizations
enabled through technologies are paramount for a quick response (Agarwal et al., 2020).
Nevertheless, organizations always plan their pre-disaster phases independently (Kovacs and
Spens, 2009). Organizations engaged in HSCs compete with each other for resources and
sometimes are not able to deliver the best possible help (Bare, 2017). The absence of clear
strategic policies to support the adoption of IDTs compounds the problem. This indicates that
IDT adoption for HSCM is insufficient without a strategic understanding of vertical (among
supply chain partners) and horizontal (between humanitarian organizations) supply chains.
These findings are in line with previous studies (Van Wassenhove, 2006). Organizations lack
specific knowledge about IDTs implementation in HSCs. Also, the lack of awareness about
policies to support IDTs implementation is rated as a crucial strategic barrier. This is an area
that needs the intervention of host governments. A change in culture, mission and vision is
necessary to promote IDT adoption in organizations involved in HSCs (Kabra and Ramesh,
2015a; Maiers et al., 2005). Governments should closely monitor the process of IDTs adoption
and provide necessary support such as tax rebates, subsidized power and other vital resources.
Governments could also encourage commercial organizations to support I'T adoption in partner

organizations involved in HSCs.

Organizational barriers (OB) are fundamental to IDTs adoption. The main challenge is to

develop an attractive vision for advanced IDT solutions linked with big data analytics and the
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internet of things, along with supportive and efficient policies. The organizational barriers
group can be mainly attributed to the short-term focus orientation compared to long term
planning. The involvement of multiple organizations with diverse backgrounds produces a
variety of standards for delivering humanitarian aid and that may impact the performance of
HSCs (Bare, 2017). The insufficient availability of IT experts often complicates IDT adoption
in humanitarian organizations. This indicates the need for robust and practical policies to
recruit and retain skilled and experienced employees. The findings are in line with the previous
studies (e.g., Agarwal et al., 2020; Alem et al., 2021) that have reported the need for long-term
planning to improve the performance of HSCs. Moreover, Falagara Sigala et al. (2020) reported
that top management support and change management are crucial for improving the
performance of organizations engaged in HSCs. For example, top management can divert or
allocate appropriate resources, such as time and money, to enhance the skills and capabilities
of their employees through training and short-term courses. They should consider hiring more
experts to introduce a digital culture and develop the mindset needed to adopt IDTs by

overcoming resistance towards adoption.

Technological barriers took the third position on the scale of importance. Organizations
involved in HSCs lack specific knowledge about IDTs applications and their benefits.
Moreover, current technologies, such as commercial ERP packages, do not fully adhere to the
needs of organizations working in the humanitarian field (Falagara Sigala et al., 2020). This
lack of understanding contributes to the failure of IDTs integration into their routine operational
activities. Therefore, there is a need to create awareness to motivate employees to support IDT
adoption processes. Also, inadequate IT infrastructure often complicates IT implementation
and its adoption (Delmonteil and Rancourt, 2017). These findings are in line with previous
studies (e.g., Kabra, et. al., 2015; Maiers et al., 2015; Delmonteil and Rancourt, 2017;
Baharmand et al., 2021) that stress the technological barriers in resisting the adoption of IDTs
in HSC in general. Technical assistance is essential in reducing employee resistance towards
changes. Practical technical training opportunities can play a key role in promoting IDT
implementation for better HSCs. Humanitarian organizations can also develop in-house and

more appropriate training systems to benefit their employees (Agarwal et al., 2020).

Financial barriers are in fourth place on the scale of importance. Implementing IDTs in HSCs
requires financial support (Mosteanu et al., 2020). The lack of donor support is the highest

contributing barrier in the financial category. The conclusions are in line with previous studies
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(e.g., Agarwal et al., 2020; Kabra et al., 2017) that have cited the lack of donations as among
the main challenges to HSCs. Commercial organizations should be encouraged to support the
process of IDTs adoption. There is a need to streamline horizontal and vertical processes to
achieve better corporate social responsibility (CSR); this can help in exploring the benefits of
IDTs for HSCM. Competition for funding (Balcik et al., 2010) often complicates investment
opportunities for IDT implementation. This, in turn, gives rise to a lack of funding grants for
IT implementation and a lack of donor support towards IDT implementation and its adoption.
The media can improve donations significantly by enhancing awareness (Aflaki and Pedraza-
Martinez, 2016). Farooq et al. (2020) developed a blockchain-based system to improve
transparency and security in charitable donations. Similarly, Badarudin et al. (2020) proposed

a system based on blockchain for coordination between organizations to ensure swift delivery.

