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Zoom accounts are used as an alternative for online teaching and learning activities 
during the pandemic. The Industrial Engineering Study Program at Sultan Ageng 
Tirtayasa has been scheduling online exams and determining the number of Zoom 
accounts needed manually, which has resulted in an insufficient number of Zoom 
accounts to meet all course schedules. Proper online exam scheduling can optimize 
the number of Zoom accounts required. This study aims to determine the number of 
Zoom accounts needed for online exams by developing a mathematical model. The 
model developed is an Integer Linear Programming (ILP) model, with the objective 
of minimizing the number of Zoom accounts required. The problem is solved using 
an optimization approach with deterministic parameters. The model provides 
recommendations for decision-making in the implementation of online exams, 
including determining the exam timetable and the number of Zoom accounts to be 
rented. The computational results show that the developed model provides an 
optimal solution, requiring only three Zoom accounts. 
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1. Introduction 

During the pandemic, all teaching and learning 
activities have been carried out online, including the 
implementation of exams. One of the institutions that 
conducts online teaching and learning activities is 
Sultan Ageng Tirtayasa University. There are several 
platforms available for online teaching and learning, 
including Zoom and Google Meet. However, to 
facilitate exam implementation, the university uses the 
Zoom platform with a paid account [1], [2], [3], [4]. This 
decision was made because Zoom offers important 
features such as scheduled meetings, screen recording, 
personal chat, and better video quality compared to 
Google Meet. Sultan Ageng Tirtayasa University must 
pay attention to exam scheduling to optimize the 
number of paid Zoom accounts used. During exam 
activities, a common problem that arises is that the 
number of rented Zoom accounts is insufficient, 
resulting in suboptimal usage [5], [6]. 

The factor that causes this to happen is that the 
preparation of the schedule at the university level is still 
done manually. Manual schedule preparation requires 
repeated revisions or improvements making it difficult 

to determine the optimal number of zoom accounts 
used. This revision or improvement is because manual 
schedule preparation can directly consider the wishes 
of lecturers and students, so it requires high accuracy 
and longer time [7], [8]. This can cause dissatisfaction 
for lecturers and students. Therefore, a solution or 
method is needed in solving the scheduling problem to 
be able to optimize the number of zoom accounts rented 
and be able to minimize the level of dissatisfaction of 
lecturers and students. 

One solution to the scheduling problem is to use the 
integer linear programming (ILP) model. ILP is a 
method related to linear programs where some or all 
variables have integer or discrete values [9], [10], [11], 
[12]. Other research formulates the scheduling problem 
as a binary number programming model (0-1), to 
minimize student and faculty dissatisfaction while at 
the same time enforcing rules constrained by a set of 
constraints [13], [14]. The integer linear programming 
method and using Lingo 11.0 software with the aim of 
minimizing the space used, produces an optimal 
solution, namely from 19 lecture rooms provided only 5 
rooms are used [14], [15]. The integer linear 
programming model in optimizing lecture scheduling 
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automatically obtained optimal schedule results, the 
resulting scheduling has no clashes and requests for 
lecture time periods for several courses by lecturers and 
students can be fulfilled [10], [14]. 

In this research, the exam implementation process is 
carried out using a paid online room, namely zoom. All 
students are required to join a zoom account in carrying 
out the exam from their respective places and are 
monitored by the exam supervisor. To minimize the 
paid zoom account, an optimization of the paid zoom 
account is used during the exam. One solution to 
optimize this is to use a mathematical model to help 
make decisions in scheduling with the aim of 
minimizing the number of zoom accounts used at the 
same time by taking into account the wishes of the 
lecturer in determining the ideal time for the exam [14], 
[16]. 

The purpose of this research is to determine the 
minimum number of paid Zoom accounts required 
during the implementation of online exams without 
considering the preferences of lecturers and determine 
the optimal number of paid Zoom accounts in the   
implementation of exams by considering the 
preferences of each lecturer. 

2. Material and method 

2.1. Research stages 

In research methodology, there are several stages of   
data processing carried out. The following stages of 
data processing are presented in Fig. 1.  

Model development. Development of a zoom account 
optimization model that corresponds to the situation in 
the Industrial Engineering Study Program, Faculty of 
Engineering, Sultan Ageng Tirtayasa University using 
Integer Linear Programming. 

