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ABSTRACT ARTICLE HISTORY
Population growth in urban cities has created transport problems such as traffic congestion, pol- Received 15 February 2022
lution, accidents, and infrastructure failures. These problems often lead to disruption of mobility, Accepted 9 October 2022
especially in emerging economies. The goal of any city is to have a resilient transport system that is KEYWORDS

free from frequent and severe disruptions. Resilience can be incorporated into smart mobility sys-
tems to create a robust, integrated and intelligent transport system. Therefore, this study sought to
determine resilience factors required for a resilient smart mobility system in emerging economies.
The study used interpretive structural modelling (ISM) to establish the causal interrelationships
among the factors drawing from data from experts in smart cities, city transport and academia. It
was found that the most critical factor to drive resilience is foresight — the ability to anticipate disrup-
tions. Three other resilience factor categories identified were dynamism, certainty and optimisation,
which all point to the importance of building dynamic capabilities. The key implication for practice
highlights the role that human and artificial intelligence can play in anticipating natural, social and
infrastructure disruptions. ISM offered a mechanism to determine the critical causal resilience factors
to be prioritised amongst the competing demands on the limited resources of emerging economies.
Apart from foresight, which was found to be a driving factor, the other resilience factors are equally
strong linkage factors (influence each other), thus further revealing the complexities that decision-
makers in urban cities of emerging economies constantly face. A research agenda for resilience in
smart mobility in emerging economies was developed.

Smart mobility; emerging
economies; smart cities;
resilience; transport
disruption; dynamic
capabilities

i introduction rail, pedestrian infrastructure and maritime (Dolgui and

Cities in emerging economies have experienced tidal- ~ Ivanov 2021a; Enjalbert, Kahn Ribeiro, and Vanderhae-

wave migration of people from rural areas that has out-
paced the transport systems (Stead and Pojani 2017).
While gridlock, a form of transport disruption, is now
part of life in these cities, it significantly impacts supply
chain systems and economies (Dolgui and Ivanov 2021b;
Labuschagne et al. July, 2017). Smart mobility, a data-
driven and citizen-centred transport system that offers
shared multimodal services based on cooperative and
connected transport (Semanjski, Mandzuka, and Gau-
tama 2018), promises relief to urban areas, especially
in emerging economies. Smart mobility integrates arti-
ficial intelligence (AI) and other advanced technolo-
gies, such as smart sensors (Internet of Things — IoT),
geospatial technologies, blockchains, and big data ana-
Iytics. Such an integration is geared towards facilitat-
ing the seamless movement of people, goods and ser-
vices using multiple modes of transport, including road,

gen 2020). Smart mobility enables intelligent foiling of
city transport disruptions caused by congestion, acci-
dents, adverse weather conditions, and protests. There-
fore, it has the potential to infuse resilience into transport
systems of emerging cities.

More importantly, the COVID-19 pandemic has
brought into sharp focus the importance of building
resilience into all types of systems. In a smart mobil-
ity context, resilience would mean building into the
transport system the capability to recover from shock
and disruptions as well as survive, adapt and grow in
the face of turbulent change (Fiksel 2015; Alexopoulos
et al. 2022). Resilience in smart mobility ensures contin-
ued growth and evolution of current and future trans-
port systems to satisfy the dynamic needs of a burgeon-
ing urban area and its stakeholders (Bhamra, Dani, and
Burnard 2011).
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This paper seeks to develop and evaluate the resilience
of a smart mobility system in the context of cities in
an emerging economy. Transport systems in urban areas
of emerging economies often have legacy infrastructure
and planning challenges that require huge but not read-
ily available financial and non-financial resources. For
example, urban areas in South Africa were designed
based on a paradigm of segregated development and
have, therefore, unique demands (Stead and Pojani 2017)
such as high levels of urban sprawl and extensive com-
muting distances. To this end, smart mobility offers an
opportunity to optimise the usage of existing systems
and infrastructure that are limited by current constraints
while simultaneously recovering from various forms of
disruption to become resilient. Thus, smart mobility
offers a dynamic and non-infrastructure solution for
existing transport challenges faced by cities of emerging
economies. Resilience is, however, a complex concept,
which typically consists of several elements. This being
the case, understanding the importance of the role of
these elements in a smart mobility system and how these
elements interact with each other in an emerging city
environment is critical for a successful system design. It
is for this reason that this research seeks to address the
following two research questions:

(1) What are the influential resilience factors that must
be built into a smart mobility system from an emerg-
ing economy perspective?

(2) How do resilience factors in such a smart mobility
system relate to one another in a model?

This paper has adopted the rapidly growing City of
Johannesburg (CoJ) as a case study. The Co] is the com-
mercial hub of South Africa and has the highest influx
of migrants in Africa; this is from a perspective of both
rural-urban migration within the borders of the coun-
try and migration of foreign nationals into the coun-
try (BusinessTech 2020). Inevitably, massive population
growth levels are experienced in the Co]. Mobility in
the CoJ is thus frequently constrained by congestion
and infrastructure that is not keeping up with the ever-
increasing societal needs. Transport disruptions in the
CoJ, which are caused by, amongst other things, pot-
holes, traffic signal malfunctions, and industrial actions,
often lead to commuter delays of up to 119 hours a year
(BusinessTech 2016). Whilst smart mobility is generally
aimed at increasing resilience in the transport system,
resilience in African countries is highly constrained by
challenges such as rapid population growth, urban sprawl
and long commuting distances. The resultant deterio-
ration of infrastructure and dominance of the informal
sector in the provision of services such as transit services

ultimately requires smart mobility solutions to address
these unique challenges (Dixon et al. 2018). Infrastruc-
ture and informal sector challenges are common in cities
of emerging economies (Stead and Pojani 2017). While
published research exists on smart mobility (Fiksel 2015;
Sima et al. 2021; Stead and Pojani 2017), a literature
dearth regarding building resilience using smart mobility
systems, especially in cities of emerging economies, still
prevails.

The remainder of this paper is structured as fol-
lows: the next section presents a review of literature of
transport systems disruptions in emerging economies,
smart mobility, resilience, and dynamic capabilities as a
theoretical lens; Section 3 comprises a description and
implementation of the interpretive structural modelling
(ISM) approach to identify the most influential factors of
resilience required for incorporating into smart mobil-
ity in emerging economies; Section 4 presents a discus-
sion and implications of the study and dovetails into the
future research agenda presented in Section 5. Section 6
concludes the paper.

