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Abstract 
 
Background: Every year, the number of T-Cash users is increasing significantly. 
However, the increase is not in sync with the number of T-Cash transactions. In this year, 
it was noted that active T-Cash users were only 35%. Some clinical studies have 
established an assessment of the quality of services, there are several dimensions assessed 
according to the topic of research. The dimensions of service quality used in this study are 
dimensions of efficiency, reliability, responsiveness, privacy, and security. 
Objective: This study aims to build general models and simulations in increasing 
customer satisfaction with the quality of T-Cash services and produce the best scenarios 
that can be used by policymakers in increasing customer satisfaction.  
Methods: System dynamics framework is utilized for the development of the model and 
scenarios. Because by using a system dynamics framework can predict service quality 
sometime in the future so that it can produce policies for the company. 
Results: The simulation results are considered valid because they produce E1 values of 

3% (E1 valid when E1 ≤ 5%) and E2 of 7% (E2 valid when E2 ≤ 30%). E1 is mean 
comparison and E2 is error variance. Based on these 2 scenarios, a policy can be 
taken that scenario 1 significantly increases customer satisfaction compared to scenario 2.  
Conclusion: Based on the simulation that has been done, it can be concluded that the 
dimensions of responsiveness, privacy, reliability, security, and efficiency have an effect 
on improving service quality. On the scenario 1, it can be concluded that with the addition 
of the user friendliness dimension, the service quality will experience a significant 
increase over the next 5 years. 

  

I. INTRODUCTION 

The development of information technology in the present continues to progress, so that makes modern 
society so dependent and feels increasingly difficult to separate from technology. While with the existence of 
these technologies, such as there are no more restrictions in the environment. Many things can be known, done, 
and facilitated by the presence of technology. So that with the development of technology continuously is 
expected to have a positive impact on the development and progress of the nation. As in the world of banking, 
technological developments have a big impact because the presence of new technologies that continue to emerge 
can make it easier to make transactions. Innovations in the banking world continue to be born and developed 
through modern technology to provide the best service to consumers. One important activity in the economic 
cycle is transaction activity, where the activity involves payment tools. Payment tools are an important part of 
the banking world and are experiencing rapid changes following technological developments. 

Non-cash transactions can also increase business productivity because it allows the businessman to track all 
transactions more quickly. For consumers, the benefits obtained when conducting transactions using the non-
cash system are providing convenience for 24-hour transactions with convenience and lower costs. On the other 
hand, for the government, non-cash transactions will encourage economic efficiency. Cost savings will start 
with printing costs and also the cost of distributing money, cash handling, to administrative management. Some 
cellular operators in Indonesia also participated in the success of the National Non-Cash Movement program by 
issuing e-money products, one of which was PT. Telekomunikasi Seluler (Telkomsel).  

 Every year T-Cash users increase significantly, but the increase is not accompanied by an increase in 
transactions made using T-Cash. Based on the results of observations at PT. Telkomsel recorded that only T-
Cash active users were only 35%. The majority of T-Cash users experience the intensity of using T-Cash as an 
electronic payment service. Users who initially use 2 times a month can go down to once a month or even do no 
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transactions at all. In addition to top up, which is usually done once a month, it can go down to once every two 
months or not even top up at all since the first time it was registered. With these things it can be illustrated that 
there is a decrease in customer loyalty towards T-Cash products from Telkomsel. For this reason, it is necessary 
to explore customer satisfaction with the T-Cash application, so that it can improve the quality of products 
according to the customer's wishes. And it is necessary to make simulations to increase customer satisfaction 
that affects the profit of Telkomsel. 

S. Khan and Mahapatra [1] stated that the main factors in service quality are reliability, accessibility, user-
friendliness, privacy/security, efficiency, responsiveness, and fulfillment. Behjati [2] created a conceptual 
framework that will facilitate the development of quality electronic services and measure validity and reliability 
for customer loyalty and satisfaction. Based on the findings, there are 9 independent dimensions that influence 
customer loyalty and satisfaction, namely trustworthiness, reliability, ease of use, security, personalization, 
responsiveness, accessibility/convenience, aesthetic and utilitarian. But this research only uses the quality of 
electronic services in general. According to L. Zhao et al [3], there are 5 dimensions that can explore the 
relationship between service quality and customer satisfaction, namely efficiency, reliability, responsiveness, 
fulfillment and privacy. Based on previous research, the author will combine several dimensions to determine 
the service quality of T-Cash. In this study, the author uses the dimensions of responsiveness, privacy, security, 
reliability, and efficiency. Previously, there had never been a model for T-Cash customer satisfaction based on 
the quality of T-Cash services. Therefore, the author makes the model for consideration companies to make 
policies in order to maintain the satisfaction and loyalty of T-Cash customers. 

