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Abstract  

Every country in the world have faced a tremendous growth of development over the 
last decade. The number migrants from rural area to urban area has led to the increasing the 
traffic volume in urban and cities area. The public transport provided in Malaysia are public 
buses, taxis, train, Light Rail Transit and so on. Public transport has a very important role 
towards urban development and at the same time provides convenient transportation to 
passengers in economic terms. The objective of this study is to review suitable method to 
development of expert system view for quality of urban bus services in Peninsular Malaysia. 
The Expert System's knowledge base is the most significant component, as it is selecting rule 
from the knowledge base and then performs the actions of that rule. After that, the inference 
engine chooses another rule to execute.  As for the framework of this research including task 
analysis, Data Collection, Development expert system, Refinement, Verification and 
Evaluation. The framework that on expert system development have been explained in this 
paper. There are five important attributes for evaluating bus services which are bus 
frequency, passenger load, Hours of service, on time performance and comparison of travel 
time of buses and private vehicles. These features were selected based on a as stakeholder 
questionnaires that conducted by previous research. According to TCQSM, these five 
attributes are also labelled in the five grades of service quality which are grade A to E. There 
is total 25 questions which is each attribute consists 5 questions each.  A complete procedure 
on the fundamental understanding of the basic notions of the phases of Expert System 
creation with respect to its methodology and stages of development has been attempted. 
Keywords: Methodology, Services Quality, Bus Services, Expert System  
 
Introduction  
Every country in the world have faced a tremendous growth of development over the last 
decade. The number migrants from rural area to urban area has led to the increasing the 
traffic volume in urban and cities area (Chow & Bakar, 2019). Public transport is identified as 
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the most important sector for the economy as these services also provide a profit return. 
Profits from public transport revenue can boost the economy of local authorities and 
communities (Horcher & Tirachini, 2021). The public transport provided in Malaysia are public 
buses, taxis, train, Light Rail Transit and so on. Public transport has a very important role 
towards urban development and at the same time provides convenient transportation to 
passengers in economic terms. With public transport in place, it can also provide good 
awareness to foster dependence on private vehicles and reduce carbon dioxide pollution 
(Boqiang & Chen, 2020). When most of the middle and high-income people, stay away from 
public transport, especially buses. As a result, it may affect the decline in the use of public 
transport in Malaysia. It is further compounded by the increase in the number of private cars.  

One of the most important metrics in urban transportation planning is accessibility 
which quantifies how easy it is to get to a facility (Ribeiro et al., 2021). Public transport 
provides mobility services to users and it also has an impact on the urban system (Haitao et 
al., 2019). The difficulty for public transportation authorities (or transit agencies) is to provide 
a service that is not only efficient and reliable, but also appealing to users (Diab & El-Geneidy, 
2021). Performance measures can be used to better understand the types of transit systems 
that need to be. Public bus services need to operate efficiently and effectively. The two terms 
are completely related, and they should be considered as measurements in transit systems.  

In Malaysia, public transport is very developed and quite practical, and will save 
Malaysians from the trouble of dealing with driving. Buses, BRT, light-rail transit (LRT), 
monorail, express rail link (ERL), and commuter rail make up the present public transportation 
system (Norhisham et al., 2019). However, the use of public transport especially buses 
services are decreasing (Deb & Ahmed, 2018). Therefore, the authorities need to take steps 
to improve the quality of bus services. Research methods using human experts to calculate 
the quality of service for bus performance using long manual calculations will be time 
consuming and costly (Sam et al., 2018). Therefore, expert systems need to be developed 
because expert system are able to do better work than human experts (Bahadir & Hatice, 
2019). When human experts are unavailable, expert systems are easily accessible. In terms of 
the time limitation, teaching engineers on an expert system takes significantly less time than 
training a fresh human expert. Expert systems are less possibility to contain mistakes and the 
result would be accurate better than manual calculations (Salleh et al., 2015).  

