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Abstract 
Efficient public transportation (PT) offers significant opportunities as an environmentally friendly, affordable, 
and inclusive mobility option. It contributes to reduced vehicle emissions, decreases reliance on fossil fuels, 
and increases accessibility, particularly for low-income individuals who are often captive users of PT. Despite 
these benefits, PT systems globally usually fall short of meeting their key performance indicators (KPIs). The 
underperformance is largely attributed to a variety of barriers that adversely hamper strategic planning, 
execution, and system optimization. A comprehensive understanding of these barriers and their interactions 
is valuable for policymakers, and PT operators seeking to develop strategies and policies to maximise the 
potential of PT systems. In response to this situation, the present study identified 23 barriers affecting the ef-
fectiveness of PT through an extensive literature review and consultations with industry experts. The barriers 
identified were then structured hierarchically using interpretive structural modelling (ISM) and categorised 
using “Matrice’ d’ Impacts Croises Multiplication Applique’ an Classment” (MICMAC) method. The anal-
ysis identified “financial constraints”, “lack of strategic visionary leadership”, “excessive trade unionism 
and political interference”, “high implementation and maintenance costs”, “inadequacy of designed training 
programs”, “lack of qualified and committed superiors”, “corruption within the organisation” and “lack of 
knowledgeable, committed, trained and motivated staff” as the most influencing barriers within the PT system. 
Policymakers need to address these highly influential barriers through robust regulatory interventions and 
appropriate strategic plans and to unlock the full potential and create a sustainable, resilient and competitive 
PT system.
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Introduction
A co-ordinated and dedicated public transport (PT) systems can 
control the use of personalised vehicles like two wheelers, cars 
etc. and bring benefits like considerable reduction in traffic con-
gestion, air pollution, traffic injuries, and carbon emissions, and 
also deliver remarkable socio-economic merits to societies, such 
as (a) job opportunities, (b) life quality improvement, (c) safety, 

(d) health benefits, and (e) physical activity encouragement (Va-
sudevan et al., 2020). But in this era PT is treated as the travel 
mode of “poor people” by the growing middle class, and con-
sequently, private cars or motorbikes are preferred over PT for 
reasons of comfort, convenience, and prestige [1-3]. The ineffi-
ciencies of public transportation systems by way of poor service 
delivery, outdated infrastructure, and low levels of integration 
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with other modes of transport accelerates the modal shift to per-
sonalised mobility modes. Consequently, only a small fraction 
of urban commuters utilises formal PT services, while the ma-
jority depend on informal transport methods like shared autos, 
minibuses, or two-wheelers, which are less safe and contribute 
to high per-capita emissions [4]. The underperformance of PT 
systems stem from various barriers or challenges that adversely 
hamper the strategic planning, execution, and optimization. In a 
study Alonso et al. (2018) found that financial crisis and urban 
sprawl with increased use of cars have adversely affected the 
PT efficiency. Mallqui et al. (2017) identified that capital fund-
ing, political interference, competition from paratransit modes, 
institutional fragmentation are barriers. A thorough understand-
ing of these barriers and their interactions can provide valuable 
insights for policymakers, transport planners, and PT operators 
in developing strategies and policies to maximise the potential 
of PT systems such that the social, economic, and environmen-
tal issues associated with rapid urbanisation can be mitigated to 
a greater extent. This situation demands a deliberate and sys-
tematic approach to identifying, prioritising, and addressing 
the multifaceted barriers that undermine the performance and 
attractiveness of public transport. So, this study has identified 23 
barriers affecting the effectiveness and analysed using MCDM 
techniques. The aim of this study is 
•	 To identify the barriers to public transport (PT) effective-

ness, analyse the interrelationships, prioritise and develop a 
hierarchical structure using ISM and categorise them using 
MICMAC analysis.

•	 To highlight the findings of the study so that the policy mak-
ers and decision makers can develop suitable strategies to 
mitigate these barriers.

The remainder of the study is organised as follows. Section 2 
contains the details of the literature review conducted to identi-
fy the barriers. Section 3 explains the research methodology in 
detail. Results and discussions of the research are incorporated 
in Section 4 and 5.  Conclusion, policy implications and future 
scope are incorporated in section in 6.

