10T capabilities in regaining post-pandemic travellers’ confidence through touchless
travel: An empirical study for the revival of airline sector
Abstract

The unprecedented growth of Coronavirus (COVID-19) has caused a severe health crisis with
significant socio-economic impact at a global magnitude. The airline and travel industries bore
one of the worst brunt since the outbreak. With the gradual re-opening of economies, though
airline companies are progressively bouncing back to normalcy, travellers continue to remain
anxious about their safety and hygiene norms. In this regard, we examine the applicability of
Things (IoT) enabled digital technologies in restoring airline travellers’ confidence by offering
benefits such as contactless travel, health monitoring of onboard travellers, crowd management
at the airport, air quality and hygiene management inside the airport. The study sheds light on
emerging travellers’ preference for air travel post-COVID-19. This paper prioritizes the 10T-
based application areas assessed through the theoretical lens of the theory of planned behaviour
(TPB) and technology acceptance model (TAM). Our research highlights the underlying inter-
relationships among the digital enablers that can be implemented for the airline industry,
focusing on travellers’ hygiene and safety concerns. The study is conducted in the international
airports operating in India. By improving travellers’ confidence, this study will help travel and
airline industries to revive from the post-pandemic loss by using the capabilities of 10T
technologies.

Keywords: Airline industry, Airport management, Internet of Things (1oT), loT capabilities,
GREY-DEMATEL, COVID-19, Theory of Planned Behaviour (TPB), Technology
Acceptance Model (TAM)



Introduction

Since the beginning of the COVID-19 outbreak to a global pandemic, the airline
industry has continued to suffer from several prohibitive travel restrictions by local and
regional governing authorities to prevent the contagion of the disease among people (Gostin
and Wiley, 2020). Despite meaningful progress towards discovering the COVID-19 vaccine,
the absence of official prescribed medical treatment causes panic among world travellers
(Zheng et al., 2021; Pan et al., 2021). Travel and tourism industries have considered this as the
worst decline in the history after World War Il (Kaczmarek et al., 2021). The existing studies
are notably limited in suggesting information systems (1S)-enabled solutions in revival of travel
and tourism industries (Amankwah-Amoah, 2016). The lack of sufficient empirical research

addressing the sustainable recovery against the pandemic inspires deeper investigation.

Agrawal et al. (2020) proposed that unpacking of the technological capabilities can
provide enormous possibilities and accelerate revival for a “safer world”. The Internet of
Things (l1oT) based technologies have demonstrated immense promise in the fight against
COVID-19 by early detection, contact tracing, patient tracking, progress monitoring and
recovery mapping, among others (Singh et al., 2020; Ting et al., 2020). Despite the growing
acceptability of 10T in the healthcare industry, the application of l10T-enabled technologies for
other industries is relatively scarce in dealing with the COVID-19 pandemic (Nasajpour et al.,
2020). Past studies are seemingly inadequate in answering the critical role that IoT, that can
help industries to recover from disruption, especially pandemics like COVID-19 (Wenzel et
al., 2020).

The continuous and proximate reachability to the travellers’ in providing customized
solutions is made possible by 10T technologies (Christaki, 2015). It is worthwhile to mention
that loT-enabled technologies are reasonably safe and efficient in the fight against COVID-19
pandemic (Singh et al., 2020). Despite 10T being credited with bringing revolutionary changes
for product and service sectors (Nasajpour et al., 2020), existing research seems insufficient in
unleashing its potential in the recovery of the airline industry from the pandemic. Prior to
COVID-19 pandemic, the application of 10T in the airline industry is primarily focused on
improving aircraft performance and onboard traveller experience (Design News, 2020).
However, since the pandemic, 10T has been proven instrumental in mitigating the adverse
effect of the pandemic (Ting et al., 2020). According to a Deloitte survey of airports on the use
of 10T applications, 10T adoption is primarily driven by operational efficiency improvement at



airports, its application in building customer experience seems to be an important area that
remains largely untapped (Deloitte Insights, 2020). Therefore, exploring the potential of 10T in
fighting the challenges of COVID-19 for travel and airline industries can offer favourable
outcomes, which largely remains unattended in the existing research.

Motivated by afore-mentioned scholarly gaps, this research intends to make several
vital contributions to the literature to support the industry in revival from the impact of the
COVID-19. Given the growing acceptance of 10T technologies in the fight against the ongoing
pandemic, this study attempts to extend the application of lIoT-enabled solutions for the airline
industry. The paper identifies the possible areas of IoT application in building travellers’
confidence and sustainable industry rebound while pandemic-driven travel restrictions are still
in place at a varying level. Our analysis prioritises the loT-based digital initiatives adopted by
airports and the airline industry analysed through customer acceptance. It provides an
integrated framework for managerial decision-making to guide airport authorities in

implementing the measures to fight against pandemics for a speedier recovery.

The remainder of the paper progresses as follows. First, we develop theoretical
foundations for this research with a literature review on loT capabilities for airport applications.
Next, a research methodology framework is established, followed by its application to our
work. Subsequently, we discuss the results and provide scholarly and managerial implications.

Finally, the paper is concluded with mention of specific future research extensions.
2. Theoretical background and literature review
2.1 Theoretical foundations

It has been recognised that implementation of traveller-focused technologies at the
airport can significantly enhance their travel experience with improvement in customer
satisfaction (Bogicevic et al., 2016). The growing travellers’ acceptance of smartphones,
mobile applications, self-service technologies, biometric assessment, wearable devices has
benefitted airport operations in creating greater value for travellers (Kalakou and Moura, 2015).
Travellers’ airport experience and proclivity for technologies are importantly driven by
sociological and psychological perspective (Wattanacharoensil et al., 2016). Though the
potential acceptability of any emerging technology is primarily dependent on its perceived
benefits, it is often challenged with psychological barriers and associated impact on consumer
behaviour (Joachim et al., 2018).



