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Abstract

The service quality of public transport system plays a crucial role in maintaining the overall efficiency and
sustainability of urban mobility. Bus services in Bangladesh are crucial for transporting people but often
underperform, requiring high-quality service to retain users and reduce traffic congestion. This study evaluates the
service quality of public bus transportation on the Bahaddarhat to Agrabad route of Chattogram, Bangladesh, using
Multi-Objective Optimization by Ratio Analysis (MOORA) technique in combination with Entropy Weight
Method (EWM). The factors taken for this analysis include fare, accessibility, safety, comfort, satisfaction, waiting
time, travel time, overcrowding and punctuality. The objective weights based on data variability are assigned to
each factor using the entropy method. In addition, MOORA is used to rank the chosen options, which are Chattalar
Chaka, Metro Provati, and 10 no bus. Furthermore, significant variations in service quality are revealed by data
gathered from passenger surveys and in-person observations. The Metro Provati, after assessing all the pros and
cons, turns out to be the best choice with the highest MOORA score, due to its safety, punctuality and overall
satisfaction among users. This study provides significant insights for improving urban bus transportation of the
chosen route of Chattogram by integrating a methodical and impartial evaluation framework. Nevertheless, the
process guarantees a fair evaluation, enabling authorities to efficiently prioritize important service improvements.
Additionally, this analysis process could be used further for advanced urban transportation planning. In conclusion,
to increase decision-making accuracy and eventually promote a more effective and commuter-friendly public
transportation system, future research could extend the study to more routes and include real-time data analytics.

Keywords: Public transportation; Service quality assessment; MOORA method; Entropy Weight Method;
Chattogram.

1. Introduction

Public transportation systems are essential for urban mobility, offering cost-effective, efficient, and sustainable
travel options that help reduce traffic congestion and minimize environmental impacts (Moslem et al., 2019). They
significantly contribute to fostering social equity while ensuring that transportation remains accessible to all (Eboli
& Mazzulla, 2011). In rapidly developing countries like Bangladesh, especially in densely populated cities such
as Chattogram, public buses remain the primary mode of transportation for daily commuters (Deb & Ahmed, 2018;
Hu et al., 2015). Consequently, The Bahaddarhat to Agrabad bus corridor is one of the key routes, linking
residential areas to business centers and serving thousands of passengers each day (Govender, 2014). Despite its
importance, this route faces ongoing challenges such as inconsistent service schedules, overcrowding, inadequate
safety features, poor cleanliness, and uncomfortable conditions, which negatively affect passenger satisfaction
(Bordagaray et al., 2014; Chowdhury & van Wee, 2020). Service quality in public transport is influenced by factors
including punctuality, reliability, safety, comfort, affordability, driver behavior, and available facilities on board
(Lai & Chen, 2011; Machado-Ledn et al., 2016; Ratanavaraha et al., 2016). The quality of public transportation in
Bangladesh has been studied extensively. For intercity travel in Bangladesh, studies show that bus services are
better than trains in terms of ticketing convenience and responsiveness, but they fall short in operational efficiency
and comfort (Mamun & Fatima, 2021). In Dhaka, the bus service quality does not meet expectations. Users are
unhappy due to poor vehicle conditions, irregular schedules, and safety issues, even though low travel costs are a
positive aspect (Rahman et al., 2017). Neural networks have shown that punctuality, seat availability, and service
frequency are the main factors affecting bus service quality in urban areas (Islam et al., 2016). Specific studies,
like those on the Pabna-Dhaka highway, have highlighted that punctuality, seat comfort, and female harassment
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affect significantly in satisfaction. These findings suggest that improvements should focus on these key areas (Al-
Amin et al., 2021).

Several studies have demonstrated that multi-criteria decision-making (MCDM) techniques, like MOORA (Multi-
Obijective Optimization by Ratio Analysis) and TOPSIS (Technique for Order of Preference by Similarity to Ideal
Solution), are effective in evaluating and ranking service quality indicators in public transportation systems
(Hamurcu & Eren, 2022). Likewise, the integration of Grey AHP-MOORA models helps to address the subjectivity
and uncertainty in service quality assessments, with an emphasis on reliability, safety, punctuality, and user
satisfaction (Moslem & Celikbilek, 2020).