Application of expert system could be used on evaluating quality service attributes 
such as frequency of service, hours of service, punctuality, and passengers load etc. By using 
this approach, this system could assist and navigate stakeholder, authority and operator in 
identified the of level of service for bus services especially in urban area (Norhisham et al., 
2020). The system must be validated to ensure that it functions properly and that its 
credibility is maintained at an appropriate level (Bahadir & Hatice, 2019). The level of bus 
performance rating is based on consumers’ opinion and feedbacks. Perception about terms 
that not accurate can be used to get the inaccuracies (Munim & Noor, 2020). By using a 
decision and organisation system, a knowledgeable engineer verifies the system's 
performance. Besides, the questionnaire survey to get data and opinion from user (Agyeman 
& Cheng, 2020).  

The Expert System's knowledge base is the most significant component, as it is 
selecting rule from the knowledge base and then performs the actions of that rule. After that, 
the inference engine chooses another rule to execute (Welshi et al., 2015). Expert system give 
input along the process and at the same time guide the users by providing a few opinions and 
suggestions for certain problems. Expert systems can become so complex that, without 
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accurate and robust techniques, it is not possible to evaluate their performance (Nelms et al., 
2020). Through a comparison of the manual computation and the system's results, the 
operating system has been effectively verified, validated, and evaluated Evaluation also 
considered as critical part of expert system development consist of three main components 
known as verification, validation and evaluation the system (Mohammed et al., 2019; 
Falamarzi et al., 2016). Therefore, the objective of this paper is to review suitable method to 
development of expert system view for quality of urban bus services in Peninsular Malaysia. 

 
Methodology  
In this section, selection of methodology will explain briefly on developing an expert system 
for quality of bus service in peninsular Malaysia, interview session as to analysed expert 
opinion on bus performance rating for quality of service in Malaysia condition and detailing 
process of evaluation for this system review. 
 
Project Framework  
As for the framework of this research, it requires Task analysis, Data Collection, Development 
expert system, Refinement, Verification and Evaluation. At this moment, the framework that 
will be conducted for this research. this development process starting by identify the task 
analysis to identify the scope and limitation. Next is knowledge acquisition which is the part 
of data collection. Experts in the relevant subject have been picked to obtain related 
knowledge in the problem domain. Interviews with professionals in this sector were 
undertaken in order to obtain the necessary knowledge on risk assessment processes. Experts 
were contacted by phone and e-mail to set up a meeting to discuss risk assessment 
techniques. The third phase is development of prototype. In this phase, the tools and software 
use for this prototype will be chosen. Then, refinement on this project will be done to improve 
the performance of expert system. Lastly, this project will be evaluated by experts and 
comparison between manual process and system process will be checked. For developing this 
expert system, MATLAB are chosen as the preferred expert system framework due to its 
existence more user-friendly interface.  
 
Task Analysis  
The first step before developing expert system, the developer needs to identify the scope and 
limitation for this project. The objectives of this project also need to fully understand to 
achieve the goals. The attributes for bus performance rating to need to be identified A public 
interview that based on the questionnaire will be conducted with experts such as bus 
authorities, bus providers and academician. This is important because to gain information 
about the bus quality service in peninsular Malaysia. This analysis also will identify the time 
schedule for planning, develop and refinement process period.  
 
Knowledge and Information acquisition 
Knowledge and information are acquired through interview with experts. The interview 
question will be created based on bus performance characteristics. Then, the interview 
question will be contributed to stakeholders. The interview feedback will be collected for data 
analysis. 
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Prototype System 
Software MATLAB was chosen as a tool to build an expert prototype system development in 
this study. Researchers gain expert knowledge and research release for determine the 
direction and goals of prototype development. A framework has been planned for the 
construction of expert systems. 
 
Validation 
Validation is the testing process, and it is the primary means of ensuring that the finished 
product meets all of the standards. This is the process of examining a system or its 
component(s) to see whether they meet the specified requirements or not. It is the process 
of running a system to find any gaps, faults, or missing needs that are not present in the real 
requirements. This step will test all possible parameters, values, variables and conditions in 
the input section, as well as check the interface and check the interface flow sequentially.  
 
Evaluation 
 A system’s evaluation is a procedure that evaluates it critically. It entails gathering and 
analysing data on the actions, characteristics, and consequences of a programme. Its goal is 
to make programme evaluations, improve programme effectiveness, and/or guide 
programming decisions. 
 