The purpose of this research is to build a general model of simulation systems that aims to maintain and 
improve T-Cash customer satisfaction through service quality and produce the best scenario that can be used by 
companies in maintaining and increasing customer satisfaction through the service quality of T-Cash. 

This paper is organized as follows : section 2 is literature review; section 3 is method; section 4 is the results; 
section 5 is discussion; and the last section is conclusions. 

II. LITERATURE  REVIEW 

Some researchers define customer satisfaction to assess customer responses to a product. According to Kotler 
[4], mentions satisfaction is a person's happy feeling or result of disappointment over the comparison of 
perceptions of product performance (results) in relationships or expectations. While according to Y. Kuo et. al 
[5],  customer satisfaction is a function of customer trust where he is treated fairly. Customer satisfaction will be 
felt from the return of customers to buy or use company products and services. Customers whose satisfaction 
will positively affect customer retention and secure future income [6]. Satisfied customers will bring strong 
loyalty with a focus on the company [7]. Customer satisfaction results in repeated purchases, loyalty, positive 
words and high profitability [8]. The main indicators of customer satisfaction are trust, commitment, 
communication, service quality, service satisfaction and service handling [9]. 

Yang and Fang [10] identified that there are 5 dimensions of the quality of online services including 
reliability, responsiveness, competence, access, and security, where the five dimensions are used to evaluate 
service quality and customer satisfaction. F. Hamed et al [11] examined the relationship between online service 
quality and customer satisfaction. According to qualitative analysis data, the privacy dimension is the most 
noticed dimension because it is viewed from the point of view of a service's security and this dimension has a 
significant impact on service quality and customer satisfaction. Reliability and responsiveness are the next 
important dimensions and have a significant impact on trust. According to Zeithaml et al [12], customer loyalty 
is described as a natural consequence of service quality. Customer loyalty is a behavioral intention that follows a 
transaction related to perceived quality, service experience, and level of satisfaction [13]. The effects of service 
quality on certain behavioral intentions have been studied in several studies such as the willingness of customers 
to recommend companies, willingness to pay premium prices to companies and repeated buyers' intentions [2]. 

III. METHODS 

This research is divided into 7 stages, consist of: identification of problem, literature study, data collection, 
system dynamics framework, verification and validation, scenario, and results of analysis [14]. 

A. Identification of Problem 

At this stage, data and information collection are needed by conducting surveys and observations. Identifying 
problems were done by collecting data on the number of active and passive T-cash users recorded at PT. 
Telkomsel. And then, doing an observation on the user that causes decrease of transaction.  

B. Literature Study 

The next step is to look for literature studies related to the topic raised. The purpose of this stage is the author 
understands the methods that will be used in the preparation of research. The author studies and understands the 
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increase in customer satisfaction through service quality and modeling using a system dynamics framework. 
Literature comes from e-books, journals, the internet, and other sources. 

C. Data Collection 

The third stage is data collection. At this stage, the authors collect data that is more detailed and closely 
related to the problems that have been identified previously. The data and information collected will then be 
poured into a system dynamics model. The technique used in data collection is in distributing questionnaire to 
T-Cash users. The author distributing 30 questionnaire to T-Cash users in Surabaya. In addition, the author also 
took data at PT. Telkomsel for data in previous years.  

The questionnaire uses a Likert scale with a scale of "strongly disagree (1), disagree (2), no choice (3), agree 
(4), strongly agree (5)". Because service quality and satisfaction are defined as levels, not variables, so that they 
are compatible with the scale models of the modified 1, 2, 3, 4 and 5 questionnaires to the satisfaction levels of 
0, 25, 50, 70 and 100 respectively. For example, if the value is average for the privacy value of 3.82, it will be 
converted to a value of 64 which is defined as the privacy dimension on T-Cash "quite satisfactory". 

