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Abstract. The industrial revolution 4.0 had a significant impact on Indonesia, so Indonesia must
prepare for that impact. Preparation begins with the improvement of the quality of competence
possessed by college graduates. Polytechnic is a vocational high school that aims to prepare
graduates with certain field competencies so as to be able to work in the industrial world
professionally. Learning methods relevant to the competence of these graduates are the learning
model of Student Centered Learning (SCL) covering Problem, Project, and Inquiry Based
Learning. The three models of learning require direct involvement of students in learning
activities, where the atmosphere and conditions of the learning environment that resemble
business and industry. One of the important factors affecting student involvement in learning
activities is the factor that comes from within the student itself. This study aims to model the
level of motivation and critical thinking skills of students to determine the learning model used.
The modeling results with the Naive Bayes Classifier show an accuracy of 91.667% and
93.617%. The modeling results are used as a variable with the final class of the corresponding
learning model. The final result is expected, the system is able to increase the motivation and
critical thinking skills of the students for the implementation of the better learning process.

Keywords— student modeling, motivation modeling, critical thinking skills modeling,
learning model, adaptive system

1. Introduction
The Industrial Revolution 4.0 Relate has a significant impact on the Indonesian state so that Indonesia
must prepare itself for this impact. The preparation starts from improving the quality of competencies
possessed by university graduates. Polytechnic is a vocational high school that aims to prepare graduates
with specific field competencies so that they are able to work in the business world and industry
according to their expertise Mohamad Nasir (2018 stated that the competence of college graduates must
be in accordance with the needs of industry so that the education model implemented by universities is
the Model University-Industry Parthership.

Furthermore, in terms of the number of skilled workers in Indonesia, they still do not meet the
required numbers. BPS data in 2015 shows the number of workers as many as 57 million people, while
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the estimated need for skilled labor in 2030 is 113 million people. BPS noted that the open
unemployment rate decreased in February 2017 by 5.33% compared to the same period in February
2016 of 5.50%. Data on open unemployment in 2017 according to the highest education completed
showed the highest number of unemployed came from general high school / high school / high school
graduates in the amount of 1,552,894. Similarly, Diploma graduates still show unemployment of
249,705 people. Even though SMK and Diploma graduates have been given certain field skills, so the
mistakes that occur are in the process of the education system.

Based on these problems, the learning process in universities related to educators, students, and the
learning environment must be improved. The learning process is carried out by choosing the right
method according to the characteristics of students who will experience the learning process. Learning
methods that are relevant to current graduate competencies are Student Centered Learning (SCL)
learning models including Problem Based Learning, Project Based Learning, and Inquiry. The three
learning models require student involvement directly in learning activities, where the atmosphere and
conditions of the learning environment are set to resemble the business and industrial world. One
important factor that influences student involvement in learning activities is a factor that comes from
within the student itself. These factors are motivation and critical thinking skills [1], [2], [3], and [4].

Based on the needs of knowledge about the characteristics of students in the learning process to
determine the right learning model, it requires information on motivation and critical thinking skills of
students before the learning process. This study aims to create a system that can accommodate these
needs, in the form of a system that can model the level of motivation and critical thinking skills of
students to determine the learning model used. This system was built using the Naïve Bayes Classifier
(NBC) algorithm which proved to have high accuracy but on the other hand had a fast execution time.
Classification results will determine students' level of motivation and critical thinking skills. Based on
the level of student classification produced by the system, it can be used as a basis for actions to be taken
to determine the learning model used so as to increase students' motivation and critical thinking skills
so that the learning process is maximized.

2. Related Work
2.1. Adaptive Learning

Adaptif Learning is the ability of the system to suit the needs of students. Basically every human being
is a unique individual, meaning that each has different characteristics from one another [5]. Recognizing
students as a whole is the ultimate goal of student modeling, this study aims to model two aspects of
students: learning motivation [6] and critical thinking skills [7]. Both of these aspects will be modeled
and rules will be developed that are able to provide learning models that are compatible with the
characteristics of motivation and critical thinking skills / adaptive learning models.

2.2. Student Learning Motivation

Motivation is defined as a person's motivator or motive that aims to satisfy a goal. Motivation is seen as
a chain of reactions that starts from the need, then the desire arises to satisfy it (achieve the goal), thus
giving rise to psychological tension that will direct behavior to the goal (satisfaction) [8] [9] [10].

