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An Integrated Decision Support Model for effective

Institutional Coordination Framework in Public Transportation

Planning

Abstract

The lack of coordination among global institutions responsible for planning public
transportation is a persistent issue. To tackle this issue, three strategies aimed at promoting
sustainability have been proposed. However, there is a significant deficiency in preferentially
prioritizing them, which poses a significant issue for local governments. In this study, a two-
stage model is established by combining the Step-wise Weight Assessment Ratio Analysis and
the Technique for Order of Preference by Similarity to Ideal Solution methods into a unique
interval-valued spherical fuzzy framework. This allows for determining the criteria weights and
ranking the strategies. The results of our investigation show that effective institutional
coordination in public transportation planning can be achieved through the implementation of
good governance principles. By doing so, Nairobi's local government can tackle the unexpected
division of public transportation agreements among different institutions and guide the various
sectors in executing their transportation plans while still adhering to the established policy
objectives.

Keywords: Interval-valued spherical fuzzy numbers; institutional coordination; planning;

public transportation; SWARA; TOPSIS.

1. Introduction

The coordination of public transportation is vital for increasing mobility and ensuring easy
access to essential services. In many cities, cooperation between the institutions responsible for
planning public transportation is critical, as it is often provided by a variety of public and private
entities (Hatzopoulou & Miller, 2008). To avoid conflicting internal operations, it is necessary
to resolve the interconnected challenges within the public transportation sector, which involve
multiple institutional commitments, differing perceptions, and varied interpretations of cause
and effect (Stewart, 2005).

The coordination of public transportation planning differs between countries because of
the cultural differences and levels of authority among government bodies (Banister, 2005). This
issue takes on different forms based on the level of the country's development. In East Africa,

poor coordination leads to inadequate transportation planning and unreliable public



transportation services in urban areas. An example of this is seen in Nairobi, Kenya, where the
rapid population growth and lack of effective transportation services led to worsening issues in
the 1970s, such as traffic congestion, poor customer service, increased accidents, air pollution,
and delays in reaching destinations (Asingo, 2004; Obudho, 1997). Despite the government’s
authorization of private sector involvement, the quality of transportation services remained
substandard.

As the public became increasingly frustrated with transportation problems, more
individuals and groups invested in finding solutions. Despite various efforts, such as updating
Nairobi's development plans and changing regulations for bus services, progress in improving
public transportation was slow to materialize (Kanyama & Cars, 2009). These challenges are
reflective of the broader trend in sub-Saharan Africa, where urban areas are growing at a faster
rate than in other regions (El-Shakhs, 1997).

Nairobi's local government is facing a growing challenge of coordinating different
institutions in the city's public transportation planning. A framework for institutional
coordination in public transportation planning was proposed but was not effective in addressing
these issues because no appropriate strategy was adopted. Finding the appropriate strategy to
resolve these issues in public transportation planning and achieve effective coordination is a
complicated task that demands the expertise of a multidisciplinary team. Multi-Criteria
Decision Making (MCDM) is an effective and adaptable approach for tackling public
transportation planning issues (Alkharabsheh et al., 2022; Bouraima et al., 2022; Bouraima et
al., 2020; Bouraima et al., 2021; Bouraima et al., 2023). The decision-making procedure often
presents challenges to experts due to incomplete information and uncertainty. Available
research has yet to fully address these difficulties.

1.1. Objectives

This research delves into a specific issue with implementing proper coordination among
institutions in public transportation planning in Nairobi and offers solutions from an MCDM
perspective. Three strategies are evaluated using seven criteria related to coordination
challenges. These strategies aim to address problems such as the fragmentation of transportation
agreements and guide different sectors in aligning their transportation plans with overall policy
objectives. The study also provides a methodology that could be implemented in related
transportation planning issues and presents a plan for selecting the most appropriate strategy

for institutional coordination using Nairobi as an example.



1.2. Motivation

Since the establishment of fuzzy sets (FSs), they have got exceptional attention and have
been applied in several aspects of science. Kutlu Glindogdu and Kahraman (2019) generalized
the intuitionistic fuzzy sets (IFSs) by introducing the spherical fuzzy sets (SFSs). SFSs lessen
information loss and detorsion by allowing decision-makers (DMs) to express their doubt about
certain parameters. Additionally, by modeling issues without a single point, DMs can use
interval-valued fuzzy sets (IVFSs) to specify their decisions (Gul & Yucesan, 2021). Given all
these benefits, applying the interval-valued spherical fuzzy sets (IVSFSs) to linguistic
assessments represents one of the most rational methods for dealing with uncertainty. Although
a greater area is required in the SFSs to freely allocate membership variables, the application
of interval-valued theory with these sets enhances the capacity for dealing with uncertainty
(Zhou et al., 2021). IVSFSs eliminate certain discrepancies in the previous fuzzy sets and take
into account impartial hesitation (Gul & Ak, 2021). IVSFSs are preferred because they allow
for greater inclusion of uncertainty in the variables of an FS with an interval as opposed to a
single point (Farrokhizadeh et al., 2021). Due to all of these factors, [IVSFSs are used to model
all uncertainty and best incorporate DM assessments into the decision-making procedure.

KerSuliene et al. (2010) introduced the Step-wise Weight Assessment Ratio Analysis
(SWARA) method for criteria weight determination. Its calculation process is simple and clear
(Ayyildiz, 2022; Tanackov et al., 2022; Bouraima et al., 2022). The key component of this
method is the capacity to gauge the evaluation of experts based on the significance ratio of the
variables. Because of these, the method is used for criteria determination in the IVSF
environment.

The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) method
developed in 1981, is a relatively simple method (Hwang and Yoon, 1981). It has a significant
benefit because it can quickly identify the appropriate option (Akram et al., 2019; Deveci et al.,
2018; Garg & Kumar, 2020). Kim et al. (1997) identified four benefits of TOPSIS: (1) a scalar
value that instantaneously stands for the perfect and the worst options; (2) a sound rationale that
reflects the basis of people's thought; (3) the ability to visualize the performance indicators of
all options on a polyhedron, at least in two dimensions; and (4) an easy-to-implement
calculation procedure that can be coded into a worksheet. Because of these, IVSF-TOPSIS 1is

used to assess and rank the strategies.

1.3. Structure of the study



After the initial introduction, an overview of prior research is presented, followed by an
explanation of the criteria and alternatives under consideration. This is followed by a
description of the methodology, which is then demonstrated through a real-life case study. The
sensitivity analysis is then explained, followed by a discussion of the results and their impact
on policy. The final section consists of conclusions and suggestions for further study.