D. System Dynamics Framework 

System dynamics is defined as a field to understand how things change with time [15]. System dynamics is 
methods that can describe processes, behavior, and complexity in the system [16]. This system dynamics 
methodology has been and is being developed since it was first introduced by Jay W. Forester in the 1950s as a 
complex problem solving method that arises due to causal dependence of various variables in the system. 
Dynamics model is an experimental approach method that underlies the realities that exist in a system to observe 
the behavior of the system [17]. The purpose of a system dynamics methodology based on a cause and effect 
philosophy is to get a deep understanding of how a system works. The stages in the dynamic system approach 
are: Problem identification, system conceptualization, formulation, simulation, policy formulation and 
evaluation, and the last is implementation. 
1) Causal Loop Diagram (CLD) 

Data that has been collected is then identified into variables. Then the data is arranged in accordance with 
the interaction pattern in the form of causal loop diagrams. A causal loop diagram is a form of the system 
dynamics model that presents the structure of the feedback diagram (cause and effect). This diagram shows 
the direction of changes in variables and polarity. Flow polarity as stated above is divided into positive and 
negative [18]. 

2) Stock and Flow Diagram (Base Model) 
Causal loop Diagrams that have been formed can be arranged again into more detailed parts, namely by 
making a flow diagram (stock and flow diagram or base model). Flow diagrams represent the relationships 
between variables that have been made in a causal diagram more clearly, using various symbols for various 
variables involved [17]. In stock and flow diagrams pay attention to the influence of time on the 
interrelationship between variables, so that each variable is able to show the accumulated results for variable 
levels, and variables that show the rate of system activity each time which is the rate. Data analysis is based 
on monthly data starting from 2007 - 2018. Stock and Flow Diagram of service quality describes the quality 
of service behavior that will affect customer satisfaction. Measurement of service quality is based on the 
dimensions of responsiveness, privacy, security, reliability, and efficiency. 

E. Verification and Validation 

The results of the flow diagram model that has been made will then be carried out the Verification and 
Validation process. Verification is the process of checking the model whether there has been no error. 
Verification is done by examining the formulations that have been made according to the relationship of 
variables with other variables and checking the unit of variables in the model. If there is no error in the model, 
the model has been verified. The Validation process is then carried out to ascertain whether the model matches 
the actual system conditions. The Validation process is carried out in two ways, namely model validation with 
statistic Average Comparison Test (mean comparison) or with model validation with a Comparison Test for 
Appendix Variation (% error variance) [19]. 

a. Mean Comparison 

E1 = �
�̅ �̅

�̅
� ..... (1) 

 
Information: 
E1 = Mean Comparison (% error variance) 

S  Average Value of Simulation Results 

A = Data Average Value 
Model is considered valid if E1 ≤ 5% 
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b. Comparison Test for Appendix Variation (% error variance) 

E2 = �
�� ��

��
� ..... (2) 

Information : 
E2 = % error variance 
SS = Standard Deviation Model 
Sa = Standard Data Deviation 
Model is considered valid if E2 ≤ 30% 

F. Scenario 

In accordance with the objectives of the study, the model that has been built will be made a scenario to 
increase customer satisfaction. At this stage a policy simulation will be carried out to determine the behavior 
that will be generated, this simulation is carried out by comparing several policies to be taken and ensuring 
which policies have the best scenario. 

G. Results of Analysis 

In the final process, the author documents the results of the research which results in an affirmation of a 
policy that can be used by the company. Reports on research results written by the author follow the specified 
journal format. 

IV. RESULTS 

Data collection was done through the distribution of the questionnaire to T-Cash users that later processed 
and grouped based on service quality dimension variables. Then the data is modeled and simulated according to 
the purpose of this study. 

A. Causal Loop Diagram (CLD) 

Causal loop diagram is arranged based on component variables that have been identified. Causal loop 
diagram is a disclosure about the occurrence of a causal relationship into an image, where the image displays 
interrelated arrows forming a causal diagram. Negative and positive signs on causal loop diagrams illustrate the 
types of consequences by causes. If the relationship is in the direction of the arrow is positive (+), but 
conversely, if the relationship is in the opposite direction, then the arrow is negative. 