Literature Review
According to Porru et al. (2020), a well-organized PT system 

can positively influence economic growth of a region by im-
proving social inclusion, accessibility, and mobility in rural ar-
eas and holds transformative potential to alleviate many of the 
challenges faced by modern society. But PT systems often fail 
to deliver the expected levels of service due to its inherent in-
efficiencies and passively promotes the growth of personalised 
transport modes. The potentials of PT can only be evinced when 
its systemic inefficiencies are tackled at their root, but it suffers 
due to poor inter-agency coordination among various authorities 
[5]. In a study about the barriers to the bus policy implemen-
tation, McTigue et al. (2020) concluded that lack of funding, 
lack of specific policy document, inter-organisational support & 
communication and characteristics of the organisation are im-
portant barriers. It has been highlighted in the study conducted 
by Bagaini et al. (2020) that economic barriers, technological 
barriers, behavioural barriers and corruption are the major ob-
stacles. In separate studies Nallusamy et al. (2015) and Erdo & 
Kaya (2019) identified that age, and wear and tear of vehicles are 
correlated to breakdowns and accidents of vehicles and are bar-
riers to service reliability and safety. Lack of training to staff is a 
barrier [6, 7]. Brakewood et al. (2015) and Handte et al., (2016) 
identified web enabled real-time information and bus navigation 
systems are enablers of increasing patronage. Vandalism was 
ranked an important barrier faced by PT authorities since due to 
the loss from multiple repairs and replacements [8]. Gota (2014) 
warned that use of high fuel consuming vehicles is a barrier to 
financial efficiency in PT. Supporting infrastructure like parking 
space near the starting point has positive influence on the likeli-
hood of using PT [9]. According to Vitkūnienė et al. (2020) lack 
of cleanliness, mechanical condition, seat availability are barri-
ers. Lack of visionary leadership is another barrier [10]. Like-
wise, there are many studies to address the enablers or barriers 
to the PT effectiveness but in piece meal manner. The review 
of scientific literatures reveals that there is a dearth of literature 
that address many barriers together from a holistic management 
perspective. Hence, this study conducts the structural analysis 
of 23 barriers identified from an extensive literature review and 
by interacting with industry experts. Barriers identified and their 
sources are shown in table 1.  

Table 1: Barriers Identified and Their Sources
Barrier No Description of Barriers Source

B1 Lack of designed training Pozueco et al. (2015), Durai (2021)
B2 Financial constraints Alonso et al. (2018) McTigue et al. (2020), 

Mallqui and Pojani (2017)
B3 Lack of strategic visionary leadership Kim & Lee, (2021); 
B4 Excessive trade unionism and political interference Mallqui and Pojani (2017)
B5 Lack of qualified and committed superiors Lee and Kim (2021)
B6 Corruption within the organisation Mallqui et al. (2017), Bagaini et al., (2020)
B7 Poor inter-agency coordination in transport infrastructure 

developments
Mallqui et al. (2017) 

B8 Low priority for PT infrastructure development and mainte-
nance

IIHS (2015)

B9 Lack of facilities like "park and ride" safe pavements, wheel 
chair ramps etc

Gronau and Kagermeier (2007)

B10 High implementation and maintenance costs IIHS (2015)
B11 Employees' resistance Expert opinion
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B12 Limited use of modern fleet management and vehicle main-
tenance systems

Expert opinion

B13 Use of "aged and outdated vehicles" Nallusamy et al. (2015); Erdoğan and Kaya (2019) 
B14 Irrational "vehicle procurement and disposal practices" Expert opinion
B15 Lack of knowledgeable, committed, trained and motivated 

staff
Pozueco et al. (2015); Nor et al. (2020)

B16 Vehicle damages due to Vandalism Mong et al., 2019, 
B17 Lack of physical facilities, equipment, tools etc. like vehicle 

lifts, power tools etc
Industry experts.  

B18 Inadequate real-time tracking and scheduling technologies 
(Inefficient scheduling and despatching of vehicles).

Cats and Gkioulou (2017); Brakewood et al., 
(2015)

B19 Congestion, strikes, unpredictable incidents, poor road con-
ditions, dwell-time delays, and frequent stops.

Luo et al. (2020)

B20 Lack of dedicated bus lanes / priority corridors, and signal 
prioritization for buses.