2.1.1 Technology acceptance model (TAM)

Among the theoretical models that deal with the acceptance of new technology such as
loT, the technology acceptance model (TAM) (Davis, 1989) is one of the most acclaimed
models that explain the technological adoption comprehensively. According to this theory, the
acceptance of new technology, in this case 10T, is based on two central beliefs, a) the ease of
using new technology and b) perceived usefulness of the technology (Venkatesh and Davis,
2000), that determines the attitude and behavioural intention of consumer towards the adoption
of the same (Hsiao and Tang, 2015). TAM has been extensively used by researchers in
explicating various technology-acceptance scenarios, such as the 10T adoption in China (Gao
and Bai, 2014), adoption of the Uber mobile application (Min et al., 2019). Therefore, we apply
TAM as the theoretical underpinning for exploring the acceptance of 10T applications at the

airport in the fight against the ongoing pandemic.
2.1.2 Theory of planned behaviour (TPB)

Impacts of psychological barriers on consumers’ attitudes and behaviour towards 10T
products and applications are still at nascent stage. Based on the research outcome of Quintal
et al. (2010), it is evident that subjective norm is greatly influenced by social endorsements
which in turn influences the attitude and perceived behavioural control of people. With the
heightened possibility of COVID-19 viral transmission while exposed to an infected person
will likely have a behavioural impact on passengers and frontline airport service staffs (Tuchen
et al., 2020). The impact of COVID-19 pandemic has resulted in several behavioural changes
among travellers owing to psychological and social risk perception (Li et al., 2020). The
individual risk perception is likely to shape the behavioural intention in the fight against the
pandemic (Ahmad et al., 2020). In view of changing peoples’ social and health behaviour
(Arora and Grey, 2020), it can be a good idea to investigate the passengers’ modified
behavioural pattern in the recovery of the airline industry which starts with airport facility.
Therefore, to study the revival of the airline industry, the theory of planned behaviour (TPB)
can provide necessary theoretical anchoring to analyse the socio-behavioural adoption in a

‘new-normal’ situation.

According to the theory of planned behaviour (TPB), the human behavioural intention
in a complex social framework is driven by three important psychological factors (Ajzen,1991).
The theory proposes that behavioural attitude, its subjective norms, and perceived control over

the behaviour are three crucial factors that are likely to predict personal intention towards the



behaviour. While behavioural attitude deals with a responsive predisposition towards
situational decision-making, subjective norms measure the people’s willingness in complying
with social commendations (Moutinho, 1987), and perceived behavioural control discusses the
comfort or hesitation in performing the behaviour of consideration (Ajzen,1991). TPB has
received significant research attention in explaining the traveller behaviour in tourism, and
hospitality sector (Bianchi et al., 2017) alongside occasional review on behavioural intentions
of passengers on safety (Chang, 2012). Therefore, the acceptance and adoption of loT
capabilities are studied under the lens of TAM and TPB, which provides a theoretical rationale

for further exploration (Figure 1).
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Figure.1 Conceptual framework

2.3 Internet of Things (IoT) and capabilities

IoT can be explained as the internet-enabled technology which ubiquitously connects a
network of interconnected physical things embedded with intelligence (Rayes and Salam,
2017). Atzori et al. (2010) have conceptualized I0oT as a paradigm constituted by the
convergence of three differently oriented perspectives, which represents ‘Internet’, ‘Things’,
and ‘Semantic’. 10T, with dynamic capabilities that combines networking, computation,

processing, storage, and retrieval, is technologically equipping industries and organizations to



transform their business model in creating value for customers (Gubbi et al, 2013). The

increasing applicability of loT-enabled digital technology in tracking the phase-wise

development of infectious diseases has resulted in substantial acceptance healthcare

management (Christaki, 2015).

2.4 10T capabilities for post-pandemic recovery of the airline industry

Table.1: Literature review of 10T capabilities
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2.4.1 Driving loT-based customization at airport/airline for value-added service

Application of 10T enabled capabilities, when integrated with products and services,

can create a personalized and customized experience for consumers to drive value proposition.

In addition, the analysis of generated data by sensors may be used in developing value-added

services in conjunction with information collaboration to enhance customer satisfaction (Lee

and Lee, 2015). Researchers have explored the loT enabled customer integration and

relationship management for driving customer satisfaction for various sectors/industries. It



includes understanding customer preference, driving product promotion, customer relationship
management of consumer-facing businesses (Lo and Campos, 2018), customer involvement in
developing new features to product and service (Haddud et al., 2017), social interaction beyond
boundaries (Huang et al., 2018). For example: Creating a centralised data bank supported by
IoT sensors, the London City Airport integrates passengers’ consumption preference with an
offering of customized location-based services (Design News, 2020). 10T enabled sensors
connected through mobile application can guide passengers to nearby service facilities like
restroom, lounge, shopping centre etc. This concurrently can reduce the need for passenger
movement, thereby decreases the chances of aerial transmission while ensuring improved

customer satisfaction.
2.4.2 10T-based smart monitoring system for hygiene management.

