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Predictive Decision Support System for Licensure
Examination Performance through Integration of Multiple
Regression and PART Classification Models of Data Mining
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Abstract—Data mining is the process of discovering
knowledge which in turn can be used to predict future trends.
On the other hand, decision support system is an information
system that enables one to analyze data and compile
information that will aid in decision making process. This paper
presents the integration of data mining and decision support
system in an educational context. thus, a predictive decision
support system for licensure examination performance
(PDSS-LEP) isdesigned that highlightsthe repeated generation
of multiple regression model and the integration of another
classification model which was derived using PART
classification technique. The PDSS-L EP was found beneficial as
it provides a good platform for generation of MR model that
can be adapted by other institutions because of its model
selection procedures and user-oriented interface. It is however
suggested that data integration should be enhanced by
considering multiple sour ces of data.

Index Terms—Data mining and decision support system
integration, LET performance, multiple regression, predictive
decision support system.

[. INTRODUCTION

Decision support system (DSS) is a computerized
information system that is intended to help organizations
identify and solve problems and eventually make better
decisions [1]. DSS is widely used in business and
management, medical diagnosis, agriculture, forest
management [2] and the like. However, there has been an
insignificant application of DSS in educational domain
which involves data that are not business-oriented such as
academic records, licensure examination performance and so
on.

Licensure examination performance (LEP) is a growing
concern of most of the educational organizations. LEP of the
graduates is one of the major determinants of the quality of
education an institution offers. This manifests the
institution’s high standard of instruction and quality of
students they have. Hence, administrators are constantly

monitoring the LEP in order to improve school achievements.

Thus, one area of interest is the graduates of the institution
who are about to take the licensure examination — the
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reviewees. A support must be extended to them prior to the
taking of the licensure examination. Questions like “What
subjects do I need to concentrate more? What possible score
can I get? How likely will I pass the exam?” should be
addressed. These questions, when addressed, would help
determine who among the reviewees need further review
assistance and what possible interventions are made by the
reviewers. Eventually, this would help improve the
institutions’ LEP. A more innovative method of resolving
these queries is through the fusion of data mining and
decision support system. The integration of data mining and
decision support may improve the quality of problem-solving
methods, processes and achieve results [3].

Data mining is the process of detecting relevant patterns in
a database using defined approaches and algorithms to look
into current and historical data that can then be analyzed to
predict future trends [4]. This is carried out simply by
establishing a model from instances where the answers are
known and then applied to other instances where the answers
are not known [5]. If this process is adopted and integrated
into a decision support system for data analysis, then
information could be effectively revealed for easier decision
making.

This paper introduces a decision support system prototype
called predictive decision support system for licensure
examination performance (PDSS-LEP) with the integration
of multiple regression (MR) and PART classification models
of data mining. multiple regression is a data mining technique
that allow the use of more than one input variable and allow
for the fitting of more complex models [6] while PART is a
classifier that generates decision list [7].

The PDSS-LEP facilitates the repeated generation of MR
model and the use of PART classification model. The PART
model used in the system was previously derived from
another study that has an accuracy of 82.54% [7].

II. RELATED WORKS

To demonstrate how this study stands in relation to the
current state of data mining and decision support system, here
are some of the studies that are relevant to this work.

Khademolqorani and Hamadani introduced an approach
on the integration of DSS with data mining and multiple
criteria decision making (MCDM). The proposed DSS
includes the following steps: data understanding and select
target, data integration, data selection, data preparation, data
inspection, tools selection, presentation format, model
implementation, evaluate finding, homogenize results, and
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presenting results [8]. This approach is similar to the process
model on this study only that MCDM was not considered
since decision making are left to the users.

Zupan et al., also tried to bridge the data mining and
decision support in their study. Specifically, they proposed a
mechanism for communicating data mining models. The
predictive model was developed separately within a data
mining tool which is called Orange, then the model is
encoded in XML [9] hence, models are hard coded and fixed.