2. Literature review

Six sub-sections are presented herein below.
2.1. Abbreviations

The abbreviations are provided in Table 1.

Table 1. Abbreviations

AHP Analytic Hierarchy Process IVTFN Interval-valued Triangular Fuzzy Number

Alt. Alternative IVN Interval-Valued Number

ARAS Additive Ratio Assessment MABAC Multi-Attributive Border Approximation area
Comparison

BWM Best Worst Method MARCOS Measurement of Alternatives and Ranking
according to COmpromise Solution

CIFS Complex Intuitionistic Fuzzy Soft MC Main Criteria

CoCoSo Combined Compromise Solution MEREC Method based on the Removal Effects of
Criteria

COPRAS  Complex Proportional Assessment N Neutrosophic

CRITIC CRiteria  Importance ~ Through Intercriteria PF Pythagorean Fuzzy

Correlation
DEA Data Envelopment Analysis PFS Pythagorean Fuzzy Set
EDAS Evaluation based on Distance from Average PROMOTHEE Preference Ranking Organization Method for
Solution Enrichment Evaluation

F Fuzzy QFD Quality Function Deployment

FR Fuzzy rough qROFS g-rung orthopair fuzzy set

GDM Group Decision Making RL Real-life

GRA Grey relational analysis SA Sensitivity analysis

1IE Tllustrative Example SERVQUAL Service Quality

IF Intuitionistic Fuzzy TF Triangular Fuzzy

IMF Improved Fuzzy Step-wise Weight Assessment T2NN Type-2 Neutrosophic Number

SWARA  Ratio Analysis

IT2F Interval Type-2 Fuzzy WASPAS Weighted Aggregated Sum Product Assessment

IVFF Interval-Valued Fermetean Fuzzy

IVIF Interval-Valued Intuitionistic Fuzzy

2.2. Decision-making procedures related to planning for public transportation

Several studies have been conducted on the institutional challenges impacting the planning,
execution, and maintenance of transportation systems. Stough and Rietveld (1997) looked at
the institutional issues affecting transportation. The effectiveness of transportation systems and
identified key elements that could aid in the development of metropolitan transportation are

investigated (Sampaio et al., 2008). Blumenberg (2002) examined how well local transportation



and welfare-to-work initiatives reflected the five factors that influence local intersectoral

interactions. Abd Rahman and Abdullah (2016) examined the institutional framework on a large

scale to resolve the major issues with urban transportation. Kanyama (2016) investigated the

barriers to institutional coordination in public transportation planning. Kanyama et al. (2006)

examined the methods and configurations of stakeholder engagement and participation in

public transportation planning. The ineffectiveness of public transportation from the

perspectives of urban development and institutional responsibility has been the main focus of

Kanyama et al. (2005). Hatzopoulou and Miller (2008) evaluated the degree of institutional

integration in transportation-related policy evaluation, financing, and implementation. An

overview of approaches in public transportation planning is shown in Table 2.

Table 2. Overview of approaches related to public transportation planning

Author (s) Empirical focus GDM SA  Method (s) Application
Country/Region Type
Stough and Rietveld Institutional problems impact No No  Qualitative study ~ Europe, United States ~ RL
(1997) assessment
Sampaio et al. (2008) Efficiency analysis No No DEA Europe, Brazil RL
Blumenberg (2002) Collaborative planning for No No  Survey-based California RL
transportation needs method
Abd  Rahman and Urban transport management approach  No No  Qualitative Malaysia RL
Abdullah (2016) analysis
Kanyama (2016) Institutional coordination framework No No  Structural- Nairobi (Kenya) RL
in planning functional
analysis, content
analysis
Kanyama et al. (2006) Public participation and institutional  Yes No  Focus group  Dar-es-Salaam RL
coordination framework in planning interview (Tanzania)
Kanyama et al. (2005) Institutional coordinatization ~ Yes No  Literature Dar-es-Salaam RL
perspective analysis review, official (Tanzania)
documents, and
interviews
Hatzopoulou and Miller Institutional integration assessment No No  Survey-based Canada RL
(2008) method
Our study Address the issues of the effective Yes Yes SWARA, Nairobi, Kenya RL
implementation of adequate TOPSIS

institutional coordination in public
transportation planning based on

appropriate strategy selection

2.3. Applications of MCDM approach on public transportation

Multi-criteria approaches have been applied in several aspects of public transportation,

including sustainability, optimization, prioritization, and management (Gokasar, Timurogullari,

Deveci, et al., 2022; Gokasar, et al., 2022; Pamucar et al., 2020; Pamucar et al., 2022). Deveci

(2022) classified the sustainability of transportation in virtual worlds. The operation of urban



transportation through the epidemic has been evaluated and prioritized (Deveci et al., 2022).
Simic, et al. (2022) addressed the issue of choosing a costing system under public
transportation. Pamucar et al. (2021) prioritized the benefits of electric ferries under a durable
supply chain. Simic et al. (2022) examined the selection of sustainable policies to minimize the
influence of transportation on the modification of climate. Erdogan and Kaya (2020) proposed
a tool to decrease the risks associated with bus rapid transit system failures. Bilisik et al. (2013)
evaluated the quality of the transportation services. Erdogan and Kaya (2016) chose the most
suitable alternative fuel bus for public transportation. Gorgiin (2021) selected the railway
vehicles that should be utilized for public transportation. Nassereddine and Eskandari (2017)
studied the issue of passenger satisfaction levels with public transportation. Hajduk (2021)
examined the choice of smart cities based on urban transportation. Celik et al. (2013)
determined and enhanced the satisfaction of the customer. Celik et al. (2016) evaluated the
efficacity of public transportation systems. Table 3 indicates the multi-criteria approaches in

public transportation.

Table 3. A multi-criteria approach for public transportation.