Combining the 10T capabilities of smart waste management (Sohag and Poddar, 2020)
and healthcare management (Mathew et al., 2018), loT-based wireless sensor network can be
leveraged for smart hygiene monitoring to ensure the cleanliness of the airport facilities and
environment. The proposed loT-enabled hygiene management system is planned to be more
efficient than a conventional system as it reduces the need for supervisory manpower for
constant monitoring. Advanced sensor technology helps in maintaining sufficient stocks of
essential hygiene products (such as toilet paper, hand sanitiser, paper towel) avoiding chances
of stock-outs, and sends timely alerts to custodians for refilling, cleaning and/or waste disposal,
as the need arises (Choi and Rhee, 2014). In a response to ongoing COVID-19 pandemic, the
smart monitoring system designed to efficiently manage the list of cleaning and hygiene
management tasks. In addition, managers can monitor and track cleaning, sanitizing, and
disinfecting tasks through a hand-held device connected with the network. For example, The
KOLO Smart Monitoring System, developed by Georgia Pacific for restroom hygiene
management system is an loT connected product used in Hartsfield-Jackson Atlanta
International Airport. Implementation of the same may result in greater hygiene with
diminished risk of cross-contamination, which finally can improve travellers’ confidence
(Georgia-Pacific, 2020) (see Table.1). In a similar advancement, Kimberly-Clark and GOJO
Industries have jointly developed IoT based Smart Restroom Management System that can be
used in airport facilities to improve customer experience (PR News Wire, 2018).

2.4.3 10T in boosting travellers’ confidence.



Zenker et al. (2021) reported that the pandemic has created deep marks in the travellers
cognitive morality pertaining to their travel decisions. In this regard, regaining passenger
confidence back in air travel is critically important for the recovery of the airline industry
(IATA (2020b). While airline revival continues to remain sluggish during this uncertain time,
Deloitte (2020) emphasized that the “new normal” situation should be inspired in instilling
confidence with respect to health, hygiene, and safety, among others. It suggests that 10T-
enabled digital technologies in facilitating contactless travel, hygiene management, remote
healthcare monitoring can substantively boost travellers’ confidence. The overall integration
of 10T capabilities can create an efficient ecosystem built on greater stakeholder collaboration

to enhance responsiveness.
2.4.4 10T-based environment management system inside airport and aircraft

Indoor ventilation can be susceptible to spreading respiratory infectious disease and
carrying the risk of cross-transmission through air-borne routes (Yang et al., 2015). Therefore,
maintaining indoor air quality through actively managed smart ventilation system is critical to
lessen the spread of COVID-19 infection, especially in confined public spaces, such as airports
and aircraft (Sun and Zhai, 2020). In a report released by Environmental Protection Agency
(EPA) (2018), it is inferred that the presence of several air pollutants (CO2, mould, microbial
contaminants, organic particles) in indoor air is typically two to five times higher than

comparable outdoor air.

loT-enabled environmental monitoring sensors can be integrated for effective
management of the ventilation system (Mahbub et al., 2020) inside airport/airline during
COVID-19 pandemic. Connecting these smart devices with centralized facility management
controls can ensure timely custodial services for ventilation systems. loT-based advanced
monitoring devices can monitor indoor air quality parameters (such as airflow, relative
humidity, CO> levels, temperature etc) (Lohani and Acharya, 2016) and trigger autonomous

ventilation to keep the indoor environment comfortable for travellers.
2.4.5 Use of 10T in contactless travel

Due to the highly contagious nature of the COVID-19 virus, ensuring a safe social
distance between people has proven to be an effective way to control viral infections in
communities (Fong et al., 2020). To contain the contagion of the virus, administrations at
various (regional/ national/ global) levels have resorted to inhibitory approaches that include

limiting social gatherings and time spent in a public place, maintaining sufficient social

8



distancing, wearing masks to suppress the transmission of the virus, especially in crowded
settings.

Therefore, touchless travel supported by loT-powered devices can potentially restrict
the spread of the virus by lowering the transactional touchpoints (Agarwal et al., 2020).
Globally, airport authorities and airline operators are continuously driving contactless travel
experience by eliminating passenger touchpoints using contactless loT-enabled technologies
(Serrano and Kazda, 2020). Wearable 10T devices (IoT smart thermometer, l0T-based smart
glasses etc) help in reducing interactions between passenger and airport/airline staff
considerably. Robots linked with 10T device can enable touchless biometrics identification by
facial image processing to provide document free travel (Tabares, 2020). Biometric and self-
service solutions by IoT can handle processes starting from off-airport baggage drop, self-
check-in at kiosks, security, immigration, and boarding.

2.4.6 loT-enabled health monitoring and alerting.

In the fight against COVID-19 pandemic, loT-enabled technologies are being accepted
in healthcare industry due to its wide range of capabilities which include tracking, identification
and validation, data collection and authentication (Nasajpour et al., 2020). loT-based
architecture and technology solutions can support in robust monitoring and controlling of
COVID-19 with multi-tasking capabilities during the stages of detection, diagnosis, remote
monitoring of patients while in quarantine, remote treatment, post-recovery tracking etc
(Rahman et al., 2020). For example, loT wearable wristbands, given to new arrival passengers
and connected with healthcare administrative database, has been implemented at Hong Kong
International airport (Hui, 2020). It tracks the new arrivals at the airport during the quarantine
time of 14 days with the geofencing facility. Similarly, loT-powered contact-tracing mobile
application is one of the most followed interventions to map patient/travellers’ contact
information at the airport. It enables early alert in case of any contagion to nearby healthcare

service centres.
2.4.7 loT-controlled traffic management system

IoT controlled traffic management system can reduce queueing length and waiting time
(Chong and Ng, 2016) for the passengers at the airport. 10T based localization and tracking
mechanism is a powerful tool for mapping the movement of passengers with substantial

accuracy for indoor application (Guo et al., 2014) with the installation of a large number of



sensors (Ramnath et al., 2017). As a testimonial to this, Dallas Fort Worth International Airport
(DFW) has implemented loT-enabled real-time wait technology available through a mobile
application, that provides wait time estimation for specific checking lanes to passengers during
security check (DFW AIRPORT, 2019). The data gathered by tracking sensors are converted
into speed and direction of queue movement, the number of passengers in each line,
approximate wait time; and displayed in the monitor to keep the passengers informed to avoid

clustering.
2.4.8 10T for airport crowd management system

According to The Centers for Disease Control and Prevention (2020), crowded
enclosed spaces are accompanied with the risk of virus transmission due to high “concentration
of suspended small droplets and particles carrying infectious virus”. Therefore, to reduce viral
transmission, restricting and controlling a limited number of people with safe physical distance

is probably one of the most implemented interventions across the globe.
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Figure. 2a: Representing the stages of passengers’ journey at an airport.

