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Abstract. Many students have difficulty learning computer programming lan-
guages. Programming is a skill that requires a lot of practice, not just theory.
Students are required to have the ability to all processes: analyze problems,
design algorithms, translate algorithms into program code, and write program
code with the correct syntax. The number of time students spend coding is the
factor that has the highest impact on their programming skills. A basic
programming lab work is implemented to increase swdents' programming skills
with a lot of practice writing a code directly . Providing feedback on programming
assignments is an integral part of a class on basic programming and requires sub-
stantial effort with personal teaching. It is needed an automatic assessment tool
that can help the task of lecturers in evaluating assignments. Performance evalu-
ation is one of the basics to monitor the progress of student performance . Group-
ing students according to their level of performance makes it easy for lecturers to
monitor student performance levels and can provide learning according to the
abilities of students in these groups. The clustering is used to group students
based on the point of each lab work. The classification method used is K-Means
Clustering. The cluster describes groups of students according to their perfor-
mance. Based on the results of a case study with 31 students, it clusters students
into 3 groups: 39% of people are in moderate ability, 45% of people have high
abilities, and 16% of people are students whose programming abilities are still
lacking system.

Keywords: K-Means, Clustering, Automatic assessment, Students” perfor-
mance.

1 Introduction

Programming is a basic principle of computer science. Most importantly, practical
knowledge of computer programming is a pre-requisite for higher-level computing
courses[ 1], but programming is a course that for most students is considered rather hard.
Many students have difficulty learning computer programming languages. Especially
because of a lack of knowledge in the field of mathematics and informatics and does




[

not develop the ability to think abstractly and logically. Besides, there is also a lack of
motivation and fear of programming because there are already difficult assumptions.

Most students learn programming languages by reading books or listening to
lecturers' explanations. So it does not provide maximum results because programming
is a skill that requires a lot of practice, not just theory.

The programming method begins by converting the issue into an algorithm and
translating the algorithm into a program code. The hardest part is the application of
algorithm specifications. The right algorithm will produce a program that is as
expected. Consequently, students are required to have the ability to all processes;
analyze problems, design algorithms, translate algorithms into a program code, and
write a program code with the correct syntax.

Research [2] findings indicate that the number of time students spend coding is the
aspect that has the largest effect on the results of the examination. Students’
performance is associated with their programming experience and confidence in
programming [3]. There is an interaction between practical learning and theory learning
when students do programming tasks in the laboratory.

To help students and lecturers in the educational environment, the existence of
educational tools is very important [4]. So are students understand the basic concepts
of programming and develop problem-solving skills, programming basic courses are
given learning programming through practical activities. A basic programming lab
work is implemented to increase students' programming skills with a lot of practice
writing a code directly. In this activity, students are given lab work modules which are
consisted of lab work assignments and 1 last project. Each lab module has lab work
assignments, both personal and group. Individual assignments worked live in class, and
the results are directly demonstrated to the lecturer/assistant. Group assignments are
worked on together. Finally, the students have to make lab work reports and collected
them. The students do the last project at the last meeting with larger and more complex
problem cases.

Lab work activities in the class are not enough time for students to practice some
problem-solving skills in more complex programming. Because of that, many lab work
assignments finally become homework for students. Furthermore, students will show it
to the lecturer. The lecturer will give some tests and corrections on assignments given
by students. Then students will improve and the results will be given back to the
lecturer. This process requires a lot of time and energy from both the lecturer's side and
the students' side. Feedback on programming assignments is an important part of an
introductory programming class and involves significant effort on the part of the teacher
[3]. Managing and assessing the results of the student's lab work assignments is very
complex and time-consuming.

With the growth of internet technology and program analysis techniques, web-based
tutoring systems can help the role of lecturers in teaching and training programming.
Making automatic programming assessments can ease the task of instructors in
evaluating students' lab work assignments so that lecturers have more time to
concentrate on the material that will be given to students to improve their skills and
follow the progress of student progress.




Based on the aforementioned problems, an application/tool is needed that can help
ease the tasks of lecturers/assistants in evaluating assignments given to students as
training materials to improve skills in programming and their ability to solve problems.
This tool is expected to replace most of the tasks of lecturers/assistants without
eliminating characterize of the lab work itself. Tools must be able to display
assignments, live coding, upload program code, evaluate uploaded program code,
compile, display compilation results, and grades. This tool has to display scores and
rankings from all lab work participants who have uploaded the program code.

Performance evaluation is one of the basics to monitor the progress of student
performance. Grouping students according to their level of performance makes it easy
for lecturers to monitor student performance levels and can provide learning according
to the abilities of students in these groups. Each group can have different treatment
according to what is needed. Grouping can be done by clustering based on the similarity
of the performance of each student. With this grouping, the assignment of practical
work and monitoring student performance can be more targeted. In the traditional
grouping, students are grouped based on their average scores. In this way, it is difficult
to get a comprehensive view of the state of student performance.

