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1. Abstract 

Data Mining has recently been developed and used in 

various disciplines for different purposes. Pattern 

recognition, classification and clustering are used in 

business, medicine, geographic information systems 

and so on. In this paper we present an application of 

clustering algorithms on education. We used clustering 

algorithms to assess the results of English language 

placement tests in order to form homogeneous classes 

composed of same level English language learners. 

 

2. History and Motivation 

 Data mining is extracting knowledge from 
large data sets; it is also called as “Knowledge Mining” 
or “Information Retrieval”1. With an enormous 
amount of data stored in databases and data 
warehouses, it is increasingly important to develop 
powerful tools for analysis of such data and mining 
interesting knowledge from it. For years many 
algorithms have been developed both for predictive 
and descriptive models of data mining. Predictive 
models make predictions about values or marks of data 
using known results from different data.2 A predictive 
model uses historical data. Classification, regression, 
time series analysis are the tasks of predictive 
modeling.3  A descriptive model identifies patterns and 
relationships in available data which do not have to be 
historical. It does not make predictions for future, but 
better describes the data by analysis. Descriptive data 
mining tasks include clustering, summarization, 

association rules and sequence discovery.4 Data 
mining algorithms and knowledge discovery 
frameworks have been successfully applied in a 
number of application domains including insurance, 
finance, telecommunications, medicine, commerce, 
astronomy, geological survey and security5,6.  For 
instance, using association rule discovery, in a 
supermarket it is identified what item is bought after 
which item and in how many days, classification 
algorithms are used to detect suspicious criminals by 
face detection, clustering may used for DNA analysis.7 
When clustering algorithms do this analysis, they use 
similarity and distance measures. Those which are 
similar to each other are put in the same segment or 
cluster. Hierarchical (agglomerative and divisive) and 
partitioning methods and related algorithms are used 
for clustering applications. 
 

3. Placement Test  

 Learners are given a placement test at 
language schools to determine their levels in the target 
language before they start the course. This test is 
designed to tell the instructors which course would best 
suit the learner at his/her current language level. The 
scores made on this test are used to segment students 
for their future language education. This ensures that 
all the learners register for the course that will best 
meet their learning needs. 
 Classically, students are placed into classes 
according to the total score they make. For instance, 
those who scored between 20 – 30 are clustered in the 
same class.  In English language teaching, scores 
between 20 and 30 are labeled as elementary and these 
students are educated according to the principles of the 
universal elementary level through the books with the 
same label. It is assumed that those students know and 
do not know the same things in English. Nevertheless, 



in practice, it is often experienced that they do not have 
the similar English level.  
The reason is that those who scored 20 or 30 out of 100 
may have not made the score answering the very same 
20 or 30 questions. Some may have answered 7 - 8 
questions related to vocabulary and 10 - 20 questions 
from reading etc. as some may have answered 20 
grammar questions correctly and scored the same. 
Furthermore, there may be combinations of the score 
of 20 within grammar only! However, the traditional 
placement accepts those students the same level and 
assumes that they know the same things and again 
lacks the same. 
Thus it is better to cluster students according to the 
questions they answer correctly instead of the total 
score and giving them a more dynamic course tailored 
according to their needs. For example, students who 
answered the question number 1, 2, 5, 6, 12, 15, 16, 23, 
25, 26, 45, 46, 65, 78, 79, 81, 82, 86, 90 and 95 scoring 
20 should be in the same class and those who scored 
20 with a different pattern should be in another. Today, 
it is possible to realize such a study using data mining 
techniques and algorithms. 

4. Application 

This system is applied in a language school in 2003 / 
2004 and 2004 / 2005.  At Beykent University School 
of Foreign Languages Prep School students’ placement 
test scores are used for clustering students through data 
mining modeling. 
In 2003 / 2004 academic year, students are given a 
multiple choice test with 100 questions. Question are 
ordered from the easiest to the hardest in the test. So, 
as the question number 1 is one of the easiest, the 
question number 100 is one of the hardest question of 
the test. The test is composed of grammar, reading and 
vocabulary questions. Reading questions are relatively 
harder, advance level questions. Vocabulary questions 
are advance and intermediate level questions, however 
there are all level grammar questions. 
After collecting, the data were cleaned and made ready 
to be used in a K-Means clustering algorithm. The 
dimension of the data is naturally 100, depending on 
the number of the questions in the placement test. To 
have a clear understanding of the study and make a 
comparison, the scores of the test are used for the 
classical placement as well.  
The results after the application are depicted in Table 
1. 
The most outstanding difference between our 
clustering survey and the traditional placement is that 
in ours the education and syllabus to be given to the 

clusters are determined individually for each cluster 
and they are unique. That is the members of the each 
clusters have a lot in common about what they know 
and do not know in English. Whereas in the classical 
one although there are 25 different classes, in practice, 
there are only 3 different levels: Beginner, Pre-
intermediate and Intermediate. So, in the traditional 
one classes number 22, 23, 24 and 25 are labeled as 
Intermediate and all the students in these classes would 
have the same syllabus. And all of them are assumed to 
know similar things. Nevertheless, in our study 7 
different syllabus are offered for those students. Pre-
intermediate level students are offered 5 different 
syllabuses in our study, but in the classical one this is 
only one. We also offer 13 different teaching programs 
for so called Beginner students. 
 