 
Figure 1: Stages of data processing 

Coding the lingo application. Coding the lingo 
application based on its usage rules. 

Model verification. Model verification is done by 
running on Lingo Solver to ensure there are no errors in 
the proposed model. 

Model validation. Model validation is done using 
sensitivity analysis. Model sensitivity analysis to see 
whether the model shows logical results or not. 
Sensitivity analysis is carried out to study the effect of 
changes in ILP model parameters on optimum solution 
[17]. 

Interpret the output of the lingo application. Simplify the 
form of results in the lingo application into an exam 
scheduling table in the Industrial Engineering Study 
Program, Faculty of Engineering, Sultan Ageng 
Tirtayasa University.  

2.2. Anaysis 

Data analysis is conducted to determine the results 
of the data processing that has been performed. To 
assess how sensitive a decision is to changes in the 
factors or parameters that affect it, every decision-
making process involving multiple alternatives should 
include a sensitivity analysis. This analysis provides an 
overview of the extent to which a decision remains 
robust in the face of changes to the influencing factors 
or parameters [18], [19], [20], [21]. 

The purpose of sensitivity analysis is to determine 
the sensitivity of the optimal solution that has been 
obtained. If there is a change in the linear programming 
coefficient, it may result in one of the following 
outcomes: a. The optimal solution does not change, b. 
The solution becomes non-optimal, c. The solution 
becomes infeasible, d. The solution becomes both non-
optimal and infeasible. 

In this study, the sensitivity analysis will focus on 
the objective function coefficient, which represents the 
ranking assigned to the Zoom accounts during exam 
activities. The sensitivity analysis in this study uses the 
simulation method as a model experiment, due to the 
inability of the software used to perform sensitivity 
analysis [17]. 

3. Results and discussions 

3.1. Model formulation 

In modeling exam scheduling, there is an objective 
function and several constraints that are adjusted to 
reflect actual conditions. There are two alternatives: the 
first alternative is the minimization of the number of 
Zoom accounts used during the exam, without 
considering the lecturer's preferences, while the second 
alternative is the optimization of the number of Zoom 
accounts used, considering the lecturer's preferences. 

The mathematical model requires notations such as 
data symbols, parameters, and variables. The following 
table presents the notations used in the mathematical 
model for exam scheduling. 
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Sets 
𝐿 Set of lecturers  

𝐶 Set of courses offered 

𝑆 Set of students 

𝐻 Set of session 
K Set of Zoom account 

 
Parameters 

𝐷 Number of days 

𝐾 Number of Zoom account 

𝐿𝑐𝑙 1 if course  𝑐 is taught by lecturer 𝑙 , 0 otherwise 

𝑍𝑐𝑠 
1 if course 𝑐 is scheduled for student group 𝑠, 0 
otherwise 

 
Variables 

𝑋𝑙𝑐𝑠𝑑ℎ𝑘  

1 if lecturer 𝑙, course 𝑐, student group 𝑠 are 

scheduled on day 𝑑, session ℎ, and zoom 

account 𝑘, 0 otherwise 

𝑌𝑘 
1 if the provided zoom account will be used, 0 
otherwise 

 
There are four data points, four parameters, and two 

variables. The data symbols are the lecturer index, 
course index, student group index, and session index. 
The parameters are the day index, Zoom account index, 
course references to lecturers, and course references to 
student groups. Meanwhile, the variables are the exam 
schedule, and the number of Zoom accounts required. 
The objective function of the exam scheduling model in 
the Industrial Engineering Study Program, Faculty of 
Engineering, Sultan Ageng Tirtayasa University, is to 
minimize the number of paid Zoom accounts used 
during the exam by optimizing the scheduling process. 

