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Abstrrcl Many studenrs have dimcdty leaming computer programming lan-
guages. Programming is a skill that requires a lot of practice, not just theory.
Students ar€ required to ha\c drc ability to all processcs; aaalyze problems,
design algorithms. tmnslde algoritlms irrto progam code, and wite program
code with t[e corecl syntax. The number of tirlle students spetrd coding is the
factor lhat has the highest impacr on thei. proEramrning skills. A basic
proSramming lab reork is irl,lemented to increase studcnts, Fogramming skills
with a lot ofpmcti@ writing a codc dtec{ly. hoviding feedback on programrning
assignrn€nts is an i egral part ofa class on basic programming and rcquires sub-
stantial effon with personal teaching. lt is leoded an auomatic assessmetrt tool
that can help the task of lecturers in evalualing assignments. Perfo,nnance evalu-
ation is one ofthe basics to monitor lhe progress of studer[ performanc€. CrrouF
ing students accordiDg to their l6vel ofperf6rnanc! makes it easy for lectu€f,s to
monitor studeBt lErfonnaflre levels and can provide leardtrg aolording to the
abiliries of students in lhese gmups. Tlr clustering is used to group students
based on the point ofeach lab work. The classitication method used is K-M€aDs
Cluste.ing. The cluster describes groups of students acaording to their perfor-
mancc. Based on the results of I csse study with 3 | students, it clusten students
into 3 groups: 39o./o ofpeople ae in moderate ability, 45% of people have high
abilities, and 16% of p€ople are students *tose programming abilities arc still
lacking system.

KclBordsi K-Mcans, Clusterir& Automatic assessment, Students' perfor-
lllrInce.

I Introduction

Programming is a basic principle of computq science. Most impqtantly, practical
knowledge of computer programming is a pre-requisite for higher-level computitg
courses[ I ], but prograrnming is a cours€ $at fol most studetrts is cotrsidered rather hard.
Many studerts have difficulty leamiry computer programming languages. Especially
because of a lack of knowledge in the field of mathematics and informatics and does
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not develop the ability to think abskactly and logically. Besides, there is also a lack of
motivation snd fear ofprogramming because there are already difficult assumpions.

Most studc'nts leam programming languages by rcading books or listcining to
lccturers' explanations. So it docs not provide maximum results because programming
is a skill that requires a lot ofpractice, notjust 6eory.

The programming metirod begils by converting the issue into an algorithm and

translating the algorithm into a program code. The hadest part is the application of
algorithm specifications. The right algorithm will produce a program drat is as

cxpected. Consequently, studelts are requted to have dre ability to all processes;

analyze problems, design algorithms, translate algo thms into a program code, and

write a program code with the corr€€t syntax.
Rcsearch [2] findings indicate rhat the numbsr of time studsnts spcnd coding is thc

aspect that has the largest effect m fte results of the examination. Students'
performance is associated with their programming experience and confideqce in
progammhg [3]. There is an int€raction between practical leaming and theory leaming
when students do programming tasks in the laboratory.

To help students and lecturen in the educational eovironment, lhe existence of
educational tools is very important [4]. So are students uderstand the basic concepts

of programming and dcvclop problern-solving skills, Fogramming basic courses are
givcn learning programming through practical activities. A basic programming lab
work is implemented to increas€ stud€ilts' programming skills with a lot of practice
writhg a code directly. h this activity, students are given lab work modules which are

consisted of lab work assignmeflts and I last project. Each lab module has lab work
assignm€nts, both pdsoDal atrd group. Individual assignmeis worked live in class, and

the results are di(ectly demonstrated to the lectuer/assistant. Crroup assignments are

worked oD togethq. Finally, tho $udents have to make lab work reports and collected
them. Thc studonts do the last proje{t at the last meeting with larger and morc complex
problern cascs.

I-ab work activities in the class are not enough time fff students to practice some
problem-solving skills in more complex programming. Because ofthat, many lab work
assignmorrs finally become homcwork fol snrdelts. Fur&ermore, students will $o]v it
to the lectuler. The lectursr will give some tests and co[ections on assignments given

by shrdents. Then students will improve and the results will be given back to the
lechrler. This process requires a lot of time and energy from both the lecturer's side and

the students' side. Feedbact on programming assignmcnts is an important part of an

i[roductory progaEming class and involves significant cflort on thc part ofthe t€cher
[3]. Managing and assessing the results ofthe shrdent's lab work assignments is rery
complex and time-consuming.

With the growth ofinternet tecbnology and program analysis techniques, web-based
tutoring systems can help 0te role of lectursrs in teaching and taining programming.