Cluster 
No: 

Lowest 
Score 

Highest 
Score 

Classical Classes –
Traditional Placement 

1 0 0 1 
2 0 1 2 
3 1 8 3,6 
4 3 9 3,4,5,6,7 

5 1 12 3,4,5,8 
6 6 10 5,6,7,8 
7 9 17 7,8,9,11 
8 12 18 9,10,11,12 
9 3 25 4,5,6,12,13,14,17 
10 7 12 6,7,8,9 
11 11 22 8,9,10,12,13,14,15 
12 11 30 8,9,10,11,12,15,17,18,19 
13 16 27 11,12,13,14,15,16,17,18 
14 15 41 10,11,12,18,19,20,21,22 
15 19 27 13,14,15,16,17,18 
16 28 41 18,19,20,21,22 
17 15 53 10,11,12,13,14,22,23 
18 16 25 11,12,14,15,16,17 
19 23 35 16,17,18,19,20,21 

20 35 55 21,22,23,24,25 

21 13 58 
9,10,12,13,14,15,17,19,20,2
5 

22 18 34 13,14,15,16,17,18,19,21 
23 32 45 20,21,22,23 
24 39 51 22,23,24 
25 51 60 24,25 
Table 1. 2003 / 2004 Academic Year Clustering 

Application Summary 

 



As it is seen, the application of clustering technique to 

the results of English Language placement test differs 

from the traditional one positively. When each cluster 

is examined separately and compared with another it is 

seen that each cluster is really different from the 

others. However, it is not possible to say what the 

members of the clusters know about the language, so it 

is difficult to prepare a syllabus for the learners. For 

example in cluster number 9 the highest score is 25 and 

the lowest is 3. This means that the students who 

answered only 3 questions correctly answered such 

questions that those questions are not answered by any 

students who scored 4, 5,6 etc. So those who answered 

only those 3 questions have been placed in the same 

cluster with the others who answered the same three 

questions and some more. Are those 3 questions are 

really very differentiating questions to separate 

students from one another or this is a just a 

coincidence? Such discrepancies are also in other 

clusters. There may be two reasons to that situation; 

the first one is that the dimension of the data is 100 and 

this may have made the results less accurate and 

formed less homogenous clusters, the second and more 

important reason is that the questions asked for such a 

study  are not the appropriate ones. 

Since we will assess success, the criteria for this 

assessment should be predetermined. When we started 

the survey, the questions for the placement test had 

been prepared. So, we went on with those questions 

and had a less reliable result. Thus it is decided to have 

another application for the following year’s students 

i.e. 2004 / 2005 academic year.  

In the second application the placement test questions 

were prepared in accordance with the purpose of the 

study. As it can be seen in Table 2, three types of 

questions (Use of English, Vocabulary, Reading) were 

asked at 5 different levels (Beginner, Elementary, Pre 

intermediate, Intermediate, Upper Intermediate). So, 

there were 15 different sorts of questions to be 

answered in the test. For each level there were 5 Use of 

English, 6 vocabulary and 9 reading questions. There 

were 100 questions in all. The exam attempts to assess 

student from 15 different aspects. As it is mentioned 

above the aim of the study is not to realize the 

placement (clustering ) according to one score but to 

do it with 15 different meaningful scores. This would 

help forming more homogenous classes. 

 Use of 
English 

Vocabulary Reading Total 

Beginner 5 6 9 20 

Elementary 5 6 9 20 

Pre 
Intermediate 5 6 9 20 

Intermediate 5 6 9 20 

Upper 
Intermediate 5 6 9 20 

Total 25 30 45 100 
Table 2. 2004 / 2005 Academic Year Question Types 

and Levels 

 

The results of the second study may be evaluated as 

follows: 

The traditional placement puts students 5 different 

levels and classes. Our study showed that there are 14 

different English level students, not 5. The clusters and 

some information about the clusters are depicted in 

Table 3. 

Below you will find further information about each 

cluster. 

Cluster No 1: Failed all type of questions at all levels. 

Cluster No 2: Correctly answered Beginner and 

Elementary level Vocabulary questions and failed the 

others. 



Cluster No 3:  Low success at all level, all type of 

questions. 

Cluster No 4: Answered only Beginner and Elementary 

level Reading questions. 