Analysis Expert Opinion of Bus Performance Rating for Quality of Service in Malaysia  
In this sub section, interview session was undertaken to experts from related fields namely 
academician, bus authorities, and bus provider. Data collections are conducted in April 2021.  
 
Interview questions  
There are five important attributes for evaluating bus services which are bus frequency, 
passenger load, Hours of service, on -time performance and comparison of travel time of 
buses and private vehicles. These features were selected based on a as stakeholder 
questionnaires that conducted by previous research. According to TCQSM, these five 
attributes are also labelled in the five grades of service quality which are grade A to E. 
However, these grades need to be check whether it is accurate and suitable with Malaysia 
condition. In addition, the opinions of those experts vary according to field, expertise and 
experience. The probability of providing different solutions at different times was also 
identified. Therefore, an interview should be conducted with experts to identify if the grade 
stated by TCQSM is appropriate for Malaysia and identify a consistent solution from the 
expert group once the service quality grade is identified.  
 
The questions in the interview guideline were derived from current literature. The guideline’s 
questions were designed to be open-ended, with agree or disagree answers expected. There 
is total 25 questions which is each attribute consists 5 questions each. This question is to 
check whether the parameter for each level Quality of Service for each attribute is accurate. 
If experts did not agree with the parameter, then we will take the feedback from the experts 
to set a new one for each QOS. 
 
Methodology of Interview 
The interviewing session will be undertaken to experts in field and the survey period. This 
stakeholder will be given interview question through phone call, google teams or email. The 
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interview question will be distributed to all experts from transportation field. There are total 
of 25 questions regarding to quality of service of bus performance rating. The interview 
questions are divided into 5 attributes and each attribute contain 5 questions. The experts 
will be asked if they agree with the current parameter of the QOS or they want to set new 
parameter that suitable with Malaysia condition. Experts can give recommendation or 
suggestion to improve quality of service in Malaysia. There are total of 20 experts listed and 
been contacted to set appointment date for interview session. The interview session will be 
conducted for 10 min until 15 min duration depends on experts. The target respondents are 
5 experts from authorities, 5 experts from bus provider, and 5 experts from academician. The 
minimum experts needed for this study is 10 experts.  
 
Expected Result 
Once the interviews are conducted, the data analysis can be separated to each attribute. Also, 
improvement proposals have also been sorted according to grade as to isolating and 
determining the grade of service quality and suggestions for improvement. Other the other 
hand, the suitability of the grade and should be taken as consideration for new grade 
according to the expert opinion that will be made for the conditions of urban environment in 
Peninsular Malaysia. Recorded schedules and suggestions for improvement will be placed 
along with the grade results in the expert system to be developed. 
 
Methodology of Expert System Development  
In this subsection, the methodology of development of an expert system for quality of bus 
service divided into four main stages which the first stage consists of the knowledge 
acquisition. The knowledge base is obtained from a human expert in the second stage, which 
includes segmentation of the area of interest and extraction of thermally appropriate records 
the suitability of the grade and will be taken into account for a feature. The inference engine 
is obtained in the third stage through a statistical analysis of the features and the creation of 
a decision tree. The user interface is completed in the fourth stage with the validation and 
feedback of experts. Finally, an expert system is obtained to evaluate quality of bus service in 
Peninsular Malaysia.  
 
The information and data that obtain from expert through interview session will be used in 
prototype development. We need to gain expert knowledge and research for prototype 
development. After the knowledge base is finished, it will be integrated into the expert system 
so that it can communicate with people. The end user will be able to communicate with the 
prototype and receive recommendations from the knowledge base via the prototype's user 
interface. Finally, the user will receive a fix solution from the expert system.  
 
Features in Expert 
There are five attributes available in this expert system for evaluating the quality of bus 
service in Malaysia. The main user interface which is main menu interface will have the 
following features; about, e-library, Quality of Service, and exit button. About interface will 
briefly explain about the expert system to give a clear understanding to user. E-library 
interface list the definition of every terms used in the expert system and also give short 
definition for every attribute available in the system. To evaluate bus performance rating for 
quality of service, the user can choose any attributes available in the QOS interface. In 
information segment, user need to put engineer name, bus company, bus number, date and 
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time. Then, they need to key in all the required data for the attributes to get the result. Lastly, 
the result showed the Quality of Service for that area and expert suggestion (if available). 
Next, user can choose whether to continue evaluate other attribute or end the system by click 
‘Exit’ button.  
 