Table 2.1 Indicator of Measurement of Learning Motivation Researched

No. Indicator Information
1. Work hard Trying to complete the task with the best results
2. To be responsible Able to take responsibility for yourself and determine the future
3. Requires feedback Requires regular feedback on progress and achievements
4. Worries will fail Tend to choose a task with moderate degrees of difficulty that makes it

possible to succeed
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5. The desire to excel Innovative and creative by looking for opportunities and using
opportunities to show their potential

6. like the challenge Happy for competitive activities

Characteristics of students' learning motivation in achieving maximum learning outcomes are
expressed by [11] namely: (1) working hard; (2) hope for success; (3) concerns will fail; and (4)
competition. Based on the understanding and characteristics of learning motivation that has been
described, the indicators that will be used in measuring students' learning motivation are shown in Table
2.1.

2.3. Student Critical Thinking Ability

Thinking involves doubting activities and ensuring, designing, calculating, measuring, evaluating,
comparing, grouping, distinguishing, linking, interpreting, seeing multiple possibilities, making analysis
and synthesis reasoning or drawing conclusions from existing premises, weighing, and deciding.
According to [12] thinking is a cognitive process that is directed to ultimately produce behavior from
solving a problem.

Based on an understanding of thinking, critical thinking skills must be developed in the learning
process to prepare vocational graduates who are able to solve problems critically as technology
develops. Critical thinking component [13], including: 1) Interpretation, which includes categorizing,
decoding, clarifying meaning, giving a simple explanation; 2) Analysis, which includes examining
ideas, and analyzing arguments, building basic skills to identify; 3) Inferensi, which includes
questioning claims, thinking of alternatives, drawing conclusions, solving problems, making decisions;
4) Inference, which includes questioning claims, thinking of alternatives, drawing conclusions, solving
problems, making decisions; 4) Self-regulation, which includes self-correction, self-examination to
manage the next strategy.

Based on the components of critical thinking skills, in this study using indicators of the measurement
of critical thinking skills shown in Table 2.1.

Table 2.1 Indicators for Measurement of Thinking Skills Researched

Sub Variables Indicator

Critical thinking

• Provide a simple explanation
• Build basic skills
• Summing up
• Provide further explanation
• Manage strategies / tactics

2.4. State of The Art

The application of learning methods to computer science students must consider the three components
of the learning process namely student learning styles, motivation during the learning process and
efficiency in education [14]. Based on the research, it is natural that there are many studies related to
motivation and thinking ability.

Research [15] developed a learning model to generate students' initial motivation to complete
projects in the form of teamwork. The study of learning motivation was also carried out by Chin Kai-
Yin, Lee Ko-Fong, Chen Yen-Lin (2015). Research [16] develops a prediction system that can increase
student motivation to try to learn. Research [17] developed a system to predict vocational student
achievement based on his motivation.

The development of critical and creative thinking can be developed during the learning process
especially for vocational education because the existing technology continues to develop. Research [18]
[19] [20] [21] [22] [23] [24] that IT industry students need the development of creative ideas in software
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development design. The ability approach that must be possessed by IT students is the ability to solve
abstract problems and logical thinking.

Naïve Bayes modeling techniques are also used by [25] to develop a prediction system for student
placement in a particular field of focus. In addition to determining student placement, the naïve Bayes
algorithm is also used by [26] in determining the level of knowledge of vocational students, the naïve
Bayes technique shows better accuracy results than other data mining techniques such as regression,
decision tree, and neural network. [27] [28] [29] [30].

From the above research, it can be concluded that learning motivation and critical thinking ability
are important components of students. This study aims to develop an adaptive system for computer
engineering students in universities, using the corresponding learning model based on the results of
motivation modeling and critical thinking skills.

3. Research Method
This research carries out several stages, each stage is a part that is complementary and continuous to
each other. The research methodology involves several steps as shown in Figure 3.1.

Figure 3.1 Research Methods

Based on the research method shown in Figure 3.1, the description of the activities in each stage is
explained in Table 3.1 along with the assignments of each member of the research team.

Table 3.1 Description of Activities, Activity Outputs, and Team Tasks
No Description of activities Activity Output Team Task

1. Literature Review:
The main function of this stage is to see the
research position. By knowing the position of
the research, it is used as a basis to determine
the novelty of the research

State of the art and
indicators of variables
that will be the object
of research

Nanik Anita Mukhlisoh,
S.ST., MT, Bety
Etikasari, S.Pd., M.Pd.,
and Khafidurrohman A.,
M.Eng.