loT based crowd management system functionally works in three phases. First, the
sensors collect the crowd data, then connected middleware analyses the data and notify the
administrator with crowd pattern for appropriate action, and finally interface layer performs
executable action at the traveller/user end for crowd management (Mohamed et al., 2019). This
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system guides the air-travellers/passengers with important crowd related information, such as,
the flow of passengers, availability of non-crowd spaces, crowd concentration pattern, based
on real-time sensor data at the airport (Kawamoto et al., 2017). These 10T based real-time
crowd data, when displayed through airport screens, can signal appropriate action for airport
management authorities in the distribution of passengers. The multiple stages of passengers’
journey at an airport are shown in Figure 2a with potential areas of 10T implementation in
Figure 2b.
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Figure 2b: Potential areas for IoT implementation

We have investigated two important characteristics of the 10T capabilities, termed as
‘mutual relationship’ and ‘uncertainty’, from the perspective of the airline/tourism industry.
The study aims to propose an 10T capability framework for airport applications to enable the
post-pandemic revival of the industry, which largely remains unattended in the empirical
literature. First, exploring the ‘mutual relationship’ among 10T capabilities is important as the
exclusion of one capability can enhance or reduce the effect of another capability (Bai and
Satir, 2020). A detailed study on interaction effect among loT capabilities can provide
necessary insights on the impact of one 10T capability on others, and how the same capability
is being influenced by others. Second, to overcome the issue of inherent intangibility and
ambiguity of expression by exact numerical values (Chithambaranathan et al., 2015), a grey-

based methodology is adopted.
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3. Methodology

A two-phase research methodology has been adopted in this research to establish the
inter-relationship among the IoT capabilities that can be leveraged in post-pandemic rebound
of airline industry through airport operation (see Figure 3). In the first phase, the relevant 1oT
capabilities are identified through extensive literature review supported by case studies of
airports utilizing the relevant capabilities. During the second phase, the study uses a grey-based
DEMATEL method to analyse the complex interrelationships among the 10T capabilities. The
use of Multiple Criteria Decision Making (MCDM) approach offers unique advantage of
combining quantitative and qualitative aspects of decision-making (Chandrasekaran and
Ramesh, 1987). A brief introduction of the framework used in the current study is provided

below.
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3.1 Grey-DEMATEL

The DEMATEL method was proposed by the Geneva Research Centre of the Battelle
Memorial Institute (Gabus and Fontela, 1973). DEMATEL is a tool for analyzing the structural
interrelationship between decision criteria in terms of Cause-and-Effect diagram and Network
Relation Map (NRM). Due to this inherent advantage over other contemporary multi-criterion
decision making (MCDM) methods such as analytical hierarchy Process (AHP), interpretive
structural modelling (ISM), and analytic network process (ANP) (Dou et al., 2018) DEMATEL
has been preferred in multiple management disciplines (Dou et al., 2015), risk management
(Tarei et al., 2018), SC complexity (Chand et al., 2020), etc. DEMATEL uses the Decision
Maker (DM)’s belief/perception about the degree of influence of one decision criterion/factor
over the other, as an input. Due to the real-world uncertainty of the problem and/or limited
availability of the expertise information, it has been observed that a DM is often unable to
express the influence/score as precise numbers for evaluating decision attributes (Xu and Liao,
2013). To tackle this issue, the grey system theory is used in conjunction with DEMATEL in
this study to solve uncertainty problems in cases of discrete data and incomplete information.
One of the major benefits of using grey system theory is that it can produce reasonable
outcomes using a relatively small size of data or with great variability in factors (Xiao et al.,
2012). A grey number can be expressed by an interval of lower value and upper value. To
minimize the errors in the individual score/assessment of each DM/expert’s score should be
aggregated in a Group Decision Making (GDM environment). Methodological steps followed

in Grey-DEMATEL are summarized below with detail mention in Section A1 (Appendix).
Step 1: Construct the DRM in grey pairwise comparison scale.

Step 2: Converting fuzzy data into crisp scores (CFCS).

Step 3: Aggregation

Step 4: Normalization of the defuzzified aggregated IF-relation matrix.

Step 5: Obtain the total relation matrix.

Step 6: Summation of rows and columns of matrix T.

Step 7: Set a threshold (alpha) and obtain the Network Relation Map.

Step 8: Calculation of the importance (weight) of the criteria.
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4. Application of the proposed methodology:

Literature review, expert guidance, and airport case studies have been used in the
selection and validation of 10T capabilities that can be harnessed in the revival of airport
operation during ongoing COVID-19 restrictions. Before the start of collecting responses from
decision-makers on the subject, the questionnaire and content was assessed for wording and
clarity improvement by three selected academicians from Indian premium management
institutes with subject matter experience of more than 15 years. In the next step, the content
was reviewed for verifying the clarity of 10T capabilities by four 10T experts from the airport
service sector responsible for implementing customer facing IoT solutions for airports. The
profile of participated academic (DM9, DM 10, DM11) and industry experts (DM5 to DM8)
is presented in Table 2 and acted as decision-making participants in DEMATEL method.