Chau and Phung introduced the same concept by
proposing a knowledge-driven educational decision support
system for education with a semester credit system by taking
advantage of educational data mining [10]. This is however
different from this paper’s objective though it was considered
to be in the educational context.

Gasar, Bohanec and Rajkovic combined DM and decision
support approach to the prediction of academic achievement.
The models were developed by a combination of data mining
using Weka and decision support techniques relying mainly
on expert knowledge [11]. This combination of model
development did not actually improve the accuracy of the
model.

Hamad and Qader also merged the concepts of data
warehouse (DW) and knowledge warehouse (KW) in their
proposed Knowledge-driven DSS for market management.
Their knowledge-driven DSS consisted of the following
phases: collecting data, data pre-processing, loading the data
into the DW, data selection for knowledge discovery,
knowledge discovery using association rule mining,
interpreting the rules to discover knowledge as output,
representing the result using one of the visualization tools
and decision making [12].

On the other hand, AL-Malaise proposed a DSS model
with the integration of data mining abstract. The proposed
model covers all the DSS components with some integration
of DM abstracts and customer enquiry system [13].

All the above-cited works gave credit to the importance of
integrating decision support system and data mining.
However, the studies gave attention only to business and
business-related processes that deliver customer-centered
and marketplace support. No studies, so far, were undertaken
that focus on student records in a DSS that will lead to the
prediction of licensure examination performance of
reviewees.

III. WORK DONE/ CONTRIBUTIONS

The PDSS-LEP is a model-driven decision support system
that is predictive in nature since it makes use of the multiple
regression model and PART classification model of data
mining for decision support. The design of PDSS-LEP was
conceived primarily to make performance predictions
through data mining and present these to users minimizing
the complexity that arises when using data mining tools. The
data mining tools use parameters and generate results that are
hard to understand. Hence, the PDSS-LEP was designed to
have a user-friendly interface for reviewees who are
considered beginners to take advantage of the data mining
capabilities presented in a decision support system. Likewise,
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the design was aimed at helping both the institutions and
reviewees in achieving good results as far as licensure
examination performance is concerned.
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Fig. 1. Process model of PDSS-LEP.

A. Process Model of PDSS-LEP

The process model of PDSS-LEP was based on the two
comprehensive models, the CRoss Industry Standard
Process for Data Mining (CRISP-DM) and the basic model
of DSS. The CRISP-DM is broken down into six phases:
business understanding, data understanding, data preparation,
modeling, evaluation and deployment [ 14]. On the other hand,
the DSS model consists of five main phases: data
management, model management, knowledge management,
dialog management and decision making [15]. In this study,
we have applied the same concept with some important
changes and integration of approaches and tasks. Hence, the
PDSS-LEP process model consisted of two stages — the Data
Mining stage and the Decision Support stage as illustrated in
Fig. 1.

The data mining stage presents the generation of the model
in preparation for the decision support stage. The data mining
stage begins with data preparation and ends with the
modeling process. This stage is particularly handled by the
system administrator knowledgeable in data mining.

First, the data are cleaned and integrated into a single data
warchouse. Data cleaning is the process of removing the
duplicate instances and those that have empty values. Before
modeling, a training dataset must be prepared. Hence, data
are selected from the data warehouse and transformed into
meaningful groups within the attributes to match the
requirements of multiple regression algorithm. Once the
training dataset is ready, multiple regression algorithm can
then be performed to generate the MR model. The broken
lines that surround the data mining stage imply a cycle. Thus,
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there can be repeated generation of MR model. The MR
models are then stored in the model repository.

The decision support stage begins with knowledge
management. This is the process where a model is selected
and applied to the data. The knowledge is then presented to
the user in a manner that is easy to understand. Dialog
management is the process where a system user actually
interacts with the system and inputs whatever data is needed
to aid in the knowledge management. Results of the dialog
will then facilitate in the decision making by the system user.
The system user is responsible for the model selection to
enable him to analyze the data as well as the knowledge
which would allow him to make better decisions.