Authors Research focus GDM  Parameter SA  Methods Application MC Alt.
type Country/region  Type
Deveci (2022) Urban transportation ~ Yes q-ROFS Yes MEREC, - RL 3 3
assessment in the SWARA
metaverse
Deveci et al. Public transport  Yes Fuzzy Yes CoCoSo - RL 3 4
(2022) management
Simic, Gokasar, Cost system choice Yes T2NN Yes CRITIC, Turkey RL 4 4
Deveci and MABAC
Karakurt (2022)
Pamucar et al. Sustainable supply chain Yes Fuzzy Yes WASPAS Istanbul, RL 4 4
(2021) management Turkey
Simic, Gokasar, Urban transport impact on ~ Yes T2NN Yes MEREC, - RL 4 4
Deveci and  climate change MARCOS
Svadlenka
(2022)
Erdogan and Risk and failure  Yes Fuzzy, Yes  Methodical Istanbul, RL - 5
Kaya (2020) assessment stochastic, technique Turkey
heuristic based on

maintenance

decision-

making tool
Bilisik et al. Customer satisfaction ~ Yes Fuzzy Yes  Delphi Istanbul, RL 5 4
(2013) assessment method, Turkey

SERVQUAL,

AHP, TOPSIS




Erdogan and Alternative  fuel bus Yes T2F No Delphi Istanbul, RL 5 4
Kaya (2016) selection method, AHP, Turkey
TOPSIS
Gorgiin (2021) Urban railway vehicle Yes Crisp No CRITIC, Turkey 1IE - 10
selection EDAS
Nassereddine Public transportation  Yes Crisp Yes GAHP, Tehran, Iran RL 6 5
and Eskandari system evaluation PROMETHEE
(2017)
Hajduk (2021) Smart city selection No Crisp Yes  Entropy - RL 7 44
weight,
TOPSIS
Celik et al. Customer satisfaction  Yes IT2F Yes TOPSIS, GRA Istanbul, RL 8 4
(2013) assessment Turkey
Celik et al. Service quality evaluation  Yes IF No  TOPSIS Istanbul, RL - 7
(2016) Turkey
Our study Institutional Yes IVSF Yes SWARA, Nairobi, RL 7 3
coordination evaluation TOPSIS Kenya

in planning for public

transportation

2.4. SWARA method

Several studies have effectively addressed a range of decision-making problems using the

method developed by Kersuliene et al. (2010). Mohammadian et al. (2021) evaluated the

implementation of the internet of things in agriculture. Garg et al. (2022) addressed the software

choice issues. Mishra et al. (2020) chose the most appropriate bioenergy production technology.

Paji¢ et al. (2021) assessed and selected the key parameters in logistics. Bac¢ (2020)

recommended an assessment framework for smart card systems. Zolfani and Chatterjee (2019)

compared the sustainability of different household materials. Xiang et al. (2022) ranked coal

transportation enterprises based on competitiveness and cost. Stevi¢ et al. (2022) evaluated

information technologies for warehouse order selection. Vrtagi¢ et al. (2021) ranked road

sections based on safety. Mati¢ et al. (2022) evaluated the performance of construction

equipment to improve road infrastructure. Table 4 indicated the survey related to this method.

Table 4. Survey of the SWARA method

Authors Research focus GDM  Environment Method(s) Appl. MC Alt.

Kersuliene al. Choice of logical disagreement Yes Crisp SWARA RL 6 -

(2010) resolution

Mohammadian et al.  Applications of the internet of Yes IVTEN SWARA, ARAS RL 22 8

(2021) things in the agriculture sector

Garg et al. (2022) Software selection Yes CIFS SWARA, 1IE 7 4

COPRAS

Mishra et al. (2020) Bioenergy production procedure  Yes IF SWARA, RL 11 6
assessment COPRAS

Paji¢ et al. (2021) Performance of procurement and ~ Yes Crisp SWARA, QFD RL 15 -

distribution logistics




Bag (2020) Smart card systems assessment Yes Crisp SWARA, RL 10 4

WASPAS
Zolfani and  Sustainable material selection Yes Crisp SWARA, BWM RL 17 -
Chatterjee (2019)
Xiang et al. (2022) Choice of coal transportation Yes TF SWARA, RL 4 5
enterprise COPRAS
Stevi¢ et al. (2022) Information technology  Yes Z number IMF SWARA, RL 4 4
assessment EDAS
Vrtagi¢ et al. (2021) Classification of the road section ~ Yes Fuzzy DEA, IMF RL 8 6
SWARA,
MARCOS
Mati¢ et al. (2022) Choice of construction  Yes FR, D number IMF SWARA, RL 16 12
machinery MARCOS
Our study Institutional coordination Yes IVSF SWARA, TOPSIS RL 7 3

evaluation in planning for

public transportation

2.5. TOPSIS method

This method has been used in a variety of studies to determine the best course of action. For
example, Abdul and Wengqi (2022) selected the most appropriate communication technology
for the smart grid. Bilgili et al. (2022) determined the most suitable options for renewable
energy. Saeidi et al. (2022) identified the most critical parameters in sustainable personnel
management. Ayyildiz and Taskin Gumus (2021) evaluated the factors that affect student
ergonomics. The maintenance of bridge projects has been prioritized through the emissions of
carbon dioxide (Gokasar et al., 2021). Reig-Mullor et al. (2022) evaluated the sustainable
corporate performance of companies. Ilieva and Yankova (2022) assessed COVID-19 vaccines
based on their clinical features and effectiveness. Kahraman et al. (2022) assessed the
sustainability of third-party logistics companies. Zhang et al. (2022) assessed the risk associated
with the subway station. Yildiz et al. (2022) assessed the reliable route for cash-in-transit
activities. Gulum et al. (2021) investigated the fire risk after an earthquake. The survey related

to this method is presented bellows (Table 5).

Table 5. Survey of TOPSIS method

Authors Research focus GDM  Env. Method(s) Appl. MC  Alt.

Abdul and Wengqi Communication technology for smart grid evaluation Yes F TOPSIS RL 9 2

(2022)

Bilgili et al. (2022) Renewable energy alternative assessment Yes IF TOPSIS RL 25 4

Saeidi et al. (2022) Sustainable personnel management assessment Yes PFS SWARA, RL 20 3
TOPSIS

Ayyildiz and Taskin Ergonomics listing and risk assessment of pandemic Yes PF AHP, RL 39 100

Gumus (2021) TOPSIS

Gokasar et al. (2021) Bridge projects evaluation Yes T2NN WASPAS, RL 8 5

TOPSIS




Reig-Mullor et al. Sustainability performance of oil and gas companies Yes N AHP, RL 10 8

(2022) TOPSIS

Ilieva and Yankova Vaccines assessment Yes IVFF  TOPSIS RL 5 15

(2022)

Kahraman et al. (2022) Performance assessment of 3PL enterprises Yes IVIF TOPSIS RL 5 8

Zhang et al. (2022) Operational risk assessment of subway station Yes IT2F TOPSIS IE 22 2

Yildiz et al. (2022) Cash transit operation assessment Yes IVIF AHP, RL 24 4
TOPSIS

Gulum et al. (2021) Post-earthquake fire risk evaluation Yes IVN AHP, RL 19 14
TOPSIS

Our study Institutional coordination evaluation in planning for  Yes IVSF SWARA, RL 7 3

public transportation TOPSIS

2.6. Research gaps and contributions

This study addressed a specific local issue in Nairobi related to effective institutional
coordination in public transportation planning. The study is unique in that it chooses the most
appropriate strategy to address these challenges, which have not been previously investigated
and prioritized (see Table 1). Additionally, the study combines the use of the SWARA and
TOPSIS approaches for public transportation planning, which has not been done before (see
Tables 3 and 4). Furthermore, the study utilizes these methods to identify and classify
challenges and suggest practical solutions to overcome them in the context of institutional
coordination in public transportation planning, which has not been previously explored (See
Tables 1, 2, 3, and 4).

