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 Schools form the basis of education in any country and therefore it is important to 

provide and monitor their facilities, development and enrolments. In a geographically 
diversified land with huge population like India, it is important to identify localized 

patterns which differ from place to place in order to implement policies depending on 

the appropriate needs. Precise and relevant segments investigated frequently not only 
help to find newer changes in the education system but also helps policy makers and 

implementers identify areas sensitive to problems. Such knowledge also helps to have a 

broader picture about correlation between places, facilities and students. This paper 
proposes a data mining approach based on ontology using cluster analysis and 

association rule mining to mine patterns about schools in India. The results obtained are 

in the form of clusters and rules which can be further interpreted from the ontology. 
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INTRODUCTION 
 

 In India, according to the 2009 Right to Education Act, education is a fundamental right and schooling 

should be free and compulsory for all children from the age of 6 to 14. However, improvements are slowly 

being implemented and disadvantaged groups still do not have adequate access to education. In order to 

implement policies for development of infrastructure, facilities and quality for schools in a country with more 

than 1.27 billion population and 3 million sq. km land area, it is a primary necessity to have a thorough survey 

and understanding about the current education scenario. 

 In order to get practical and real world scenarios, trends and patterns from available data, it is required to 

apply techniques of data mining algorithms. But the problem with mining this kind of miscellaneous data is that 

it requires domain knowledge and understanding of the data to use it. Different steps involved in data mining 

like data preprocessing, understanding of data formats and structure, modeling the data, choice of algorithm and 

assessing the results demand some level of understanding about the data format. Selection of the right features 

for mining is also to some extent dependent on domain knowledge. Moreover, interpretation of data mining 

results depends heavily on domain knowledge. The other problem with current scenario also includes the gap 

between data mining techniques and inclusion of existing knowledge of the system in data mining. In the 

process of knowledge discovery, knowledge can either be of two types: data mining knowledge and domain 

knowledge. Data mining knowledge includes the knowledge available from the different algorithms, how they 

are used, formats of input data, parameter tuning and so on. Domain knowledge includes the understanding of 

the dataset, relationships among variables, normal range of variables, known causal relations and so on (Kuo, 

Lonie, Sonenberg et al. 2007). Data mining algorithms are syntactical in the sense that they do not take 

advantage of the existing knowledge in the learning process. The most challenging problem is interpretability of 

the results.  

 In this paper, the importance of ontology for representing the domain knowledge to assist the data mining 

process is illustrated. The ontology is simple and flexible yet powerful to capture various degrees of relationship 

among objects, attributes and their properties. An approach for ontology supported data mining is implemented 

on the schools dataset in order to find out useful patterns existing in the system. The paper is organized as 
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follows. In section 1, a brief discussion about different approaches to combine ontology with data mining is 

presented. Section 2 details about background of the application dataset; section 3 describes the research 

framework including ontology design and development, data preprocessing, cluster analysis and association rule 

mining. The results and analysis are presented in section 4 along with the findings and discussion. This is 

followed by conclusion and future work in section 5. 

 

Related Work: 

 Data mining is generally seen as a descriptive task where values of attributes are taken as deciding factors. 

Ontologies have been used with clustering for biomedical informatics, semantic web and text documents 

clustering in recent researches but fewer approaches try to combine ontology with data mining to add domain 

knowledge in other fields of applications (Peleg., Asbeh, Kuflik et al., 2009). Liu, Wang and Yang have 

proposed an ontology driven sub space clustering framework which creates tendency preserving cluster trees 

and uses ontology based pruning techniques (Liu, Wang and Yang, 2004). Kuo, Lonie, Sonenberg and Paizis 

proposed an ontology based data mining approach where a new ontology based measurement ‘compared 

implication’ for association rule mining is used (Kuo et al., 2007). Zhang and Wang created ontology based 

domain feature graph with feature weights clustering for multidimensional data (Zhang and Wang, 2010). Liao, 

Chen and Hsu uses ontology to model customer database knowledge for mining in sports marketing (Liao, Chen 

and Hsu, 2009). Kaur and Sapra use ontology with data mining techniques for grouping research proposals and 

the research reviewers (Kaur and Sapra, 2013). 