Development of Expert System using MATLAB Software 
Software MATLAB was chosen as a tool to build an expert prototype system development in 
this study. Researchers gain expert knowledge and research release for determine the 
direction and goals of prototype development. A framework has been planned for the 
construction of expert systems. MATLAB has a preferred expert system framework due to its 
existence more user- friendly interface, as well as can be integrated with other application 
such as MS Excel. MATLAB is more suitable for completing specific mathematical or 
technological tasks because this software is a matrix formulation and vectors. Figure 3.5 is an 
example of a MATLAB main window. MATLAB selected because it is user friendly, and a lot of 
versatile programming assisted. After the knowledge base is finished, it will be integrated into 
the expert system so that it can communicate with people. The end user will be able to 
communicate with the prototype via its user interface and receive recommendations drawn 
from the knowledge base via the inference engine. Lastly, the user will receive solution from 
the expert system as a fix solution for decision making.  
In prototype development, the design is expected to have evolved according to characteristics 
selected from options during the knowledge acquisition process. On this stage, the solution 
element will be wider as well as give values which is better to the system, and a lot of input 
on information from expert knowledge through interviews can be added. Prototype system 
once again will be tested to achieve satisfied level. The code and algorithm can be changed 
to enhance and improve the system process to run smoothly and efficiency. Next, validation 
is the process of comparing the final result by Bus-ES system and manual calculation. Expert 
system needs to be testing after the development to make sure that the system run smoothly 
and perfectly. The manual result from field will be compare with expert system result to check 
the accuracy of expert system. Result for each attribute will be compared to get the accuracy 
system. 
  
Methodology of Evaluation of Expert System  
The prototype will be reviewed to ensure that the system functions properly. The major goal 
of the testing in the evaluation phase is to ensure the system's user-friendliness as well as its 
reaction time. User friendliness in terms of font used and user interface, simplicity of 
navigation, and system smoothness are three characteristics that are taken into account. This 
evaluation is carried out to examine the system's usability, which is regarded a more basic 
and superficial exam. In this phase, a total of 5 users are involved.  
 
Evaluation  
Last stages known as evaluation process as to ensure the system works correctly without any 
error. Five characteristics that are focused on is the visibility, real world convention, Error 
prevention, consistency, and user control. This evaluation is carried out to test the usability 
of the system which is considered as a simpler and surface testing. A total of 5 users are 
participating in this phase. Evaluation form will be given to experts listed in table 3.11 to know 
how well the interface of expert system application is understood. The questionnaires of 
evaluation were designed using Likert scale values 1 to 5 (1 = Very bad; 2 = bad; 3 = average; 
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4 = good; 5 = Very good). The criteria to evaluate the usability of Expert System application is 
presented in Table 3.12. Experts fill out the evaluation form in Table 3.12 based on their 
experience when using the expert system. 
At this stage, the user will enter the Bus-ES system and they will read information about the 
system. Then, they will choose any attributes and enter input of the field data. After they 
completed all the information needed in the interface, they can select result button to see 
the output. After that, the users can continue to choose other attribute and do the same step 
to get the result. Lastly, they could exit the system if they already finished using it. From their 
experience using the system, they can evaluate how the system work based on 5 values which 
are: visibility, real world convention, consistency, error prevention and user control. 
 
Conclusion  
As a conclusion, the paper is aimed to develop an overview of methodology for developing 
expert system based on expert view for quality of urban bus services in Peninsular Malaysia. 
This method would provide an overview of the processes and methods used in the creation 
of Expert Systems. A complete procedure on the fundamental understanding of the basic 
notions of the phases of Expert System creation with respect to its methodology and stages 
of development has been attempted. The method on developing questionnaire and 
evaluation on the expert system also explained in this paper as part of the system 
development. Many researcher and relevant parties have recognised the practical benefits of 
the experts System as a part of industrial revolution 4.0 process and the technology demand 
in country future development. Expert system can assist people on accelerating economic 
growth and solving crucial difficult problems in important sectors can be tackled. Further 
using the method in this area is highly recommended in future.  
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