This study differentiates itself from other methods by using the IVSFS approach, which has
proven to be more beneficial when dealing with ambiguity in expert opinions in real life. It
proposes a comprehensive framework for decision-making by combining the TOPSIS and
SWARA methods in an IVSF setting. The study has two stages, it first used IVSF-SWARA for
weighting criteria, and then used IVSF-TOPSIS for evaluating and ranking strategies for
successful institutional coordination in public transportation planning. This proposed
framework can aid policymakers in effectively addressing the challenges in institutional
coordination and selecting the most appropriate strategy for real life.

Although this research specifically focuses on identifying the most appropriate strategy for
successful institutional coordination in public transportation planning in Nairobi, however, the
methodology herein can be implemented in other similar decision-making problems.
Additionally, this is the first time that this issue has been examined from an MCDM perspective
in the context of Nairobi, making it a unique contribution to the field. Furthermore, the study
establishes seven key criteria for decision-making, providing a practical framework for

assessing the most appropriate strategy for institutional coordination in public transportation



planning. The research concludes with specific recommendations for Nairobi, making it a useful
guide for real life.
3. Problem definition

The effectiveness of institutional coordination in public transportation planning in Nairobi
has become a pressing issue that requires attention and resolution. To address this issue, various
strategies have been proposed to improve coordination efforts. It is essential that experts
carefully consider and weigh different options to establish a strong institutional coordination
framework for the advancement of public transportation planning in the city.

3.1. Alternatives

Three alternatives have been recommended based on previous studies and viewpoints of
experts as follows:

S1: Strategic planning and implementation: Governments should approach infrastructure
planning in a strategic manner (ALCHIN et al., 2021). A detailed, comprehensive, and regularly
updated strategic infrastructure plan should be used to convey this approach. The plan should
be linked to clear and specific infrastructure funding packages, and a project pipeline should be
outlined at a minimum. Governments should consider the benefits of establishing independent
infrastructure consulting organizations to provide expert guidance on the implementation of
long-term, cross-sector infrastructure strategy, planning, and policy, as well as the top priorities
for mid to long-term infrastructure investments.

S2: Good governance: The management and regulation of public transportation are
governed by several rules and procedures known as governance. A suitable legal framework
and the appropriate distribution of roles, responsibilities, and authority are crucial elements of
an efficient governance model for urban public transportation (Hirschhorn et al., 2020).

S3: Good leadership principles or Ethical leadership: Ethical Leadership requires
promoting the actions of others and resolving conflicts by prioritizing principles such as
accountability, fairness, trustworthiness, respect, justice, and honesty, which are considered key
elements of successful leadership. Therefore, local authorities should have leaders who plan for
public transportation with strong moral principles (Buye, 2020). In general, improving
coordination among institutions in planning public transportation requires ethical leadership
which is connected to effective leadership and good governance (Kanyama, 2016).

3.2. Criteria
Seven criteria have been recommended based on previous studies and viewpoints of

experts as follows:



C1: Poor vision/plan of the city: The physical plans of Nairobi have remained largely
unchanged despite changes in urbanization. The initial plan of Nairobi dating back to 1948,
reflected the colony's racial and commercial segregation policies (Obudho, 1997). Even today,
Nairobi still displays these separate and unequal lifestyles and zoning practices (Kanyama,
2016).

C2: Poverty: The weak economy of Kenya, like that of other sub-Saharan countries, has
limited the ability of cities to deal with forces driving urban development (Okpala, 2009). It is
difficult to have good public transportation based on effective institutional coordination because
poverty in Kenya continues to impede land use and public transportation strategies, prevent
people from paying for their travel expenses or prevent operators from making money to
support the transportation sector.

C3: Fear of change: The coordination of plans for public transportation is hindered by the
concern that the modification of current systems might create new issues that would be difficult
to address. Many small buses are currently used in public transportation systems, which are
thought to employ a large number of people (Kane, 2002). The potential to modernize these
systems could attract new drivers whose preference, will result in a decrease in employment in
the sector.

C4: Lack of political will/corruption: The transportation in Nairobi is susceptible to the
application of unconnected projects with the potential for bribes and opportunities for property
speculation for leaders (Klopp, 2012). Decisions are often based on “planning”, which promotes
the idea of territorial and social separation, exacerbating inequality (Linehan, 2007).

CS: Lack of regulatory framework: The lack of institutional and legal foundations
necessary for the city development, due to governments' unwillingness to establish them, has
resulted in obstructive legal standards, dishonest public officials, and a highly prevalent
informality (Tostensen et al., 2001). Many officials faced crisis management, which involves
limited rational decisions, outdated plans, and decisions made without consultation.

C6: Inadequate fiscal decentralization: A significant drawback in African cities is the
insufficient fiscal and political decentralization, frequently caused by ministries' reluctance to
relinquish their responsibilities out of fear of losing control over projects, money, and power
(Smoke, 2003). Central governments tend to give local ones the most autonomy possible
without allocating additional funds (Wekwete, 1997). They monitor the wealthiest and most
thriving taxes but did not consider the establishment of well-planned financing systems at the
local level and are also hesitant to allow municipal authorities to legally create their sources of

income (Rakodi, 2016).



C7: Inadequate participation in planning: The colonial-era approach to urban planning and
management is responsible for the widespread lack of participation in planning among
institutions in the region, as stated by Wekwete (1997). Despite an increase in the participation
of various parties in the management of African urban sectors, the traditional method of
management remains dominated by public sector investment. Under this approach, the local
and central governments provide social services with minimal input from non-governmental
organizations and private industry.

4. Adopted Methodology

The methodology to handle the problem in this paper is introduced in the following sub-
sections.
4.1. IVSFSs

The definitions and the basic arithmetic operations of IVSFS are presented (Gilindogdu &
Kahraman, 2019).