Making aulomatic programming assessmeots can ease the task of instuctors in
evalusting students'lab work assignmorts so that lecturers have more time to
concentrate on thc material that will be given to students to improyc their skills and

follow the progress ofstudent progress.
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Based on the aforemertioned problems, an applicatiorVtool is needed that can hetp
ease the tasks of lectureryassistants in evaluating assignments given to studeflts as
training materials to improve skills in programming and thet ability to solve problems.
This tool is expe{ted to replace most of the taski of lecturorvassistants without
eliminating charactqize of the lab work itself Tools must be able to display
assignmeDts, live coding, rpload 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 prog:ess of student
performance. Grouping stud€nts according to their level ofperformance makes it easy
for lecturers to monitor student performance levels and can providc leaming according
to the abilities of studerts in thesc groups. Fach group can have different treitl1lcnt
according to what is need€d. Grouping ceJl be done by clustering based on the similarity
of the performance ofeach stude[t. With this grouping the assignment of practical
work and monitoring stud€nt performaqce can be more targeted. In the taditional
grouping, students are grouped based on their average scores. In this way, it is difficult
to get a comgehensive view of the state of student performance.

In the educational domain, data mining techniques are very useful for improving
currcnt cducatiou standards and managem€nt. These techniques provide routcs to
various levels of nnking, determinations that providc new f,crcrptions of how the
masses can become experts in this €ducation sector. Educational data mining (EDM),
b6sed on tasks, is divided into many catego es, namely: clasification t5lt6lt4 t8l,
cluste ng [9][0]Ull, association analysis[ 12][ l3][ 14] etc. Classification usually is
applied for the prediction U5l[l6]u7lu8l, for example. sludents' perfomratrce has
loBg been sn int€resling area ofresearch and it aids to distinguish the weak studetrts or
students at skll9l[2].

Data clustering is a me$od by which larye data scts extract previously unknown,
actual, positionally useful. and invisiblc pattons, Tho amount of data found in thc
education database continues to inoease. The clustering technique is the most widely
used technique for mapping [20][21][22]. The primary purpose ofclustering is to clas-
siry students acrording to their capabilities and skill into hqtrogeneous classes. This
application can help irutructoB and studeDts to improve the quality of education [23].
This study uses cluster analysis to segment students into groups according to thcir
characteristics.

2 Material And Method

This application was built using Oper-Soulc€ based technology including Llbuntu
Linux, l,aravel, Nginx, and MySQL. The process of compiling and evaluating a pro-
gram code uses GCC and G + that is Feinstalled or thc operating system. The stag-
es ofapplication developers use the waterfall model approach.

The tools are arranged as shown in the flowchart iII figure t. Starring from the pro-
gram code that has becn scnt by thc studcnt, the Memory Limit, Sizc Limit, Timc Limit,
and TotTimelimit axe determined. The next step is to check the Limit Exceeded and
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The main modules in this applicatifrl are evaluatio[' assessment, and clustef,ing The

evaluation module witt conrluct ao in deph 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 than processed in thc assessmelt module. In 0le asscssmeot module. a compar-

isor proc€ss with the test case is carried out and a point calorlation is performed The

clustiing module is used to group students based on the poinr of each lab work The

clustering method used is K-Means ClusterinS.
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2,1 Scoring

The ass€ssment process is carried out by reading the input oftest cases and comparing
them with the output of test cases. The score lab works assignment is calculated as in
e4uation (l) 8nd (2).

Score = weight of assignment x accuracy

Accuracy = total accepted / number of submit

(l)

(2)

2.2 Datl set Clusterirg

The data in this study were collected from I l0 firs( semesler students oftbe Department
of Informatics. Students are participants in the Basic hogramming course. The data

collected is the result of an Arxomatic Progzmming Assessment Tools assessm€trt

tom a basic programming lab work that uses C -+ Language. Data collection was

caricd out fiom the value of3 [ab work assignmfits dlat must be completed by each

sludent.

2.3 K-Mclns Clusterlng

K-M€ans aims to minimize the Sum ofsquared Erfor (SSE) between data objects with
many k-centroids. K centoids in this study amounted to 3, they are a group iBto low,
medium, and high programming abilities. The steps for the K-Means algorithm [8] :

l. Frcm the data set to be clustered many k oQjects are chosen randomly as the initial
centoid, cj.

2. Every object that is not centoid is inserted into the n€arest cluster based on the Eu-
clidean dislance measure as in cquatiut (3).

Euclidean distance measure = ll xi (i) - cj ll2 (3)

3. Each cedroid is rpdated based on fte aversge ofthe objec-ts in each cluster
4. Itelate for ihe s€coud and thtd steps until all c€ntroids are converging and stable,

where all the centoids produced in the current it€ratim are the same as all the ccn-
toids produced previously.

Sevsral distance measurements are used as a measure of similarity of data, one o[
which is the Euclid distance. The Sum ofSquared Erru (SSE) as in an equation (4).

i = Ll=,LT=,ll,l, - "tll" (4)

(4)

Where J is the objeclive functio[ k is the number ofclusters that is 3, n is the number
ofdata ouects that is 41, ri is the value ofthe data object to i, .i is the centroid cluster

j, Il r,0/ - cj ll'1 is a distanc€ fimction.
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3 Result And Discussion

This study was carried out in the Department of lnformatic.s Engineering FI Unesa,
for &e lab programming of bosic cowses with 1 l0 sudents. The programming lan-
guage used is C I l. While doing a lab work assignmelt, €very studeot must registcr
for thc applicatio and doing the assignmot provided. The score obtained by alt of the
students will be processed wirh the K-Means algo.ithm to classified students by their
cluster.