Cluster No 5: Answered Beginner and Elementary 

level Vocabulary and Use of English Questions. 

Cluster No 6: Did pretty well on Beginner, Elementary, 

Pre Intermediate and Intermediate level Use of English 

questions, and also not bad at other level Use of 

English questions 

Cluster No 7: Successfully answered Beginner, 

Elementary, Pre Intermediate and Intermediate level 

Use of English and Vocabulary questions, but failed to 

answer other type and level questions. 

Cluster No 8: Answered correctly almost all of the Use 

of English questions but failed all other types. 

Cluster No 9: Good at Intermediate level Reading 

questions and better at other level readings. The 

students of this cluster either did not answer or gave 

incorrect answers to the Vocabulary and Use of 

English questions in general. 

Cluster No 10: Low success at Use of English question 

at all levels and very good at Reading and Vocabulary 

all levels. 

Cluster No 11: Correctly answered Beginner, 

Elementary and  Pre Intermediate level Use of English, 

Reading and Vocabulary questions but, could not give 

correct answers for other level questions. 

Cluster No 12: Medium level success at all type and 

level questions 

Cluster No 13: Good or very good at all levels Use of 

English and Reading questions. 

Cluster No 14: Intermediate and elementary level Use 

of English and Reading Success. 

In our study clusters are formed of 20 – 24 students. 

After that , each clusters are examined and its 

difference from the others and its own characteristics 

have been spotted manually. As a result we had 14 

different clusters. 

Cluster No: 
Average 
Score of 
Cluster 

Lowest Score 
in the Cluster 

Highest Score 
in the Cluster 

1 0,5 0 2 
2 17,6 12 19 
3 18,7 14 21 
4 21,4 18 25 
5 26,1 24 30 
6 26,3 19 29 
7 43,8 40 46 
8 45,2 41 47 
9 46,7 41 51 
10 51,0 46 55 
11 51,3 49 54 
12 53,0 50 55 
13 56,7 51 62 
14 65,6 60 69 

Table 3. Clusters and their characteristics. 

5. Conclusion 

The study showed that there are not only 5 or 6 

different steady English levels in English language 

teaching. In our second application, there appeared to 

be 14 different levels. This number may change from 

one application to another depending on the types and 

background of the existing students. Of course some 

students did not fit one or another cluster 100%, in 

such situations they are placed in the nearest cluster.  

Here are some suggestions for further applications of 

clustering in language placement tests. 

 

1. Exam questions should cover all aspects of 

the language as much as possible. There 

should be reading, listening, writing skill 

questions in addition to grammar. All these 

categories may have some sub categories such 

as first level reading, second level listening 

etc. 



2. Since the application will create language 

classes with students through clustering and 

this is done for education, the number of 

students in each cluster the number of 

classrooms available and the number of 

instructors should not be discarded. These will 

be taken as constraints by the algorithm to be 

used, so an appropriate algorithm to handle 

these constraints should be used. K-Means, 

PAM or  Fuzzy-C are some  of those. 

3. The assessment of the test should be done by 

an optical reader and the program of the 

reader should be integrated with the clustering 

algorithm. Thus, teaching classes will be 

formed as son as the assessment is done. 

4. The last step is to determine the 

characteristics of the clusters. If the number of 

the clusters is not many, this process may be 

done manually.  However, if there are too 

many clusters to be examined, it is better to 

develop software or use statistical tools such 

as regression. 

REFERENCES 

                                                   
1 J. Han and M. Kamber. Data Mining : Concepts 
and 
Techniques. Academic Press, San Diego, 2001 
2 Cabena, Peter, vd, Discovering data mining: 
from concept to implementation, USA, 
International Business Machines Corporation, 
1998. 
3 Dunham, Margaret H., Data Mining Introductory 
and Advanced Topics, Prentice Hall, Pearson 
Education Inc., New Jersey, 2003. 
4 Rasmussen, E.,  “Clustering algorithms”. 
Information retrieval : datatructures & algorithms, 
yay. Frakes WB, Baeza-Yates R Englewood 
Cliffs, N.J.: Prentice Hall; 1992. 
5 U.M. Fayyad, G. Piatetsky-Shapiro, P. Smyth, 
and 

                                                                               
R. Uthurusamy, editors. Advances in Knowledge 
Discovery 
and Data Mining. AAAI Press, Menlo Park, CA, 
USA, 1996. 
6 C.P. Rainsford and J.F. Roddick. Database 
issues in 
knowledge discovery and data mining. Australian 
Journal 
of Information Systems, 6(2):101–128, 1999. 
7 Ben-Dor, Amir ve Yakhini, Zohar,  “Clustering 
gene expression patterns”,  Proceding of 3rd 
International Computational Molecular Biology 
Conferance,  Lyon, France, 1999. 