In the educational domain, data mining techniques are very useful for improving
current education standards and management. These techniques provide routes to
various levels of ranking, determinations that provide new perceptions of how the
masses can become experts in this education sector. Educational data mining (EDM),
based on tasks, is divided into many categories, namely: classification [S][6][7] [8].
clustering [9][10][11], association analysis[12][13][14] etc. Classification usually is
applied for the prediction [15][16][17][18], for example, students’ performance has
long been an interesting area of research and it aids to distinguish the weak students or
students at risk[19][2].

Data clustering is a method by which large data sets extract previously unknown,
actual, positionally useful, and invisible patterns. The amount of data found in the
education database continues to increase. The clustering technique is the most widely
used technique for mapping [20][21][22]. The primary purpose of clustering is to clas-
sify students according to their capabilities and skill into homogeneous classes. This
application can help instructors and students to improve the quality of education [23].
This study uses cluster analysis to segment students into groups according to their
characteristics.

2 Material And Method

This application was built using Open-Source based technology including Ubuntu
Linux, Laravel, Nginx, and MySQL. The process of compiling and evaluating a pro-
gram code uses GCC and G ++ that is preinstalled on the operating system. The stag-
es of application developers use the waterfall model approach.

The tools are arranged as shown in the flowchart in figure 1. Starting from the pro-
gram code that has been sent by the student, the Memory Limit, Size Limit, Time Limit,
and TotTimeLimit are determined. The next step is to check the Limit Exceeded and




Restricted Function, if it is correct then delete the temporary files and if it is wrong then
set Outfile_File and stringCmd_Compile.

Read File Source Code (™.c, =,cpp)

Y

Get Size_limit, Time_limit, Memory_limit, Total_time_limit, Output_limit

Y

Call function evaluateCode($file, Slanguage, $problem_id,
$id_user, $limits, $nickname_user)

Yes
Delete temp_files

No

Set output_file, string-to_compile

¥

Call function Evaluate{string_to_complie, output_file, problem_id,
id_language, id_user)

Y

Grading

v

K-Means Classification

Fig. 1. Flowchart Automatic Assessment

The main modules in this application are evaluation, assessment, and classification. The
evaluation module will conduct an in depth evaluation of the program code sent, and
be a determinant for the next process. The results of the process in the evaluation mod-
ule are then processed in the assessment module. In the assessment module, a compar-
1son process with the test case is carried out and a point calculation is performed. The
classification module is used to group students based on the point of each lab work. The
classification method used is K-Means Clustering.




2.1 Scoring

The assessment process is carried out by reading the input of test cases and comparing
them with the output of test cases. The score lab works assignment is calculated as in
equation (1) and (2).

Score = weight of assignment x accuracy (1)

Accuracy = total accepted / number of submit (2)

2.2 Dataset Clustering

The data in this study were collected from 110 first semester students of the Department
of Informatics. Students are participants in the Basic Programming course. The data
collected is the result of an Automatic Programming Assessment Tools assessment
from a basic programming lab work that uses C ++ Language. Data collection was
carried out from the value of 3 lab work assignments that must be completed by each
student.

2.3 K-Means Clustering

K-Means aims to minimize the Sum of Squared Error (SSE) between data objects with
many k-centroids. K centroids in this study amounted to 3, they are a group into low,
medium, and high programming abilities. The steps for the K-Means algorithm [8]:

1. From the data set to be clustered many k objects are chosen randomly as the initial
centroid, ¢j.

2. Every object that is not centroid is inserted into the nearest cluster based on the Eu-
clidean distance measure as in equation (3).

Euclidean distance measure =1l xi (j) - ¢jll2 (3)
3. Each centroid is updated based on the average of the objects in each cluster
4. Iterate for the second and third steps until all centroids are converging and stable,

where all the centroids produced in the current iteration are the same as all the cen-
troids produced previously.

Several distance measurements are used as a measure of similarity of data, one of
which is the Euclid distance. The Sum of Squared Error (SSE) as in an equation (4).
. 2
F_ Tk
j) = ;‘=1Z?=1||JCI(JrJ - C}'" C)]
)

Where J is the objective function, k is the number of clusters that is 3, n is the number
of data objects that is 41, xi is the value of the data object to i, ¢j is the centroid cluster

Joll x% - ¢;||* s a distance function.




3 Result And Discussion

This study was carried out in the Department of Informatics Engineering, FT Unesa,
for the lab programming of basic courses with 110 students. The programming lan-
guage used is C ++. While doing a lab work assignment, every student must register
for the application and doing the assignment provided. The score obtained by all of the
students will be processed with the K-Means algorithm to classified students by their
cluster.

3.1 Implementation

Before students start doing lab work assignments with automatic assessment applica-
tions, the lecture must create assignments first. Several things that must be included are
the description of the assignments, the level of difficulty, the group of material assign-
ments, points, or weight of the assignments, the output of the assignments. In addition
to each assignment made, there are some time settings and program sizes.