Finally, human barriers are rated lowest for IDTs implementation in HSCM. Lack of IT skills
is ranked as the highest contributing barrier in this category. The findings agree with previous
studies (e.g. Maiers et al., 2005; Kabra et al., 2017; Sahebi et al., 2020). A lack of education
and training towards IDTs adoption is also a vital contributing barrier. This concludes that
organizations need to develop programmes to motivate employees to utilize IT in their routine
tasks. This can have a two-fold effect. First, it may contribute to the humanitarian supply chain
performance. Secondly, employees can develop skills that contribute to their life-long learning.
The need for transition from the traditional way of functioning into an IT-enable system must
be communicated at each level of the organization. In general, the end-user's involvement in
any change process is of foremost importance. Communication should be clear and concise so
that no one interprets messages in the wrong way. The chances of disagreement and faulty
interpretation lead to resistance in the process of IT enablement. The process of IT enablement

requires a holistic IT strategy (Sakurai and Murayama, 2019).

Overall, the lack of policies to adopt technology was rated as the highest among the 25 sub-
barriers. This is followed by the conflicting short-term focus goal-oriented culture, inadequate
policy awareness and support from the government, lack of supply chain understanding then
lack of awareness about exact technological solutions. This may be due to several reasons.
First, the organization may lack relevant investment capabilities due to limited financial and
technical resources (Falagara Sigala et al., 2020). Secondly, proper transparency and
accountability are often absent at micro-levels to help achieve better overall supply chain

performance (Burkart et al., 2016). Thirdly, humanitarian organizations are usually small in
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size (Slatten et al., 2021) compared to commercial firms. Consequently, such organizations
have inefficient IT structures and supply chain managers who lack IDT domain knowledge.
Finally, a lack of training opportunities further complicates this problem. Training can be vital
in filling the current gap in skills for IDT implementation. Training will lessen resistance to
change and enhance IT enablement of the process (Kabra et al., 2017). The results are in line
with the previous studies that support the need for effective leadership to transform
organizations to improve the performance of HSCs (De Camargo et al., 2021; Humphries,
2013). The organizations involved in HSCs need to dedicate some budget for training to adopt
IDT during the preparedness phase (Delmonteil and Rancourt, 2017). High turnover rates
impact the performance of HSCs (Korff et al., 2015; Patil et al., 2021) and further complicate
technology utilization (Delmonteil and Rancourt, 2017).

5.1 Theoretical Implications

The results contribute to the extant literature on HSCs by advancing our understanding of the
barriers to the adoption of IDTs in organizations involved in the HSC. Although limited studies
have attempted to explore the barriers to the adoption of IDTs in the organizations involved in
the HSCs in the Indian context, none have considered the classification and ranking of the
barriers. This calls for further investigation for more accurate results and to build a platform
for future academic and professional studies. This study is the first to investigate and prioritize
the barriers to implementing IDTs applications for HSCs. The identified barriers pose
challenges both for practitioners and policymakers operating in humanitarian domains. From a
methodological point of view, this study is an initial attempt to integrate AHP and fuzzy logic
to understand the relative importance of the barriers to IDTs adoption in organizations involved
in HSCs. Investigating and prioritizing the barriers to IDTs implementation extends current
knowledge in HSCM. The extant literature in the context of HSC focuses on the general drivers
and barriers to the HSC. Considering that the drivers and barriers to the HSC can differ from
country to country, the study paves the way for future research into the challenges associated

with the IDTs implementation process.

