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Abstract 

 

A study was conducted at McDonald’s in Sungai Dua, Penang, to improve its waiting and service time 

based on the queuing theory. A questionnaire was distributed to determine the customers’ satisfaction level. 

Customers’ arriving, waiting, serving, and leaving time were recorded in three consecutive weeks for two 

different hours which is from 10.00 am to 11.00 am (normal hours) and from 12.00 pm to 1.00 pm (peak 

hours), and within two different days (Wednesday and Saturday). The arrival, waiting, and serving time 

consists of four different scenarios. Scenario I is when 100% of the customers ordered food at the counter. 

Scenario II is when 70% of the customers ordered food at the counter and 30% ordered food by using the 

machine. Scenario III and Scenario IV are projected to reduce the number of customers who ordered food 

at the counter to 30% and 0% respectively. ARENA simulation software and Social Sciences Statistical 

Package (SPSS) software were used in this study. The results show that the average waiting time during 

normal hours is higher than during peak hours. When collecting food, the waiting time and number of 

customers queueing increased during peak hours. It is suggested that the waiting time and number of 

customers queueing will be reduced by adding another counter for collecting food. In terms of customers’ 

satisfaction level, it was concluded that sanitation is moderate and customer service is good.  
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1. Introduction 

The fast food industry was developing in the early 1970s due to numerous changes in eating habits 

and food services (Boas & Chain, 1976). Fast food is food that is prepared and served quickly. French fries, 

fried chicken, and hamburgers are the most popular fast food products usually packaged in boxes and 

disposable wrappers (Boas & Chain, 1976). The food is usually sold to customers from a counter at the 

restaurant or by a driveway. The essential feature of a fast food restaurant is to wait for customers to receive 

food (Qamar, Whitman, & Malzahn, 2012). Customer waiting time is therefore important to increase 

customers’ satisfaction. 

Queuing is a mathematical analysis of queue or waiting line (Vaidyanathan, 2009). Queuing theory 

was first analysed by a Danish engineer, mathematician, and researcher named Agner Krarup Erlang in 

1913 to solve the telephone traffic problem (Vass & Szabo, 2015). Queuing or waiting in line is a 

phenomenon that people face every day. Most people do not like to wait because they want to save time, 

reduce the cost of waiting and serving, and attain satisfaction. Queues exists because the demand for service 

is higher than the availability of service facilities (Onoja, Kembe, CJ, & Gbenimako, 2017). Fast foods are 

a fast-growing industry in Malaysia and around the world. Even if Malaysians like to have home-cooked 

food, they decide to get a fast meal in fast food restaurants because of their limited time and busier lifestyle 

(Quoquab, Dardak, & Zakaria, 2011). In addition, fast foods are readily prepared, affordable, and readily 

accessible compared to home-made foods (Quoquab et al., 2011). There are a lot of fast food franchises in 

Malaysia such as KFC, McDonald’s, Pizza Hut, Domino’s Pizza, Kenny Rogers Roasters, Marrybrown, 

and Burger King. Table 01 shows the number of fast-food outlets in Malaysia. 

 

Table 01.  Number of Fast Food outlets in Malaysia 

Fast Food Number of Outlets 

KFC 647 

McDonald’s 260 

Pizza Hut 346 

Dominos Pizza 449 

Kenny Roger Roasters 88 

Marrybrown 130 

Burger King 64 

TOTAL 1984 

 

2. Problem Statement 

In fast food restaurants, there are some important things that most customers will 

consider such as less waiting time, short queuing line, affordable price, workers’ attitude, and 

food quality (Dharmawirya, Oktadiana, & Adi, 2012). Most fast food restaurants face the 

problem of long waiting lines during peak hours especially during promotions, lunch, and 

dinner time (Koh, Teh, Wong, Lim, & Migin, 2014). Hence, due to many customers, other 

customers must wait for their turn before being served and for those who are unwilling to wait 

for a long time, they may leave the fast food restaurant without buying or ordering anything. 
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3. Research Questions 

 Previous research has shown that there is very limited study on the queuing system for fast food 

restaurants. The queuing system is still new and there is a gap of studied. The simulation of the queuing 

system using ARENA software is also very limited. ARENA simulation software was used for this study. 

