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Abstract

Objectives: The advent of information technology causes a significant impact on pedagogy and using ICT technologies in
school-related activities. With this argument, determining the teacher’s ICT competence is expected to yield a better or
positive impact on the learners and the performance of the teachers itself, however, no model was developed in predicting
teachers ICT competence. In line with this, it is empirical to study and develop a model that will help the university in
predicting teacher’s ICT competence. Methods: Data mining approach utilizing J48 algorithm was applied in this paper
to create a model suitable for the actual teachers’ characteristics in the University. Moreover, Cross-validation technique
was used to validate the dataset to have an optimum and acceptable model and generating the Receiving Operating
Characteristics Curve (ROC) Area under ROC Curve technique. Findings: Decision tree model and decision rule for
classification were created. Additionally, there were 92.78% correctly classified with an AUC weighted mean of 92.4%.
Also, the model has very high acceptability and accuracy in predicting Teacher’s ICT Competence. However, it also revealed
that many teachers still need more exposure in utilizing ICT technologies in pedagogy and any school-related activities.
Application/Improvements: The result of this study can be a basis for developing software that will automatically
categorize or classify the Teacher’s ICT competence. For more improvement of this paper and the model, it is suggested to
add additional parameters to have more factors involved in predicting Teacher’s ICT competence.
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1. Introduction

Universities around the world are continuing its effort to
be at par with their counterpart about educational quali-
fications of their Professors. Educational qualification of
the teacher is a factor of the success of the students and
the implementation of an academic program of an insti-
tution. Many research outputs support this claim, like
teaching staft who earned advanced degrees has a positive
impact on their performance as teachers and influence
students in achieving their goals!. In a separate study
also revealed that teachers’ educational background has
a positive effect on teachers’ degree type on the student
achievement?. In fact, leaders of higher education were
challenged to position their institutions to satisfy the con-
nectivity needs of prospective students and meet growing
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expectations and requirements for high-quality learning
experiences and consequences?. Passed on the increasing
indication that Internet data and communication tech-
nologies are transforming much of society, there is little
cause to think that it will not be the defining transforma-
tive innovation for higher.

In recent years, many universities introduced a new
learning environment called Blended Learning (BL). BL is
the mixing and matching of Face-to-Face, E-Learning, and
Self-paced learning?. Masie described BL as a mixture of
e-learning and classroom teaching which the teacher has
specific allotted time to each learning environment®. In this
case, technical skills in handling blended learning; espe-
cially in using ICT tools (hardware and software) are very
vital. A study about ICT in Educational Policies in the Asian
Region noted three main challenges based on the recent
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empirical research such as closing the digital divide, pro-
moting the safe and responsible use of ICT, and measuring
and evaluating ICT literacy skills®. Moreover, a study on ICT
use in the Philippine public and private schools revealed
some inadequacies like the absence of information on how
to use ICT, lack of harmonization among public and pri-
vate sector efforts, and insufficient teacher preparation”. As
aresult, it hampers the teaching and learning process of the
students and teachers in the 21st Century schools. In the
same research, the Philippines and other developing coun-
tries in Asia are into educational technology specifically
in ICT hoping to have a significant change in their educa-
tional system through pedagogical benefits associated with
ICT integration®. Moreover, to produce ICT professionals
and ICT-literate workforce, the Philippine Congress con-
templated laws in integrating ICT into the curriculum at
all levels of education’. Much research was conducted to
unveil the status of ICT competencies of Teachers in the
Philippines. Some results revealed varied levels and needs
of the Teachers. An example of this research output says
ICT competency level of the respondents were knowledge
deepening level where the lowest level of competency is in
ICT tools and cooperation, while ICT educational policy
is understanding level8. In the same research, ICT inte-
gration in curriculum and assessment reportedly to be
as knowledge application, while pedagogical integration
of ICT as complex problem-solving. Additionally, argu-
ably, relationships between educational qualification and
ICT competency were among the most studied variables
in research. However, what remains hidden is a model
that will determine the teachers in handling or to handle
a blended learning environment. This paper tends to look
into the educational qualifications, ICT competencies, and
other personal characteristics of the Professors to develop
a model using a decision tree.