Cats and Gkioulou (2017), Mohr et al. (2021) 

B21 Increased rate of Break downs and accidents Erdoğan and Kaya (2019), Nallusamy et al., (2015)
B22 Use of low fuel-efficient vehicles (High fuel consumption) Gota (2014)
B23 Use of untidy, dirty and uncomfortable vehicles

Vitkūnienė et al. (2020)

Research Methodology 
The methodology covers the literature review and consultation 
with industry experts for the identification of barriers to the pub-
lic transport effectiveness. The identified barriers are then anal-
ysed using Interpretive Structural Model (ISM) and MICMAC 
techniques and develop hierarchical structural model that prior-
itise the barriers based on their influencing power in the public 
transport system. 

Interpretive Structural Modelling (ISM) Methodology
ISM is a concept coined by Warfield in 1974. ISM is an iterative 
learning process that makes use of a matrix model, partitioning 
of the matrix and digraphs, a structural model, and testing this 
model against the existing mental model (Warfield, 1974). ISM 
is interpretive because the judgements of the expert group de-
cide the nature of the relationship between variables; it is struc-
tural because an overall structure of the system is derived from 
a set of complex elements based on the expert judgements. ISM 
establishes the hierarchical structure and the interrelationships 
among the variables, whereas the MICMAC (Matrice’ d’ Im-
pacts Croises Multiplication Applique’ an Classment) categoris-
es the variables to different groups based on their driving and 
dependence powers.

Steps in ISM: - The various steps involved in the ISM tech-
nique are:
Step 1: Identification of variables: The most important elements 
(barriers to PT effectiveness) have to be identified.

Step 2: Structural Self-interaction Matrix (SSIM) and estab-
lishing contextual relationships among variables: Establishing a 
contextual relationship between these ‘barriers’ using a structur-
al self-interaction matrix (SSIM) is the second step. The experts 
have to compare the item in column (‘i’) with the item in row 
(‘j’) for each cell and to choose either V, A, X or O, for each 
barrier subject to the following.
•	 ‘V' when the row (‘i’ values) influences the column (‘j’ val-

ues).

•	 ‘A’ when the ‘column (‘j’ values) influences the row (‘i’ val-
ues.).

•	 ‘O’ when there is no relation between the row (‘i’ values) 
and the column (‘j’ values).

•	 ‘X’ when row (‘i’ values) and column (‘j’ values), influence 
each other.

	
Step 3: Developing Initial Reachability Matrix (IRM): In this 
step, an Initial Reachability Matrix is to be developed from the 
SSIM by substituting binary value ‘0’ for ‘A’ and ‘O’ and ‘1’ for 
‘V’ and ‘X’.

Step 4: Embedding transitivity and making Final Reachability 
Matrix (FRM): Transitivity is a basic assumption in ISM. It is 
that if element P is related to Q and Q is related to R, then P is 
related to R. To start the process, an identity matrix of same or-
der is added to the IRM. The IRM when added to identity matrix 
will be having ‘1’ in its diagonal cells. The IRM having ‘1’ in 
diagonal cells is then raised to successive powers such that two 
consecutive powers of the matrix give the same result. That is, 
Mn-1 < Mn = Mn+1. The process of raising the matrix to the 
successive powers is continued until no new entries are there, 
and at this stage, the initial reachability matrix will be embedded 
with all indirect relationships The IRM embedded with all tran-
sitive relationships will be the FRM. This matrix portrays the 
driving and dependence power of each barrier.  Driving power 
of a barrier is the sum of all the barriers which it affects includ-
ing the barrier itself (i.e. the sum of the binary values across the 
row). Dependence power of a barrier is sum of the barriers by 
which it is affected including itself (ie. the sum of binary values 
in the column) [11].

Step 5: Level Partitioning and Development of Lower Triangu-
lar Matrix (Conical Matrix) - The final reachability matrix has to 
be partitioned into different levels in the fifth stage. The “reach-
ability set” for a KPI is the KPI itself and the other KPIs that 
are influenced by it. The “antecedent set” of this KPI is the KPI 
itself and all other KPIs that may influence it. The intersection 
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of the reachability set and antecedent set forms the “intersection 
set”. The KPI for which the reachability and intersection sets are 
the same comes at the top level of the level hierarchy. KPIs in 
higher levels will not influence any lower-level KPIs and hence 
KPIs that have obtained a level in iteration will be removed from 
all the remaining reachability sets. Then another level emerges 
with the common reachability and intersection KPIs and seats in 
the next lower level and forms the 2nd level. This process is re-
peated until all KPIs have reached their levels.  Then the reach-
ability matrix is rearranged according to the levels obtained in 
the level partitioning iteration. The matrix obtained is called the 
lower triangular matrix or conical matrix.