5.2 Practical Implications

The study has several managerial implications for the practitioners, policymakers and
organizations involved in the domain of HSCs. The study results may help organizations
involved in the HSCs to identify and evaluate the barriers to improving IDTs adoption in

organizations. The findings distinguish 25 barriers to the adoption of IDTs and are grouped
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into five categories as strategic, organizational, technological, financial and human barriers.
Moreover, the prioritization of barriers provides a systematic way to improve the utilization of
IDTs in HSCs. This enables organizations to decide which barriers they should emphasize. The
findings of the study offer directions for practitioners and decision-makers to design and
develop effective processes to improve the adoption of IDTs in organizations.

To reap the benefits of the IDTs, organizations need to work proactively to create more
awareness about the importance of supply chain understanding in effectively managing
humanitarian operations. Moreover, humanitarian organizations are further motivated to
incorporate structural changes to support IDTs implementation. IDT implementation requires
a cultural change in organizations to overcome resistance from employees. Commercial
organizations may be encouraged to collaborate with humanitarian organizations under
government rules and provisions. This can bring additional expertise to help produce more
transparency in financial supply chains, motivate donors towards IDT implementation, and

improve daily operations applications.

The use of IDTs should not be an act forced on employees but a process of learning and
enjoyment. Organizations should organize more training workshops; they should promote
success stories to improve awareness about the fitment of IDTs in solving day-to-day
operational problems. Similarly, the government could run schemes to help organizations in
developing more effective policies for retaining skilled employees, as the temporary nature of
jobs in humanitarian organizations often complicates IDT implementation and its utilization.
Policy development on retaining staff may save costs such as extra training, recruitment and
talent replacement. This is particularly challenging as humanitarian environments are highly
stressful. However, such policies may enhance employee trust and confidence. Furthermore,
the government could collaborate with humanitarian organizations and commercial firms to
run educational campaigns, online training, workshops, seminars and conferences,
emphasizing IDT implementation and its benefits. This horizontal coordination between
humanitarian organizations, commercial firms and governments will help tackle limited-

resource issues.

6. Conclusion
The prioritization of barriers to IDT adoption in organizations involved in HSCs is a
challenging and complex problem that involves several subjective criteria. MCDM techniques

such as fuzzy AHP are best suited to handle such difficult problems. The study is the first of
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its kind to identify and prioritize the comprehensive set of barriers to IDT adoption in HSCs,
specifically in India's context. Initially, 25 sub-barriers are extracted from a literature review,
duly verified by experts. The barriers are then classified into five categories viz. strategic
barriers, organizational barriers, technological barriers, financial barriers and human barriers.
The barriers are prioritized based on severity using fuzzy AHP. The findings indicate that
strategic barriers are of greatest importance, followed by organizational, technological,
financial and human barriers. The most critical barriers are lack of policies for IDT adoption;
lack of awareness about government policies and support; not inviting input from end-users;
short term focus rather than long-term focus on improving operations; lack of awareness about
the exact technological solution; lack of supply chain understanding. The findings highlight
the need for technologies specific to the context of humanitarian operations. Top management
needs to come forward and communicate to the employees (end-user) the importance of
technology and at the same time consider the input from end-users at the development stage of
such technologies. The process of adopting IDTs involves change and change management.
This necessitates the need for skill enhancement through in-depth training programs. The
findings aim to assist policymakers and practitioners in developing effective strategies to

improve IDT utilization in HSCM.

Similar to other studies, this study is not free from limitations. Although a three-step method
adopted for this study is rigorous in terms of the way this research is conducted, it is essential
to report that prioritization is based on the subjective opinions of the experts. The analysis is
limited by the focus on the aspects of selected organizations. Another limitation is that the
study does not establish relationships between the factors and barriers. Future research may
establish or quantify the relationships between these factors. Also, contemporary humanitarian
supply chains are now inundated with structured and unstructured data. Researching the
benefits of advanced IDT applications such as big data analytics, the internet of things and
unmanned aerial vehicles (drones) can bring interesting humanitarian practitioners' research

outcomes.
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Table 1: Triangular Fuzzy Conversion Scale