2. Methodology

This study anchors on the Knowledge Discovery in
Database (KDD) from the work of Fayyad, Piatetsky-
Shapiro, and Smyth*!°. The KDD procedure is interactive
and iterative (with many choices made by the user),
involving numerous steps, summarized as:

2.1 Variables Used

Age: is measured in years as the length of time that a per-
son has lived or existed.
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Domain A (DA): Technology Operations and Concepts.
This domain includes competencies related to technical
operations and concept, and productivity of various ICT
tools like computers and communication devices as well
as an application available online or off-linel0.

Highest Educational Attainment (HEA): is defined as the
last school degree attended and or graduated. The catego-
rization of HEA is doctoral degree graduate, with doctoral
units, master’s degree graduate, with master’s units, bach-
elor’s degree graduate.

Internet Access (IA): availability and accessibility of inter-
net in school, home, internet station, and mobile data.

Length of Service (LOS): the number of years in teaching
in the university.

Level of Computing (LC): refers to the digital competency
level of the teacher and being measured through peda-
gogical indicators and domain A.

Pedagogical Indicator (PI): This domain includes com-
petencies related to the use of technology (National ICT
Competency Standards for Teachers - Slideshare, ND):

Seminars Attended (SA): these are seminars, symposiums
and the like relative to information technologies attended
by the respondents.

Sex: is identified as male (M) and female (F).

Technology Resources (TR): these are resources avail-
able and being used for instruction and development
of instructional materials. TR is categorized as with
Hardware Resources (HR) and with Software Resources
(SR).

Training Attended (TA): these are training, workshops
and the like relative to information technologies attended
by the respondents.

2.2 Machine Learning Application

Supervised Machine Learning (SML) is one of the most
popular applications of machine learning. SML is a
machine learning task used to infer labeleddatasets'’. An
example of SML task is the pattern classification tasks. In
this example, predictive modeling is the general concept
of constructing a model that is capable of making predic-
tions, in which such a model includes a machine learning
algorithm that finds out specific properties from a train-
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ing dataset to get those predictions. In this paper, a type
of a supervised machine learning called Decision Tree
was utilized to classify the characteristics of the Professors
to unravel and developed a decision tree model.

2.3

Decision trees are standard supervised learning algo-
rithms, easy to understand and easy to use*
trees are trees that separate instances by sorting them
based on feature values. Each node in a decision tree
embodies a characteristic in an occurrence to be clas-
sified, and each branch exemplifies a value that the
node can assume. Cases are classified starting at the
beginning node and sorted based on their charac-
teristic values*

Decision Tree

. Decision

. Decision trees are presently one of
the most common methods used for data modeling.
They have the advantage of being theoretically pure
and have been shown to perform well on a variety of
glitches. Decision trees have numerous uses, such as,
for instance, predicting a likely result, supporting the
analysis of problems, and aiding in making decisions.
When articulating and configuring decision trees, the
results of real-world factors are analyzed and compiled,
such that the specifics of the foregoing factors and
related results are used to predict the results of future
factors as shown in Figure 1.

3. The J48 Algorithm

Classification is the method of building a model of classes
from a set of proceedings that contain the class labels. J48
is an extension of ID3 with features such as accounting for
missing values, decision trees pruning, continuous attri-

bute value ranges, derivation of rules, and others™.

4. Cross-Validation

Cross-validation is a model evaluation method where the
entire data will not be utilized when training a learner.
The dataset is split into two, such as train dataset for
training and test dataset for testing the performance of
the learned model. In this paper, the researcher utilized
the k-fold cross validation using 10-fold cross-validation.
K-fold cross-validation is one way to improve the holdout
method. The data set is divided into k subsets, and the
holdout method is repeated k times. Each time, one of the
k subsets is used as the test set, and the other k-1 subsets
are put together to form a training set. Then the average
error across all k trials is computed. The advantage of this
method is that it matters less how the data gets divided.
Every data point gets to be on a test set exactly once and
gets to be in a training set k-1 times. The variance of the
resulting estimate is reduced ask is increased'”.