Definition 4.1: Equation (1) described an IVSFS A of the nature of discussion U.

As = {{w ([1s, ), 1z W], [vi (W), v, W], [, (W), w5 ()] [u € U} M
where 0 < i (u) < pz (W) <1,0<vi (W) <vj(w)<land 0< (,ugs(u))2 + (v}{s(u))z + (n}{s(u))Z <
1.

For every u € U, ,ugs (w), vf{s (u) and ngs (u) are superior levels of membership, non-membership, and hesitancy
of U toAs, respectively. For every u € U, if ,ufi Ju) = ,u%’s(u),v/% (u) = vf{s(u) and nAé (u) = ﬂf{s (u) then,
IVSFS A; lessens to a unique valued SFS.

The  pair of <[/,L%S (w), u%s (u)], [UAI:S (w), vf{s (u)], [ﬂAl:S (w), nf{s (u)]) is  labeled an  IVSFN.
([uﬁs(u),ugs(u)], [vﬁs (w), vf{s (u)], [nﬁs(u), ngs(u)b is presented by & = ([a,b] [c, d] [e f])where
[a.b] <[0.1],[c.d]<[0.1],[e. f]=[0.1]]and b + d% + f2 < 1.

&* = ([1,1],[0,0],[0,0]) is the greatest IVSES while IVSFS, a~ = ([0,0],[1,1], [0,0]) is the littlest and &*/~ =
{[0,0],[0,0], [1,1]) is between greatest and littlest [VSFN.

Definition 4.2: Let, @ = {[a, b], [c,d], [e, f1), & = ([aq, b1], [c1, d1], [er, fi])s and a, =
([ay, by), [c2, d3], [€2, f>]) be TVSFESs then:

@, U @, = {[max{a,, a,}, max{b,, b,}], [min{c,, c,}, min{d,, d,}], [min{ey, e, }, min{fy, f2}1} )
@, N @, = {[min{a,, a,}, min{by, b,}], [max{c,, c,}, max{d,, d,}], [min{ey, e,}, min{fy, f>}1} 3)
ada,=

[((a1)2 + (az)z - (a1)2(a2)2)1/2» ((b1)2 + (b2)2 - (b1)2(b2)2)1/2]; [cica, did,],
(1= (@)D (en)? + (1 = (@))(e)? = (e)?(e2)?) ™, ((1 = BDH(R)? + (1 = B)H(1)? = (R*())’]
@



G Qa, =
[aiaz, bib,], [((51)2 + (C2)2 - (C1)2(C2)2)1/2. ((d1)2 + (d2)2 - (d1)2(d2)2)1/2]
[((1 = ()P (e)? + (1 = ()2 (€2)? = (e)*()?) "%, (1 = (@) (A)? + (1 = (@)D () - ()*(£)2) "]
®)
Multiplication by a scalar; A20
pa={{1-a-a)" 1-a -] [A ] [(A - - a-a® - e (A - b -
(1- b2 - ")} ()
ﬂ,th Powerof @ : 4 >0
&t ={[a},p*][(1- =) (1- A -] [(A - - @ -2 = e (@ - d?) -
(1-a? - 59"} )
Definition 4.3: Let & = ([, b;], [c;,d;] [¢;, f;]) be a group of Interval-Valued Spherical Weighted Arithmetic
Mean (IVSWAM) concerning w; = (W, W, ..., wp,); w; € [0,1] and X%, w; = 1, IVSWAM is expressed as;
IV SWAMW(&I, &2, o "’,dn) = Wq - dl @ wy - dz @ """ @ wy, dn
wiy1/2 \1/2 n R .
(=T =)™ =T (=52 ] M €Iy 0] ®
. i\1/2 ; ~\1/2
X[y (1= af)™ =T0y (1= = €f)™) " (M (1= 57" =Ty (1= 07 = 1)) ]}
Definition 4.4: Let & = ([a;, b;], [c;,d;], [e;, f;]) be a group of Interval-Valued Spherical Geometric Mean
(IVSWGM) regarding w; = (wy, Wy, ... ... ,wp);w;j € [0,1] and 37_; w; = 1, IVSWGM is expressed as;
IVSWGM,,(&y, @, ... ... ,0) =0 Q&P ® ® &)™
. . wis1/2 wi\1/2
= {7 0 7] (- Ty (1= )™) (1= Ty (1= 4™, ®
. \1/2 ; \1/2
(M (1= )™ =T (1= = e?)™) " (M (1= )™ =TT (L= = 7)) )

Definition 4.5: The score function of the IVSFS number « is determined as

a?+b%-c?-d?—(e/2)*-(f/2)?
2

Score (&) = S(&) =

(10)

where Score (&) = S(&) € [~1,+1]. The greater the S(&) indicates the larger a.When S(&) = 1 then @ =
([1,1],[0,0], [0,0]); when S(&) = —1 then @ is the smallest IVSFS number & = ([0,0], [1,1], [0,0]).
4.2. IVSF SWARA

The steps of the IVSF SWARA approach can be presented in the following steps (Aghdaie
et al., 2013; Ighravwe & Oke, 2019; Keshavarz-Ghorabaee et al., 2018):

Step 1. The problem is evaluated through criteria

Step 2. Criteria are classified in descending order by experts using IVSFS linguistic scale
which allows more flexibility during the procedure, as practical problems are uncertain. Table
6 presents the evaluation scale in this form.

Table 6. Linguistic terms



Linguistic terms IVSF number Score index

Absolutely more important (AMI) ([0.85, 0.95], [0.10, 0.15], [0.05, 0.15]) 9,00
Very high important (VHI) ([0.75, 0.85], [0.15, 0.20], [0.15, 0.20]) 7,00
High important (HI) ([0.65, 0.75], [0.20, 0.25], [0.20, 0.25]) 5,00
Slightly more important (SMI) ([0.55, 0.65], [0.25, 0.30], [0.25, 0.30]) 3,00
Equally important (EI) ([0.50, 0.55], [0.45, 0.55], [0.30, 0.40]) 1,00
Slightly low important (SLI) ([0.25, 0.30], [0.55, 0.65], [0.25, 0.30]) 0,33
Low important (LI) ([0.20, 0.25], [0.65, 0.75], [0.20, 0.25]) 0,20
Very low important (VLI) ([0.15, 0.20], [0.75, 0.85], [0.15, 0.20]) 0,14
Absolutely low important (ALI) ([0.10, 0.15], [0.85, 0.95], [0.05, 0.15]) 0,11

The weight matrix can be created as in Eq. (11):

U117 12 - Qq¢

—  a; '

w=|"" (11)
On1 w Qnt

where n — numbers of criteria, t-experts.