 

 
Fig. 1 Causal loop diagram 
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The cause and effect diagram is made by linking the relationship of a variable with other variables. Thus it 
can be understood, the relevance and the extent of its influence. All variables that influence the problem are 
involved in the model. Increased service quality is influenced by responsiveness, privacy, reliability, security, 
and efficiency. Customer satisfaction affects number of handling complaint, frequency of transaction, new 
customer and loyality. Customer satisfaction can increase because it is influenced by service quality and 
handling complaint. Loyality affects recurring transactions and profits. Loyality can increase because it is 
influenced by customer satisfaction. From the conceptualization of the model through causal loop diagram on 
Fig. 1, it can be seen that the main purpose of modeling is to determine the behavior of T-Cash service quality 
that will affect customer satisfaction and customer loyalty. 

B. Base Model (Stock and Flow Diagram) 

Stock and flow diagram of service quality describes the service quality of T-Cash that affect customer 
satisfaction. Data initials at service quality level based on data taken from questionnaires distributed to T-Cash 
users. Measurement of service quality is based on the dimensions of responsiveness, privacy, reliability, 
security, and efficiency. Increased service quality is influenced by responsiveness, privacy, reliability, security, 
and efficiency. The time of data analysis is every month of the year and the length of the simulation is carried 
out for 12 years (2007-2018). Service quality stock and flow diagrams is shown in Fig. 2. 

 

 
Fig. 2 Stock and flow diagram of service quality 

 
Fig. 3 shows a graph of service quality T-Cash at Telkomsel. The service quality value scales 0-100 from the 

average value dimension of service quality. The growth of service quality values is very volatile up and down. 
This shows that service quality T-Cash must be quickly overcome so that customers do not feel that service 
quality from T-Cash is bad. Because it affects customer satisfaction. Therefore, serious handling is needed to 
find out which dimensions have the most significant influence on the increase and decrease in service quality. 

 

 
Fig. 3 Base model simulation result 
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TABLE 1.  
VALIDATION 

Year Population Data Population Model 
2007 75,2 75,0  

75,2 75,2  
75,2 75,3  
74,8 75,1  
75,6 75,3  
76,3 75,6  
75,3 75,8  
75,9 75,7  
75,3 76,0  
75,8 76,2  
75,9 76,5  
76,0 76,9 

etc ...................... ......................... 
2018 89,9 91,5  

90,4 91,9  
91,0 92,2  
91,6 92,6  
91,3 92,4  
91,9 92,8  
91,7 92,7  
92,0 92,8  
91,8 92,7  
91,8 92,7  
91,8 92,7  
92,3 93,0 

AVERAGE 82,4 84,8 
STDEV 4,6 5,0 

E1 
 

3% 
E2 

 
7% 

C. Verification and Validation 

Conceptual model validation is the process of determining whether the theories and assumptions underlying 
the conceptual model are correct and reasonable for the proposed objectives of the model. Validation to 
ascertain whether the model matches the actual system conditions. 

This Validation process is carried out in two ways, namely model validation with mean comparison statistics 
(1) or with model validation with error variance (2). Based on the average comparison test in the table above 
shows that the value of E1 is 3%, then the model is considered valid because the value of E1≤ 5%. Based on the 
comparison test of the amplitude variations in the previous table, it shows that the E2 value is 7%, then the 
model is considered valid because the value of E2 is ≤ 30. The model that has been made is considered valid 
because the graph shows that the data population and model population have intersected data, the graph can be 
seen in Fig. 4. 

 

 
 

Fig. 4 Comparison of data population and data model 
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Scenario development is made if the basic model previously made is valid. In this section, we will show how 
the system structure of the basic model can be changed by using some feedback loops by adding new parameters 
and changing the structure or called a structured scenario. And how the model parameters can be changed to see 
the impact of other variables of the system or commonly called parameter scenarios. Scenario development is a 
method of prognosis or forecasting where the results of the development of the scenario are used to develop 
various alternative possibilities in the future. 
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Based on the existing model Fig. 2 that has been developed, the model can be used to design scenarios to 
obtain anticipatory policies that are effective against a variety of possibilities that can occur in the future. The 
draft scenario includes: 1) Scenario 1 concerning adding a new dimension to service quality, namely user 
friendliness, 2) Scenario 2 is the addition of infrastructure dimensions. 

Scenario simulations are conducted to forecast the next 5 years, because usually changes in policy are based 
on changes in position that occur every 5 years, from 2019 until 2023. 