Step 6: Developing Digraph: A digraph is a structural mod-
el generated by means of vertices or nodes and lines of edges 
showing the relationship between barriers by using arrows that 
point from one barrier to another related barrier. The initial di-
graph is created from the lower triangular matrix and the transi-

tive links are removed to get the final digraph [12].

Step 7: Developing of ISM Model: The final step is the creation 
of an ISM model by converting the final digraph by replacing 
element nodes with name of barriers.

Step 8: Review of ISM: The ISM is then checked for conceptual 
inconsistency, and necessary modifications are made.

Results and Discussion
A Structural Self Interaction Matrix (SSIM) of 23 barriers has 
been created (Table 2) to identify and analyse the contextual 
relationships between barriers. The process of identifying the 
interrelationships of the identified barriers has been undertaken 
by the PT experts having more than 10 years of experience in 
decision making roles. Opinions of such three officers from a PT 
organisation functioning in one of the southern states of India 
were obtained and developed the SSIM.

Table 2: Structural Self Interaction Matrix (SSIM)

Initial Reachability Matrix
Table 3: Initial Reachability Matrix

No. B1 B2 B3 B4 B5 B6 B7 B8 B9 B1
0

B1
1

B1
2

B1
3

B1
4

B1
5

B1
6

B1
7

B1
8

B1
9

B2
0

B2
1

B2
2

B2
3

B1 1 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 1 1
B2 1 1 0 0 1 0 0 1 1 0 0 1 1 0 1 0 1 1 0 1 1 1 1
B3 1 0 1 0 1 1 0 1 1 0 1 1 1 1 1 0 1 1 0 1 1 1 1
B4 0 0 0 1 1 0 0 0 0 0 1 1 0 1 1 1 0 0 0 0 1 1 1
B5 0 0 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 1 1
B6 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
B7 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
B8 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0
B9 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B10 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 1 1 0 1 1 1 0
B11 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0
B12 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0
B13 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1
B14 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1
B15 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 1 1
B16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
B17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0
B18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
B19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
B20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
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B21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
B22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
B23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Source: Created by authors
Initial reachability matrix (IRM) is developed by substituting ‘0’ 
and ‘1’ for ‘A’ and ‘O’ and ‘1’ for ‘V’ and ‘X’ in the SSIM. The 
IRM is shown in Table 3.

Final Reachability Matrix
The initial reachability matrix embedded with all transitivities 
will be the final reachability matrix (FRM). It is created as per 
step 4 in section 3.2 and shown in table 4.

Table 4: Final Reachability Matrix
No. B1 B2 B3 B4 B5 B6 B7 B8 B9 B1

0
B1
1

B1
2

B1
3

B1
4

B1
5

B1
6

B1
7

B1
8

B1
9

B2
0

B2
1

B2
2

B2
3

B1 1 0 0 0 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 1 1
B2 1 1 0 0 1 0 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1
B3 1 0 1 0 1 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1
B4 0 0 0 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 1 1 1
B5 0 0 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 1
B6 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1
B7 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
B8 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0
B9 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B10 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 1 1 1 1 1 1 0
B11 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0
B12 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0
B13 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1
B14 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1
B15 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 1 1
B16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
B17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0
B18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
B19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
B20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
B21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
B22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
B23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Level Partitioning 
The final reachability matrix (Table 4) has to be partitioned into 
different levels as explained in step 5 in section 3.2. Level par-

titioning iterations have deployed these 23 barriers in 6 levels. 
The reachability sets, antecedent sets, intersection sets of barri-
ers and their levels are shown in Table 5.