4.1 Model Accuracy Using ROC Curve and
AUC Curve

Receiving Operating Characteristics Curve (ROC) Area
Under ROC Curve technique is a universal biostatisti-
cal tool for describing the accuracy of a model regarding
predicting a phenomenon®. It is a plot of the Sensitivity
(TPR) against the Specificity (FPR) for the different pos-
sible cutpoints of an analytical test. ROC curve proves
several things®2.:

o It shows the tradeoft amongst True Positive Rate
(TPR) and False Positive Rate (FPR).

o The nearer the curve follows the left-hand border
and then the top edge of the ROC space, the more
accurate the test.

o The closer the curve comes to the 45-degree diago-
nal of the ROC space, the less accurate the test.

Pre- Trans- Data Interpretation/
Selection @ processing formauon Mining %Evaluauon §%
Target Preprocessed Transformed |  Patterns Knowledge
Data Data Data
Data ¢ >
Figure 1. Overview of the steps constituting the KDD process.
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5. Results and Discussion

5.1 The Model

Figure 2 is the graphical presentation of the pruned deci-
sion tree of Teacher’s ICT Competence. Figure 3 showed
Pedagogical Indicator (PI)as highly correlated and with
the highest information gain and became the basis for its
first split between PI and DA_S3 in predicting the Level
of ICT Competency (LC) of the Teachers.

DlgILL (6.0)

R Proficient (37.0/1.0)

|Basic 2301 .0)‘ | Proficient (3.0) ‘

Figure 2. Teacher’s ICT competence decision tree.

R1: IF (Pl <= 3.39) AND(PI <= 1 67) THEN
LC ="Digital I literate”
Rz: IF (Pl <= 3.39) AND (Pl > 1.67) AND (DA <=2 75) AND (Sem_Int <= 0) THEN

LC = "Basic”

Rs: IF (Pl <=3.39) AND (Pl > 167) AND (DA <= 2 75) AND (Sem_Int > 0) THEN
LC = "Proficient”

R4: IF (Pl <= 3.39) AND (Pl > 1.67) AND (DA >2.75) THEN
LC ="Proficient”

Rs: IF (P > 3.39) AND (DA_S3 <=4) THEN
LC ="Advanced

Re: IF (Pl >3.39) AND (DA_S3 > 4) THEN
LC =“Expert”

Figure 3. Teacher’s ICT competence decision rule.

The confusion matrix shown in Table 1 illustrates the
correctly classified instances and the misclassifications
of Teacher’s ICT Competence. Moreover, the Confusion
Matrix is interpreted as:

o The decision tree has classified 22 Experts objects
as Experts and two as Advanced, leading to 2 mis-
classifications.

o The decision tree has classified 38 Proficient
objects as Proficient, two as Advanced, leading to
2 misclassifications.

| February 2018 | www.indjst.org

o The decision tree has classified 22 Basic objects
as Basic, one as Proficient, and one as Digitally
Illiterate, leading to 2 misclassifications.

o The decision tree has classified 3 Advance objects
as Advanced and one as Proficient, leading to 1
misclassification.

o The decision tree has classified 5 Digitally Illiterate
objects as Digitally Illiterate.

Table 1. Confusion matrix

Expert | Proficient | Basic | Advanced | DigiLL | <-- Classified as:
22 0 0 0 0 Expert

0 38 1 1 0 Proficient

0 0 22 0 0 Basic

2 2 0 3 0 Advanced

0 0 1 |o 5 DigiLL

In determining the classification percentage, Table 2
shows that there are 92.78% correctly classified instances
and 7.21% incorrectly classified instances this is sup-
ported by Table 3 showing the detailed accuracy by the
class which the Precision weighted average of the dif-
ferent classification about Level of Computing is 92.4%.
Moreover, this paper utilized Receiving Operating
Characteristics Curve (ROC) and the Area under ROC
Curve (AUC) for model accuracy a shown in Figure 4
about ROC curve and AUC curve. Also, results revealed
that the class Expert has 97.9% accurate, Proficient has
94.6% accurate, Basic has 97.9% accurate, Advanced has
70.4% accurate, and Digitally Illiterate has 91.7% resulting
in 94.2% model accuracy. Finally, the model has very high
acceptability and accuracy in predicting the Teacher’s ICT
Competency.