2. Literature review and theoretical perspective
2.1. Transport system disruptions

Public transport is central to commuting within large
cities. It is therefore an important component for sup-
porting social and economic interactions and ultimately
the active functioning and general well-being of soci-
ety (Cebecauer et al. 2021). Although transport sys-
tems are designed to operate under defined conditions
(Rodrigue 2020), they must also consider efficient and
cost-effective transportation of passengers by transport
companies (FastCo Works 2020). Even when such mit-
igation strategies are introduced, high-capacity public
transport services such as metro and commuter buses
and trains are often vulnerable to disruptions (Cebecauer
et al. 2021; Rodrigue 2020).

Transport disruptions are ‘any significant delay, inter-
ruption, or stoppage in the flow of trade caused by a natu-
ral disaster, heightened threat level, an act of terrorism, or
any transportation security incident’ (Legal Information
Institute 2006). In respect of public transport, disrup-
tions consist of any incidents that cause a slowdown or
stoppage in the flow of the transportation system. These
include natural disasters and anthropogenic disasters, the
latter of which include accidents; infrastructure failures;
conflicts, terrorism and piracy; economic and political
shocks; and pandemics (Rodrigue 2020). With refer-
ence to emerging economies, transportation disruptions
often result from infrastructure failure, limited skills, ser-
vice suspensions, industrial action, and even crime. The



recent onset of the COVID-19 pandemic has further dis-
rupted transport systems in emerging economies, thus
worsening social and economic challenges for passengers
and service providers alike (Yap and Cats 2021).

This paper therefore investigates the ability to over-
come transport system disruptions in emerging econo
mies, giving specific prominence to the use of smart
mobility solutions to build intelligence within transport
systems.

2.2. Smart mobility

Smart mobility can be defined as a citizen-centred
transport system that is digital technology permeated
to offer shared multimodal transport services based
on cooperative and connected traffic systems that are
data driven (Semanjski, Mandzuka, and Gautama 2018).
Smart mobility offers an integrated and intelligent trans-
port system that is based on the following dimensions: (1)
transport modes; (2) users; and (3) digitisation, including
Mobility as a Service (MaaS) and other digital platforms
found within a city (Enjalbert, Kahn Ribeiro, and Van-
derhaegen 2020). Some of the benefits of smart mobility
include reduction in pollution, reducing traffic conges-
tion, increasing people safety, improving transfer speed
and reducing transfer costs (Cledou, Estevez, and Soares
Barbosa 2018). Cities often adopt a smart mobility model,
as shown in Figure 1, to improve the quality of life of their
citizens. Smart mobility aims to facilitate the seamless
movement of people across multiple modes of transport
such as cars, buses, motorcycles, and aerial vehicles, while
leveraging on information within the city.

2.3. Smart mobility enabling technologies

The overlaying contextual intent for smart mobility
is to achieve integration of different mobility objects
and constraints, to cognitively recognise them within
four-dimensional space-time mobility solutions, thereby
achieving spatial-temporal intelligence. This integration
of different mobility objects can only be achieved by first
considering the requisite data infrastructure within the
context of the multiplicities of objects in a smart mobility
environment (Amovi¢ et al. 2021), and then considering
practical aspects of IoT. The desired data and information
infrastructure involves the collection (sensing the data
from the environment and heterogeneous sources such
as vehicles and nodes), interpretation, and integration or
sharing of data with all the relevant objects in the smart
city environment. The data and information integration
consoles should observe the five dimensions of big data
to enable the handling of both structured and unstruc-
tured data (Giirsoy and Yiicelen 2017; Mageto 2021).

INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH ‘ 3

Smart
People

ICT, Internet of
People, Things
and Data

L= 4 Smart Mobility

Policies

Integrated
Multimodal
Transport

Figure 1. Smart mobility model (figure by authors).

Further, data-centric Al algorithms should be designed
to promote intelligence and automation in smart mobility
environments.

Integration of the objects in the smart city environ-
ment enables the attainment of a good level of smart
mobility where any device, anyone using any path (mesh
network), anywhere and anytime (ubiquitous) and any
service can access information and make instantaneous
intelligent decisions (Paiva et al. 2021).

Achieving smart mobility can principally be explored
using a two-dimensional methodology - a techno-
centric and data-driven approach (Zan, Gueta, and
Okochi 2015). Technology acts as the enabler for seman-
tic, ontological and information integration. Within the
ambit of technology integration, the IoT - and more
recently the Internet of Everything (IoE) — allows the dif-
ferent objects of the smart architecture to achieve infor-
mation integration (Balakrishna 2012). This enables all
the different objects in the smart mobility space to share
information and make intelligent decisions with regards
to mobility. The IoE enables the networked connection of
people, process, data, and things thus enabling increased
connectedness of everything. In addition, the IoE enables
the realisation of shared mobility systems (information
sharing with everything and anything, and anywhere
and anytime) within a conceptual overlay of Maa$S (Zan,
Gueta, and Okochi 2015).

Key enabling technologies on which smart mobility
innovations have been developed include geospatial tech-
nologies, blockchain-based technologies, smart sensors
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and IoT, AI and big data. Many conceptual, prototype, or
ready-to-use smart mobility technologies are principally
based on IoT and/or IoE, Al blockchain, and big data to
achieve route optimisation, and promotion of active and
inclusive mobility (Amovié et al. 2021; Paiva et al. 2021).
Some examples of smart mobility solutions include:
the CityGML (GAMINESS), Hanoi’s data monitoring
tool used for adaptive traffic scheduling, and Smart
Mobility for All (SMAIl) (Paiva et al. 2021). The next
section discusses resilience and opportunities available
for using smart mobility technologies to embed resilience
into smart mobility solutions for emerging economies.

2.4. Resilience

Resilience measures the extent to which an entity recov-
ers from shock and disruptions in its environment, the
ability to survive, adapt and in fact grow in the face of tur-
bulent change (Fiksel 2015). According to Alexopoulos
et al. (2022), resilience is the ability to withstand dif-
ficult situations, adjust to a change, and recover from
undesired to desired states. Resilience carries with it the
elements of flexibility, adaptability and foresight in sur-
viving beyond disruptions and eventually adapting and
even thriving in the new normal (Louisot 2015). The
ability to be resilient ensures that entities will continue
to grow and evolve to satisfy the dynamic needs of its
stakeholders and population in the present and future.
Both living and organisational entities display resilience
(Bhamra, Dani, and Burnard 2011).

