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Abstract
This project aims to design and develop a web application as a tool for generating a study plan for higher
education students with study issues. The Bachelor of Engineering in Computer Engineering curriculum 2010,
Prince of Songkla University was used as a case study. Tabu search was applied as the main search tool. The
users can define the objective of their study plan and the proposed program will uses the user defined objective

to guide the search. Furthermore, common constraints in creating a study plan such as the number of credits, the
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student status and the standard study plan are all included into the system in order to find a suitable solution for
the user to make his/her selection. The preliminary evaluation results showed that the user satisfied with the user
interface because it was similar to that of the Google application interface. However, the study results should be

directly downloaded from the university system in order to reduce the data entry mistakes.

Keywords: Scheduling, Student Assistant Tool, Study Plan, Computer Engineering Curriculum

Introduction

Each curriculum in the university has a unique set of requirements such as the co-requisite and
prerequisite which each student in the curriculum must follow. Furthermore, each university must enforce some
rules and regulations on the student registration process in order to ensure the student status and ability to
graduate. In addition, each student may not be able to register according to the study plan because he/she has
withdrawn some subjects. Thus, this situation will add more constraints to the regis tration process/planning.
As a result, there are lots of rules, regulations and constraints that each student must consider in order to plan
his/her subjects for each semester. Some computer engineering students at Prince of Songkla University also face
the same difficulty. Even though Prince of Songkla University already provided the study result simulation tool
at sis.psu.ac.th [1], the tool is not directly suggested a list of subjects to be taken in each semester. Furthermore,
the Faculty of Engineering also provided a web-based application for students to check their study progress
according to their respective curriculums [2]. However, the tool shows only the list of subjects in the curriculum
and the grade of each subject in order for the students to see what subjects the student are still missing and what
subjects the students are already passed. The task of planning the list of subjects to be taken in each semester is
still relying on the students.

To solve such problem, this work aims to design and develop a tool that can provide a list of subjects
to be taken each semester according to the rules and regulations of the curriculum and the university with an
addition of the user preferences. The proposed tool will be based on the 2010 Computer Engineering
Undergraduate curriculum of the Department of Computer Engineering at Prince of Songkla University.
However, it can be easily adapted to support other curriculums. A Local search with a Tabu list is applied as the
main searching technique. A solution that satisfies all the active constraints is returned for the user to make the
final decision. However, this version of the software does not consider the out-of-plan subjects that are offered
each semester. Tabu search and local search techniques had been successfully applied in many scheduling
problems [3-6]. A combined Tabu search and local search technique had been applied to solve a high school
timetabling problem [7]. The goal ensured that each teacher has a no overlapping time slot on his/her schedule.
A Tabu search technique had been compared with a genetic algorithm and a backtracking approach on a personal
scheduling problem in [8]. Pumpuang e al. [9] designed a model using Bayesian Network techniques to predict
the order of subjects to be enrolled by undergraduate computer science or engineering students at Kasetsart

University. The data in their model was the student enrollment information consisting of the student’s GPA and
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grade of each subject for first-year and second-year students with the objective of studying the student enrollment
patterns.

The remaining of this paper consists of the methodology on how to design and develop the prototype
tool, the results from the prototype on a few examples, the discussions on the preliminary evaluation by the

potential users, and the conclusion.

Methodology

This work is a developmental research. The proposed system consists of three components, including
the study plan, the search module and the database. Firstly, the study plan is a list of subjects to be taken in each
semester with several constraints. The first set of constraints is on the relationships among subjects such as
studied-prerequisite, passed-prerequisite, co-requisite and co-current subject. These relationships are commonly
found in higher education curriculums. A typical four year undergraduate program of a semester system is divided
into eight semesters. Figure 1 shows the relationship of subjects in the case study curriculum that is related to
other subjects, while Figure 2 explains the meaning of each symbol in Figure 1. The subjects are listed in its
assigned semester. The arrow between the shapes shows the category of relationships enforced on the subjects.

The information in Figure 1 is used as an initial solution of our search module.