Intensity of | Fuzzy Linguistic variable Membership Reciprocal
importance | number function membership
function
1 1 Equally (1,1,3) (1/3,1,1)
important/preferred
3 3 Weakly (1,3,5) (1/5,1/3,1)
important/preferred
5 5 Strongly more (3,5,7) (1/7,1/5,1/3)
important/preferred
7 7 Very strongly (5,7,9) (1/9,1/7,1/5)
important/preferred
9 9 Extremely more important/ (7,9,11) (1/11,1/9.1/7)
preferred
Table 2: Barriers to IDTs adoption in HSCs
Main Criteria Code | Sub Criteria
SB1 | Lack of policies to adopt technology
Strategic SB2 | Inadequate policy awareness and support from Government
barriers SB3 | Lack of management vision
(SB) SB4 | Lack of cross-organization development program
SB5 | Lack of supply chain understanding
OB1 | Conflicting short-term focus goal-oriented culture
L OB2 | Not inviting end-user input
Organlzg tional OB3 | Lack of IT personnel
barriers OB4 | Lack of pressure from other organizations
(OB) OB5 | Lack of transparency in the utilization of funds
FB1 Donors support
FB2 | Lack of funds for investment in technology
Financial FB3 | High Cost
barriers FB4 | Competition for funding
(FB) FB5 | Fundraising expenses
HB1 | Lack of skills to use IT
HB2 | Lack of education and training to the employees
Human HB3 | Lack of benchmarking about the knowledge of IT
barriers HB4 | Workforce resistance to change
(HB) HB5 | Lack of motivation to use IT
TB1 | Lack of awareness about exact technological solutions
TB2 | Lack of IT enabling infrastructure
Technological | TB3 | Lack of customization
barriers TB4 | Frequent updates of technology
(TB) TB5 | Incompatibility in IT facilities linked with different
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Table 3: A pair wise comparison matrix of the major criteria

Criterion SB OB FB HB TB
SB (1,1,3) (7,9,11) (7,9,11) (7,9,11) (7,9,11)
OB (1/11,1/9,1/7) (1,1,3) (1,3,5) (7,9,11) (7,9,11)
FB (1/11,1/9,1/7) | (1/5,1/3,1) (1,1,3) (1,3,5) (5,7,9)
HB (1/11,1/9,1/7) |(1/11,1/9,1/7)| (1/5,1/3,1) (1,1,3) (5,7,9)
TB (1/11,1/9.1/7) |(1/11,1/9,1/7)| (1/9,1/7,1/5) ((1/9,1/7,1/5)| (1,1,3)

Table 4: A pair wise comparison matrix of the strategic barriers (SBs)

Criterion SB1 SB2 SB3 SB4 SB5
SB1 (1,1,3) (7,9,11) (5,7,9) (5,7,9) (5,7,9)
SB2 (1/11,1/9,1/7)| (1,1,3) (5,7,9) (5,7,9) (3,5,7)
SB3 (1/9,1/7,1/5) ((1/9,1/7,1/5) (1,1,3) (3,5,7) (3,5,7)
SB4 (1/9,1/7,1/5) ((1/9,1/7,1/5)| (1/7,1/5,1/3) (1,1,3) (1,3,5)
SBS5 (1/9,1/7,1/5) |(1/7,1/5,1/3)| (1/7,1/5,1/3) | (1/5,1/3,1) (1,1,3)

Table 5: A pairwise comparison matrix of the organizational barriers (OBs)

Criterion OBl OB2 OB3 OB4 OB5
OB1 (1,1,3) (7,9,11) (7,9,11) (7,9,11) (7,9,11)
OB2 (1/11,1/9,1/7) (1,1,3) (5,7,9) (5,7,9) (5,7,9)
OB3 (/11,1/9,1/7) |(1/9,1/7,1/5)]  (1,1,3) (3,5,7) (3,5,7)
OB4 (1/11,1/9,1/7) |(1/9,1/7,1/5)| (1/7,1/5,1/3) (1,1,3) (3,5,7)
OBS5 (/11,1/9,1/7) |(1/9,1/7,1/5)| (1/7,1/5,1/3) | (1/7,1/5,1/3) | (1,1,3)

