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Abstract—Choosing high school learning plan is very
importance for students because if one has chosen wrong
learning plan, he/she has to study in that dislike or unskilled
plan for three years (until finishing high school study). In
Thailand, there are many students who have chosen the
wrong/dislike/unskilled learning plan. This research proposes a
model of decision support system for choosing high school
learning plan according to students’ Ordinary National
Education Test (O-NET) scores and their multiple intelligences
(MI). Inputs of the proposed model are Grade 9 O-NET Scores
and the results from MI Questionnaire of students. The process
is consideration of the predicted Grade 12 O-NET Scores (from
grade 9 O-NET scores using classification technic in data mining)
together with the students’ MI. Then, the output of the model is
the list of suitable learning plan(s) for such student.

Index Terms—Decision support system, high school learning
plan, multiple intelligence (MI), O-NET score.

. INTRODUCTION

In Thailand, there are five main high school learning plans,
i.e. Science-Math Plan, Arts-Math Plan, Language-Arts Plan,
Social-Arts Plan, and General Arts Plan. There are many
students who have chosen the wrong/dislike/unskilled
learning plan because of several reasons, e.g. they didn’t
know about their talents or, sometime, they just chose their
learning plans according to popularity.

There is one kind of National Education Test, in Thailand,
called “O-NET”, which stands for Ordinary National
Education Test. O-NET is a basic national education
examination for assessing knowledge and ideas of grade 6,
grade 9, and grade 12 students in accordance with 67 learning
standards stated in Basic Education Core Curriculum B.E.
2551 covering 8 major subject areas - Thai, Mathematics,
Science, Social Study, English, Health and Physical
Education, Art, and Career and Technology. All students of
grade 6, 9, and 12 have to take this examination in order to use
the result as a compulsory part of their graduation and to
evaluate their academic proficiency at the national level [1].

Classification is a data mining technic that maps data into
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predefined groups or classes. It is a supervised learning

method which requires labelled training data to generate rules

for classifying test data into predetermined groups or classes.

It is a two-phase process. The first phase is the learning phase,

where the training data is analyzed and classification rules are

generated. The next phase is the classification, where test data

is classified into classes according to the generated rules [2].
The theory of multiple intelligences was developed in 1983

by Dr. Howard Gardner, professor of education at Harvard

University. It suggests that the traditional notion of

intelligence, based on 1.Q. testing, is far too limited. Instead,

Dr. Gardner proposes 8 different intelligences to account for a

broader range of human potential in children and adults [3].

These intelligences are [4]:

» Verbal-linguistic intelligence (well-developed verbal
skills and sensitivity to the sounds, meanings, and rhythms
of words)

* Logical-mathematical intelligence (ability to think
conceptually and abstractly, and capacity to discern
logical and numerical patterns)

» Spatial-visual intelligence (capacity to think in images and
pictures, to visualize accurately and abstractly)

* Bodily-kinesthetic intelligence (ability to control one’s
body movements and to handle objects skillfully)

* Musical intelligence (ability to produce and appreciate
rhythm, pitch, and timber)

* Interpersonal intelligence (capacity to detect and respond
appropriately to the moods, motivations, and desires of
others)

* Intrapersonal intelligence (capacity to be self-aware and in
tune with inner feelings, values, beliefs, and thinking
processes)

* Naturalist intelligence (ability to recognize and categorize
plants, animals, and other objects in nature)

This paper proposes the model of decision support system
for choosing high school learning plan using students’ O-NET
scores and multiple intelligences. The model takes the Grade
9 O-NET scores and the result from MI questionnaire of
students as inputs. Then processing of such inputs is divided
into two steps, i.e. using classification technic of data mining
to predict Grade 12 O-NET scores of students, and using the
predicted scores together with students’ MI to suggest
appropriate learning plan(s) to students. The organization of
this paper is as follows: Section Il presents the research
methodology. Section 111 shows the proposed model, which is
divided into 3 parts - Input, Process, and Output of the model.
And the conclusion is in Section V.
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Il. RESEARCH METHODOLOGY

In this research, the methodology is divided into four main
steps, i.e. finding the appropriated algorithm for predicting of
Grade 12 O-NET score, finding the relevance between each
learning plan and its emphatic subjects, finding the relevance
between students’ MI and suitable learning plan, and
synthesizing the model.