First year First year Second year Second year Thicd year Third year Fourth year Fourth-year
First semester Second First Second First Second First Second

42-40 @

Figure 1 The relationship of subjects in the case study curriculum that is related to other subjects

A is Studied-prerequisite of B A is Corequisite of B
Notes: @ — @ Smts: () [Labratoy

A is Passed-prerequisite of B Ais cocurrent of B

Figure 2 The symbol used in Figure 1

According to the relationship symbol presented in Figure 2, each relation can be explained as follow.
A is a studied-prerequisite of B means that a student can enroll in subject B if any only if the student has enrolled
and passed subject A with any grade including E. A is a passed-prerequisite of B means that a student can enroll

in subject B if and only if the student has enrolled and passed subject A with any grade of at least D or S. A is
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a co-requisite of B means that a student must take subject B at the same time with subject A or a student has
enrolled subject A with any grade of at least D or S before the student can take subject B. A is a co-current
of B means that a student must take subject B at the same time with subject A when enrolls these two subjects
for the first time. In addition to the relationship among subjects in the curriculum, the regulations according to
the number of credits are also considered in the proposed prototype. The number of credits constraints can be
caused by the student status and the university regulation. For example, Prince of Songkla University places a
limit on the minimum and the maximum number of credits to be taken by a student in a regular semester as 9 and
22 credits and the limit changes to 0 and 9 credits during a summer semester. However, the student status can affect
the maximum number of credits allowed. That is, the student with a non-regular status can take a maximum of 16
credits during a regular semester and 6 credits during a summer semester. Similar regulations are also commonly
employed by most higher education curriculums. The last part is the scheduled subject of each semester
restriction. It is common in any higher education curriculum that some subjects are offered in a specific semester
only. Thus, the study plan must consider such restriction as well.

The second component is the search module. A combined local search [10] and Tabu list [9-11] is
employed as the main searching technique in our proposed system. The main search procedure can be described
as follow:

1. An initial solution is generated according to the standard study plan.

2. All conditions are evaluated on the current solution in order to determine the score. The conditions
include the student status constraint, the number of credit constraint and the subject constraints
according to the curriculum.

3. Add the current solution to the Tabu list. If the list is full, remove the oldest solution from the list.

4. Move to a neighbor solution with a better score.

a.  The next solution to be explored must not be the solution on the Tabu list.

5. Go to step 2 or stop when a stopping criteria is met and return the solutions on the Tabu list

At step 4 of the main search procedure, there are three steps to generate the neighbor solution. The first
step is to move the whole subject chain if any subject is violated the condition. For an explanation purpose, Figure
3 shows the initial solution with an issue of a withdrawal subject (denoted by W). For simplicity, we use 6 credits
as the limited maximum number of credits. Figure 4 shows the result of applying the moving-the-whole-chain
method on the initial solution of Figure 3. According to the solution in this case, the Mecha subject must be
moved to the 2nd semester of the 3rd year. Moreover, the number of credits is violated in the 2nd semester of the
2nd year. The second step is the moving some constraint-free subjects around after using the first solution. Figure
5 shows the result of applying both methods. As the results show that three constraint-free subjects are now moved
around. The last step is to randomly move any two subjects without considering any constraint in order to throw

the solution to a different area in the solution space, in order to prevent the local minima issue.
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Math1 [/ Math2 |—{ Math3 | | subject |

Mecha } [ Subject } [ Subject jl

Figure 3 The initial solution with an issue of a withdrawal subject

[ Subject ] [ Subject ]

Figure 4 The results of moving the whole chain

(v ) ([ 2n ) () () [ ]

Subject Subject

Figure 5 The results of applying the first two steps

members collection s_'lbjwn

N Prerequisite collection
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=== |J / /
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Curriculum |

Figure 6 The MongoDB document schema

The stopping criteria at step 5 in this work is when there is no new neighbor solution found or the
number of explored solutions exceeds a pre-defined value. The last component of the prototype is the databases.
Figure 6 shows the MongoDB schema of the database used in this work. The database implementation is written
in Python language in order to connect the MongoDB database. The Mongoengine [12] is used to bridge between

the Python and the MongoDB.
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Results

The overall architecture of the prototype is presented in Figure 7. The architecture of the prototype
consists of two sides, including the client and the server sides. The client side is a web application, interacting
with the user and displaying the study plans from the server. The server site contains the main components of the
prototypes including the web service, the search engine and the database. When the user inputs his/her study
results into the web application via the interface shown in Figure 8, the web application sends the HTTP request
with the input in a JSON format to the web service API of the server side. Then, the web service executes the
search engine to find a set of optimal study plans, and send the resulting study plans, which is also in a JSON
format, to the web application. Lastly, the web application decodes the JSON and displays the resulting study
plans as shown in Figure 9. The study plan can be shown in cozy view as shown in Figure 10. Moreover, the
JSON results can also be seen as shown in Figure 11. The user interface of the web application is developed using
Polymer [13] which applies MVC (Model-View-Controller) concept to control the web application. The App

Router [14] module is also applied.