Unlike risk management which focuses on reduc-
ing vulnerabilities and limiting uncertainty, resilience
always places the emphasis on speeding recovery and
facilitating adaptation to new conditions and embracing
change and uncertainty about the future as a necessary
eventuality (Fiksel 2015). Therefore, resilience is almost
always related to complexities that arise in a set context
(Gunasekaran, Subramanian, and Rahman 2015). These
complexities can be internal or external. For example,
with reference to external complexities, cities have the
fastest growing populations worldwide with half of the
global population now living in urban areas. The chal-
lenge for cities is therefore how to balance economic
prosperity against the quality of life (Louisot 2015; Yil-
maz Borekgi, Rofcanin, and Giirbiiz 2015). In terms of
internal complexities, organisations are today so inter-
connected in their supply chains that small shocks in any
part of the supply chain can cause a significant disruption
in the entire supply chain (Louisot 2015; Yilmaz Borekgi,
Rofcanin, and Giirbiiz 2015).

Resilience at a point in time is not automatic since
organisations can become victims of their own prior
success (Yilmaz Borekgi, Rofcanin, and Giirbtiz 2015).

Fiksel (2015) highlights three objectives for measuring
resilience: (1) to characterise the attributes of alternative
plans or designs before implementation; (2) to estimate
the predicted performance of plans or designs before
they are implemented; and (3) to assess the actual per-
formance of plans or designs after they have been imple-
mented. This study focuses on the attributes of alternative
plans or designs before implementation at the system
level (as opposed to the node level).

Namdar, Blackhurst, and Azadegan (2022) identified
five strategies to achieve resilience, namely: (1) accep-
tance (acquiesce to disruptions and accept them as
inevitable); (2) inventory slack strategy (have a little more
than enough in the inventory); (3) backup supplier strat-
egy (to ensure alternative suppliers in the event that one
supplier in the supply chain is unavailable); (4) volume
flexibility (the ability to increase operational capacity
on demand); and (5) responsiveness (to reduce process
and/or lead times, preparation time to deliver, and the
recovery rate).

The following subsection therefore presents a compos-
ite perspective on resilience in transport systems (Nam-
dar, Blackhurst, and Azadegan 2022; Sazvar et al. 2021;
Yilmaz Borekgi, Rofcanin, and Giirbiiz 2015; Fiksel 2015;
Alexopoulos et al. 2022; Hosseini, Barker, and Ramirez-
Marquez 2016; Kahkonen et al. 2021; Fiksel 2015):

2.4.1. Flexibility (capabilities built into the system)
The transport system must be able to fit within the dis-
ruptions and continue to offer the same quality of ser-
vice as before, usually by increasing capacity on demand
(volume flexibility) (Namdar, Blackhurst, and Azade-
gan 2022; Yilmaz Borekgi, Rofcanin, and Giirbiiz 2015).
Flexibility enables the service to remain undisrupted or
offers alternatives, to the extent that the person out-
side the transport system would not notice the disrup-
tion or experience minimum effects from the disrup-
tion (Yilmaz Borekgi, Rofcanin, and Giirbiiz 2015). For
example, to ensure flexibility of the transport system,
the following questions should be posed and answered:
What capacity does the transport system have and can
it have? Is there a scope for the transport system to
expand, as well as contract after expansion? This is related
to responsive demand. With reference to the CoJ for
instance, if the Metrorail train service is not working, are
minibus taxi services temporarily and readily available
to passengers?

2.4.2. Adaptability (alearning system)

This is the ability to adjust and/or make changes in
the business model in response to disruptions over the
long term (Hosseini, Barker, and Ramirez-Marquez 2016;
Fiksel 2015). Adaptability carries with it the essence of



the ability to learn, and this is what distinguishes it
from flexibility. For transport, this describes the extent
to which smart mobility can enable the transport sys-
tem to respond to surges in demand after a disruption.
For example, can smart mobility enable 1,000 passen-
gers stranded from a train disruption to be served by an
alternative transport mode every time?

2.4.3. Foresight

Foresight is the ability to predict when disruptions will
happen, the ability to anticipate changes and/or disrup-
tions (Fiksel 2015). Foresight also has an element of
knowing how much time would be needed for switch
overs after the disruption. For example, enabling smart
mobility to reasonably predict flooding based on weather
patterns and then offer alternatives to continue delivering
on transport needs.

2.4.4. Vulnerability

Vulnerability relates primarily to the existence of a weak
element in the system that can threaten business conti-
nuity (Fiksel 2015). For example, the fajlure of a highly
utilised transport mode such as minibus taxis may impact
the functioning of other transport modes (where taxis
are used as feeder systems to these modes), the capac-
ity of the entire transport system (where modal switching
places extreme pressure on the other modes), and the
functioning of the broader economy. Smart mobility can
identify areas of high and low vulnerability in terms of
the broader impact on the overall transport and mobility
system.

2.4.5. Cohesion

The extent to which there are unifying linkages between
the various parts of a system is cohesion (Fiksel 2015).
For a transport system, this would represent the extent to
which the various modal systems work together. Smart
mobility can enable these linkages so that they function
as a cohesive whole.

2.4.6. Efficiency

Efficiency is about optimising existing resources, or lim-
iting the number of resources or costs required (Fik-
sel 2015). For transport systems, this means ensuring
that costs and wastage of transport resources are kept
at a minimum. For example, the ability to find the
cheapest and fastest route using different types of modal
systems.

2.4.7. Diversity

Diversity is an important element as it allows for choice
(Fiksel 2015). For transport systems, there is a type of
‘captive transport users’ who are limited by a lack of
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choice to only one type of modal system such as taxis.
Smart mobility should be able to allow for multiple modal
options.

2.4.8. Stability

Stability refers to when systems are available all the
time and can be relied upon and be available when
needed (Fiksel 2015; Hosseini, Barker, and Ramirez-
Marquez 2016). In transport systems, this relates to the
extent to which modal systems are available as required
without a loss of service. For example, passengers are
assured of a public transport service with a sense of
certainty.