The Entropy Weight Method (EWM) determines indicator weights in an objective manner by incorporating data
variability and uncertainty, reducing the bias linked to subjective approaches such as AHP (Kenger et al., 2025).
In this way, it guarantees that the most significant factors are accurately emphasized (Eboli & Mazzulla, 2011; Lai
& Chen, 2011). On the other hand, the MOORA model is chosen for its simplicity, robustness, and ability to handle
conflicting criteria, making it ideal for transportation evaluations where various factors need to be balanced
(Hamurcu & Eren, 2022; Soza-Parra et al., 2019).

The combination of EWM and MOORA offers a hybrid approach, leveraging the strengths of both methods to
provide a transparent and data-driven evaluation process (Hamurcu & Eren, 2022; Moslem & Celikbilek, 2020).
This method has been successfully applied in previous studies on transportation service quality, urban mobility,
and electric vehicle evaluations (Ofia Lopez & Ofia Lopez, 2014; Ratanavaraha et al., 2016)

This study applies the EWM combined with the MOORA model to evaluate and rank key service quality factors
along the Bahaddarhat to Agrabad bus route in Chittagong, providing unbiased and quantitative insights. The aim
of this study is to evaluate the public bus transportation operators on the Bahaddarhat to Agrabad route in
Chittagong. To accomplish the aim, two objectives were established: first, to calculate the weights of key service
quality indicators from survey data using the Entropy Weight Method (EWM), and second, to evaluate and rank
public bus transportation operators through the MOORA model with EWM-derived weights, thereby identifying
priority areas for improvement. Therefore, the findings will support policymakers and urban transport planners in
implementing targeted interventions to improve service quality, safety, and passenger satisfaction, contributing to
more sustainable and efficient urban mobility (Deb & Ahmed, 2018).

2. Methodology

2.1 Study Area

The study focuses on the Bahaddarhat-Agrabad bus corridor in Chattogram, Bangladesh, a critical transportation
corridor with significant demand for passengers and service quality concerns. It was chosen because of its strategic
importance in connecting major residential, commercial, and industrial sectors. Chattogram, Bangladesh's second-
largest city and commercial hub, has a fast developing urban population, which increases dependency on public
transportation (Farjana et al., 2024). However, existing bus services along this corridor frequently experience
congestion, uneven scheduling, overcrowding, and safety concerns, reducing passenger satisfaction and overall
service efficiency.

2.2 Data Collection Techniques

a. Data Types
The data preparation for this study follows a systematic process to ensure the reliability and validity of the results.

The process includes data collection, cleaning, transformation, and integration from multiple sources, such as the
survey responses and field observations.

Observational Data Observe and record bus frequency, punctuality, waiting times, and
overcrowding during peak and off-peak hours.

Quantitative Data Numerical scores or measurements (e.g., waiting time in minutes,
Likert scale ratings for satisfaction).
Target Population Passengers who regularly travel on the Bahaddarhaat to Agrabad

route (Daily or weekly travelers).

b. Questionnaire and Sample size determination

A systematic questionnaire was created using existing public transportation service quality frameworks (Redman
et al., 2013). The questionnaire uses Likert scale evaluations to assess passengers' satisfaction with key service
variables such as safety, punctuality, comfort, and affordability, as well as direct numerical inputs such as waiting
time in minutes. To ensure that the sample is representative, a simple random sampling procedure is used,
minimizing selection bias and boosting the generalizability of the findings. To determine the appropriate sample
size, Yamane’s Formula is used, which provides a statistically valid estimation for finite populations (Yamane,
1967) shown in Equation (1).
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Where, n = sample size, N = total population size, e = margin of error

This strategy has been widely utilized in transportation studies (Sathyanarayana et al., 2024) and is statistically
reliable. Based on an estimated population size, the study selects 260 respondents, achieving a 95% confidence
level with an acceptable margin of error of 5%. This ensures that the collected data is both statistically valid and
reflective of passenger experiences.

2.3 Demographic Analysis

As presented in Figure 1(a), the Metro service records the highest ridership among passengers aged 18-25, with
students forming the majority. This preference is primarily influenced by frequent scheduling and fare concessions
available through student travel cards. In contrast, passengers belonging to the 25-40 age cohort are more inclined
to use the 10 No Bus, although Chattalar Chaka also accommodates a notable share of commuters from this group.
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Figure 1: Distribution of passengers based on Age Group
2.2. Alternatives

1. 10 No. Bus (A1): The 10 No. Bus (A1) offers moderately low fares and moderate service frequency, making it
an accessible option for daily commuters. However, it operates without designated stops, leading to frequent delays
as passenger’s board and alight from any point along the route. The lack of ticketing system, overcrowding is a
persistent issue, while poor interior cleanliness affects the overall travel experience.