To use this program, a student has to log in, it will proceed with working on the
problems. The assignments that students work on can be chosen based on the problem
group and the level of difficulty. Furthermore, students can work on the selected as-
signments like figure 2, directly write the program code on the application or use an-
other editor.

A +B Problem

Problem Limits

Tima Limit Per Case Total Time Limit Memory Limit Source Limit

200 Ms 200 Ms 200 Mb 2000 Kb
Problem Description

Description

Far this problem you must calcutale A + B, numbers given in the input.
Input Specification

The enly line of inpul contain two space separated integers A, B (0 <= A, B <= 10).
Quiput Specification

The only ling of output should coniain one INteger: the sum of A and B.
Sample Input

12

Sample Output

3

Hints

no se weno si se pero no e wa decir

Fig. 2. Problems Description




The completed program is then uploaded to the application. and submitted. After the
assignment has finished submitting, the execution results will come out, whether the
program was received or there was still an error like in Figure 3. Code Testing is done
by unit testing conducted during the development and acceptance testing, that is one by
students.

An assessment of student work scores is calculated based on the percentage of accu-
racy multiplied by the weight of each question. Based on the results of a trial of 200
submitted answers, 124 answers have 100% accuracy, meaning that with 1 time the
answer is correct. And 41 answers have accuracy below 50%.

UseriD Problem ID ATy ——
(1) Date User Problem Judgement Tirme (ms) Mem (ki) size(n) | Lang
798 2019-1-27 07:3213 g 1 0 0 253 C+
ar 2019-11-27 O7:3203 aryo ] [ Acoepted | 0 828 388 ot
795 2019-11-27 07:31:50 Ran 1 0 1566 561 C+r
795 2019-11-27 O7: 3126 rizkadewlp 1 0 1564 120 C+
794 2019-11-27 07:31:02 aryo 8 = 0 1564 231 C+

« 1 2 3 4|58 n T8 .| 145 146 =

Fig. 3. List of programs subscribed

3.2 Clustering

The clustering feature of this tool is very important, especially for grouping students
according to their abilities. So the lecturer can give learning according to the ability
group of each student. In this way, it is hoped that maximum learning will be produced.

Raw data clustering is the scores of 3 lab work assignments generated by the Auto-
matic programming assessment tool. So that the total data is 330 values. Furthermore,
the data will be processed so that it becomes 3 clusters. The cluster describes groups of
students according to their performance, groups that have weak, medium, and high abil-
ities. Clustering with K-Means begins by determining the initial random centroid. By
the number of groupings, each work lab assignment will be taken 3 initial centroids.
The initial centroids are produced as in table 1

Table 1. Initial Centroid

Centroid 1 Centroid 2 Centroid 3
81 65 65 65 |8l [ 65 65 65 81

Furthermore, from non-centroid data, the minimum distance from the initial centroid
will be sought. The next process is to update the centroid value based on the average




value of the object minimum values. The same process applies to all subsequent data
objects. The process is repeated until a stable centroid is produced, i.e. the centroid
value now and then remains the same. A stable midpoint or centroid value will be gen-
erated as can be seen in Table 2.

Table 2. Centroid Data

Cluster Pl P2 P3

Cluster 0 42 68.000 61.400
Cluster 1 50.357 51.071 80.500
Cluster 2 35.833 68.333 79.417

By using this centroid, the data will be grouped into 3 clusters. Clustering is deter-
mined based on the minimum distance between objects and centroids. The process will
be repeated by determining the new centroid based on clustering results. The loop will
stop until you get the same clustering result as before. Clustering results were obtained
as shown in Figure 4, wherein cluster 3 there are 12 students with moderate ability,
cluster 1 as many as 14 students with high ability, and cluster 0 as many as 5 students
with programming ability still not enough.

The experimental result indicates that poor students of this subject are 16 9. There-
fore, the teacher needs to improve the learning and teaching process to reduce the num-
ber of low students by a suitable instructional method. Furthermore, this system clus-
tering of students is very useful because the system can support the teacher as a deci-

sion-maker to enhance better students' performance as soon as possible.

Proses [erasi Selanjuinya

Fig. 4. Clustering results
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4 Conclusions

The automatic assessment tool makes it easy for the user evaluation of lab work assign-
ments. From the student side, the ease is inside testing and collection of program code,
while from the lecturer side also makes it easy to manage questions and answers and
get student grades automatically. Questions are made with several settings, namely the
time, file size, and the weight of each question. Assessment questions are the product
of the process of the results received multiplied by the weight of the questions.

To make it easier for lecturers to provide appropriate learning, the grouping is carried
out in class according to students' abilities. Grouping using the K-Means method. Based
on the results of trials with 31 students, The results of clustering can classify students
mto 3 groups: 39% of people are in moderate ability groups, 45% of people are students
with high abilities, and 16% of people are students whose programming abilities are
still lacking.

The system can give the early warning for the teacher to solve relating to low stu-
dents' performance in a specific subject compared to the conventional system
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