A. Finding the Appropriated Algorithm for Predicting of
Grade 12 O-NET Score

In this step, we compared 3 classification algorithms, i.e.
Decision Tree, Na'We Bayes, and k-Nearest Neighbor on the
O-NET Score dataset.

A Decision Tree is a tree-like graph or model. It is more
like an inverted tree because it has its root at the top and it
grows downwards. This representation of the data has the
advantage compared with other approaches of being
meaningful and easy to interpret. The goal is to create a
classification model that predicts the value of a target attribute
(often called class or label) based on several input attributes
of the dataset [5].

A Na'we Bayes classifier is a simple probabilistic classifier
based on applying Bayes' theorem (from Bayesian statistics)
with strong (naive) independence assumptions. A more
descriptive term for the underlying probability model would
be ‘independent feature model'. In simple terms, a Nawe
Bayes classifier assumes that the presence (or absence) of a
particular feature of a class (i.e. attribute) is unrelated to the
presence (or absence) of any other feature [5].

The k-Nearest Neighbor algorithm is based on learning by
analogy, that is, by comparing a given testing data with
training data that are similar to it. The training data are
described by n attributes. Each data represents a point in an
n-dimensional space. In this way, all of the training data are
stored in an n-dimensional pattern space. When given an
unknown data, a k-nearest neighbor algorithm searches the
pattern space for the k training data that are closest to the
unknown data. These k training data are the k "nearest
neighbors" of the unknown data. "Closeness" is defined in
terms of a distance metric, such as the Euclidean distance [5].

Our dataset is composed of 10 Attributes, i.e. Thail,
Mathematicsl, Sciencel, Social Studyl, Englishl, Thai2,
Mathematics2, Science2, Social Study2, and English2 (when
the number “1” in the last position of subject name identifies
that the subject was in the examination for Grade 9 students
and the number “2” was the one for Grade 12 students). Of
these 10 attributes, we divided into 2 groups — input attributes,
which are Thail, Mathematics1, Sciencel, Social Study1, and
Englishl, and class attributes, which are Thai2, Mathematics2,
Science?, Social Study?2, and English2. We used all 5 input
attributes to build the classification model for each class
attribute, using the 3 algorithms as mentioned above, and
compare their performances. All attributes, both input and
class attributes, was discretized into 4 classes, i.e. High(H),
Medium-High(M-H), Medium-Low(M-L), and Low(L).

The classification results showed that all algorithms
performed at the same high level of accuracy. But only Na'we
Bayes gave all 4 predicted classes, while the other two gave 1
and 2 classes in some cases. Therefore, the preferred
algorithm for our dataset is Na'we Bayes [6].
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B. Finding the Relevance between Each Learning Plan
and Its Emphatic Subjects

In this step, we find the relevance between each learning
plan and its emphatic subjects by reviewing each learning
plan curriculum of 42 schools. Then we calculate the average
and standard deviation of studying time of each main subject,
mentioned above, for each learning plan. After that, we
conclude the emphatic subjects of each learning plan, as
shown in Table I.

TABLE I: THE EMPHATIC SUBJECTS OF EACH LEARNING PLAN

Learning Plan The Emphatic Subjects

Science-Math Plan
Arts-Math Plan
Language-Arts Plan
Social-Arts Plan
General Arts Plan

Science, and Mathematics
English, and Mathematics
English

Social Study, English, and Thai
Social Study, and English

C. Finding the Relevance between Students’ M1 and
Suitable Learning Plan

In this step, we find the relevance between students’ MI and
suitable learning plan by reviewing documents and research
about multiple intelligence [7]-[21]. The relevance can be
shown as Table Il.

TABLE II: THE RELEVANCE BETWEEN STUDENTS’ MI AND SUITABLE
LEARNING PLAN

Multiple Intelligence Suitable Learning Plan

Verbal-linguistic Language-Arts Plan

Science-Math Plan
Arts-Math Plan

Science-Math Plan
General Arts Plan
Social-Arts Plan

Science-Math Plan
General Arts Plan
Social-Arts Plan

Language-Arts Plan

Musical General Art Plan
"""""""""""""""" Language-Arts Plan
Interpersonal General Arts Plan
______________________________ Social-ArtsPlan .
Language-Arts Plan
Intrapersonal General Arts Plan
Social-Arts Plan
Naturalist Science-Math Plan

If student smost
outstanding MI =
Verbal-linguistic

\

Consider his'her
next outstanding MI

Predicted Class of
English=HM-H

The suitable plan 1s
Language-Arts Plan

Fig. 1. Model for verbal-linguistic intelligence.
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D. Synthesizing the Model

If student’s most
outstanding MI =
Logical-mathematic

¥

Predicted Class of
Mathematics =
HM-H

Predicted Class of
Science = HM-H

The suitable plan 15
Science-Math Plan

Consider his'her
next outstanding MI

Predicted Class of
English = HM-H

The suitable plan 15
Arts-Math Plan

Fig. 2. Model for logical-mathematical intelligence.