2. Metro Provati (A2): The Metro Provati (A2) operates with a structured and organized service, featuring a
ticketing system for regulated fare collection. It picks up and drops off passengers only at fixed points along the
route, ensuring efficient and predictable travel times.

3. Chattalar Chaka (A3): The Chattalar Chaka (A3) offers a comfortable and structured transport service with air-
conditioned (AC) buses, ensuring an enhanced travel experience. It operates with a ticketing system, providing
regulated fare collection and transparency. The service follows a fixed-point boarding system, reducing delays and
improving efficiency. Additionally, buses depart at 30-minute intervals. But the number of buses was not yet
efficient enough.

2.3 Criteria:
Table 1. Criteria for service quality assessment
Factor Description Type
Comfort (K5) Physical and psychological comfo_rt during travel (seating, space, Benefit
ventilation).
Perception of personal safety during travel (driving behavior, .
Safety (K1) security from theft). Benefit
Satisfaction (K2) Number of buses available during peak and off-peak hours. Benefit
Punctuality (K9) Adherence to scheduled departure and arrival times. Benefit
Accessibility (K8)  Ease of accessing bus stops and routes (distance, infrastructure). Benefit
Waiting Time (K7) Time spent waiting at bus stops. Cost
Travel Time (K4) Duration of the journey from start to destination. Cost
Fare (K6) Affordability of ticket prices relative to income. Cost
Overcrowding (K3) Level of crowding on the bus (seating availability, standing room). Cost

Source: (Naim et al., 2022)
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2.4 Detail of multi-criteria decision-making approaches

The Entropy Weight Method (EWM) is applied to determine the objective weights of each service quality indicator
based on the survey data. EWM calculates the weight of each indicator by analyzing its degree of variation across
different responses. Indicators with more uniform responses (lower entropy) are assigned higher weights, whereas
those with more dispersed responses (higher entropy) receive lower weights. The decision-making process includes
defining criteria values, setting goals, creating a decision matrix, and normalizing data with weights. This helps
ensure fair and balanced comparisons and prevents any single criterion from dominating.

% @
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Xijis the value of the j™" criterion for the i™ alternative. This normalization ensures that each criterion contributes
equally to the decision-making process, preventing any single criterion from disproportionately influencing the
results.

X*ij:
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This formula is calculating the "uncertainty™ or "disorder"” of the data for each criterion. If all the alternatives have
similar values for a criterion, the entropy is low (less uncertainty). If the values of the alternatives are very different,
the entropy is high (more uncertainty).

Ej=-k*XLRjIn(R) 4)

Entropy (E;) is a measure of uncertainty or diversity in the data for a given criterion. The higher the entropy, the
more variation there is in the values for that criterion across all alternatives, and the more information it provides.

Where K = % and n is the number of alternatives.
n(n

- ©)
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Wi represents the weight of each criterion, reflecting its importance based on data uncertainty or diversity.
Normalization ensures proportional, balanced weights, allowing fair comparisons and giving more influence to
informative criteria in decision-making.
The weighted normalized decision matrix is created by multiplying normalized values by entropy weights,
adjusting the weight of each criterion based on its uncertainty and data variation. This approach ensures that each
criterion's impact is fairly reflected in the decision-making process, considering the uncertainties in the data. This
ensures that each criterion's influence is proportional to its importance.

The MOORA method assists in ranking alternatives by evaluating both benefits and costs. It does this by
subtracting the value of cost criteria from the value of benefit criteria, which provides a comprehensive view of
the performance of each alternative.

MOORA =Y (Benefit) — > (Cost) )

For each alternative, the MOORA value is calculated by subtracting the normalized values for the cost criteria
from those of the benefit criteria. After calculating the net score for each alternative, they are ranked accordingly
based on their performance, with the highest score indicating the best alternative. This approach ensures a balanced
evaluation of both the positive and negative aspects of each alternative.