Table 2. Summary of the evaluation of training set

Correctly Classified Instances 90 92.7835 %
Incorrectly Classified Instances 7 7.2165 %
Kappa statistic 0.8986

Mean absolute error 0.0401

Root mean squared error 0.1689

Relative absolute error 13.8624 %

Root relative squared error 44.5156 %

Coverage of Cases (0.95 level) 92.7835 %

Mean rel. Region size (0.95 level)  20%

Total Number of Instances 97
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Table 3. Detailed accuracy by class

TP Rate FP rate Precision  Recall F-Measure ROC Area Class
1.000 0.027 0.917 1.000 0.957 0.979 Expert
0.950 0.035 0.950 0.950 0.950 0.946 Proficient
1.000 0.027 0.917 1.000 0.957 0.979 Basic
0.429 0.011 0.750 0.429 0.545 0.704 Advanced
0.833 0.000 1.000 0.833 0.909 0.917 DigiLL
Weighted Avg. 0.928 0.027 0.924 0.928 0.921 0.942

Flot {(Area under ROC = 0.9167) = —

1

0.5 7

D 1

] 0.5 1

ROC Curve for Digitally Illiterate

Plot (Area under ROC = 0.9794) - . Plot (Area under ROC = 0.9458)
1 1 N B
0.5 0.5 7
0 : 0 :
Curve for Expert ROC Curve for Proficient
Plot (Area under ROC =0.9794) Plot (Area under ROC =0.704)
1 1
0.5 7 0.5
0 : 0 :
0 0.5 1 0 0.5 i
ROC Curve for Basic ROC Curve for Advanced

Figure 4. Area under ROC curves.
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5.2 Teacher’s ICT Competence

ICT Competence in the field of education has shown its
essential roles in the delivery of knowledge to students
and teachers as well. Literature revealed that there was a
definite relationship between technology acceptance and
attitudes of teachers? who knows about using comput-
ers and related technologies which as a result, a positive
impact on attitudes towards work.

The main point of this paper is to establish the capac-
ity of the teachers in the university and create a model in
using ICT Technologies in their classroom and teaching
related activities. These competencies were supports to
students in using ICT and ICT for instructional design
and development®. Based on findings, there were teachers
whose ICT competence were categorized as Basic which
means, have basic knowledge of hardware and software,
web browsers, and other multimedia devices. Moreover,
some teachers were categorized as Digitally Illiterate which
means, does not know how to operate computers. In the
21st century, students are far more technically inclined
and more knowledgeable in using ICT tools than teach-
ers and being categorized as Basic and Digitally Illiterate
would affect the effort of the university in establishing the
blended learning mode of delivery. Repositioning and
capability building program relative to ICT training and
seminars should be a priority to enable them to use and
be productive in teaching-related activities. Frequent use
of ICT in pedagogy and use of digital content must be
maintained for a significant change of ICT culture in the
university?%. Finally, teachers’ self-efficacy in information
and communication technologies (ICT), their strategies
to evaluate information, their digital competence, and use
of ICT at school show a positive relationship®.

6. Conclusion

Teacher’s ICT competence in establishing a blended learn-
ing mode of delivery plays an essential role. Varied results
had shown about the teacher’s ICT competencies in the
university which need immediate attention by sending
them to training and seminars about ICT technologies
for pedagogy and technology operations and concepts.
Moreover, a model was established in determining the
ICT competencies of the teachers with highly acceptable
results as shown in the decision tree, confusion matrix,
Receiving Operating Characteristics Curve (ROC), and
Area under ROC Curve.
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7. Recommendation

Established on the outcome of this work, it is highly com-
mendable to send Teachers to training, workshops and
further studies relative to ICT integrations in teaching
and learning process. Specifically, those Teachers who
were placed to be proficient, basic, and most importantly
digitally illiterate as this will hamper the educational
activity and learning process of both the Students and
Teachers. Provide necessary ICT tools and equipment for
the integration of ICT in their daily activities. Lastly, it is
also encouraged to design software that will integrate and
employ the developed model in order to help in decision
making and strategic management of the university.
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