Table 6: A pair wise comparison matrix of the financial barriers (FBs)

Criterion FBI FB2 FB3 FB4 FB5
FBI (1,1,3) (7,9,11) (7,9,11) (7,9,11) | (7.9,11)
FB2 |[(/1L,19,1/7)] (1,1,3) (3,5,7) (3,5,7) (3.,5,7)
FB3 (1/11,1/9,1/7)| (1/7,1/5,1/3) (1,1,3) (7,9,11) (7,9,11)
FB4  |(1/1L,1/9,1/7)] (1/7,1/5,13) | (/11,109,1/7) | (1,1,3) (3,5,7)
FB5  |[(1/11,1/9,1/7)] (1/7,1/5,1/3) | (1/11,1/9,1/7) | (1/7,1/5,1/3) | (1,1,3)
Table 7: A pair wise comparison matrix of the human barriers (HBs)
Criterion HBI1 HB2 HB3 HB4 HBS5

HBI (1,1,3) (79,11 (7,9,11) (7,9,11)  [(7,9,11)
HB2 (/1L,19,U7)|  (1,1,3) (5,7.9) (5,79 | (57,9
HB3 (/11,19,17)| (1/9,1/7,1/5) | (1,1,3) (3,57) | (3,57
HB4 AA1,19,1/7)| (1/9,1/7,1/5) |(1/7,1/5,13)]  (1,1,3) | (7,9,11)
HBS (1/11,1/9,1/7)| (1/9,1/7,1/5) |(1/7,1/5,1/3)|(1/11,1/9,1/7)| (1,1,3)
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Table 8: A pair wise comparison matrix of the technological barriers (TBs)
Criterion TB1 TB2 TB3 TB4 TBS5

TB1 (1,1,3) (7,9,11) (5,7,9) (5,7,9)  [(7.9,11)

TB2 (1/11,1/9,1/7) (1,1,3) (7,9,11) (7,9,11) (7,9,11)

TB3 (1/9,1/7,1/5) | (/11,1/9,1/7) | (1,1,3) (7,9,11)  [(7,9,11)

TB4 | (19,/7,1/5) | (111,19,1/7) [1/11,19,1/7)  (1.13) | (3,5,7)

TBS | (1/11,1/9,1/7) | (1/11,1/9,1/7) |[(1/11,1/9,1/7)| (1/7,1/5,1/3) | (1,1,3)

Table 9: Weight of barriers for IT implementation
Sub Sub
Major Criterion  Criterion Final

Major Criterion Weight (Notation) Weight Weight Rank
Strategic barriers 0.2560028 SB1 0.256559445 0.06567993 1
SB2 0.220057358 0.05633529 3
SB3 0.180206032 0.04613324 8
SB4 0.141332774 0.03618158 15
SBS5 0.20184439 0.05167272 5
Organizational 0.2180248 OBl 0.269423917 0.05874108 2
Barriers OB2 0.230224759  0.0501947 6
OB3 0.184074972  0.0401329 13
OB4 0.116533815 0.02540726 22
OB5 0.199742537 0.04354882 10
Finance barriers 0.1760516 FB1 0.271107957 0.047729 7
FB2 0.233979973 0.04119255 12
FB3 0.179264542 0.03155981 19
FB4 0.116413684 0.02049482 24
FB5 0.199233844 0.03507544 18
Human barriers 0.1537973 HBI 0.274285499 0.04218438 11
HB2 0.234910947 0.03612868 16
HB3 0.187704566 0.02886846 21
HB4 0.106077718 0.01631447 25
HBS 0.19702127 0.03030135 20
Technological 0.1961235 TBI 0.273889081 0.05371609 4
barriers TB2 0.230286305 0.04516456 9
TB3 0.181100827 0.03551813 17
TB4 0.120710634 0.02367419 23
TBS 0.194013154 0.03805054 14
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