3. Results and Discussions

3.1 Result

a. Decision Matrix Normalization
Normalization of the decision matrix is carried out to ensure that all criteria can be compared directly. The value
of each criterion is normalized using the vector method to ensure the values are on the same scale.
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Table 2. Decision Matrix

K1 K2 K3 K4 K5 K6 K7 K8 K9
Al 2383 3319 1652 3281 2126 2887 3.436 3.140 2183
A2 3760 3495 3076 3.794 3.666 2538 3.239 2641 4.794
A3 45 2108 4173 3.478 4369 1608 2978 2.043 1.978

Table 3. Decision Matrix Normalization

K1 K2 K3 K4 K5 K6 K7 K8 K9
Al 0161 0.225 0.112 0.222 0144 0196 0.233 0.213 0.148
A2 0.226 0.210 0.184 0.228 0220 0.152 0.194 0.158 0.288
A3 0.292 0.136 0.270 0.225 0283 0.104 0.193 0.132 0.128

The 10 No. Bus (Al) excels in Fare (0.196), Accessibility (0.213), and Waiting Time (0.233), making it an
economical and convenient option. Nevertheless, it performs poorly in Overcrowding (0.112), Comfort (0.144),
and Safety (0.161) because of unorganized stops, inadequate cleanliness, and high passenger density. Punctuality
(0.148) is also a concern, with irregular boarding causing delays in travel.

The Metro Provati (A2) excels in Punctuality and Safety. It offers a structured and reliable service. It also enjoys
high Satisfaction and moderate Travel Time, which ensures a predictable commuting experience. However, its
scores in Comfort and Accessibility are average, and its Fare is slightly higher than (A1).

The Chattalar Chaka (A3) has the best scores in Safety, Comfort, and Overcrowding, which guarantees a
comfortable and organized transport experience. It also performs well in Travel Time but has the lowest Fare score,

indicating it is more expensive. Additionally, Accessibility and Punctuality are lower because of longer departure
intervals.

b. Calculate Entropy and Criteria Weight
Entropy quantifies the degree of ambiguity in data itself for every criterion, and weights are computed according
to the entropy values to assess each criterion's significance (Chen & Li, 2010) . In this computation, probability P;;
is determined using equation (3), entropy E; is determined using equation (4), and Wi is determined using equation
(5).

Table 4. Probability

K1 K2 K3 K4 K5 K6 K7 K8 K9
Al 0.097 0135 0.067 0.134 0.087 0.118 0.140 0.128 0.089
A2 0121 0112 0.099 0.122 0.118 0.081 0.104 0.085 0.154
A3 0165 0.077 0.153 0.127 0.160 0.059 0.109 0.075 0.072

Table 5. Entropy Calculation

K1 K2 K3 K4 K5 K6 K7 K8 K9
Al 0206 0246 0.165 0245 0.193 0229 0.251 0.240 0.196

A2 0232 0223 0.208 0.234 0229 018 0.214 0.190 0.262
A3 0270 0180 0.261 0.239 0.267 0152 0.220 0.176 0.173

The 3 types of operators have entropy score range for the factors as follows: 10 no Bus (Al): 0.165-0.251, Metro
Provati (A2): 0.186- 0.262 and Chattalar Chaka (A3): 0.152-0.270. A higher entropy score suggests more
inconsistency in evaluating the operator’s value, with Chattalar Chaka having the highest variability, followed by
Metro Provati, and Bus Al being the most consistent.

Table 6. Value Weight analysis

K1 K2 K3 K4 K5 K6 K7 K8 K9
Al 0112 0.107 0.118 0.107 0.114 0.109 0.106 0.108 0.114
A2 0109 0.110 0.112 0.109 0.109 0.115 0.111 0.115 0.105
A3 0103 0116 0.104 0.107 0103 0.120 0.110 0.116 0.117
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The analysis reveals that the 10 No. Bus ranks high in accessibility and passenger satisfaction, indicating that
passengers consider the service convenient and have a positive overall perception of it. However, the operator
received low scores for safety, overcrowding, comfort, and punctuality, indicating significant problems. In that
case, Passengers might experience safety concerns, overcrowding, and discomfort, while inconsistent service
schedules could further add to their dissatisfaction. In contrast, The Metro Provati performed strongly in safety,
passenger satisfaction, and timeliness, highlighting these as its main strengths. This suggests that dependable
schedules and secure travel are key factors contributing to its positive ratings. However, the low scores for comfort
and crowding suggest the travel experience is still lacking, which could influence how users perceive the overall
service quality.