2.4.9. Recoverability

Recoverability refers to the ability of a system to cope
during and after a disruption (Hosseini, Barker, and
Ramirez-Marquez 2016; Sazvar et al. 2021) and thereafter
bounce back and restore services (Fiksel 2015; Alexopou-
los et al. 2022). It also relates to how long the disruption
lasts, how much the disruption costs, and the tolerable
degree of disruption after the service has become unavail-
able (Fiksel 2015; Kdhkonen et al. 2021). For example,
the extent to which transport users can make a choice on
what to use, the ability to select an alternative, and how
readily and when that alternative is available. An exam-
ple of time ‘recoverability is how it took Hiroshima three
days for the transport services to restart following a bomb
attack (Hiroshima for Global Peace 2014).

2.5. Dynamic capabilities theory

Cities, especially those in emerging economies, are faced
with changing requirements owing to increased disrup-
tions of mobility, leading to long travel times, conges-
tion, air pollution, and poor quality of life. The emerg-
ing cities are expected to develop dynamic capabilities
to overcome these challenges. While some of the cities
in emerging economies possess adequate resources in
terms of infrastructure and know-how, it is difficult
to optimally utilise the resources to meet the dynamic
needs of cities. This implies that having resources is not
enough, however, the development of dynamic capa-
bilities is likely to unlock the potential of the cities in
emerging economies to offer better and resilient mobil-
ity solutions. Dynamic capabilities are identified as being
behavioural and point to the ability to integrate, recon-
figure, renew, and recreate (Linde et al. 2021; Wang and
Ahmed 2007) in response to the changing environment.
Dynamic capabilities have three common components,
namely: (1) adaptive — which refers to the strategic flex-
ibility (Staber and Sydow 2002); (2) absorptive — which
is the ability to evaluate and utilise external knowledge;
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and (3) innovative — which is the ability to develop new
competencies and solutions (Wang and Ahmed 2007).

Mobility challenges in emerging cities require the
application of dynamic resources to achieve a sustain-
able and resilient transportation system. This might
require incorporating advanced information technolo-
gies, that is smart mobility tools to achieve integra-
tion, adaptation, absorption and innovation capabili-
ties (Linde et al. 2021). It is against this background
that we argue that cities in emerging economies should
adopt smart mobility solutions as a dynamic capability
that can allow them to achieve resilience in the ever-
changing city transportation sector. Dynamic capabilities
theory has previously been applied in research, espe-
cially in smart city ecosystems (Linde et al. 2021), air-
port competitiveness (Chwilkowska-Kubala 2021), and
application of blockchain in maritime (Lambourdiere
and Corbin 2020), as well as in emerging economies
(Owoseni and Twinomurinzi 2018). However, limited
studies have applied dynamic capabilities in smart mobil-
ity solutions in emerging cities. To this end, this study
contributes to the extant literature by extending the appli-
cation of the theory.

3. Methodology
3.1. The interpretive structural modelling approach

ISM is a qualitative mathematical and analytical tech-
nique conceptualised by Warfield in the early 1970s to
make sense of complex phenomena as a heterogeneous
set of factors (Warfield 1973, 1974, 1976; Sage 1977).
These factors undergo a series of steps guided by graph
theory, resulting in an all-encompassing and structured
systematic model. This model serves as a theoretical basis
for reasoning about the existent relationships amongst
these factors.

ISM has three key guiding characteristics (Attri, Dev,
and Sharma 2013). Firstly, it is interpretive. This means
that it relies on the lived experiences, knowledge, and
informed opinions of knowledgeable experts who under-
stand how factors influence each other (Walsham 1995).
Secondly, it is structural which means that an overall
structure is extracted from the heterogeneous set of fac-
tors that represent the phenomenon under investigation.
Thirdly, it is a modelling technique; this means that
the approach culminates in a model which articulates
the interrelatedness of the factors, from which valuable
insights can be drawn.

ISM comprises two preliminary steps and six core
steps. The preliminary steps serve a dual purpose,
namely: to isolate the phenomenon under investigation

and decompose it into its elementary factors; and to
establish a pairwise relationship amongst these factors.
The six core steps are:

(1) Formulating a structural self-interaction matrix
(SSIM). The SSIM is a consensual view of the pair-
wise relationship amongst all factors as determined
in the preliminary steps. This view is described using
four symbols: V, A, X and O.

(2) Developing a reachability matrix (RM). The RM is
developed iteratively from the SSIM by following a
set of rules that inform the conversion of the SSIM
symbols into binary values. It is also in this step that
the driving power and dependence power values of
each factor are computed to serve as input to the final
step.

(3) Deriving level partitions. In this step, the final RM is
utilised in an iterative process to derive the various
levels into which the factors should be partitioned.
These levels are an essential component for devising
the final structural model.

(4) Drawing a relationship graph. This step entails draw-
ing a directed graph (digraph) that represents a
binary relation amongst the factors.

(5) Generating a structural model. From the preceding
step, the digraph is transformed into a hierarchi-
cal model informed by the levels derived in the
third step. This model is assessed for any conceptual
inconsistencies, which are systematically eliminated
if they exist.

(6) Classifying factors. Through MICMAC (matrice
d’impacts croisés-multiplication appliquée a un
classement or cross impact matrix-multiplication
applied to classification) analysis (Duperrin and
Godet 1973; Godet 1986), the factors are classified as
a quadrant chart into four different categories using
the driving power and dependence power values
extracted from the RM.

3.2. Model development

The aim of this research was twofold - to identify influen-
tial resilience factors to build into a smart mobility system
and to establish how the identified resilience factors relate
to one another in a smart mobility system. Thus, the
ISM approach was adopted to help visualise the inter-
relatedness of these factors that collectively describe the
embedding of resilience in smart mobility, represent this
visualisation as a multilevel model, and systematically
classify these factors according to their driving power and
dependence power.
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Table 1. Respondent demographic profile.

Demographics

Level of seniority Occupational area Age
Respondent 1 Political Leadership Smart Cities (Government) 39
Respondent 2 Senior Management Smart Cities (Government) 38
Respondent 3 Executive Smart Cities (Government) 47
Respondent 4 Academic Transport & Logistics 53
Respondent 5 Academic Transport & Logistics 68

3.2.1. Identify elementary factors

There are several ways in which to decompose a phe-
nomenon into its constituent factors in ISM. These
include conducting focus group discussions with domain
experts (Singh, Gupta, and Gunasekaran 2018; Gholami
et al. 2020), leaning on academic expertise, conducting
literature reviews, and drawing insights from industry
experts (Raj, Shankar, and Suhaib 2008; Azevedo, Car-
valho, and Cruz-Machado 2013; Janssen et al. 2018). In
this study, the factors were elicited through an extensive
literature review by academics and domain experts. The
next step established pairwise relationships amongst the
factors.