 
1) Scenario 1 Addition to the New Dimension of User Friendliness  

The reason for adding user friendliness dimensions is because an application is considered to have good 
quality if the application is easy to use or easy to operate. User friendliness is intended in this case, namely, 
the application has features that are easily understood by users. So, to improve the quality of service an 
application product needs to be made an application that is easily understood, used and understood by users. 
To see a comparison between the base model and scenario 1 model can be seen in Fig. 5. The red color 
shows the base model and the blue color shows the scenario model 1 that has been made. 
 

 
Fig. 5 Simulation results of scenario 1 

 
2) Scenario 2 Adding Infrastructure Dimensions 

The reason for the addition of the infrastructure dimension is that the addition of infrastructure based on the 
investment value of the company is expected to improve the quality of the application for the better. 
Infrastructure here can be in the form of additional bandwidth to speed up the response of the application 
when run. To see a comparison between the base model and scenario 1 model can be seen in Fig. 6. The red 
color shows the base model and the blue color shows the scenario model 1 that has been made. 
 

 
Fig. 6 Simulation results of scenario 2 

V. DISCUSSION 

The model simulation results obtained that improving service quality greatly affects customer satisfaction. 
Based on the initial simulation, it was found that the quality of service experienced ups and downs due to 
several factors not in accordance with the wishes of the customers. To maintain and improve customer 
satisfaction, the quality of T-Cash services must be improved. In improving service quality, this study uses 2 
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scenarios to see which scenarios can be taken to increase customer satisfaction. Scenario 1 was created by 
adding a new dimension to user friendliness. Scenario 2 by adding an infrastructure dimension to improve the 
infrastructure of T-Cash so that it can be accessed more quickly. Based on these 2 scenarios, a policy can be 
taken that scenario 1 significantly increases customer satisfaction compared to scenario 2. 

To increase customer satisfaction can be done by providing electronic transaction services [20]. With the use 
of electronic transaction services, the frequency of transactions becomes faster and more efficient, so that each 
customer can save their time and costs. The company can also make customers more loyal by offering various 
financial services by renewing their electronic services. Electronic services that offer a variety of financial 
services will increase customer dependence on the services offered, so companies can generate higher income 
from each customer. 

There are 5 dimensions which in this study are responsiveness, privacy, security, reliability, and efficiency. 
Where the simulation results show that the efficiency dimension has a strong influence on service quality.  
Quality and Matrix [21] considered if there are five dimensions that need to express the measurement of service 
quality, that is: tangible, reliability, assurance, responsiveness, and empathy. Service quality provides an 
incentive for customers to establish strong ties with the company. For the long term, service quality allows 
companies to understand carefully the expectations of customers and their needs, thus the company can increase 
customer satisfaction where the company maximizes pleasant customer experience and minimize unpleasant 
customer experiences [22]. Such things that exist in the five dimensions of service quality that are noticed by the 
company are the five dimensions that will determine the level of customer decisions. Service quality is a level of 
excellence that is expected to meet consumer desires. If the service received is as expected, the service quality is 
perceived as good and satisfying. If the service received exceeds consumer expectations, then the service quality 
is perceived as the ideal quality. Conversely, if the service received is lower than expected, then the service is 
perceived poorly [21]. According to Hemalatha et al [23], the existence of service quality will encourage 
customer decisions in using these services [23]. In addition, service quality can also encourage consumers to 
establish strong ties with the company. 

VI. CONCLUSIONS 

After modeling the problems in improving the service quality of T-Cash, a number of important conclusions 
can be drawn regarding related policies. Based on the simulation that has been done, it can be concluded that the 
dimensions of responsiveness, privacy, reliability, security, and efficiency have many effects on improving 
service quality. By improving the quality of these dimensions, the service quality will increase every month. The 
simulation results are considered valid because they produce E1 values of 3% (E1 valid when E1 ≤ 5%)  and E2 of 

7% (E2 valid when E2 ≤ 30%). Based on the scenario that has been done in scenario 1, it can be concluded that 
with the addition of the user friendliness dimension, the service quality will experience a significant increase 
over the next 5 years. In scenario 2, it can be concluded that with the addition of infrastructure dimensions, the 
service quality will experience a significant increase over the next 5 years compared to the initial model. The 
results of this study will be submitted to PT. Telkomsel as consideration to make policies for increasing 
customer satisfaction and loyality. In this study, the authors only using service quality to measure customer 
satisfaction. For further research, it is expected that the measurement of customer satisfaction can consider other 
factors such as costs, transactions and comparison of service quality to other competitors. 
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