3.t Implementation

Before students start doing lab work assignments with automatic assessment applica-
tions, the lecture must caeate assignments first. Several things that must be included are

the description ofthe assignments, the level ofdifficulty, the group ofmaterial assign-
ments, points, or weight ofthe assignments, the output ofthe assigEmerts, In additior
to each assignment made. there are some time settings and program sizes.

To use this prograrn, a studeot has to log in, it will procerd with working on the
problerns. Thc assignme[ts tbat students work on can be chosen based on the problem
group and the level of difficulty. Furthermorc, studsnts can work on the selectcd as-

signments like ligure 2, directly write the program code on fie application or use an-
other editor.

A +B Problem

De3arlpuo.l

Fq hts Fofin you frJsl crk{lra l r a. ft-6.6 lrrrar h |,E hAn

lnpd Spedricallon
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Sample hput
,i:
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m*EDc*0.Drc!.Eda.,

I'i& 2. Problems Description
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The completed program is then uploaded to tie application. and submined. After the
assignment has finished submitting, the execution rcsults will come out, whether the
program was rcceived or there was still an error like in Figurc 3. Codc Testing is donc
by unit testing conducted during the development and acceptance testing, thal is one by
stude[ts.

An assessmerf ofstudent work scores is calculated based on the percentage ofaccu-
racy multiplied by the weight of each questioo. Based on the results of a triat of 330
submitted answers, 124 answers have 100% accuracy, meaning that with I time the
aoswer is correct. And 4l answ€rs have acluraey below 50%.

@

IEE

'E'

1.2 Clustering

The clustcring feahue ofthis tool is very imponant, especially for groupirg studcnts
according to their abilities. So the lecturer can give leaming ac{ording to the ability
group ofeach student In this way, it is hoped that maximum leaming will be produced.

Raw data clustering is the scores of3 lab work assignments gelerated by the Auto-
matic progmrnming assessment tool. So dlat the total data is 330 values. Furthermore,
the data will be proccssed so that it becomes 3 clusters. The cluster describes groups of
students according to their performance, groups that have w€ak, medium, andhigh abil-
ities. Clustering with K-Means begins by determining the initial random centroid. By
the number of groupings, each work lab assignmeflt will b€ taksr 3 initial centroids.
Ths initial cenroids are produccd as in table t

Trble 1. Iiitial Ce$roid

Centroid I Centroid 2 Centroid 3

8t 65 65 65 8l 65 65 65 8t

Furthermore, fiom non-c.entroid data the minimum distance from the initial centroid
witl be sought. The next process is to update thc ccrtroid value bascd on the average

Flg. 3. List ofprqgams sub6!'ribed
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valuc of the object minimum valucs. The samc process applies to all suhequent data
objects. The process is r€pEated until a st8ble centoid is produced, i.e. the cerroid
valuc now and then rcrnains the same. A stable midpoinr or centroid value will be gen-
erated as can be sccn in Table 2.

T.ble 2. Centroid Data

Cluster PI P2 P3

Cluster 0 42 68.000 61.400
Cluster I 50.357 51.071 80.500

Cluster 2 35.833 68.333 19.4t7

By using this centroid dl€ data will be goupcd into 3 clusters. Clustering is deter-
mined based on thc minimum distance between objects and centroids. The proccss will
be repeated by determining the new c€ntroid based on clustering results. The loop will
stop until you get the same clustering result as before. Clustef,ing results were obuined
as shown in Fipure 4, u,herein cluster 3 lhere are 43 studeuts wit! moderate ability,
clustsr I as many as 50 students with high ability, and clustex 0 as many as 17 students

with programming ability still not eoough.

The expcf,imental result iDdicat€s that poor shrdeflts ofthis subject are l6 7o. Therc-

fore, the teachei needs to improve the learning and teaching process to reduce the num-
bcr of low student$ by a suitable instructional mctbod. Furthermre, this systsm clus-
tqing of students is very useful b€cause the q,stem can support the teacher as a deci-
sion-maker 10 enhance b€tter students' p€rformance as soon as possible.
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The automatic assessment tool makes it easy for the user evaluation oflab work assign-

ments. From fie student sidc, lhe ease is inside testing and collection ofprogam code,

while &om the leeturer side also makes it easy to manage questions and answers and

get student gades automatically. Questions are made with several settings, namely the

time, file size, and the weight of each question. Ass€ssment questions are the product

ofthe process ofthe results received multiplied by the weight ofthe questions.

To make it easier for lecturers to providc appropriate learning, the grouping is carried

out in class according to students' abilities. Crouping using the K-Means method. Based

on the results oftrials with I l0 studsnts, The results of clustering can classiry students

into 3 goups: 39olo ofpeople are in moderate ability groups, 45% ofpeople are students

with high abilities, and 16% of people are students whose programming abilities are

still lacking.
The system can give the early waming for the teacher to solve relating to low stu-

dents' performance in a specific subject compared to dle coDventional system
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