Table 5: Level Partition
Barrier 

No.
Reachability set Antecedent set Intersection set LEVEL

2 [1,2,5,8,9,11,12,13,14,15,17,18,19,20,21,2
2,23]

[2] [2] VI

3 [1,3,5,6,8,9,11,12,13,14,15,17,18,19,20,21
,22,23]

[3] [3] VI

1 [1,5,11,12,13,14,15,21,22,23] [1,2,3] [1] V
4 [4,5,11,12,13,14,15,16,21,22,23] [4] [4] V
5 [5,11,12,13,14,21,22,23] [1,2,3,4,5] [5] IV
6 [6,13,14,21,22,23] [3,6] [6] IV
15 [11,12,15,21,22,23] [1,2,3,4,15] [15] IV
10 [8,9,10,12,17,18,19,20,21,22] [10] [10] III
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11 [11,12,21,22] [1,2,3,4,5,11,15] [11] III
14 [13,14,21,22,23] [1,2,3,4,5,6,14] [14] III
7 [7,20] [7] [7] II
8 [8,9,20] [2,3,8] [8] II
12 [12,21,22] [1,2,3,4,5,10,11,12,15] [12] II
13 [13,21,22,23] [1,2,3,5,6,13,14] [13] II
17 [17,21] [2,3,10,17] [17] II
18 [18,19] [2,3,10,18] [18] II
9 [9] [2,3,8,9,10] [9] I
16 [16] [4,16] [16] I
19 [19] [2,3,10,18,19] [19] I
20 [20] [2,3,7,8,10,20] [20] I
21 [21] [1,2,3,4,5,6,10,11,12,13,14,15,17,21] [21] I
22 [22] [1,2,3,4,5,6,10,11,12,13,14,15,22] [22] I
23 [23] [1,2,3,4,5,6,13,14,15,23] [23] I

Source: Created by authors
Lower Triangular Matrix
In this stage, the final reachability matrix is transformed to a 
lower triangular matrix (conical matrix) format (Table 6) by re-

arranging the barriers according to their levels obtained in level 
partitioning. A lower triangular matrix helps to develop the di-
graph.

Table 6: Lower Triangular Matrix
B9 B1

9
B2
0

B2
1

B2
2

B2
3

B1
6

B1
8

B7 B1
7

B8 B1
2

B1
3

B1
1

B1
4

B6 B1
5

B5 B1 B1
0

B4 B2 B3

B9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B19 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B20 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B21 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B22 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B23 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B16 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B18 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B7 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B17 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
B8 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
B12 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
B13 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
B11 0 0 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0
B14 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
B6 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0
B15 0 0 0 1 1 1 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0
B5 0 0 0 1 1 1 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0
B1 0 0 0 1 1 1 0 0 0 0 0 1 0 1 1 0 1 1 1 0 0 0 0
B10 1 1 1 1 1 0 0 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0
B4 0 0 0 1 1 1 1 0 0 0 0 1 0 1 1 0 1 1 0 0 1 0 0
B2 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 0 0 1 0
B3 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 0 0 1

Source: Created by authors

Initial Digraph
The initial digraph (Figure 1) has been created by showing all interrelationships between barriers. 
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Figure 1: Initial digraph containing all transitive relationships

Final Digraph
Final digraph (Figure 2) is developed by removing all transitive 

relationships from the initial digraph. It shows all indirect rela-
tionships but no transitivity.

Figure 2: Final digraph.

Interpretive Structural Model (ISM)
ISM (Figure 3) is developed using the final digraph, conical ma-
trix, and levels obtained in level partitioning. The higher-level 
barriers in the level partitioning are placed at the bottom of the 
ISM structure.  All direct and indirect relations are depicted in 
the ISM but without transitivities. In this study, B2 (financial 
constraints) and B3 (lack of visionary leadership) have occupied 
the bottommost level. These barriers having the highest driv-

ing power. That means B2 and B3 are capable of influencing all 
the remaining barriers directly or indirectly. But B7 (poor inter 
agency co-ordination in transport infrastructure developments) 
and B10 (high implementation and maintenance cost) are not 
being influenced by the bottom most barriers in ISM, but stand 
alone in the system and influence the other barriers deployed 
above them [13-16]. 