4.1 Selection of decision-makers

Since the airport operation involves multiple stakeholders of the airline industry, it is
imperative to include various stakeholders’ perspective from the context of traveller, business,
economic and public policy (Mitroff and Linstone, 1993). A multi-stakeholder involvement
can be an effective way of implementing sustainable tourism practices (Waligo et al., 2013)
and innovation for tourism development (Carlisle et al., 2013). Extending the same, decision-
makers are purposively selected from four involved groups a) frequent airline travellers
(consumers) (Group 1), b) airport facility managers (Group 2), c) industry experts and
policymakers (Group 3), and d) academic researchers (Group 4) through convenience sampling
method. We emphasized on the adequate participation of decision-makers from each group to
ensure a composite outlook on the research objective. To capture a deeper perspective on the
topic, decision-makers with more than 10 years of relevant experience are selected in each
group. The experience of decision-makers is ranging from a minimum of 12 years to a
maximum experience of 27 years (Mean experience: 17.3 years; Standard deviation: 3.98
years) (Table 2).
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Table. 2: Group-wise details and decision maker’ profile

Type of Decision . Number  Total duration of
Sr no. of decision . , . . . . Years of experience - L
. maker Decision maker's profile Location of discussion ; of discussion (in
Groups maker in the (travel/industry) . . -
code interviews minutes)
group
Business traveller, associated with a
DM 1 leading Ind_lan il service f".”? and International Airport, Delhi 18 2 60
responsible for Asia-Pacific
Operation
International Frequent flying investment banker, International Airport,
Group 1 travellers DM?2 based in Singapore Mumbai 16 ! 45
DM 3 A foreign tourist International /-_\|rport, 21 1 30
Mumbai
DM 4 Head of_manufacturlng, MNC f|_rm, International Airport, 15 1 50
responsible for European operation Hyderabad
DM 5 Zonal Head, Airport Operations. International Airport, 22 2 60
Kolkata
Airport DM 6 Operations Man_a_ger, Customer International Alrport, 12 1 45
s Facility Mumbai
Group 2 facility International Airport
manager DM 7 Airport Manager port, 16 1 35
Bangalore
. . International Airport,
DM 8 Deputy Manager, Airport Services Hyderabad 14 1 40
DM 9 Partner, a Ieadlfr;?n?lrllne advisory New Delhi 97 2 50
Industry Regional Head, Market intelligence, .
Group 3 experts and DM 10 Travel industry. Mumbai 20 1 40
policy makers Internal customer service executive,
DM 11 a Trade Association Body for airline Mumbai 18 1 35
industry
Post-graduate fellow, Tourism A premier tourism research
DM 12 Management institute, North India 15 2 50
. Institute responsible for
Academic DM 13 Assistant Profess:or, Consumer travel and tourism 16 1 30
Group 4 Behaviour .
researchers management, Central India
A leading school for
DM 14 Researcher, Tourism Industry business management, West 12 2 65

India

16



4.2 Data collection

The decision-makers, in this case four groups as represented by international travellers,
airport facility managers, industry experts and policymakers, and academic researchers, were
approached through multiple contact links such as company website pages, email addresses
from professional websites, through an extended professional network. We proposed
anonymity of the decision-makers to facilitate the discussion with necessary details. It was also
informed that the collected data would solely be used for academic interest while maintaining
confidentiality. The response data was collected through an extensive round of interviews and
meetings conducted from April 2020 to December 2020. The expert responses were collected
through a) meeting in person at the airport, b) online meeting platforms, c) telephonic
discussion, d) industrial and promotional events, and €) discussions during conferences and
seminars on the related industry. Special efforts were made through phone calls and reminder
emails to improve the response rate. The in-person meetings were conducted at five Indian
international airports located at New Delhi, Mumbai, Hyderabad, Bangalore, and Kolkata and
offices in those cities.

Out of total contacted 36 participants (international travellers: 12, airport facility
managers: 8, industry experts and policymakers: 9, and academic researchers: 7), only 14
(international travellers: 4, airport facility managers: 4, industry experts and policymakers: 3,
and academic researchers: 3) agreed to participate in the study resulting in participation
acceptance ratio near 39%. Reasons cited for declining the participation are largely individual’s
discretion, lack of interest, non-availability of time. The brief profile of participated decision-

makers with corresponding groups is shown in Table 2.
4.3 Data acquisition

Firstly, the participating experts/decision-makers are explained about the background
of identified 10T capabilities (Table 1). The enabling the airport operation in restoring
travellers’ confidence back in airport operations for travel is highlighted as the key context. We
applied the Grey-DEMATEL framework for assessing the influential relationship among 10T
capabilities. Accordingly, 14 decision-makers who agreed to participate in the interview are
requested to complete the pair-wise comparison based on the relative significance of loT
capabilities (IC1 to IC8) as per the individual’s assessment. Linguistic terms used for the
comparison of 10T capabilities is a five-point scale with N (no influence=0), VL (very low

influence=1), L (low influence=2), H (high influence=3), and VH (very high influence=4)
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(Table Al). Consequently, pairwise direct relation matrix (8 X 8) for identified 8 IoT

capabilities using linguistic terms are obtained for each of 14 participating decision-makers.
4.4 Data Conversion

The pairwise comparison data, collected for 14 decision-makers in linguistic scale, is
transformed to a numerical scale by corresponding replacement. This process results in finding
14 matrices (8 X 8) for 10T capabilities (IC1 to IC8) for each of 14 participants (Table 2). First,
we calculate the category-wise average direct-relation matrix for four categories (i.e.,
international travellers, airport facility managers, industry experts and policymakers, and
academic researchers) by assigning equal weights to each respondent corresponding to that
category. The average direct-relation matrix is attained through the arithmetic mean of expert
responses. As an example: To compute the average direct-relation matrix for the group of
international travellers, equal weight (=0.25) is given to each participant (DM1 to DM4) (Table
2) in that category. Similarly, to calculate the average direct-relation matrix for the group of
industry experts and policymaker’s, equal weights (=0.33) are given individually to three
participating experts levelled as DM 9, DM10, DM11. The Direct-relation matrix (at the
aggregated level) is presented in Table A2. Applying mathematical operation as suggested in
appendix equation A9 and A10, we obtain the aggregated Normalized-relation matrix (Table
A3). Thereafter, the aggregated Total-relation matrix (Table 3) combining all four groups are
determined by assigning group-wise equal weight (w=0.25) to each of all four representing

groups.