Step 3. Aggregation of experts’ opinions based on the arithmetic means of corresponding
scores. For that, IVSWAM in Eq. (8) is applied for the weights of experts.

Step 4. The calculation of positive score values is carried through the score function IVSF
weights in Eq. (12) (Kutlu Giindogdu & Kahraman, 2021).
s; = Score (&) + 1 (12)

Step 5. The rank of criteria is done based on the positive score values.

Step 6. The relative importance c; of each criterion is derived from the 2™ adopted criteria
by assessing positive score values s; of criterion j and j — 1.

Step 7. The coefficient k; is computed.

={". . 77 13
i = {cj +1 j>1 (13)
Step 8. The determination of unnormalized weights q; is:
1 j=1
J K j>1

Step 9. The unnormalized weights of the criteria are normalized and their relative weights

are achieved.
a;

wW; = ——

J Z?:l dk

4.3. IVSF TOPSIS

(15)



The IVSF TOPSIS approach includes the following steps:
Step 10: The alternative evaluation matrix is constructed by experts who used Table 6.
Step 11: Once all alternative evaluations have been determined by all experts, the [IVSWAM
operator as outlined in Eq. (8) will be used to calculate the arithmetic mean of the evaluations
for each alternative.
Step 12: The weighted IVSF decision matrix will be created, using Eq. (6) to incorporate the
criteria weights and alternative ratings. This matrix represents the final decision-making tool

for ranking the alternatives.

D= (Cj (Xiw))mxn
([ﬂile (u), ruillw (u)]v [vflw (u)r Vflw (u)]r [T[flw (u)rnijlw (u)]) ([H%nw (u), #i]nw (u)]r [v%nw (u), Vlunw (u)]v [T[fnw(u)l T[ilnw(u)])
= ([#52w(u)l ﬂgZW(u)]v [U%ZW (u)r 175]2w (u)]' [néZW(u)' ngZW(u)]) o ([Hénw (u)' Mé’nw (u)]' [Vénw (u), Vzunw (u)], [n’%nw (u)v 71'élnw (u)])
([rufnlw(u)l ﬂ‘sllw(u)]v [v‘rl;llw (u)r vrl?lllw (u)]r [T[anlw (u)r T[?LY,LI (u)]) o [M'annw (u)r /":r]mw (u)]r [v#mw (u), Vrlr/mw (u)]v [n':‘nnw (u)v T[rlrlmw (u)]

(16)
Step 13. The score assigned to the parameter of the weighted IVSF decision matrix is

calculated using Eq. (17), which is derived from Eq. (10).

S (Cj(XiW)) = Score (Cj(Xiw)) +1 a7
Step 14. The IVSF Positive Ideal Solution (PIS) and the IVSF Negative Ideal Solution

(IVSE-NIS) are determined using score values from Step 9. The IVSF-PIS is shown in Eq. (18).

X* = {cj,miax < S(Cj(xl-w)) >1j=12 n} (18)
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The IVSF-NIS is shown in Eq. (20):
X- = {Cj,miin < S(Cj(xiw))> j=12..n} 20)

X~ = {(Cl; ([‘Ll%_, Mil_]l [U%_, U{]_], [77,'%_,77,'{]_])>, (CZ' ([‘Ll%_, ,ng_], [U%_, vé"], [TE%_'TE%’_]))} (21)
------ (Coo (g™ 8~ L oo ") [y~ 1))

Step 15. The distances between each alternative Xi and the IVSF-PIS and IVSF-NIS using

a specific equation (Eq. 22) are calculated.

d(Xi %) = S5 ([Geh)” = )|+ |G = )| + | @h)” = )| + | )" = )| +

|Get)” = ()| + | ()" = ()] v (22)
The distance to IVSF-NIS is given by Eq. (23):

(i X7) = 180 (|Get)” = G )|+ |G = )| + ) = G )|+ @l = ()| +

|(5)" = ()| +| ()" = (=7)]) vi (23)



Step 16. The closeness ratio is determined using equation Eq. (24).

L a(xipxj)

Closeness Ratio; =~ fiox JralaoxT) (24)
Step 17. A suitable option is found based on the comparison of the closeness ratios

calculated in the previous step. The flowchart in Figure 1 provides a visual representation of

the entire process, highlighting the integration of the IVSF approach.



Determine the experts Literature review
g : Criteria determination  — h

Expert opinions

X
q ’ Strategies determination "'—\ £ o

|W il

| S

0 =5 ; Aggregated
*7‘ Criteria set Decision matrix 99 g'
matrix
Expert opinions IVSWAM operator
Score
- function
- -
1 U ized solll
o ! nnormalize: S
Criteria weights : . Criteria scores
weights
Normalization Calculation

.

| Tt V :
t Alternapve DECEIOR TRSHR Aggreg;ted
\ strategies : matrix

Expert opinions IVSWAM operator

Score

! : ! function
’ Final scores ‘ e Distances I e PIS and NIS ’

Normalization Calculation

0

I (a]s]
000
(OO0

| Update weights

Re-run IVSETOPSIS é Analyze resuls

Calculation

Figure 1. Flowchart of the applied approach



5. Application

A method has been put forward to tackle the challenges of properly coordinating
institutional efforts in public transportation planning in Nairobi using a multi-criteria approach.
Through literature review and expert inputs, seven significant challenges along with their
potential solutions were identified (see Section 3). The information about the backgrounds of
the experts involved in the study is shown (Table 7).

Table 7. Background information of experts

Expert Gender Occupation Degree Experience
E-1 Male Academia Ph.D. 15
E-2 Female Industry M.Sc. 20
E-3 Male Industry M.Sc. 17
E-4 Male Academia Ph.D. 10

Based on the hierarchical structure depicted in Figure 2, data were gathered using Table

6 from experts.

Poor vision'plan of the city
cn

Strategic planning and
Poverty (C2) implementation (S1)

Fear of change (C3)

Establishing an Institutional
Lack of polrtical will/
corruption (C4)

Coordination Framework in
Planning for Public
Transportation

Good govemance (S2)

Lack of regulatory
framework (C5)

Inadequate fiscal

Figure 2. The framework of assessing and evaluating challenges to adequate institutional

coordination for public transportation planning.



5.1. Prioritizing the criteria

Step 1. The identified seven criteria are determined to analyze strategies to improve
coordination in planning for public transportation.

Step 2. Four experts are consulted to determine criteria weights based on the criteria
assessments (Table 8).