Figure 3:  Interpretive Structural Model (ISM) 
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MICMAC Analysis
The driving power and dependence power of the barriers ob-
tained from the FRM are used for MICMAC analysis which 
means cross-impact matrix multiplication applied to classifica-
tion. The dependence power and driving power of every barrier 

is plotted on a cartesian surface with dependence power on the 
X-axis and driving power on the Y-axis. The MICMAC diagram 
(Figure 3) groups the barriers into four categories, viz., Autono-
mous (Quadrant I), Dependent (Quadrant II), Linkage (Quadrant 
III), and Independent/driver (Quadrant IV).

Figure 4: MIMAC diagram

Autonomous barriers 		  (Q-I) 	 -    B7, B8, B9, 
B16, B17, B18, and B19
Dependent barriers 		  (Q-II)	 -    B11, B12, B13, 
B14, B20, B21, B22 and B23
Linkage barriers 		  (Q-III)	 -    NIL
Independent /driver barriers 	 (Q-IV)	 -    B1, B2, B3, B4, 
B5, B6, B10, and B15

Autonomous barriers (B7, B8, B9, B16, B17, B18, and B19) 
grouped in quadrant I are having releatively low driver and de-
pendence powers and hence their significance is low. Dependent 
barriers (B11, B12, B13, B14, B20, B21, B22 and B23) which 
are are having higher dependence powers combined with low 
driving powers are categorised in quadrant II. Quadrant III hous-
es the linkage barriers which have relatively high driving and 
dependence power. Linkage group is sensitive to manipulations. 
There are no linkage barriers in this case. The independent (driv-
er) barriers (B1, B2, B3, B4, B5, B6, B10, and B15) which are 
grouped in quadrant IV are the most influential barriers in the 
system [17-22].
 
Conclusion and Policy Implications
PT offers significant opportunities as an environmentally friend-
ly, affordable, and inclusive mobility option by reducing per 
capita vehicle emissions, and fuel import costs, and improving 
accessibility for all including captive users having low income 
[23-26].  But, PT systems fall short of the expected performance 
levels in service reliability, affordability, environmental sustain-
ability, user satisfaction, etc. It is found from the literature that 
the reasons for PT underperformance stem from various barriers 
that adversely hamper the strategic planning, execution, and op-
timization of PT systems. Hence this study identified such 23 
barriers and created a hierarchical structure of these barriers us-
ing interpretive structural modeling (ISM) and categorised the 
barriers using “Matrice’ d’Impacts Croises Multiplication Appli-
que’ an Classment” (MICMAC) methods. The study found that 
(i) inadequacy of designed training programs-B1, (iii) financial 

constraints-B2, (iii) lack of strategic visionary leadership-B3, 
(iv) excessive trade unionism and political interference-B4, (v) 
lack of qualified and committed superiors-B5, (vi) corruption 
within the organisation-B6, (vii) high implementation and main-
tenance costs-B10 and  (viii) lack of knowledgeable, committed, 
trained and motivated staff (B15) are the independent (driver) 
elements and are the most influencing barriers that hinder the 
effectiveness of PT. 

Policy implications: The findings of the study will be an insight 
for the policymakers or decisions makers who are behind the 
PT enhancement strategies. They need to develop appropriate 
strategic plans and regulatory measures to overcome the most 
influencing barriers to create a sustainable and competitive PT 
system. Properly designed training and training facilities are 
essential for organisational effectiveness (Anlesinya, 2018 and 
Durai, 2021). High implementation and maintenance costs and 
financial constraints often hinder the development of PT infra-
structure . Moen (2017) identified trade union interference as 
a barrier to organisational success and suggested atypical em-
ployment forms to overcome trade union interference. Thus, the 
findings of this study corroborate with the existing literature and 
emphasise the need and importance of mitigating the barriers 
through the formulation of strong policy frameworks [27-30].

Acknowledments
The authors of this paper would be glad to express their gratitude 
towards APJ Abdul Kalam Technological University (APJAK-
TU), Thiruvananthapuram, Kerala, India for rendering opportu-
nity for this research. Also, the authors express their gratitude 
towards Sree Chitra Thirunal College of Engineering (SCTCE), 
Thiruvananthapuram, Kerala, India, for having provided the fa-
cilities for the research works.  

Competing Interests
Authors hereby declare that they have no competing financial or 
non-financial interests to declare.