On the contrary, The Chattalar Chaka performed well in managing overcrowding, safety, and comfort. This
suggests that passengers appreciate effective crowd management, a secure travel environment, and adequate
comfort. However, the lower scores in fare affordability, punctuality, and overall satisfaction highlight persistent
operational challenges. These challenges may arise from a limited number of buses in operation and fairly high
fares, which can negatively impact user perceptions and overall satisfaction.

c. MOORA Score:

Table 7. Analysis of MOORA Score Calculation

MOORA Score MOORA Rank
10 no bus (A1) 0.015 3
Metro Provati (A2) 0.021 1
Chottolar Chaka (A3) 0.020 2

Considering all factors, The Metro Provati ranks first with the highest MOORA score of 0.021, primarily due to
its excellence in safety, punctuality, and overall passenger satisfaction. The Chattalar Chaka ranks second with a
MOORA score of 0.020; despite providing safety, comfort, and other positive features, it is hindered by high fares,
a limited number of buses, and few bus stops. These drawbacks minimized its acceptability among users. The 10
No. Bus ranked lowest, with a MOORA score of 0.015 which reflects its poor performance attributed to several
issues such as inadequate safety, low comfort levels, and severe overcrowding.

4, Results and Discussion

The findings of this study align with previous research on public transportation service quality and reinforce the
significance of various service quality indicators. The application of the MOORA method combined with the
Entropy Weight Method (EWM) provided a ranking of bus services along the Bahaddarhat to Agrabad route. The
results indicate that Metro Provati (A2) achieved the highest ranking due to its structured service, safety, and
punctuality, while the 10 No. Bus (A1) scored the lowest primarily due to issues related to overcrowding, lack of
comfort, and poor service regularity.

Comparing our results with previous studies, Multiple Linear Regression (MLR) was applied to assess passengers'
satisfaction with bus services in Chittagong (Farjana et al., 2024). In this study found that fare pricing,
overcrowding, and delays negatively impacted passenger satisfaction. This study findings reinforce this
conclusion, as overcrowding and poor safety conditions significantly lowered the ranking of A1, while structured
services and reliable timing contributed to A2’s superior ranking. Similarly, in another study, Data Envelopment
Analysis (DEA) was used to evaluate the efficiency of public transport services in Chittagong. Their results
highlighted that service frequency, accessibility, and travel time efficiency were the key determinants of passenger
satisfaction (Naim et al., 2022). This following study findings confirm this, as Metro Provati’s high ranking was
due to its reliability and structured pick-up and drop-off system, reducing unpredictability in travel time. The
effectiveness of the MOORA-EWM approach has also been validated in transportation-related decision-making
research. (Marlinda & Dewi, 2024) demonstrated that combining MOORA with entropy weighting enhances
objectivity in multi-criteria decision-making, leading to reliable rankings in transportation service evaluations.
This is consistent with the following study, which demonstrated that the hybrid methodology enabled a more data-
driven and objective assessment of service quality indicators. According to (Kabir & Rahman, 2011), sustainable
public transport relies on a balance between affordability and passenger comfort. Their study suggested that
improving infrastructure and fleet quality is essential for long-term sustainability. Our research supports this claim,
as Metro Provati’s superior score was partially due to its structured boarding system, which minimized
overcrowding and improved the overall passenger experience.

Despite the strengths of this study, some limitations should be acknowledged. The sample was restricted to 400
passengers, which, while statistically significant, may not fully capture the perspectives of all commuters.
Additionally, external factors such as road congestion and policy changes were not accounted for in the analysis.
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Future research should integrate real-time traffic data and expand the sample size to enhance the robustness of
findings. Overall, this study validates the MOORA-EWM approach as a robust framework for evaluating service
quality in public transportation. The findings provide critical insights for policymakers and transport planners to
improve service efficiency, enhance passenger satisfaction and move towards a more structured and sustainable
public transport system in Chattogram city.

5. Conclusion

The MOORA-EWM methodology was used in this study to effectively assess and rank the service quality of public
transportation on the Bahaddarhat to Agrabad route in Chattogram. The research provides valuable insights for
policymakers and urban planners in Chattogram city, emphasizing the need for structured scheduling, improved
fleet management, and enhanced passenger comfort to create a more efficient and sustainable public transport
system. Future studies should incorporate a larger sample size and consider real-time traffic conditions to further
refine service evaluations. By leveraging data-driven decision-making methods like MOORA-EWM, transport
authorities can implement targeted improvements, ultimately leading to a more accessible, efficient, and
commuter-friendly public transport system.
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