 

Application Area – Survey of Indian Schools: 

 To illustrate the significance of ontology in data mining, the school data set created by the National 

University of Educational Planning and Administration (NUEPA) through the District Information System for 

Education (DISE) has been taken up. The dataset consists of data about schools from all 29 states and 7 union 

territories of India. The dataset is organized as data of schools in each state/UT divided into parts: basic data, 

general data, facility data, RTE data, enrollment and repeaters, teachers data. Basic data consists of district, 

village/city, school name, code and address, block and cluster resource centre details. General data consists of 

general details of each school like area, school type, management, residential, shifts, highest and lowest class 

details and so on. Facility data contains details about physical facilities and equipments like building status, 

electricity, water, toilet, playground, library, computer aided learning, blackboard facilities. RTE data consists 

of mid-day meal details of each government and government aided schools. Enrollment and repeater dataset 

contains numbers of class wise enrolment along with genders of students (total, SC, ST, OBC, EMBC), 

repeaters, differently abled students. Teachers data include number of male/female teachers, head teachers, their 

educational qualifications. Since the dataset contains 242 features, it is very difficult for a data mining tool to 

infer useful knowledge by random clustering. Only with the help of domain knowledge represented in the form 

of an ontology, useful patterns could be inferred. 

 

Proposed Ontology Assisted Mining Framework: 

 This section describes the various steps in the ontology assisted data mining for the school data set in detail. 

An ontology of the domain is designed which is used for selecting inputs to the mining algorithms as well as the 

ontology is consulted in order to evaluate and interpret the results. The proposed framework uses the ontology 

along with data mining techniques particularly clustering and association rule mining in this paper. The system 

flows through a series of steps which are explained below. 

 

Framework:  

 The research framework comprises of three major tasks: constructing ontology and categorizing features, 

data mining and evaluation. Figure 2 shows the research framework. It begins with the understanding of the 

school domain, its properties and their inter relationship by modeling them as an ontology which is consulted for 

choosing the features for the initial grouping and further clustering. Then data in each cluster is preprocessed 

and association rule mining is applied. This finds hidden patterns in each cluster individually. The newly found 

rules are evaluated by contrasting with the ontology if needed to get more useful semantics. 

 

Ontology Design and Development:  

 Ontology design is done in three steps: data modeling, creating class hierarchy and defining relations 

among the classes and their properties. The role of ontology in this work is described in figure 1. Ontology 

diagrams are used to find relations among different levels in the hierarchy of the schooling system like national, 

state, district, city, village, block, cluster resource centre and so on. The districts have different areas which 

might be remote, rural, semi urban, urban or metro. Schools have different parameters which are modeled as sub 

classes like students, teachers, building, distance from nearest control centre among others. In this study, 

Protégé Version 4.3.0 is used as the ontology design tool.  
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Fig. 1: Role of Ontology. 

 

 
 

Fig. 2: Research Framework. 

 

Data Preprocessing:  

 The dataset needs considerable preprocessing because it is partially unstructured and has incoherencies due 

to either human error, multiple occurrences of features, missing values or data entry error. It is cleansed, 

integrated and values are either removed or filled with relevant data, empty features removed. For cluster 

analysis numeric values are necessary whereas for association rule mining using Apriori, nominal values are 
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needed. Feature sets to be used for association rule mining are transformed to transactions which is the form of 

input accepted by Apriori. 

 

Cluster Analysis:  

 Clustering is a widely used technique, whose goal is to partition a set of patterns into disjoint and 

homogeneous clusters. The K-means algorithm, hill-climbing and the density-based DBSCAN are the most 

popular partition-clustering methods. The goal of the K-means algorithm is to partition the data into k clusters 

so that the within-group sum of squares is minimized (Liao et al., 2009). This system employs K-means in 

cluster analysis and divides the datasets into different groups depending on certain parameters chosen from the 

outcome of the ontology and categorizing steps. 

 

Association Rule Mining:  

 An association rule shows relationships among items in a transaction of a dataset. Discovering association 

rules is an important data mining problem. The association rule algorithm is employed mainly to determine the 

relationships between items or features that occur synchronously in the dataset, especially within clusters in this 

research work. The Apriori algorithm is used in this system which is one of the most common and successful 

algorithms to obtain association rules. 

 

Data Mining Results and Analysis: 

 The framework proposed is applied on datasets described in section 2. Out of 242 features that exist for 

each school, those required for analysis are chosen from the ontology. First clustering is done using K-Means 

algorithm and then each cluster is individually processed with association rule mining algorithm. In order to 

apply Apriori, data format of requisite fields are preprocessed. For instance, if we want to find patterns about 

schools according to management of the school and school type which indicates secondary/primary/higher 

secondary standard school with relation to their location in Pondicherry, consulting ontology we choose 

RURUB, SCHCAT and SCHMGT from General Data cluster analysis. To find patterns inside each cluster we 

associate features like medium of instruction, school management and school type. The main ontology is used to 

choose the features for clustering. Part of the ontology consulted is shown in figure 3. 