3.2.2. Establishing a pairwise relationship amongst
factors

Consistent with the scarcity of experts in intelligent
transport systems, five experts (three senior industry
experts and two senior academics, both with extensive
industry experience) were purposively selected because
of their seniority, experience, and involvement in the
domains central to smart mobility - Transport and
Logistics or Smart Cities (see Table 1). The two senior
academics have been immersed in the transport sec-
tor as former professionals, consultants and advisers
for more than twenty years each. Similar to other
researchers using ISM in transport, logistics and sup-
ply chain (Diabat, Govindan, and Panicker 2012; Maro-
din and Abreu Saurin 2015; Ghobakhloo 2020; Rathore,
Thakkar, and Jha 2021), Yousefi and Tosarkani (2022)
utilised five experts for their transport study that uses
ISM.

The university hosting the academics granted all
the necessary ethics approvals. All respondents gave
informed consent prior to their participation in this
research. During each session, data were collected
through a semi-structured questionnaire carefully desig
ned to solicit each pairwise relationship amongst all fac-
tors and supplemented by individual researcher notes.
This individualised approach was essential ‘to avoid pos-
sible influence of one expert on another’ (Azevedo, Car-
valho, and Cruz-Machado 2013, 216). The data collected
were analysed, synthesised, and served as input to the
subsequent 2 steps in which an SSIM was formulated and

an RM was developed. The final RM was validated with
the experts.

3.2.3. Formulating a structural self-interaction matrix
An SSIM is the core construct of the ISM approach, which
seeks to represent the pairwise relationship amongst all
factors underpinning the phenomenon under investiga-
tion as uncovered in the previous step (Sushil 2012).
When formulating an SSIM, the relationship between
each pair of factors (i, j) is represented by one of the fol-
lowing four symbols: V, A, X, and O. Each symbol is a
mutually exclusive representation of the relationship for
the pair. Collectively, these symbols are exhaustive. These
symbols can be interpreted in the following manner:

(i) V - factor i will influence factor j;
(ii) A - factor j will influence factor i;
(iii) X - factor i will influence factor j AND factor j will
influence factor i; and
(iv) O - factor i will NOT influence factor j AND factor
j will NOT influence factor i.

Table 2 presents the SSIM from the data that were
collected from the participant experts. According to the
collective view of the participants, factor 2 (adaptabil-
ity) will influence factor 4 (vulnerability) in the context
of embedding resilience in smart mobility, and this rela-
tionship is presented by the symbol A at position (2, 4) in
Table 2. Similarly, neither factor 3 (foresight) nor factor
5 (cohesion) will influence each other in the context of
embedding resilience in smart mobility, hence the sym-
bol O at position (3, 5) in Table 2. There will always be a
tautological relationship between each factor with itself,
hence the symbol X for all positions (3, j; where i = j).

A complete SSIM leads to the consequent step of
developing an RM, a process which is explained further
in the next subsection.

3.2.4. Developing a reachability matrix

An RM is a representation of the binary relationship
between factors i and j. It is derived from the SSIM by
following specific rules to interpret and convert symbols
V, A, X, and O. These conversion rules are as follows for
each symbol:
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Table 2. Structural self-interaction matrix.

Factors
9 8 7 6 5 4 3 1
1 Flexibility (FL) X Vv X X Vv X A A X
2 Adaptability (AD) v v v X v A (0] X
3 Foresight (FO) Vv 0 0 Vv 0 0 X
4 Vulnerability (VU) \Y v \Y \' Vv X
5 Cohesion (CO) A A 0 Vv X
6 Efficiency (EF) A 0 X X
7 Diversity (DI) A 0 X
8 Stability (ST) X X
9 Recoverability (RE) X
Table 3. Initial reachability matrix developed from the structural self-interaction matrix.
Factors
1 2 3 4 5 6 7 8 9
1 Flexibility (FL) 1 0 0 1 1 1 1 1 1
2 Adaptability (AD) 1 1 0 0 1 1 1 1 1
3 Foresight (FO) 1 0 1 0 0 1 0 0 1
4 Vulnerability (VU) 1 1 0 1 1 1 1 1 1
5 Cohesion (CO) 0 0 0 0 1 1 0 0 0
6 Efficiency (EF) 1 1 0 0 0 1 1 0 0
7 Diversity (DI) 1 0 0 0 0 1 1 0 0
8 Stability (ST) 0 0 0 0 1 0 0 1 1
9 Recoverability (RE) 1 0 0 0 1 1 1 1 1

(i) V-ifentry (4, j) in the SSIM contains the symbol V,
then in the RM, entry (i, j) must become 1 and entry
(j, i) must become 0;
(ii) A -ifentry (i, j) in the SSIM contains the symbol A,
then in the RM, entry (i, j) must become 0 and entry
(j, i) must become 1;
(iii) X -ifentry (i, j) in the SSIM contains the symbol X,
then in the RM, entry (4, j) must become 1 and entry
(j, i) must become 1; and
(iv) O -ifentry (i, j) in the SSIM contains the symbol O,
then in the RM, entry (i, j) must become 0 and entry
(j, ) must become 0.

Applying these rules to the SSIM depicted in Table 2
results in the initial RM shown in Table 3. This initial RM
iteratively undergoes further transformation by incorpo-
rating the mathematical transitivity concept (i.e. if factor
i influences factor j, and factor j influences factor k, then
factor i influences factor k) present amongst the factors.
A total of 24 transitive relationships were identified from
the initial RM. Table 4 shows the final RM with transitive
links denoted as 1* entries.

Developing the final RM also introduces two neces-
sary measures for each factor, that is, driving power and
dependence power. The driving power is the row sum of
the values in the final RM and contextually denotes the
total number of factors it influences (including itself).
The dependence power is the column sum of the values
in the final RM and contextually denotes the total num-
ber of factors that influence it (including itself). These

two measures are an essential input into the final step
of the ISM process, wherein all factors are classified. The
final RM is also instrumental in deriving partition levels,
which inform the build of the final structural model.