Table. 3: Aggregated total relationship matrix (a= 0.421)

10T capabilities
IC1 IC 2 IC3 IC4 IC5 IC6 IC7 IC8
IC1 0.3077  0.4138  0.5839 0.504 0.5091 0.4123 0.4426  0.3563
IC2 0.4463 0.3139 0.5864  0.5569 0.568 0.3951  0.4458  0.5023
IC3 0.3622 0.2912 0.3667 0.4695 0.4145 0.384  0.2663  0.3877
IC4 0.2597 0.2183 0.3284 0.2571 0.3305 0.2834 0.2982  0.3034
IC5 0.3333 04028 0.5948 0.4746 0.3835 04266 0.3839  0.391
IC6 0.4634 04056 0.6152 0.5435 05676 0.3491 0.4026  0.473
IC7 0.3747 03186 0.5319 0.5305 05294 0.4222 0.3007 0.4705
IC8 0.4398 0.4354 0.6475 05254 05747 04294 04314 0.3879
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4.5 Graphical representation

The total-relation matrix for each category is transformed to develop causal/influential
relationships among 10T capabilities. Relationships carrying more than a threshold value
(a=0.421) is important in developing a network relation map (NRM). The a-cut Total-relation
matrix (aggregated level) with corresponding values of elements is shown in Table A4. The
group-wise influential relationship is obtained from the D+R score (prominence) and D-R score
(net cause/effect). While the D+R score is plotted against the horizontal axis, the vertical axis
represents the D-R score. The prominence-causal relationship of 10T capabilities as evaluated
by international travellers is shown in Figure 4a. Uni-directional arrow suggests the one-way
directional causality while the bi-directional arrow indicates two-way influential relation
among barriers. Likewise, prominence-causal diagraphs of 10T capabilities for other three
groups of participants constituted by airport facility managers, industry experts and
policymakers, and academic researchers, respectively are developed (Figure 4b-4d) based on
corresponding D+R and D-R score. The aggregated prominence-causal digraph representing

all four groups is shown in Figure 5.
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Figure 5. Aggregated cause and effect diagram of 10T capabilities

At the aggregated level, the NRM of the IoT capabilities is displayed in Figure 6. NRM at an

individual group of decision-makers is presented in appendices (Figure Al).

ceo

Figure 6. Network relationship map (NRM) of 10T capabilities
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5. Results and discussion
5.1 Explanation of basic results

From the prominence-causal (D+R Vs D-R score) relationship of 10T capabilities at an
aggregated level (Figure 5) involving four categories of decision-makers, it is evident that
capabilities IC1, 1C2, IC6, IC7, and 1C8 forms the causal group and plays a relatively higher
foundational role in the development of other capabilities (IC3, 1C4, I1C5). The effect group
loT capabilities is represented by IC3, IC4, and IC5. Further, based on the D+R score which
suggests the prominence level, 10T capabilities are arranged in decreasing order of prominence
starting with most prominent to ending with least important as 1C3> 1C5> IC8> IC6> IC2>
IC1> IC7> IC4. On an aggregated basis, it can be inferred that loT capabilities applied to
Boosting traveller confidence (IC3), Contactless travel (IC5), Airport crowd management
system (IC8) the three most prominent capabilities playing important role in developing the
overall structure of loT capabilities.

The prominence-causal relationship among loT capabilities for the four group of
decision-makers levelled as Group 1, Group 2, Group 3, and Group 4 is graphically presented
in Figure 4a-4d, respectively. Notably, 10T capabilities in Boosting travellers’ confidence
(IC3), Environment management system inside airport and aircraft (IC4), and Contactless
travel (IC5), are the common three effected capabilities across all four groups. Likewise, 10T
capabilities in Driving loT-based customization at airport/airline for value-added service (IC
1) and Smart monitoring system for hygiene management (IC 2) are two capabilities serving
as causal antecedents as identified by all groups. It is worthwhile to mention that two loT
capabilities in Contactless travel (IC5) and Airport crowd management system (IC 8) are

regarded to possess higher prominence as evaluated by group 2, group 3, and group 4.
5.2 Ranking of 10T capabilities

loT capabilities are ranked based on their relative prominence as assigned by an
individual group of decision-makers. The rank is calculated using D+R and D-R score as per
the appendix equations A15 and A16. Group-wise prominence and net cause/effect values for
the 10T capabilities (with corresponding weight, and rank) are shown in Table 4. The weight
and ranking of 10T capabilities at an aggregated level graphically presented in Figure 7, and is
provided in appendices (Table A5). The relative positional convergence in the rank of loT
capabilities for at least three groups can be observed for I0T capabilities as represented by 1C2,
IC3, IC4, IC5 and IC8. The divergence of ranking for remaining loT capabilities IC1, 1C6 and
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IC7 indicate the variation in the relative importance of capabilities when viewed from a

different groups’ perspective.
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Criter

IC1
IC2

IC3
IC4
IC5
IC6
IC7

IC8

Table.4 Group-wise prominence and net cause/effect values for the 10T capabilities

Group 1 (International travelers)

D+R

4.000
5.388

5.507

4.661

5.090

4.712

5.150

4.802

D-R
0.116
0.406

1.144
1.147

0.279
1.092

0.299

0.657

Type
Cause

Cause

Effect
Effect
Effect
Cause
Cause

Cause

Weig
ht
4.002

5.403
5.625

4.800
5.098
4.837
5.158

4.847

Ran

Group 2 (airport facility managers)