Table 8. Criteria assessment

Criteria E-1 E-2 E-3 E+4
Poor vision/plan of the city (C1) HI HI HI HI
Poverty (C2) EI EI LI SLI
Fear of change (C3) SLI HI LI SLI
Lack of political will/corruption (C4) VHI VHI AMI AMI
Lack of regulatory framework (C5) LI VHI VHI HI
Inadequate fiscal decentralization (C6) SMI EI EIl SLI
Inadequate participation in planning (C7) SMI VHI HI HI

Note: E: Expert.

Step 3. Firstly, mathematical expressions are used to transform the linguistic variables
based on Table 6. Then experts’ opinions are aggregated (see Table 9). At this step, all experts
are assumed to have equal weights.

Table 9. Aggregated evaluations of criteria

Criteria a b c d e f

Cl 0.6500 0.7500 0.2000 0.2500 0.0400 0.0625
C2 0.3956 0.4442 0.5187 0.6197 0.0740 0.1279
C3 0.4056 0.4864 0.4453 0.5305 0.0511 0.0781
c4 0.8072 0.9141 0.1225 0.1732 0.0106 0.0310
C5 0.6552 0.7605 0.2326 0.2943 0.0305 0.0527
C6 0.4704 0.5375 0.4085 0.4928 0.0774 0.1281
C7 0.6597 0.7626 0.1968 0.2475 0.0395 0.0613

Step 4. The calculation of positive scores for criteria is provided (Table 10).

Table 10. Positive scores of criteria

C1 C2 C3 C4 Cs Co Cc7
1.4406 0.8477 0.9596 1.7209 1.4330 1.0474 1.4577

Sj

Step 5. Criteria are ordered as C4 > C7 > C1 > C5 > C6 > C3 > C2.

Step 6. The comparative significances of the criteria are calculated (Table 11).



Table 11. Comparative significances of criteria

C4 Cc7 C1 Cs Co C3 C2

of - 0.2632 0.0171 0.0075 0.3856 0.0878 0.1119

Step 7. The computation of the coefficients is made (Table 12)

Table 12. Coefficients for criteria

C4 Cc7 C1 Cs Co C3 C2

k; 1 1.2632 1.0171 1.0075 1.3856 1.0878 1.1119

]

Step 8. The computation of unnormalized criteria weights is presented (Table 13).

Table 13. Unnormalized criteria weights

C4 C7 C1 Cs Cé C3 C2
qj 1 0.7916 0.7783 0.7725 0.5575 0.5125 0.4609
Step 9. The calculation of final weights is made (Figure 3).
Poor vision/Plan of the city (C1) IR ULCCAERERIEn e mmmmm  0.1597
Poverty (C2)  MEIEHTHEIENTHEITHIENTIETmm  0.0946
Fear of change (C3)  HHIHIFIEHIIUIEICIEIEImmm  0.1052
Lack of political will/ corruption (C4) MU UEEETEREI A A ERERE A TR 0.2052
Lack of regulatory framework (CS5) I 0.1585
Inadequate fiscal decentralization (C6)  [FIUEEHPINUIEIPNAIETINIEEm  0.1144
Inadequate participation in planning (C7) IV 0.1624
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500

Figure 3. Final criteria weights

As shown in Figure 3, experts identified a lack of political will and corruption as a very

critical challenge (0.2052), then, inadequate participation in planning (0.1624), poor vision/plan

of the city (0.1597), lack of regulatory framework (0.1585), inadequate fiscal decentralization
(0.1144), fear of change (0.1052), and poverty (0.0946). The results in Figure 3 indicate that

experts placed significant emphasis on the political and corruption issues. This aligns with the

findings of Okpala (2009) who argued that corruption and lack of political commitment are

prevalent in sub-Saharan Anglo-African cities and decision-makers who engage in corruption

use government resources for personal gain. These actions erode social capital as affected

communities believe that corrupt and unethical decision-makers will ultimately waste their

local development efforts (Simone, 2002).



The second most significant challenge is inadequate participation in public transportation
planning. Our results are comparable to those of Kanyama (2016), who claimed that no
institution in Nairobi was entirely taken into consideration when planning for public
transportation based on the results of interviews. For instance, Blue Shield Insurance involved
parties in Nairobi believed that their insurance responsibility was essential to the public
transportation sector, but they were never consulted when planning.

5.2. Analyzing the strategies

Step 10. The construction of an alternative evaluation matrix from experts is indicated
(Table 14 in the Appendix).

Step 11. Then experts’ opinions are aggregated assuming that all experts have the same
weights again. Table 15 (Appendix) presents the aggregated evaluation of alternative
strategies.

Step 12. The computation of the weighted evaluation matrix (Table 16 in the Appendix)
is shown based on the aggregated strategy evaluation matrix and criteria weights.

Step 13. The weighted IVSF decision matrix is defuzzified via Eq. 17 and given in Table
17 (Appendix) to determine the IVSF-PIS and IVSF-NIS.

Step 14. The determination of IVSF-PIS and IVSF-NIS for criteria are shown (Table 18
in Appendix).

Step 15. The calculation of distances to IVSF-PIS and IVSF-NIS are presented (Table 19)
via Eq. 22 and Eq 23, respectively.

Table 19. The distance between alternatives and ideal solutions

Distance to IVSF-PIS Distance to IVSF-NIS

S1 S2 S3 S1 S2 S3
C1 0 0.0532 0.3485 0.3485 0.2958 0
C2 0.3454 0 0.1746 0 0.3454 0.1708
C3 0.2138 0 0.0123 0 0.2138 0.2015
C4 0.7789 0 0 0 0.7789 0.7789
Cs 0.2474 0 0.2482 0.0171 0.2482 0
Co 0.3110 0 0.0983 0 0.3110 0.2127
C7 0.0374 0 0.3409 0.3035 0.3409 0




Step 16. The determination of the closeness ratio via Eq. (24) is made (Table 20).

Table 20. Final scores of strategies

S1 S2 S3
d (Xij,XjJr 0.4835 0.0133 0.3057
d (X, X)) 0.1673 0.6335 0.3410
Closeness Ratio 0.2571 0.9794 0.5273

Step 17. Strategies are ordered in descending order according to the closeness ratio. The
most appropriate strategy is found to be strategy 2, followed by strategy 3 which took the second
position. Strategy 1 remains the least appropriate strategy.