B. Functionalities of PDSS-LEP

The PDSS-LEP  basically provides three major
functionalities: the repeated generation of the MR model, the
Mock Board Exam for system users to take and the Licensure
Examination Performance Prediction for the system users to
view and eventually make decisions as to what particular
category of subjects needs special attention to. The
PDSS-LEP prototype is shown in Fig. 2.
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Fig. 2. PDSS-LEP home page.
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Fig. 3. Support service interface.

The PDSS-LEP goes beyond giving a test to the system
users. Besides the mock board exam that will let the system
users, specifically the reviewees, take the test within the time
allotted, PDSS-LEP provides them the scores on the three
different categories that they have taken: the General
Education, Professional Education and Specialization for
BSEd and Core for BEEd. Aside from the scores, the
PDSS-LEP also provides additional support service. The
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support service of PDSS-LEP presents the items that were
answered incorrectly by the reviewee. It gives support by
explaining the concept therein. Fig. 3 illustrates this
functionality.
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Fig. 4. Performance prediction interface.
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Fig. 6. Performance prediction interface.

PDSS-LEP also presents the licensure exam performance
prediction by providing the predicted score of the reviewee
after having entered the necessary input as shown in Fig. 4.
The predicted score is based on the multiple regression model
set by the user from the model repository. Only the system
administrator has the authority to generate MR models while
the system user is granted an opportunity to select a model for
the prediction of his licensure exam performance.

The MR model can be repeatedly generated by the system
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administrator using different training datasets which is
selected from the data warehouse. This is illustrated in Fig. 5.
The selected dataset will serve as input to the generation of
the MR model.

To further aid in the prediction and support service of the
system, PART prediction model is also used. This model
which is uniquely integrated to the system consists of if-then
rules previously generated from another study. An example
of this functionality is shown in Fig. 6.

All models that have been selected and their corresponding
predictions from the data entered by the users are stored in
the database. This database can be accessed by the system
administrator as shown in Fig. 7 for the purpose of continued
data analysis, model evaluation and model improvement.

LOG OUT
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Create Dataset
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Genarate MR Model

View Predictions
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© 00

Fig. 7. Predictions from users’ data.

IV. DISCUSSION

Discussion on this work concentrated on the suggestions
and the structured observations that were undertaken from
the data mining experts and target users. However, the small
number of respondents upon which the suggestions and
structured observations are established signify a limitation of
the analysis of data.

The simplicity of the design of PDSS-LEP led to the
reviewees’ approval for system use. Majority of them stated
their appreciation on the system’s user interface as it was
designed with ease of use. As regards the dialog management,
interactions between the system and the wuser are
straightforward but not harsh especially when the
performance prediction is negative to the part of the user.

The management of data and models are present as this is
one of the basic capabilities that a DSS should possess. This
capability was enriched since PDSS-LEP supports model
integration through the repeated generation of MR model and
the use of another model which is PART. Model integration
is the process whereby individually developed sub-models
are logically combined to create a large unified model [16].
However, it was suggested that data integration should also
be improved along with model integration by allowing
multiple sources of data.

V. CONCLUSIONS AND FUTURE WORKS

By the integration of data mining and decision support
system, a system is designed for the prediction of licensure
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examination performance called PDSS-LEP. It is a
model-driven decision support system that is predictive in
nature since it makes use of the multiple regression model
and PART classification model of data mining for decision
support. PDSS-LEP is beneficial as it provides a good
platform for generation of MR model that can be adapted by
other institutions because of its model generation and
selection procedures and user-oriented interface. Further, the
design and concepts presented herein can serve as a
benchmark for the optimal use of data mining and decision
support in an educational context.

Data and model integration in the decision support system
remains a challenge for future works. Multiple sources of
data for data preparation and integration are our utmost
concern in order to support reasonable decision making.
Subsequently, implementation and evaluation of the
PDSS-LEP is yet another undertaking that could be achieved
in the future.
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