D+R

3.940
4.448

5.041

4.062

5.258

4.596

4.280

4.901

D-R
0.783
0.499

1.225
1.354
0.494

0.181
0.963

1.008

Type
Cause

Cause

Effect
Effect
Effect
Effect
Cause

Cause

Weig
ht
4.017

4.476

5.187
4.282
5.281
4.600
4.387

5.003

Rank

Group 3 (industry experts and policy

D+R

6.556
5.829

6.847

5.280

6.714

6.135

5.699

6.826

D-R
0.686
0.882

1.280
1.069

0.569
0.080

1.388

0.117

makers)
Type
Cause

Cause

Effect
Effect
Effect
Cause
Cause

Effect

Weig
ht
6.591

5.895
6.965

5.387
6.739
6.136
5.865

6.827

Rank

4
6

1

Group 4 (academic researchers)

D+R

7.814
7.035

7.301

7.237

8.039

8.206

6.971

8.124

D-R
0.596
2.144

0.612
1.935
0.317

1.116

1.136
0.142

Type
Cause

Cause

Effect
Effect
Effect
Cause
Effect

Cause

Weig
ht
7.837

7.355
7.326

7.491
8.045
8.282
7.063

8.125

Rank
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Figure 7. Aggregated weights and ranks of 10T capabilities.

5.3 Sensitivity analysis (SA)

The MCDM technique tends to rely on the subjective judgment of the decision-makers
based on their individual perspective of the content. To eliminate the influential bias of any
individual and to ensure the robustness of the result, a sensitivity analysis (SA) was performed
(Rajesh and Ravi 2015). SA is performed by assigning relatively higher weight (0.5) to a
specific group and by equally distributing the remaining weight to (0.1666) other three groups.
This is aimed to check the impact of any group of decision makers on the overall outcome in
ranks of 10T capabilities. In our research, participating decision makers are clustered in four
groups. In the first run of sensitivity analysis (SAl), we assign a weight of 0.5 to the group 1
pertaining to the international travelers to verify its impact, with a weight of 0.1666 to the
remaining groups (group 2, group 3, and group 4). With this weight adjustment, the change in

rank of 10T capabilities is observed. Similarly, in the subsequent settings for sensitivity analysis
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levelled as SA2, SA3 and SA4, the weight of group 2, group 3, and group 4 respectively is

increased to 0.5 with the corresponding adjustment of weights for the other groups (Figure 8).
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Figure 8. Sensitivity analysis

The considerable consistency observed in ranks of 10T capabilities is graphically shown
in Figure 8. It suggests the absence of significant bias in decision-making. The detailed Cause-
Effect analysis for all four scenarios, and the corresponding ranking of 10T capabilities are
shown in appendices (Table A6). The stability in the cause-effect relationship and consistency

in relative ranking among loT capabilities render soundness to the research model and results.
5.4 Discussion
5.4.1 10T in boosting travellers’ confidence.

According to our research, use of 10T in Boosting travellers’ confidence (IC3) is
recognized to be one of the most prominent capabilities as regarded by multiple decision-
making groups (Fig 4a-4d). This capability is often dependent on various other causal

capabilities related to health monitoring, hygiene management, value-added services, among
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others. Given its significance on the overall context, multiple 10T based capabilities should be
made in restoring confidence among passengers/travellers/consumers in air travel starting with
the airport. This research outcome is in accordance with the survey conducted by IATA (2020a)
involving passengers across 11 countries around the globe, which highlighted the growing need
for bringing back the travellers’ confidence in air-travel which is a fundamental driver for the

airline industry.

The impact of the pandemic has resulted in several behavioural changes among
travellers driven by psychological and social risk perception (Li et al., 2020). Therefore, with
support to TPB, use of 10T in boosting travellers’ confidence might result in reshaping the
behavioural intention and attitude towards air travel. During our discussion with an expert on
airports systems associated with a leading airline advisory firm commented, “The revival of
the airline industry largely depends on regaining the confidence of customers in air travel. All
the stakeholders of the industry, such as, airline companies, airport agencies, government
policy-making bodies, healthcare systems, hospitality services should work cohesively in
helping the travellers in coming back to the airport. Technology can certainly enable this

transition.”
5.4.2 Use of 10T in contactless travel

The importance of touchless travel supported by loT-powered devices is one of the
most widely acknowledged capabilities across all groups of decision-makers. This can
potentially contain the spread of the virus by lowering the transactional touchpoints during
travel and reduces the risk of community-spread (Fong et al., 2020). This finding corroborates
the global acceptance of loT-powered devices by airport authorities and airline operators using
contactless loT-enabled technologies (Serrano and Kazda, 2020). The operation manager of an
international airport facility management company opined, “Contactless travel is going to be
new normal in times to come, at least in the medium term. Hence, technologies that can
facilitate in this direction will be welcome. It will also enhance travellers’ confidence in air

travel. Airports also can play a vital role in implementing loT-based services towards that.”

5.4.3 Application of 10T in causal capabilities

Analysis of causal 10T capabilities at the individual group level (Figure 4a-4d) indicates
that Driving loT-based customization for value-added service (IC1) and loT-based smart

monitoring system for hygiene management (IC2) are two commonly accepted capabilities. In

27



addition, on an aggregated level, 0T capabilities represented by IC6, IC7, IC8 also acts as an
enabler in generating effected capabilities (IC3. IC4, IC5). The causation arcs directing causal
to effect 10T capabilities (Figure 5) suggest that controlling the causal group of capabilities can
meaningfully help in managing the effect capabilities. Therefore, it can be argued that the
adoption of causal capabilities (IC1, IC2, IC6, IC7, IC8) may facilitate the acceptance of
resulting capabilities (IC3, IC4, IC5). The causal capabilities emphasize potential applicability
and usefulness of 10T enabled products and services in support to TAM. Extending the tenets
of TAM, it can be inferred that the ease and prospective usefulness of loT-enabled solutions
can encourage in travellers’ confidence, which is likely to determine the attitude and

behavioural intention of travellers’ towards the adoption of the same (Hsiao and Tang, 2015).
6. Research implications