3.2.5. Deriving level partitions

Deriving partition levels is iterative and finite. It starts
with constructing two sets for each factor and iteration,
the reachability set and the antecedent set. The intersec-
tion between these two sets results in a third set called
the intersection set (Warfield 1974; Sage 1977). The reach-
ability set contains all those factors that are influenced by
the current factor, including the current factor itself. For
instance, from the final RM, factor 4 (vulnerability) influ-
ences factors 1, 2, 4, 5, 6, 7, 8 and 9, and these factors thus
become the reachability set for factor 4, as indicated in
Table 5. The antecedent set contains all those factors that
influence the current factor, including itself. For instance,
from the final RM, factor 4 (vulnerability) is influenced
by factors 1, 2, 3, 4, 6, 7, and 9; thus, these factors become
the antecedent set for factor 4, as indicated in Table 5.
Performing a set intersection between these factor 4 sets
derives the intersection set, which is noted in Table 5
as containing only those common to both sets, namely
factors 1, 2,4, 6,7 and 9.

Once all three sets are constructed and computed for
each factor, the final step in each iteration involves com-
paring the intersection and reachability sets. For those
factors where these two sets are the same, their partition
level is indicated as being the same; for instance, factors 1



INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH . 9

Table 4. Final reachability matrix incorporating transitivity (with driving and dependence power).

Factors
1 2 3 4 5 6 7 8 9 Driving Power

1 Flexibility (FL) 1 1* 0 1 1 1 1 1 1 8
2 Adaptability (AD) 1 1 0 1* 1 1 1 1 1 8
3 Foresight (FO) 1 1* 1 1* 1* 1 1* 1* 1 9
4 Vulnerability (VU) 1 1 0 1 1 1 1 1 1 8
5 Cohesion (CO) 1* 1* 0 0 1 1 1* 0 0 5
6 Efficiency (EF) 1 1 0 1* 1* 1 1 1* 1 8
7 Diversity (DI) 1 1* 0 1* 1* 1 1 1* 1* 8
8 Stability (ST) 1* 0 0 0 1 1* 1* 1 1 6
9 Recoverability (RE) 1 1* 0 1* 1 1 1 1 1 8
Dependence Power 9 8 1 7 9 9 9 8 8

*Denotes a transitive link between factor i and factor j.

Table 5. Deriving level partitions from the final reachability matrix (Iteration I).

Partition Sets

Factors Reachability Antecedent Intersection Level
1 Flexibility (FL) 1,2,4,56,7,89 1,2,3,45,6,7,89 1,24,56,7,89 |

2 Adaptability (AD) 1,2,4,56,7,89 1,2,3,45,6,79 1,24,56,79

3 Foresight (FO) 1,2,3,4,5,6,7,89 3 3

4 Vulnerability (VU) 1,24,56,7,89 1,2,3,46,79 1,24,6,7,9

5 Cohesion (CO) 1,2,5,6,7 1,2,3,45,6,7,89 1,2,5,6,7 |

6 Efficiency (EF) 1,2,4,56,7,89 1,2,3,45,6,7,89 1,2,4,5,6,7,89 |

7 Diversity (DI) 1,2,45,6,7,89 1,2,3,4,5,6,7,89 1,2,4,5,6,7,89 |

8 Stability (ST) 1,56,7,8,9 1,2,3,4,6,7,89 1,6,7,89

9 Recoverability (RE) 1,2,4,56,7,89 1,2,3,4,6,7,89 1,2,4,6,7,89

(flexibility), 5 (cohesion), 6 (efficiency) and 7 (diversity)
in Table 5 are both at partition level I - the topmost
level partition. With reference to embedding resilience in
smart mobility, this means that, amongst all the factors
considered, flexibility, cohesion, efficiency and diversity
are the least likely to influence any of the other factors.

Subsequent iterations in this process begin by first
eliminating all those factors that are already partitioned
into levels, and thereafter comparing the intersection and
reachability sets for each factor to arrive at the next level
partition clustering. Tables 6- 8 illustrate the respective
second, third and fourth (final) iterations for deriving
level partitions in the context of embedding resilience in
smart mobility.

The process is complete when all the factors have
been eliminated and partitioned into various levels. The
last iteration derives the base level partition and allows
the relationship graph to be generated; this is explained
further in the next section.

3.2.6. Drawing a relationship graph

The relationship graph, which consists of nodes and
directed edges, depicts the pairwise relationship between
all the factors. Each node represents the factors, while
the directed edges represent the relationship between a
pair of factors as derived from the final RM. The first
step when drawing this relationship graph is to draw the
nodes. The next step is to incorporate the edges using the
information contained in the final RM. When drawing

the edges, if factor i influences factor j (i.e. there is a 1
or 1* at entry (i, j) in the final RM), an edge with an
arrow is drawn from the node representing factor i to
the node representing factor j. This process is repeated
until all the pairs in the final RM have been processed.
This interim representation of the final structural model
is called a directed graph (or digraph). Figure 2 shows a
complete relationship graph in which direct relations are
presented as solid arcs and transitive relations are pre-
sented as dashed arcs. This digraph aids the creation of
the final structural model.

3.2.7. Generating a structural model

The final structural model is generated from the rela-
tionship graph by first incorporating the level parti-
tions earlier derived, then systematically eliminating
any contextually irrelevant interrelations between fac-
tors, and finally replacing the nodes with contextual
terms or phrases. This model, as shown in Figure 3,
is the final and succinct artefact describing the phe-
nomenon under study and further reveals insights into
the extant relationships amongst the factors. When it
comes to embedding resilience in smart mobility, fore-
sight — the bottommost factor — is the most significant
factor for driving and embedding resilience in smart
mobility. Conversely, flexibility, cohesion, efficiency and
diversity — the topmost factors — primarily reflect the
optimisation characteristics of a resilient smart mobility
ecosystem.
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Table 6. Deriving level partitions from the final reachability matrix (Iteration Il).

Partition Sets

Factors Reachability Antecedent Intersection Level
2 Adaptability (AD) 24,89 23,49 249
3 Foresight (FO) 2,3,48,9 3 3
4 Vulnerability (VU) 2,489 2349 249
8 Stability (ST) 89 234389 89 Il
9 Recoverability (RE) 2,489 23,489 2,489 1]
Table 7. Deriving level partitions from the final reachability matrix (Iteration IIl).
Partition Sets
Factors Reachability Antecedent Intersection Level
2 Adaptability (AD) 2,4 234 2,4 1]
3 Foresight (FO) 234 3 3
4 Vulnerability (VU) 24 234 24 1]
Table 8. Deriving level partitions from the final reachability matrix (Iteration IV).
Partition Sets
Factors Reachability Antecedent Intersection Level
3 Foresight (FO) 3 3 3 \%
—_—> Direct Link

,,,,, » Transitive Link

Figure 2. Relationship graph (digraph) showing interrelation between all factors (including transitive links).