6. Sensitivity analysis

The strategy ranking is greatly impacted by the weight assigned to specific criteria. Even
minor modifications in these weights can produce significant changes in the final result. Given
that these weights are usually based on the subjective views of experts, it's crucial to assess the
ranking's stability when the weights are adjusted. To ensure the stability of the ranking,
sensitivity analysis can be performed through scenarios that simulate future events or reflect
varying views on the criteria's importance. This enables monitoring of shifts in priorities and
the ranking of alternatives when the criteria weights are adjusted. The sensitivity analysis sheds
light on the ranking's dependability. If the ranking is highly susceptible to slight changes in the
criteria weights, it is advisable to conduct a thorough review of them.

The sensitivity analysis is conducted to confirm the validity of the results by changing the
criteria weights and simulating weights from 0% to 100%. This is achieved by adjusting the
weight of each criterion separately while keeping in mind that the total weight must equal 100%.
The analysis also incorporates variations in the local priority weights of the subjective elements,
as adjusting the importance of criteria demands adjusting the contribution of each criterion to
ensure the strategies are chosen based on the predefined criteria.

The sensitivity of the institutional coordination challenge is evaluated by modifying the
weights of the three most crucial selection criteria (C1, C4, and C7) by a range of 10% to 30%,
and then recalculating the final scores of the strategies using the [IVSF-TOPSIS method. The
findings of the sensitivity analysis are displayed in Table 21, which demonstrates the
consistency of the results.

Table 21. Sensitivity analysis outcomes

Criteria Increasing S1 S2 S3

Score Rank Score Rank Score Rank




Original 0.2571 3 0.9794 1 0.5273 2

Cl1 10% 0.2657 3 0.9779 1 0.5212 2
20% 0.2740 3 0.9765 1 0.5153 2

30% 0.2819 3 0.9751 1 0.5097 2

C4 10% 0.2512 3 0.9799 1 0.5382 2
20% 0.2457 3 0.9804 1 0.5484 2

30% 0.2406 3 0.9808 1 0.5580 2

C7 10% 0.2637 3 0.9797 1 0.5217 2
20% 0.2701 3 0.9799 1 0.5165 2

30% 0.2762 3 0.9801 1 0.5115 2

7. Discussion and policy implications

This study presents a real-life examination in which the challenges in effectively
implementing proper institutional coordination in public transportation planning are identified
and categorized based on their level of criticality, and strategies to overcome these challenges
are prioritized. First and foremost, criteria evaluation is conducted to prioritize strategies. For
this reason, the challenges (criteria) are weighed using the SWARA by applying the IVSF
theory, which illustrates the uncertainty in expert evaluations. TOPSIS is used to rank strategies
in the IVSF setting. To choose the most appropriate strategy, a hybrid SWARA-TOPSIS
method is used in an IVSF setting. Through antecedent studies and experts’ viewpoints, the
proposed hybrid method evaluates criteria and strategies for effectively implementing proper
institutional coordination in public transportation planning. In this regard, the challenges are
evaluated and a strategic framework is established.

The study suggests that a lack of political will and corruption are the biggest challenges to
effectively coordinating institutions in public transportation planning. Consequently, there must
be robust political commitment and support from all levels of government to ensure effective
institutional coordination in public transportation planning. Given that planning public
transportation has a political dimension, failing to acknowledge this aspect increases the risk of
unfavorable results and undermines the chances of long-term success. Furthermore, it is
important to establish strict anti-corruption measures in every stage of public transportation
planning.

The second biggest challenge to effective public transportation planning is ineffective
involvement during the planning procedure, which is a widespread issue in cities in sub-Saharan

Africa, according to Rakodi (2016). This lack of involvement from institutions is assigned to



the metropolitan operational and planning model from the colonial era, which is heavily focused
on public sector investment and does not involve a diverse range of parties. It is crucial for
African leaders to move away from a colonial-influenced, paternalistic attitude and instead
embrace citizen participation and power-sharing to strengthen the relationship between the
government and civil society. By doing so, the public will be more likely to engage in
discussions about urban development and feel that their input is valued in the planning process.

A third major challenge in public transportation planning is the lack of a clear and
comprehensive plan for the city. It has been observed that Nairobi lacks the necessary
institutional framework for effective land use and transportation planning and that the city's
current approach is perpetuating negative patterns of development. This issue can be traced
back to the 1960s, highlighting an improper establishment of adequate land and transportation
planning governance systems. Furthermore, current planning strategies have been ineffective
due to the unexpected increase in population density in certain areas. City officials must develop
new planning strategies that are appropriate for the changing socioeconomic and cultural
context of the city. To effectively plan for the future, Nairobi needs to gather accurate data to
inform the planning process, as the mechanisms of urbanization are constantly changing.

The expert committee identified that the main challenges to the effective coordination of
institutions in public transportation planning are ineffective political commitment, corruption,
and insufficient participation in the planning process. As a result, the committee determined
that the most appropriate strategy for addressing these challenges is focusing on good
governance principles (S2 alternative). This strategy prioritizes political representation and the
formation of cooperation between the government, private sector, and citizens in public
transportation planning, which are essential for an effective institutional coordination
framework.

8. Conclusion

This study proposes combining the SWARA and TOPSIS techniques under the IVSFSs
environment to tackle the challenges encountered in coordinating among institutions during
public transportation planning. The proposed approach is validated by examining a real-life
example in Nairobi, revealing that the most significant issues impacting coordination in public
transportation planning are the absence of political commitment, corruption, insufficient
participation during the procedure in planning, and an inadequate overall plan for the city. The
findings of the study indicate that good governance principles are crucial for effectively
addressing coordination issues among institutions involved in public transportation planning.

This study makes notable contributions in two ways: by providing a rational and systematic



approach to selecting the most appropriate strategy for improving coordination in Nairobi, it
offers a practical framework for institutional coordination in public transportation planning.
Additionally, the newly developed integrated model represents a scientific advancement in the
field.

Although this study makes a valuable contribution to understanding institutional
coordination in public transportation planning, it also has certain limitations. One limitation is
that it did not take into account socio-economic and political factors in its criteria, and only a
small number of experts participated in the survey. Another limitation is that the study lacked
standards for selecting appropriate experts for data collection.

In the future, studies in public transportation planning should consider the socio-political and
technical challenges involved in coordinating institutions. To ensure accurate results, it is
essential to involve more experts in the research process. To achieve this, researchers should
establish criteria for selecting the appropriate experts. Besides, the application of a linear
programming framework (Das et al., 2018; Das et al., 2017; Edalatpanah, 2019) under
uncertainty is suggested in establishing future integrated approaches. The currently proposed
methodology may be considered in the study of supply chain management and logistics, choice

of the contractor during construction, and, sustainable building material choice.
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