If student’s most
outstanding MI =
Musical

v

Predicted Class of
English = HM-H

Predicted Class of
Social Study =
H/M-H

The suitable plan 1s
General Arts Plan

Consider his'her
next outstanding MI

The suitable plan 1s
Language-Arts Plan

Fig. 3. Model for musical intelligence.

If student’s most
outstanding MI =
Spatial-visual

y

Predicted Class of
English = HM-H

Predicted Class of
Social Stdy =
HM-H

Predicted Class of
Thai = HM-H

The suitable plan 15
Social-Arts Plan

Consider his/her
next outstanding MI

/

Predicted Class of
Mathematics =
HM-H

Predicted Class of
Science = HM-H

The suitable plan 1s
Science-Math Plan

The suitable plan is
General Arts Plan

Fig. 4. Model for spatial-visual intelligence.

If student’s most
outstanding MI=
Bodily-kinesthetie

Consider his/her
next cutstanding MI

Y

Predicted Class of
English = HM-H

Predicted Class of
Social Study =
HM-H

Predicted Class of
Mathematics =
HM-H

Predicted Class of
Science = HM-H

Predicted Class of
Thai = HM-H

The suitable plan is
Science-Math Plan

The suitable plan 1s
Social-Arts Plan

The switable plan 1s
General Arts Plan

Fig. 5. Model for bodily-kinesthetic intelligence.

If student’s most
outstanding MI=
Interpersonal

Consider his'her
next outstanding MI

Predicted Class of
Secial Study =
HM-H

The suitable plan is
Language-Arts Plan

Pradicted Class of
Thai = HM-H

The suitable plan is
General Arts Plan

The suitable plan is
Social-Arts Plan

Fig. 6. Model for interpersonal intelligence.

If student’s most
outstanding MI =
Intrapersonal

v

Predicted Class of
English = HM-H

Consider his'her
next outstandmg MI

Predicted Class o
Social Study =
HM-H

The smtable plan 1s
Langmage-Arts Plan

Predicted Class of
Thai=HM-H

The suitable plan 15
General Arts Plan

The suitable plan is
Social-Arts Plan

Fig. 7. Model for intrapersonal intelligence.
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If student’s most
putstanding MI=
Maturalist

" Predicted Class of ™

. Mathematies =
~. HM-H

Mo

-
-
e

Censider lus/her
next outstandmg MI

"
/m\

" Predicted Class of

wente =HM-H_-

",
",

Tes

The snitable plan 1s
Seience-Math Plan

Fig. 8. Model for naturalist intelligence.

In this step, we synthesize the model by assembling the
outcomes from the previous three steps. The synthesis model
is divided into 8 parts according to each M, as shown in Fig.
1-Fig. 8.

The proposed model is divided into 3 parts - Input, Process,
and Output of the model, as shown follows;

A. The Model Input

Students who use this model have to provide 2 parts of
information into the model. Firstly, they have to fill in their
Grade 9 O-NET scores of 5 subjects, i.e. Thai, Mathematics,
Science, Social Study, and English. Secondly, they have to
answer the MI questionnaire, in order to give information
about their outstanding MI(s).

B. The Model Process

After got the mentioned input data, the model will perform
the process, which is divided into two steps, i.e. using
classification technic of data mining to predict Grade 12
O-NET scores from Grade 9 O-NET scores of students, and
using the predicted scores together with students’ MI to
suggest appropriate learning plan(s) to students.

C. The Model Output

After finishing the process, the model gives a list of
appropriated learning plan(s) to the students.

THE PROPOSED MODEL

IV. CONCLUSIONS

In this research, we proposed a model of decision support
system for choosing high school learning plan using students’
O-NET scores and multiple intelligence. In the near future, we
will implement this model inform of web service, in order to
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provide a new tool for the student counselors to use for
guiding students to choose their appropriate learning plan.
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