This research contributes to the ongoing discourse in proposing loT-enabled forward-
looking response strategies in revival of airline industry (Bodolica et al., 2021). The current
study unpacks the 10T capabilities that can be extended for the airline industry in restoring
travellers’ confidence during the ongoing pandemic, which largely remains unattended in the
empirical literature (Garrow and Lurkin, 2021). First, this study contributes towards exploring
loT capabilities at multiple airport services to facilitate the change in travellers’ behaviour and
attitude owing to behavioural restrictions during the pandemic. To that extent, the research
outcome furthers the application of advanced information technologies to enable touchless air
travel (Buhalis, 2004). Second, our research identifies the possible areas of 10T application in
building customer trust while pandemic-driven travel restrictions are still in place at a varying
level. Third, our analysis prioritizes the loT-based digital initiatives adopted by airports and
the airline industry. It also establishes the mutual relationship among capabilities. In addition,

this study provides several important scholarly and managerial implication.
6.1. Theoretical implications

The important research question which we wanted to examine is to explore the
possibilities of applying loT-enabled capabilities in airport services in regaining travellers’
faith towards the airline industry which starts at the airport. While 10T enabled technologies
find multiple applications in various healthcare and airline industry independently, the usage
of the same in airport services are still limited. Especially, with changing travellers’ behaviour
in a post-pandemic new-normal scenario, there is a growing need to revisit in the adoption of

technologies in enabling the travel industry. It is important to note that the technological
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acceptance of 10T capabilities should be studied considering the socio-behavioural change in
traveller/passenger attitude. Therefore, we applied the combined theoretical lens of TAM and
TPB to explicate the adoption of 10T capabilities with changing behavioural intention.
Saliently, this investigation provides novel theoretical underpinning where 10T capabilities are
studied with TAM and TBP perspective.

Notably, we have established the causal-effect relationship and level of importance
among the 10T capabilities which can be a starting point. Network relationship map (NRM)
provides a theoretical ground for inter-relationship study among the lIoT capabilities while
studied from the traveller’s perspective. The inclusion of multiple decision-making groups is
likely to provide comprehensiveness in deciding the NRM. In addition, the robustness of result

as validated by sensitivity analysis proves soundness to the theoretical framework.
6.2. Managerial implications

By investigating the importance of I0oT capabilities in re-establishing travellers’
confidence in airline travel, this research supports business leaders in informed decision-
making towards developing loT competence for airport operations. The causal-prominence
relationship may guide practitioners in enabling the key causal 10T capabilities, as facilitating
them can meaningfully improve the possibility of other effected capabilities generated from
the former. The study can guide the airport management companies in prioritizing and
developing the crucial 10T capabilities. Accordingly, the research outcome might help airport
facility managers in allocating operating and financial resources in building the loT
capabilities. Additionally, it provides an integrated framework to guide airport authorities in
implementing the measures to fight against pandemic for speedier recovery (Lohmann and
Pereira, 2020).

In addition, the preference of 10T capabilities as specified by international travellers
(group 1 of decision makers) tends to suggest the indicative nature of priorities from consumer
acceptance perspective. Therefore, this can provide a starting point for analysing the ease of
acceptance of 10T capabilities based on TAM. In addition, while airports can plan to develop
IoT capabilities, it can also focus on creating tutorials on 10T capabilities to improve the ease

of acceptance.

Apart from monitoring the passenger's movement and assets utilization, these
technologies can be used to provide faster response to emerging threats, errors, or downtime.

In addition, these 10T enabled devices collect huge data, which can be used to explore the
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travelling behaviours of passengers such as shopping activities. Based on travellers’
behavioural pattern as emphasized in TPB, customized airport management services can be
designed in alignment with the frequent patterns emerged from the analysis (Lee and Lee,
2015). In fact, the findings have discussed some areas of 10T proved to be beneficial for airline

industry and highlighted the potential areas for boosting travellers’ confidence.

From a policy standpoint, this framework can be successfully applied on the upcoming
airport projects to equip with discussed loT capabilities. Also, with these connected
technologies, customers feel connected because they can report problems and track status in
real-time, which may help them to proactively look for information. Airlines on the other hand
can use all this information to personalise on-board services. Consequently, 10T capabilities
might empower airline industry to effectively balance various processes and resources in

driving operational excellence.
7. Limitations and future research

Although significant findings are presented in this study, there are certain limitations.
First, there may be several factors that drive customer confidence in air travel. Our study is
limited to exploring only 10T capabilities in airport applications to restore public confidence.
Future research can investigate the drivers that can meaningfully improve behavioural intention
for accessing airport services. Second, the findings of the study are based on responses from a
limited number of decision makers from one country involving four groups of stakeholders.
Using the framework, further research involving a larger sample size with wider stakeholder
participation expanding to other geographies can be explored before sufficient generalization.
Third, the effect of other technologies on customers’ behavioural intention towards acceptance

of 10T capabilities is outside the purview of this research.

The ongoing research on 10T with growing acceptance in multiple applications may
open possibilities for newer capabilities in airport services. This can potentially create avenues
for greater revenue generation. The effect of external factors on acceptance of these capabilities
are beyond the scope of this research. Hence future study can explicate the factors which can
have resulting impact on customer acceptance. Besides, the application of 10T capabilities in
conjunction with Atrtificial Intelligence (Al), Machine Learning (ML), Robotic Process
Automation (RPA) can be an interesting area to explore in the revival of consumer sentiment
in airport operations (Buhalis, 2004). This framework can also be extended for service

industries sharing similar sector dynamics.
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