The Statistical Package for the Social Sciences (SPSS) software was used to determine the satisfaction level 

of customers being served. Currently, there is no study which shows the waiting line of customers served 

in McDonald’s Sungai Dua. 

 

4. Purpose of the Study 

Long waiting lines occur especially during peak hours, special offers, lunch, and dinner 

in fast food restaurants (Koh et al., 2014). Some people do not like to go to fast food 

restaurants because they do not like to queue in a line. The study intends to investigate the 

queue behavior of customers during normal and peak hours as well as the satisfaction of the 

customers served by the staff. The purpose of the study is as follows: 

1. To determine the performance of the service during normal and peak hours. 

2. To optimise server numbers, waiting time, and service costs during normal and peak 

hours. In addition, the queuing analysis predicts when the number of customers would 

decrease by 30%, 70%, and 100% when the machine is broken. 

3. To investigate customers’ level of satisfaction during peak and normal hours. 

  

5. Research Methods 

The study analysed the queuing process at McDonald’s in Sungai Dua, Penang. Customers arriving 

time, waiting time, serving time, and ending time during two different selected hours 10.00 am to 11.00 am 

(normal hours) and 12.00 pm to 1.00 pm (peak hours), and within two different selected days (Wednesday 

and Saturday) are monitored for a record that will be further analysed for three consecutive weeks from 17th 

February 2018 until 6th March 2018. The customers were provided with an additional questionnaire to 

determine their level of satisfaction at McDonald’s Sungai Dua. The questionnaire was distributed to 

customers during normal and peak hours on the two selected days. The machine was forecasted when 100%, 

70%, and 30% of machine users were included as a study.  

 

5.1. Physical Characteristics of Server  

The queue notation is written as :A/B/P/Q/R/Z 

Where A, B, P, Q, R, and Z describes the properties of the queuing system. 

 

• A - distribution type of the inter-arrival times.  

• B - distribution type of service times.  

• P - number of servers on the system.  

• Q - maximum duration of the queue. (Optional) 
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• R - the size of the population of the system. (Optional) 

• Z - the discipline of queuing. (Optional) 

Based on our interview with the restaurant manager, we concluded that the queuing model that 

best illustrates the operation of McDonald’s Sungai Dua is M/M/1. This means that the time of arrival and 

service is distributed exponentially (the Poisson process). The M/M/1 queuing model is shown in Figure 

01. 

 

Figure 01.  M/M/1 Queuing Model 

 

5.2. Optimization of server and customers 

In analyse the serving process of McDonald’s Sungai Dua, the following variables were 

investigated: 

• λ: Interarrival time 

• µ: Mean of service rate  

• ρ: λ/µ: utilisation factor  

• The probability that there are no customers in the restaurant: 

                                                 𝑃0 = 1 − 𝜌  

• Pn: The probability that there are n customers in the restaurant. 

                                            𝑃𝑛 = 𝑃0𝜌𝑛 = (1 − 𝜌)𝜌𝑛                                                                                                  

• L: average number of customers eating in the restaurant. 

𝐿 =
𝜌

1−𝜌
=

𝜆

𝜇−𝜆
 

• Lq: average number of customers queueing.   

𝐿𝑞 = 𝐿 × 𝜌 =
𝜌2

1−𝜌
=

𝜌𝜆

𝜇−𝜆
 

• W: average time spent including the waiting time of customers in McDonald’s Sg. Dua.   

𝑊 =
𝐿

𝜆
=

1

𝜇−𝜆
 

• Wq: average waiting time for customers in the queue. 

𝑊𝑞 =
𝐿𝑞

𝜆
=

𝜌

𝜇−𝜆
 

(3) 

(4) 

(5) 

(6) 

(2) 

(1) 
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The optimisation of server and customer waiting line during normal and peak hours was analysed 

using the ARENA simulation model. A basic process and advanced transfer were used to obtain the 

simulation output. Table 02 shows the flowchart of modules 

 

Table 02.  Flowchart modules 

Name Description 

Create Customers are entering the simulation. 