 

www.mkscienceset.comPage No: 09 J of Aut Veh Dro  and Int Mob 2025

References
1.	 Yen, B. T. H., Mulley, C., & Zhang, M. (2020). Equity 

in financing public transport infrastructure: Evaluating 
funding options. Transport Policy, 95, 68–77. https://doi.
org/10.1016/j.tranpol.2020.06.001

2.	 Kwan, S. C., & Hashim, J. H. (2016). A review on co-bene-
fits of mass public transportation in climate change mitiga-
tion. Sustainable Cities and Society, 22, 11–18. https://doi.
org/10.1016/j.scs.2016.01.004

3.	 Pojani, D., & Stead, D. (2015). Sustainable urban transport 
in the developing world: Beyond megacities. Sustainability, 
7(6), 7784–7805.

4.	 Mittal, K. M., Timme, M., & Schröder, M. (2024). Efficient 
self-organization of informal public transport networks. Na-
ture Communications, 15(1), 1–8. https://doi.org/10.1038/
s41467-024-49193-1

5.	 Buehler, R., & Pucher, J. (2011). Making public transport 
financially sustainable. Transport Policy, 18(1), 126–138. 
https://doi.org/10.1016/j.tranpol.2010.07.002

6.	 Pozueco, L., Tuero, A. G., Pañeda, X. G., Melendi, D., 
García, R., Pañeda, A. G., ... & Mitre, M. (2015, July). 
Adaptive learning for efficient driving in urban public trans-
port. In 2015 International Conference on Computer, Infor-
mation and Telecommunication Systems (CITS). IEEE, 1-5. 
https://doi.org/10.1109/CITS.2015.7297724

7.	 Durai, S. R. S. (2021). Transport as a right and the need 
to re-orient India’s SRTUs. The Hindu. https://www.the-
hinducentre.com/the-arena/current-issues/article37960424.
ece/binary/Transport%20as%20a%20Right%20and%20
the%20Need%20to%20Re-Orient%20India’s%20SRTUs.
pdf. 

8.	 Mong, S. G., Mohamed, S. F., & Misnan, M. S. (2019). Cur-
rent issues and barriers of maintenance management prac-
tices for public facilities in Malaysia. International Journal 
of Engineering and Advanced Technology, 8(5), 119–125. 
https://doi.org/10.35940/ijeat.E1017.0585C19

9.	 Gronau, W., & Kagermeier, A. (2007). Key factors for suc-
cessful leisure and tourism public transport provision. Jour-
nal of Transport Geography, 15(2), 127–135. https://doi.
org/10.1016/j.jtrangeo.2006.12.008

10.	 Lee, Y., & Kim, J. (2021). Cultivating employee creativity 
through strategic internal communication: The role of lead-
ership, symmetry, and feedback seeking behaviors. Public 
Relations Review, 47(1), 101998. https://doi.org/10.1016/j.
pubrev.2020.101998

11.	 Malone, D. W. (1975). An introduction to the application of 
interpretive structural modeling. Proceedings of the IEEE, 
397.

12.	 Kavilal, E. G., Prasanna Venkatesan, S., & Harsh Kumar, 
K. D. (2017). An integrated fuzzy approach for prioritizing 
supply chain complexity drivers of an Indian mining equip-
ment manufacturer. Resources Policy, 51, 204–218. https://
doi.org/10.1016/j.resourpol.2016.12.008

13.	 Poliak, M., Poliakova, A., Mrnikova, M., Šimurková, P., 
Jaśkiewicz, M., & Jurecki, R. (2017). The competitiveness 
of public transport. Journal of Competitiveness, 9(3), 81–
97. https://doi.org/10.7441/joc.2017.03.06

14.	 Ušpalytė-Vitkūnienė, R., Šarkienė, E., & Žilionienė, D. 
(2020). Multi-criteria analysis of indicators of the public 
transport infrastructure. Promet – Traffic & Transportation, 
32(1), 119–126.