 
 

𝑀𝑖𝑛 𝑍 =  ∑ 𝑌𝑘

𝑘∈𝐾
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Eq. (1) represents the objective function, which is to 

minimize the number of Zoom accounts required for 
the online exam. Eq. (2) ensures that every group of 
students and lecturers are scheduled for the exam.  
Firstly, for each course 𝑐 and student group 𝑠, it will 
only schedule to one lecturer 𝑙, one day 𝑑, one session 
ℎ, and one zoom account 𝑘 based on course references 
to student groups. Eq. (3) states that for each lecturer l 

who is plotted to teach course 𝑐, at least 1 must be 
cheduled to student group 𝑠 on day 𝑑, session ℎ, and 
zoom account 𝑘 with student group 𝑠 based on course 
reference to student group and course reference to 
lecturer. Eq. (4) ensures that each student group 𝑠 and 
day 𝑑 and session ℎ can only be scheduled a maximum 
of once. First, to ensure that each student group 𝑠, day 
𝑑, and session ℎ, will not be scheduled to lecturer 𝑙, 
course 𝑐, and zoom account 𝑘 at the same time. Eq. (5) 
states that for each day 𝑑, session ℎ, and zoom account 
𝑘, will not be scheduled to lecturer 𝑙, course 𝑐, and   
student group 𝑠 more than once. Eq. (6) regulates the 
number of zoom accounts required not to exceed the 
zoom accounts available for all courses during the exam 
activity. For each zoom account 𝑘 to be used by lecturer 
𝑙, course 𝑐, student group 𝑠, day 𝑑, and session ℎ no 
more than the number of zoom accounts that have been 
made available. Eq. (7) implements conditions where 
lecturers have recommendations and rejections for 
certain times, as well as schedule vacancies on days 5 
and 10 of session 3. First, for each lecturer 𝑙, day 𝑑 , and 
session ℎ, it will be prioritized to conduct exams on 
course 𝑐, student group 𝑠, and zoom account 𝑘. Eq. (8) 
states that for each lecturer 𝑙, day 𝑑, and session , there 
will be no exam scheduled for course 𝑐, student group 
𝑠 and zoom account 𝑘. Eq. (9) states that for each 
lecturer 𝑙, day 𝑑, and session , there will be no exam 
scheduled for course 𝑐, student group 𝑠 and zoom 
account 𝑘. 

3.2. Model implementation 

In this study, the mathematical model was carried 
out using Lingo software [16]. To run the software, 
several components are required, such as the objective 
function and the constraints contained in the problem 
to be solved in the form of a mathematical model. Two 
alternative solutions are considered: alternative one, 
which does not take the lecturer's preferences into 
account, and alternative two, which incorporates the 
lecturer's preferences. 

3.3. Sensitivity analysis 

Sensitivity analysis is used to determine the effect of 
parameter changes on the objective function. 
Additionally, this analysis also serves to examine 
changes in decision variables when there is a change in 
parameter values. In this case, the sensitivity of the 
model is analyzed for an important parameter, namely 
the day of the exam, to observe changes in the decision 
variable (the number of Zoom accounts used) and the 
resulting exam schedule. The table below presents the 
parameter changes and the resulting changes, as shown 
in Table 1. 

Based on Table 1, changing the parameters of the 
day of the exam affects the decision regarding the 
number of Zoom accounts used. The change in the 
number of Zoom accounts used is directly proportional 
to the change in the exam schedule. 
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Tabel 1.  
Sensitivity analysis 

No Number of Day Zoom Account Used 

1 6 4 
2 8 3 
3 10 3 
4 12 2 
5 14 2 

3.4. Results 

To make it easier to understand the output results 
from Lingo software, the output interpretation is done 
by changing the language. The Lingo software output, 
which consists of a series of numbers, is transformed 
into an exam schedule table. Based on the results of the 
processing that has been completed, the exam 
scheduling results for alternative one is presented in 
Table A1, A2, and A3 (see Appedices). 

The number of Zoom accounts used during the 
implementation of the mid-term and final exams for 
alternative semester one in the Industrial Engineering 
Study Program, Faculty of Engineering, Sultan Ageng 
Tirtayasa University, is three. All courses have been 
scheduled once per session, day, and specified Zoom 
account. As a result, the objective function and all 
restrictions established in the alternative one have been 
fulfilled. There are Zoom accounts and sessions on 
some days that are not used due to the lecturers' 
preferences regarding the day and session times. 
Additionally, on Friday, the third session is not used for 
exam activities due to religious worship. As a result, the 
objective function and all restrictions established in the 
alternative two have been fulfilled. 