2. Permission to place data sampling Research permit Nanik Anita Mukhlisoh,
S.ST., MT

3. Preparation of research instruments:
The instrument used in this study is a
questionnaire that has been changed according
to the needs of student achievement motivation
modeling. This instrument is tested for
validation and reliability, this is to convince the

Motivation
questionnaire
instruments and critical
thinking skills

Bety Etikasari, S.Pd.,
M.Pd.

Literature Review Research Permit
Preparation of

Research
Instruments

Data Sampling Education Expert
Validation

Implementation
of the System

Analysis and
discussion
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study that each item from the questionnaire is
valid/usable

4 Data sampling:
The population in this study were students of
Information Technology Department, with
sampling using random sampling technique

Research data Chairperson, members
and students

5 Validation from education experts:
Experts in this process were asked to identify
three SCL models that matched the
characteristics of motivation (low, medium,
high) and critical thinking skills (low, medium,
high) which resulted in knowledge based
decision making

Knowledge Base final
decision making
system

Bety Etikasari, S.Pd.,
M.Pd.

6 Implementation of a motivation modeling
system and critical thinking ability with naïve
Bayes classifier:
The research data was analyzed using the Weka
application by drawing conclusions on the
relevant learning models used according to
those submitted by the Expert. The system will
calculate the class probability value that is close
to the data entered by the user/user.

Results of data testing
calculations

Khafidurrohman
Agustianto, S.Pd.,
M.Eng.

7 Analysis and discussion of the level of modeling
accuracy:
This stage of analysis is used to determine the
level of accuracy generated by the
system/output from the system. The type of
proof used is ground truth, which is comparing
the results of system research with the results of
expert judgment.

Value of classification
accuracy for modeling
systems with the Naïve
Bayes algorithm

Nanik Anita Mukhlisoh,
S.ST., MT dan Bety
Etikasari, S.Pd., M.Pd.

4. Result and Discussion
Implementation from this modeling system are divided into two user in this application system, the
student and the teacher. The teacher can use this resulted of achievement motivation student and
determine to create the learning environment or student treatment for the student. Based on [31] need to
create a model and evaluation in the learning process to control the motivation student. The result of
this study shown that the motivation student improve during the learning process during the learning
process. Same study [32] conclude that learning method, student discipline, and motivation had
correlation with the student achievement. Based on this study, implementation of modeling achievement
motivation will help the teacher to improve the learning performance.

Figure 1. Clustering Knowledge Base Achievement
Motivation Figure 2. Classification Result 10 Fold
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The created KB is used as rule for Naïve Bayes Classifier algorithm. Then, NBC algorithm is testing
by Weka application [17]. Weka is a collection of machine learning algorithms for data mining tasks,
resulted judgment accuracy of algorithm for the research case/data. In the implementation of NBC,
system produces a value ( ℎ ) shown by Equation 1, the value is used as a determinant
of posterior value. The resulted test shown accuracy 91.667% with error rate 8.3%. The visualization of
classification result shown by Figure 3. The classification result showed that data have a good
classification in three class.

     
 Bp

ApABp
BAp




(1)

In this research, system identification critical thinking skill student using questioner shown by Table
2. This system identification student’s critical thinking, this research defined 3 level, low, medium, and
high. Based on system level result, having known the level of critical thinking skills and creative
students, teachers can be improving the learning process. Innovation of suggested learning methods is a
learning method that uses a constructivism approach such as Problem-Based Learning (PBL).

Figure 3. Data Test Visualizations Figure 4. NBC Classification Result

In Figure 3, it appears that the data is spread evenly, marked by the distribution of data with the color
label green, blue, and red. The result of the use of NBC classification algorithm shown by Figure 4
shows that average accuracy with ten times test using technique 10 fold is 93.617%.

5. Conclusion
The modeling results with the Naive Bayes Classifier show an accuracy of 91.667% (motivation) and
93.617% (critical). This high accuracy value indicates that the system is able to give a precise picture of
the condition of motivation and the ability to think critically of students, so that with these results the
results of the reading of the system can be used as a basis for determining the learning / treatment model
suitable for each student. The type of treatment or learning model that is used to respond to the condition
of students is left to the teacher, this system adheres to a blended learning system, where the research
places the teacher side by side with the system.

The final result is expected, the system is able to increase the motivation and critical thinking skills
of the students for the implementation of the better learning process. The better the learning process is
expected to improve the quality of vocational education, this means that graduates or outcomes of
vocational education will be better.
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