: @ python

w Polymer Send Request& | 5 B ryramid’ ) mongoDB
user data ( JSOM )| | i

Web Application le;e I Tal:g:\;n:aerch : Database

[+—
Response Pl )
plans { JSON ) b N -
+«— (lient side : Server side

Figure 7 The architecture of the proposed prototype

R2ALS Study Result

A Home
Step 3: Add your subjects and grades
B Profile P y ! 9
Year 1 Semester 1
#®  Study Result I
a Get Plan @ Math 1 L}
© Engiish1 [ ]
5] GitHub
Year 1 Semester 2
Q@ Math2 (]

NEXT

Figure 8 The study result input screen
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Figure 9 The result study plans

1/1 1/2 1/3 3/1 3/2 3/3 4/1 4/2 43
Introductionto  Engineering Computer
Engineering Drawing | Engineering
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o Basic Engineering
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Physics Laboratory Computer -
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o - -

Figure 10 The cozy view of the same study plan shown in Figure 9

Input Output

{ {
“member”: { "last_year_plan": 4,
“name”: “5410110070_1", “total _credits™: [
"subject_group™: "second-group” 17,
s 20,
"type": "array-of-semester”, o,
"is_testing": true, 19,
“semesters™: [ 15,
o,
“year": "1%, 21;
"semester™: "1", 20,
“subjects™: [ e,
20,
"gradeOption™: "credit", 15,
"name": "215-111 Engineering Drawing I", 9
"id": "552e3b206e9552070c71a6d9" , 5
"year": "1", “semesters”: [
"semester”: "1,
“grade": "C" “semester”: 1,
} "subjects": [
{
“gradeOption”: "credit”, "semester”: 1,
“year": "1", "name"”: “Introduction to Engineering”,
“semester™: “"1%, "tags": [
"name": "322-101 Basic Mathematics I", “theory",
"id": “552e3b206e955207@c71a6cf", “choice™
“grade”: "D+" 1.
p A "id": "552e3b206e9552070c71a6cb”,

Figure 11 The JSON view of the same study plan shown in Figure 9
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Discussions

The preliminary evaluation was conducted on two phases. The initial results were collected from the
project day preparation period by several volunteers. The initial results showed that the students without issues
would focus on the user interface that showed the study plan. There were twenty study plans for each request.
According to the initial results, we selected three specific subjects with study issues for a final evaluation by a
method of interview. The final results were collected from three specific cases by a way of individual interview
after the test subject had used the system. The results showed that the user interfaces of the prototype was friendly,
clear and easy to use because it was similar style as that of the Google design. The prototype was able to show
twenty different solutions for the students. However, the prototype should add the automatic download features
so that the user did not have to enter their study results in order to reduce the time and the mistakes. In comparison
with the existing systems including the study result simulation tool [1], and the Faculty of Engineering study
progress check tool [2], the prototype was more satisfying. Firstly, the study result simulation tool was not directly
suggested a list of subjects to be taken in each semester. Secondly, the study progress check tool showed only the
list of subjects in the curriculum and the grades of each subject in order for the students to see what subjects the
student were still missing and what subjects the students were already passed. The task of planning the list of

subjects to be taken in each semester was still relying on the students.

Conclusions

A study planning tool for higher education was proposed in this work. A prototype of the tool was
developed and evaluated. The prototype overall architecture consisted of two parts, including the client side and
the server side. The client side was developed using polymer and the data exchange between the two parts was in
a JASON format. The server side was the main engine of the system including the web service, the search engine
and the database. The database implementation was written in Python language and the Mongoengine was used
to bridge between the Python and the MongoDB. The search engine applied a local search with a Tabu list. The
Bachelor of Engineering in Computer Engineering curriculum 2010, Prince of Songkla University was used as a
case study. The prototype could follow the regulations that were commonly found on any higher education
curriculum including the constraints on the subjects, the constraints on the minimum and maximum credits, and
the student status. The general feedback from other students (without study issues) showed that the user interfaces
of the prototype was friendly and clear and easy to use. The preliminary results by a method of individual
interview three specific subjects with study issues showed that the prototype performed a better job than any
existing tool currently provided by the university and the faculty. However, the prototype should directly connect
to the university database in order to download all necessary information for the process in order to reduce the

human mistakes during the data entry process.
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