4. Conclusions 

The conclusion of this study is that, in the 
implementation of odd semester exams in the Industrial 
Engineering Study Program at the Faculty of 
Engineering, Sultan Ageng Tirtayasa University, both 
scenarios—those without regard to lecturer preferences 
and those with regard to lecturer preferences—can be 
carried out using three Zoom accounts. 
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Apppendices 

Table A1. 
Alternative exam schedule 1 Zoom account 1 

Sessions 1st Monday  1st Tuesday  1st Wednesday  1st Thursday  1st Friday  

1 
Facility Layout 

Design 
B 

      Engineering 

Economics 
B 

 

2 
Manufacturing 
Simulation 

 

A 
Engineering 
Economics 

 

C 
 

System Modeling 
 

B 
  Production 

Planning and 
Control 

 

B 

 

3 
Introduction to 
Industrial 
Engineering 

 

A 
  Engineering 

Materials 

 

C 
Operational 
Research 1 

 

B 
  

 

4 
Computer 

Programming 

 

B 
Marketing 

Management 

 

A 
Industrial Statistics 1 

 

C 
Industrial 

Environmental 
System 

 

C 
 

Food Security 
 

A 

 
5     Supply Chain Risk 

Management 
B Transportation 

Ergonomics 
B Religion A 

 

 

Sessions 2nd Monday  2nd Tuesday  2nd Wednesday  2nd Thursday  2nd Friday  

1 
Operational 
Research 1 

A 
Quality Control 
and Assurance 

A System Modeling C Religion B 
Manufacturing 
Process 

C 

 

2 
  

Marketing 
Management 

 

B 
  Ergonomics and 

Work System Design 
1 

 

A 
  

3     Pancasila C English C   

 
4 

Production 
Planning and 
Control 

 
A 

 
Pancasila 

 
A 

 

Logistics 
Engineering 

 
A 

Mechatronics and 
Production System 
Automation 

 
C 

 

Quality 
Engineering 

 
A 

 

5 
Engineering 

Mechanics 

 

B 
Productivity 

Engineering 

 

B 
Mechatronics    and 

Production System 

Automation 

 

A 
  

Project 

Management 

 

B 

 
 
Table A2. 
Alternative exam schedule 1 Zoom account 2 

Sessions 1st Monday  1st Tuesday  1st Wednesday  1st Thursday  1st Friday  

 

1 
Manufacturing 
Simulation 

 

B 
Change 
Management 

 

B 
  Ergonomics and 

Work System 
Design 1 

 

C 
Industrial 
Environmental 
System 

 

B 

2 
    Industrial 

Ergonomics 
A 

Manufacturing 
Process 

A 
  

3 
Computing 

Intelligence 
B Work Psychology B 

      

 

4 
Computer 

Programming 

 

C 
Quality Control 

and Assurance 

 

B 
  Ergonomics and 

Work System 
Design 1 

 

B 
 

Entrepreneurship 
 

C 

       Facility Layout 

Design 

   

5 
  Productivity 

Engineering 
A System Modeling A 

 
C Data Mining B 

Sessions 2nd Monday  2nd Tuesday  2nd Wednesday  2nd Thursday  2nd Friday  

 

1 
Computing 

Intelligence 

 

A 
 

Basic Physics 1 
 

A 
 

Basic Chemistry 
 

C 
 

Linear Algebra 
 

C 
Manufacturing 

Process 

 

B 

2 
  Facility Layout 

Design 
A Food Security C 

    

 

3 
 

Calculus 1 
 

B 
 

Basic Physics 1 
 

C 
 

Linear Algebra 
 

B 
Introduction to 
Industrial 
Engineering 

 

B 
  

 

4 
   

Work Psychology 
 

A 
Quality Control 

and Assurance 

 

C 
 

Religion 
 

C 
Introduction to 
Industrial 
Engineering 

 

C 

5 
  

Entrepreneurship B Linear Algebra A 
Industrial Statistics 
1 

A 
Transportation 
Ergonomics 

A 
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Table A3. 
Alternative exam schedule 1 Zoom account 3 

Sessions 1st Monday  1st Tuesday  1st Wednesday  1st Thursday  1st Friday  

 
1 

 
Data Mining 

 
A 

Technology and 
Innovation 
Management 

 
A 

 

Engineering 
Mechanics 

 
C 

   

Quality 
Engineering 

 
B 

 

2 
 

Calculus 1 
 

A 
   

Calculus 1 
 

C 
 

Basic Chemistry 
 

A 
Engineering 
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Sessions 2nd Monday  2nd Tuesday  2nd Wednesday  2nd Thursday  2nd Friday  
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