Dispose Customers are exiting the simulation. 

Process There is an action and it normally involves a time to complete. 

Decide Choose a different path of probability or condition. 

Route Hand over the customers to the station. 

Station Corresponding to a physical or logical location where processing takes place. 

 

Figure 02 shows the simulation flow (floor plan) at McDonald’s Sungai Dua when customers have 

to purchase the food starting from their arrival to the counter or machine and then to the collection counter 

to pick up their food which ends until all customers have left the counter. 

 

Figure 02.  ARENA Simulation 

 

This is a cross-section study conducted at McDonald’s in Sungai Dua, Penang. Structured 

questionnaires were distributed to all consenting customers who came to McDonald’s within the study 

period during normal hours and peak hours. The questionnaire on the food quality, service attitude, number 

of counters provided, hygiene of the restaurant, the process of ordering and waiting for food, time taken to 

clean the table, and whether a toilet should be in McDonald's Sungai Dua, Penang. 

A Likert-Type scale was used in the questionnaire. Some questions were answered in the scale where 

5 = Strongly agree and 1 = Strongly disagree, and some had the score reversed i.e. 1 = Strongly agree and 

5 = Strongly disagree. 

 

6. Findings 

6.1. Physical Characteristics of Server  

From the research method, equations (1) to (6) were used to calculate the probability that there are 

no customers and n customers in the restaurant, the average number of customers dining in the restaurant, 
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the number in the queue, and the time spent in the restaurant including the waiting time and the average 

waiting time in the queue. All figures below represent the number of customers versus arrival, waiting, and 

service time. 

Figure 3.1 to Figure 3.3 is for normal hours and Figure 3.4 to Figure 3.6 (Figure 03) is for peak 

hours. For normal hours, Day 3 shows that many customers came in the first 10 minutes while many 

customers came in the last 10 minutes for peak hours on Day 4. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 03.  Normal and Peak Hours 

 

The figure above shows a line graph representing the arrival, waiting, and service time of the data 

collected. During normal and peak hours, the data was collected for three consecutive weeks on Wednesday 

and Saturday. As a result, the number of customers for each day is different. 

http://dx.doi.org/


https://doi.org/10.15405/epsbs.2020.03.03.82 

Corresponding Author: Nurul Atiqah Mazlan 

Selection and peer-review under responsibility of the Organizing Committee of the conference 

eISSN: 2357-1330 

 

 707 

The number of customers for normal hours is 29, 24, 32, 20, 27, and 25 respectively while for peak 

hours is 28, 33, 30, 51, 50, and 45 respectively. The graph pattern is similar for normal hours because the 

number of customers is only a few. The number of customers on Days 1 and 2 for peak hours is significantly 

lower compared to Days 5, 4, and 6. This is because the three Days were within a Chinese New Year’s 

week. The number of customers for Day 3 at peak hours is lower than normal hours because there is a 

birthday party in the restaurant that day. Most of the customers decided not to buy anything because there 

is limited space in the restaurant. 

 

6.2. Optimsation of Server and Customers 

The current situation (Scenario I) is that 100% of the customers ordered at the counter every day on 

Wednesday and Saturday for three consecutive weeks (6 days). The average number queueing and average 

waiting time were calculated to compare with other normal and peak hour scenarios. 

 

Table 03.   The mean arrival (𝜆) per hour for normal hours on each day 

Day No. of Cust 𝝀 (minutes) COUNTER 𝑾𝒒 (minutes) 𝑳𝒒 (customers) 

Day 1 29 2.1071 Order 5.5151 2.9266 

Collection 6.5362 2.3393 

Day 2 24 2.4783 Order 5.2303 2.1920 

Collecting 6.4831 2.3302 

Day 3 32 1.7419 Order 14.0004 9.0368 

 Collection 16.5256 4.8986 

Day 4 20 2.8471 Order 2.8198 1.1285 

Collection 3.4369 1.0717 

Day 5 27 2.1154 Order 5.5151 2.9266 

Collection 6.5362 2.3393 

Day 6 25 2.3333 Order 6.6318 3.1634 

Collection 7.9851 2.7537 

 