15.	 Alonso, A. (2017). Measuring negative synergies of ur-
ban sprawl and economic crisis over public transport 
efficiency: The case of Spain (pp. 1–38). https://doi.
org/10.1177/0160017616687361

16.	 Brakewood, C., Macfarlane, G. S., & Watkins, K. (2015). 
The impact of real-time information on bus ridership in 
New York City. Transportation Research Part C: Emerg-
ing Technologies, 53, 59–75. https://doi.org/10.1016/j.
trc.2015.01.021

17.	 Bagaini, A., Colelli, F., Croci, E., & Molteni, T. (2020). As-
sessing the relevance of barriers to energy efficiency im-
plementation in the building and transport sectors in eight 
European countries. The Electricity Journal, 33(8), 106820. 
https://doi.org/10.1016/j.tej.2020.106820

18.	 Cats, O., & Gkioulou, Z. (2014). [Title incomplete: “and 
travel information on passengers’ waiting-time”]. https://
doi.org/10.1007/s13676-014-0070-4

19.	 Erdo, M., & Kaya, I. (2019). A systematic approach to eval-
uate risks and failures of public transport systems with a 
real case study for bus rapid system in Istanbul. Sustain-
able Cities and Society, 101951. https://doi.org/10.1016/j.
scs.2019.101951

20.	 Gota, S., Bosu, P., & Anthapur, S. K. (2014). Improving fuel 
efficiency and reducing carbon emissions from buses in In-
dia. Journal of Public Transportation, 17(3), 39–50. https://
doi.org/10.5038/2375-0901.17.3.3

21.	 Handte, M., Foell, S., Wagner, S., Kortuem, G., & Mar-
rón, P. J. (2016). An internet-of-things enabled connect-
ed navigation system for urban bus riders. IEEE internet 
of things journal, 3(5), 735-744. https://doi.org/10.1109/
JIOT.2016.2554146

22.	 Indian Institute for Human Settlements. (2015). Chal-
lenges and recommendations: IIHS RF paper on urban 
transport (p. 42). http://iihs.co.in/knowledge-gateway/
wp-content/uploads/2015/07/RF-Working-Paper-Trans-
port_edited_09062015_Final_reduced-size.pdf

23.	 Luo, Z., Zhang, Y., Li, L., He, B., Li, C., Zhu, H., Wang, W., 
Ying, S., & Xi, Y. (2019). A hybrid method for predicting 
traffic congestion during peak hours in the subway system 
of Shenzhen. Sensors, 20(1), 150. https://doi.org/10.3390/
s20010150

24.	 McTigue, C., Rye, T., & Monios, J. (2020). Identifying bar-
riers to implementation of local transport policy: Lessons 
learned from case studies on bus policy implementation 
in Great Britain. Transport Policy, 91, 16–25. https://doi.
org/10.1016/j.tranpol.2020.03.002

25.	 Moen, E. (2017). Weakening trade union power: New forms 
of employment relations. The case of Norwegian Air Shuttle. 
Transfer: European Review of Labour and Research, 23(4), 
425–439. https://doi.org/10.1177/1024258917703547

26.	 Nor, C. S. M., Mohamed, R. K. H., Mohamed, B., & Has-
san, N. A. C. (2020). Human resources management prac-
tices and its impact on employee commitment Mong Staffs 
of Road Transport Department, Perak, Malaysia. Journal of 
Environmental Treatment Techniques, 8(1), 28-34.

27.	 Nallusamy, S., Balakannan, K., Chakraborty, P. S., & Ma-
jumdar, G. (2015). Reliability analysis of passenger trans-
port vehicles in public sector undertaking. International 
Journal of Applied Engineering Research, 10(68), 843-850.

28.	 Porru, S., Misso, F. E., Pani, F. E., & Repetto, C. (2020). 
Smart mobility and public transport: Opportunities and 



 

www.mkscienceset.comPage No: 10 J of Aut Veh Dro  and Int Mob 2025

Copyright: ©2025 Mesoudy M El, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

challenges in rural and urban areas. Journal of Traffic and 
Transportation Engineering (English Edition), 7(1), 88–97.

29.	 Vasudevan, V., Agarwala, R., & Dash, S. (2021). Is vehi-
cle ownership in urban India influenced by the availabili-
ty of high-quality dedicated public transit systems? IATSS 
Research, 45(3), 286–292. https://doi.org/10.1016/j.iat-

ssr.2020.12.005
30.	 Mallqui, Y. Y. C., & Pojani, D. (2017). Barriers to success-

ful Bus Rapid Transit expansion: Developed cities versus 
developing megacities. Case Studies on Transport Policy, 
5(2), 254–266.