3.2.8. Classifying factors

The final step in the ISM approach is to use the MICMAC
analysis to classify the factors into four different cate-
gories based on the driving power and dependence power
values. This classification is presented as a quadrant chart
in which the driving power values are on the vertical axis
and the dependence power values are on the horizontal

axis. The quadrants are formed by drawing a solid hori-
zontal line at the midpoint of the vertical axis and a solid
vertical line at the midpoint of the horizontal axis. Since
there are 9 factors, the midpoint is at value 4.5 for both
axes. Factors appearing at the bottom-left of the quadrant
chart are autonomous factors. This means that these fac-
tors are relatively independent, with little driving power
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Flexibility €«—» Cohesion «—>» Efficiency «—>» Diversity Level 1
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Adaptability Vulnerability Level IIT
Level IV

Figure 3. Final structural model.

and dependence power. The top-left quadrant contains
driver factors. These factors possess a lot of driving power
but with relatively weak dependence power, implying that
they are rarely influenced by other factors. The top-right
quadrant contains linkage factors, which are strong in
both the driving power and dependence power. Azevedo,
Carvalho, and Cruz-Machado (2013, 222) caution that
“action on these [factors] will have an effect on the
other [factors] and also a feedback effect on themselves”.
The final category of factors is the dependent category,
which is located at the bottom-right of the quadrant
chart. Dependent factors are those factors which have
a strong potential to be influenced by many other fac-
tors while their influence on other factors is somewhat
limited.

As for embedding resilience in smart mobility, the
final RM informs that factor 8 (stability) has a driving
power of 6 and a dependence power of 8. Thus, ST is plot-
ted at position (8, 6) of the MICMAC analysis quadrant
chart as depicted in Figure 4. Similarly, factors 2 (adapt-
ability) and 9 (reliability) are plotted as AD and RE at
position (8, 8) of the MICMAC analysis quadrant chart.
Figure 4 further depicts that all but one factor fall into the
third category (linkage factors). This interesting finding
is discussed further in the next section.

4. Discussion

The study sought to: (1) identify influential resilience
factors to build into a smart mobility system in an
emerging economy; and (2) develop an interpretive
structural model hierarchy for the factors influencing
resilience in such a smart mobility system. The study
is amongst the few that have sought to develop a
resilient smart mobility solution from an emerging econ-
omy perspective with clearly ranked resilience factors

from which policymakers can choose. This is important
since decision-makers in emerging economies often have
the complex challenge of choosing between competing
demands for limited resources.

The resultant ISM model indicates that the resilience
factors are partitioned into four distinct levels,
namely: policy/intelligence, dynamism, certainty and
optimisation.

4.1. Policy and intelligence - level IV

Foresight was the only factor at Level IV, thus emerg-
ing as a foundational factor for building resilience into
smart mobility systems in emerging economies. Being a
driver factor means it is minimally influenced by other
factors. The finding reveals that government agencies
should enact supportive laws and policies that will foster
a culture that anticipates disruptions as part of long-term
planning. Policy is equivalent to leveraging human intel-
ligence to anticipate disruptions. The alternative intelli-
gence is artificial, wherein advanced technologies such
as Al can be used to anticipate disruptions. The deploy-
ment of advanced technologies to enhance foresight is
strategic and supports Jain et al. (2017), who argued
that organisations can promote supply chain resilience
by modifying their strategic assets. Similarly, Narassima
et al. (2022) claimed that preparedness is an important
driver of resilience. In transport, Auvinen, Tuominen,
and Ahlqvist (2012) assert that foresight is essential to
building resilience into a transportation system to meet
societal needs. By implication, for a smart mobility sys-
tem to be successful and resilient, human and artificial
intelligence should be mutually existent to assure that
the rest of the system can function effectively. Thus,
embedding foresight in a smart mobility solution creates
a proactive dynamic capability.
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Figure 4. MICMAC analysis quadrant chart.

4.2. Dynamism - level lll

The Level III factors, vulnerability and adaptability, were
interpreted as the dynamic layer. Emerging cities are
characterised by many modes of transport, some of
which are dysfunctional (vulnerability), resulting in long
travel times at a high cost with huge safety and secu-
rity risks. A resilient smart mobility solution should
enable a quick identification of the sources of vulner-
ability within the transport system. Quick identifica-
tion of vulnerabilities requires advanced technologies
and laws that promote information sharing (Chowdhury
and Quaddus 2017) as argued under Level IV. Thus, a
smart mobility solution should enable changes to the
functioning modes to quickly adapt to the likely higher
demand owing to failure within some parts of the trans-
port system, hence, a dynamic capability is built into
the system. As such, a resilient transport system should
anticipate vulnerability and proactively develop an adapt-
able smart mobility system. This is contrary to Zhang,
Jia, and You (2021) who argued that vulnerability is an

opposition to resilience. On the other hand, Mattsson and
Jenelius (2015) and Rodriguez-Nuifiez and Carlos Garcia-
Palomares (2014) found that identifying and measur-
ing vulnerability was essential to building resilience in
transport.

4.3. Certainty - level Il

Level II factors, stability and recoverability, are inter-
preted as certainty factors. Many cities within emerging
economies are subject to high levels of disruptions. Some
of the disruptions are due to social factors such as protests
and strikes and rapid urbanisation causing congestion.
Others relate to infrastructure failure or natural phenom-
ena such as climate change related disasters such as heavy
storms. Disruptions tend to have severe impacts, signifi-
cantly reducing mobility across the city. Smart mobility
systems require that the transport service can recover
quickly from disruptions and achieve a state of stability.
The finding supports Jain et al. (2017) who argued that a



resilient system should recover quickly to a stable state to
improve its performance. Where a system fails to recover
quickly, there is a likelihood of customers, in this case
transport users, experiencing a complete service failure.

4.4. Optimisation - level |

Level I factors, flexibility, cohesion, efficiency (acceptable
cost levels) and diversity were interpreted as optimisa-
tion factors since they reveal an ideal transport system
with a variety of modal offerings for users to choose from.
Flexibility helps to create agility in a system regarding
responding to dynamic customer requirements especially
when there is a disruption, thus, resulting in an opti-
mised system as also claimed by Dolgui, Ivanov, and
Sokolov (2018). The current finding extends on this claim
by arguing that an ideal or agile smart mobility system
should also be cohesive, efficient and diverse in its offer-
ing. Thus, Level I factors can only be achieved once the
right laws and policies are in place, an acceptable level
of dynamism is built in the system to overcome vulner-
ability and promote adaptability, and certainty is created
in the system by achieving high recoverability and stabil-
ity in the provision of mobility services within emerging
cities.