 

 
 

Fig. 3: Parts of the main classes in the ontology. 
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Cluster Analysis:  

 Clustering is used to categorize data into well defined and meaningful groups. Before running the K-Means 

algorithm number of clusters is fixed. Clusters were formed on basis of school area (rural/urban), school 

category and school management. Depending on the group center clusters are analyzed. With focus on analyzing 

school area distribution clustering results on schools of Pondicherry is shown in figure. 4 with 3 clusters with 

cluster0, cluster1 and cluster2 having 53%, 26% and 22% of all the 717 data.  

 

 
 

Fig. 4: Result of cluster analysis on schools of Pondicherry based on school area, category and management. 

 

 Results of the clustering can be summarized in the following table 1. 
 

Table 1: Values of result of Clustering on schools of Pondicherry depending on features: rural or urban area, category of school and  
management of school. 

 Cluster # 

Cluster 0 Cluster 1 Cluster 2 

# schools (total 717) 377 183 157 

Area Rural Urban Urban 

School Management Local body Dept. of education Private unaided 

School Category Class I to XII Class I to XII Class VI to XII 

 

Association Patterns:  

 Apriori algorithm is applied to each cluster individually and association rules are formed based on school 

management, medium of instruction and school type. Table 2 lists some of the rules from cluster0 with 

minimum support 0.1 and minimum confidence 0.9 representing mostly schools of the rural area. 
 

Table 2: Rules generated on cluster0 

1. SCHMGT=pvt unaided  MEDINSTR=english 
2. SCHCAT=pr MEDINSTR=tamil  SCHMGT=edu dpt 

3. SCHMGT=pvt unaided SCHCAT=p_up_s  MEDINSTR=english 

4. MEDINSTR=tamil  SCHMGT=edu dpt 
5. SCHCAT=p_up_s MEDINSTR=English  SCHMGT=pvt unaided 

6. SCHMGT=edu dpt MEDINSTR=english  SCHCAT=pr 

7. SCHCAT=pr  SCHMGT=edu dpt 

 

 Association mining applied to cluster1 with the values of minimum support 0.1 and minimum confidence 

0.9 provides results as listed in table 3 which are mostly schools of the urban. 

 
Table 3: Rules generated on cluster1. 

1. SCHMGT=dpt of edu  RURURB=urban  

 2. SCHCAT=p  RURURB=urban  
 3. SCHMGT=dpt of edu SCHCAT=p  RURURB=urban 

 4. SCHCAT=up_s RURURB=urban 

 5. SCHCAT=up_s SCHMGT=dpt of edu  
 6. SCHMGT=dpt of edu SCHCAT=up_s  RURURB=urban 

 7. RURURB=urban SCHCAT=up_s SCHMGT=dpt of edu  
 8. SCHCAT=up_s RURURB=urban SCHMGT=dpt of edu  

 9. SCHCAT=up_s_hs RURURB=urban  

10. SCHCAT=up_s_hs  SCHMGT=dpt of edu 

 Similarly association rule mining on cluster-3 yields a different set of rules. 
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Findings and Discussion:  

 This study uses K-Means to form meaningful groups. As seen from table 1 values and comparing them with 

the standards mentioned in UDISE we conclude that cluster0 consists of schools which are in rural area, 

managed by social welfare groups/local body and are having classes from 1 to 12. These are calculated by 

matching final cluster center value with the provided codes. Schools in cluster1 and cluster2 are in urban areas 

but cluster1 schools are managed by department of education and have classes from 1 to 12 whereas schools in 

cluster2 are private unaided and have classes 6 to 12 as per results. Association rules derived from Apriori for 

cluster0 and cluster1 show correlation between school management and medium of instruction. For instance, 

rule 3 in table 2 can be interpreted as English medium schools in rural areas are mostly private unaided and have 

classes 1 to 10. Many combinations of interesting clusters and rules can be formed with different feature sets 

chosen separately. This is possible only with the help of domain knowledge which was provided by the 

constructed ontology. 

 

Conclusion and Future Work: 

 This paper proposes a framework which uses ontology based cluster analysis and association rule mining 

for mining interesting knowledge from the datasets of survey of schools of India. Knowledge extracted from 

data is presented to the user as cluster allocations and association rules are interpreted with help of the ontology. 

Some of the future enhancements of the work include automating the consultation and querying of ontology by 

the mining algorithms, attaching weights to features of the datasets to make the semantics more relevant and 

pruning of association rules based on improved semantic interestingness. 
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