The data in Table 03 shows that the mean arrival (𝜆) per hour for normal hours on each day is 

between 1.74 and 2.84 minutes while the average waiting time (𝑊𝑞) in the queue per hour during ordering 

and collecting food is between 2.8 and 16.5 minutes. In addition, the average number of customers queueing 

(𝐿𝑞) per hour for the six days is relatively higher which ranges from 1 to 9 customers. The number of 

customers during normal hours for Day 3 is 32, which is higher than the other five days. As the number of 

customers is higher, Day 3 hence had the highest waiting time to order and collect the food, and the highest 

number queueing at the ordering and collection counter. 

 

Table 04.   The mean arrival (𝜆) per hour for peak hours on each day 

Day No. of Cust 𝝀 (minutes) COUNTER 𝑾𝒒 (minutes) 𝑳𝒒 (customers) 

Day 1 28 2.0741 Order 6.4604 3.4044 

Collection 7.8675 2.7051 

Day 2 33 1.7188 Order 14.0004 9.0468 

Collecting 16.5256 4.8986 

Day 3 30 1.7586 Order 14.3670 8.8524 

 Collection 17.1310 5.0146 
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Day 4 51 1.1200 Order 18.0281 16.3404 

Collection 21.7905 6.6914 

Day 5 50 1.1429 Order 17.4693 15.7623 

Collection 20.2021 6.2538 

Day 6 45 1.2727 Order 17.1149 14.0517 

Collection 19.9484 5.8479 

 

The data in Table 04 shows that the mean arrival (𝜆) per hour for peak hours on each day is 

between 1.12 and 2.07 minutes while the average waiting time (𝑊𝑞) in queueing per hour during ordering 

and collecting food is between 6.4 and 21.7 minutes. The average number of customers queueing  (𝐿𝑞) per 

hour for the six days is between 2 and 16 customers. The number of customers for Day 4 during peak hours 

is 51 which is higher than the other five days. Day 4 thus, had both the highest average waiting time and 

the average number queueing for ordering and collecting food. 

 

Table 05.  Average Simulation during Normal Hour 

Scenario Counter Machine  𝑾𝒒 (minutes) 𝑳𝒒 (customer) 

   Counter 3.3656 1.4518 

I 100% 0% Machine - - 

   Collection 3.8025 1.3902 

   Counter 4.7936 1.7859 

II 70% 30% Machine 4.4505 0.7631 

   Collection 5.7576 2.2784 

   Counter 2.4244 0.2828 

III 30% 70% Machine 3.1003 1.0792 

   Collection 3.4437 1.5815 

   Counter - - 

IV 0% 100% Machine 0.9070 0.4256 

   Collection 1.2923 0.5802 

 

The simulation is then divided into four scenarios and the average of inter-arrival time for normal 

hours is 2.2705 minutes. The waiting time for ordering and collecting food for Scenario 1 is around 3.3 to 

3.8 minutes and the number of customers in queueing during ordering and collecting food is 1 customer. 

For Scenario II where 70% of customers ordered food at the counter and 30% use a machine, the waiting 

time at the counter, machine, and collection counter is 4.8, 4.5, and 5.8 minutes respectively while the 

number of customers queueing is between 1 and 2. The prediction for Scenario III is that in five years, only 

30% of customers ordered food at the counter and others use the machine. The waiting time is lower than 

the previous two scenarios. Scenario IV is assumed that in 10 years, all McDonald’s restaurants will only 

be working on the machine and will save around 71% of the time waiting at the machine and 62% of the 

time waiting at the collection counter. There is also a lower number of customers queueing compared to 

the other 3 simulations (see Table 05). 
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Table 06.  Average Simulation during Peak Hour 

Scenario Counter Machine  𝑾𝒒 (minutes) 𝐿𝑞  

(customers) 