4.5. Resilient smart mobility in emerging economies

The current study contributes by developing a four-level
hierarchical model for identifying influential factors of
a resilient transport system and showing their interrela-
tionships. The model informs city authorities to develop
policies and mechanisms that promote smart mobility
related solutions to overcome transport disruptions. In
addition, the policies and mechanisms (technological
and otherwise) should allow for a cohesive transport
system that integrates all the modes so as to optimise
transport costs through improved efficiencies, while giv-
ing users a variety of modal choices to cater for their
diversified transport needs.

Further, this study identifies the important resilience
factors in a smart mobility solution based on their driv-
ing and dependence powers. Foresight is the only factor
that falls within Quadrant B (comprising driver factors)
of the MICMAC analysis chart. This implies that fore-
sight has high driving power and low dependence power,
and thus plays a key role in developing resilience in smart
mobility transport systems. This ties well with the four-
level hierarchical model, whereby foresight was identified
as the fundamental factor when building a resilient smart
mobility solution, thus, developing a proactive dynamic
capability through preparedness (Narassima et al. 2022).
Therefore, assets such as advanced technologies should
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be deployed strategically, and supportive should be laws
enacted to accurately predict future scenarios and pre-
pare adequately.

The remainder of the factors are all clustered in Quad-
rant C (comprising linkage factors) of the MICMAC
analysis chart. This implies that each of the factors in
this quadrant both influences and depends on all the
other factors within the model. As a result, policymakers
need to leverage smart mobility systems such as IoT, big
data analytics, and mobile technologies to build highly
resilient transport systems that consider all the identi-
fied factors and the relationships amongst them. Such a
resilient transport system is likely to be sufficiently robust
to provide seamless mobility for city commuters, as well
as for supply chain deliveries that are on the rise due
to the massive growth in online shopping in emerging
economies.

The results also reveal the complexities that cities in
emerging economies constantly deal with and point to
the importance of drawing on dynamic capabilities the-
ory. ISM, therefore, allowed these complexities to be sim-
plified and ordered so that policy and decision-makers
can decide on what is most critical, given the limited
resources. For the CoJ, foresight is quite essential and
should be the cornerstone resilience factor embedded
in initial smart mobility solutions. The CoJ is generalis-
able to other cities in emerging economies as they face
similar challenges of urban sprawl, a growing migrant
population and extreme pressure on limited public
resources.

The results also imply that a dynamic capability can
be developed when a smart mobility solution incorpo-
rates the identified resilience factors. The smart mobility
solution forms a dynamic capability that will help emerg-
ing cities to reduce travel time by overcoming mobil-
ity disruptions occasioned by modal fragmentation, and
infrastructural failures. Therefore, this study supports the
dynamic capabilities theory by arguing that each emerg-
ing city should establish the critical resilience factors and
embed them in a smart mobility solution to develop a
unique dynamic capability based on its prevailing envi-
ronmental situation.

The current study was limited to the ISM results,
which have not yet been statistically validated, despite
being validated by experts in the field. Future stud-
ies can adopt total interpretive structural modelling
(TISM) (Dubey, Gunasekaran, and Tripti Singh 2015;
Sushil 2018, 2020), a survey design and structural
equation modelling techniques to validate the resultant
model using data from cities in emerging economies.
Nevertheless, ISM enabled an initial model using expert
opinions to visualise and establish the interrelationships
among resilience factors.
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5. Future research agenda

Policymakers will need to develop capacities and dyna
mic capabilities within the system that allow the system
to expand and contract, as required, which can only be
achieved with high levels of foresight regarding the for-
mulation of legislation that supports long-term planning,
analytics and intelligent predictions in a smart mobil-
ity environment. Similarly, policymakers should promote
smart mobility solutions that are highly adaptable to
overcome vulnerability, which is regarded as weakness in
a transport system. Thus, a resilient smart mobility sys-
tem should not only withstand disruptions through quick
recovery to assure stability, but it should also fundamen-
tally have the ability to anticipate disruptions caused by
social, infrastructural, and natural phenomena and allow
for the optimisation of user options.

The following represent a research agenda for smart
mobility in emerging economies:

(1) Policy and intelligence

(a) How can policy enable the anticipation of dis-
ruptions?

(b) How should artificial intelligence be used to
anticipate natural and social disruptions?

(2) Dynamism

(a) How can dynamic capabilities be built into
smart mobility systems to overcome vulnerabil-
ities?

(b) How can smart mobility systems anticipate the
vulnerable areas, and offer alternatives to deal
with them?

(3) Certainty

(a) What are acceptable levels of delay?

(b) How can delays caused by disruptions be
relayed to all affected parties automatically?

(4) Optimisation

(a) What is the nature of an ideal resilient smart
mobility solution in terms of flexibility, cohe-
sion, efficiency and diversity?

(b) What are the different levels of optimisation
required in unique emerging economy cities?

(5) Design and method

(a) How can advanced methodological approaches
such as TISM be leveraged to develop and
explain the interrelations of contextual factors
for different emerging cities?

6. Conclusion

Cities in emerging economies can overcome mobility dis-
ruptions by building resilient transport systems. Such
systems should be based on smart mobility. This requires

the resilient transport system to be built with foresight
in terms of long-term planning and predictions to antici-
pate failure and provide solutions. With foresight embed-
ded in the smart mobility system, vulnerability can be
minimised by making the system adaptable. Further, the
system should be able to recover from any disruptions
and attain stability in minimal time. Thus, city author-
ities should aim at an optimal resilient smart mobility
solution in terms of being flexible, cohesive, efficient and
diverse. The developed ISM model, using the MICMAC
analysis, classifies eight of the nine resilience factors as
linking factors, implying that any one of them affects and
depends on the others. Foresight was classified as a driver
factor. This implies that with its high driving power, it is
the foundation of a smart mobility solution and should
be the primary focus based on the city and country con-
text. In addition, a truly resilient transport system in an
emerging economy context that is based on smart mobil-
ity should consider all the linkage resilience factors, and
the dynamic capabilities theory, with a principal focus on
foresight.
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