   Counter 18.0966 11.8085 

I 100% 0% Machine - - 

   Collection 21.4697 5.2800 

   Counter 14.6983 6.2366 

II 70% 30% Machine 14.3830 2.4928 

   Collection 18.8417 5.3239 

   Counter 14.3859 2.5421 

III 30% 70% Machine 14.2424 6.1566 

   Collection 15.7306 5.1819 

   Counter - - 

IV 0% 100% Machine 12.8577 9.0849 

   Collection 14.0472 5.5458 

 

Based on the average peak hour simulation, the average arrival time for four scenarios is 1,5145 

minutes. When there are no customers using the machine to order the food, the number of customers 

queueing and the waiting time for ordering and collecting food is high. Scenario II where 70% of the 

customers ordered food at the counter and Scenario III which assumed the situation in 5 years from now 

projects similar waiting time. The number of customers ordering at the counter is higher in Scenario II 

while for Scenario III, the number of customers ordering using the machine is higher. In Scenario IV, 100% 

of customers will order using the machine in 10 years from now. All McDonald’s restaurants are expected 

to use the machine and orders will no longer be taken at the counter. This will save about 10% of the waiting 

time at the machine and about 6% of the time at the collection counter (see Table 06). 

 

6.3. Satisfaction Level for Customers Regarding the Queuing and Food Quality 

A questionnaire containing 7 items was used to investigate the level of customer satisfaction during 

normal and peak hours. The entire questionnaire was distributed to customers in McDonalds Sungai Dua, 

Penang. Item 1 deals with food quality whether it was fresh and well prepared. Many respondents agreed 

that the food quality was good whereby around 32.6% stated normal and 9.3% were very well agreed. None 

of the respondents disagree regarding the food quality. Item 2 is about the serving attitude of the staff 

whether it is good or bad. Respondents agree that they were served with a good attitude by the staff. Around 

23.3% stated normal and 11.6% were satisfied with the attitude of the staff. None of the respondents stated 

dislike for this item. Item 3 concerns the satisfaction on the number of counters provided. The number of 

counters provided by the restaurant does not give customers complete satisfaction. About 21% of the 

respondents felt that the number of counters was insufficient. However, most customers were satisfied with 

the number of counters. 

Item 4 is regarding the sanitation of the restaurant. Customers’ satisfaction with the hygiene of the 

restaurant means that many of them are not very satisfied. Although 43% of the customers are quite satisfied 

with the hygiene, 46% of them are still not satisfied. Item 5 deals with the process when ordering and 

waiting for food in a long waiting queue. Many customers have facing in a long queue and waited a long 

time to order and wait for food. However, about 32.6% of the customers did not have a long waiting time. 
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Item 6 concerns the cleaning of the table whether it is on time or not. The time taken for the staff to clean 

the table gave the customers with the highest percentage of satisfaction. Only 20.9% who are not satisfied 

because the staff were late to clean the table. Item 7 is about the restaurant’s essential toilet. Most customers 

agree they need a restaurant toilet. However, fewer customers disagree with that. To conclude, the 

customers’ satisfaction with McDonalds Sungai Dua is moderate. 

   

7. Conclusion 

In summary, the data was collected in McDonald’s Sungai Dua, Penang for three weeks on every 

Wednesday and Saturday during normal hours (10.00 am to 11.00 am) and peak hours (12.00 pm to 1.00 

pm). From the data analysis by ARENA Simulation Software, the average waiting time for normal hours 

was higher than peak hours. The waiting time for normal and peak hours at the collection counter is higher 

than at the order counter because during peak hours, most customers ordered their food using a self-serving 

machine. Therefore, the number of customers increased during the collection process. In order to reduce 

the waiting time and the number of customers during the collection time, it is suggested that there should 

be more than one counter to collect the food. 

The questionnaires that was distributed to the McDonald’s customers contain seven items which 

addressed aspects of hygiene and customer service satisfaction. It can be concluded that the sanitation is 

moderate and customer service is good. There are a few future directions that can be followed by this 

research such as the effects on waiting time when there is more than one collection counter in the restaurant, 

the consequences if the restaurants operate for 24 hours, or the out-turn if customers use the drive-thru 

counter. 
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