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Abstract

Higher-Order Thinking Skills (HOTS) is
one of the important skills that every student has to master
it in the 21st century. Discovery learning is a learning
model that can be used to train HOTS in the learning
process. The purpose of this research is to develop
HOTS-based student worksheets with a discovery learning
model for trigonometry subjects in the tenth grade and to
assess it based on the media assessment, material
assessment, and the practical assessment. The subjects of
this research are the researcher and some validators, while
the objects of this research are 33 students, which consist
of X IPA 1 students of SMA Negeri 1 Turi and X IPA
students of SMA Islam 3 Sleman 2018/2019 academic
year. The result shows that the criteria of the developed
student worksheets are very feasible based on the media
assessment, material assessment, and practical assessment.
The developed student worksheets have an average score
of 4.49 from three media validators, 4.39 from three
material validators, and 4.33 from 33 students who
become the respondent. It explains that the developed
student worksheets can be used as an alternative student
worksheet during the learning process in the class, which
can train the student's HOTS.
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1. Introduction
Thinking is a term that is used to describe intellectual.
Thinking process cannot be observed directly, but it can
be identified by the act, which reflects the thinking
process, and it is called cognitive skill [1]. There are two
thinking skills, and they are lower-order thinking skills
(LOTS) and higher-order thinking skills (HOTS). HOTS
is harder to do than LOTS, but it can be identified when it

occurs. HOTS can be identified by observing its
characteristics, such as non-algorithmic, multiple criteria
application,
involve
various
complex
solution,
self-regulation, and sometimes involve uncertainty [2].
One of the success indicators to encourage human
resources in education is the good indicator of student's
higher-order thinking skills because learning purpose in
the 21st century is to develop and enhance student’s
higher-order thinking skills [3]. Based on the previous
statement, we know that HOTS is very important and
should be learned to students.
Smith in [4] states that HOTS is a thinking process
based on various skills, such as skills to analysis,
synthesis, compare, generalize, interpret, assess, and
inductive and deductive reasoning, which is used to solve
a problem. HOTS is commonly described as critical
thinking, such as reasoning, reflective thinking, which is
used to determine something believed/done [5]. King et al.
in [5] state that HOTS consists of active-creative thinking
when students face unusual, uncertainty, and dilemma
problems. Furthermore, Krulik & Rudnick in [3] explains
that critical thinking and creative thinking are HOTS,
whereas recall and basic skills are LOTS. Based on that
expert's statement, HOTS is a complex thinking skill that
consists of critical thinking and creative thinking.
HOTS is assessed by using a particular instrument in
the learning process. The teacher may use compatible
assessments to evaluate student's HOTS in the learning
process. The purpose of the evaluation is to help the
teacher to identify the student's HOTS level. The
assessment should be driven to appreciate and use HOTS
instead of concept mastering [6]. Thinking can be trained
and developed through practice [6]. It shows that thinking
can be taught. Considering that all of us were born with
thinking and the limitation of each individual’s
intelligence capacity becomes the reason that critical
thinking needs to be developed so that every student can
achieve their maximum ability in critical thinking [6]. It
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explains that thinking ability can be developed in
particular ways through practical, so do HOTS. Teacher
competence in measuring and training HOTS become
important things to develop student’s HOTS. They can
integrate any learning models or teaching aid which can
be used to develop HOTS.
Apino [3] states that HOTS can be trained and
enhanced through instructional design. The teacher can
train the student’s HOTS by giving them an unusual
problem and train them to ask “why” and “how” in the
learning process. Furthermore, Apino suggests adapting
TIMSS and PISA problem to make an unusual problem
for students. Verdina [7] states that the most uses teaching
aid in the learning process is student worksheets. Student
worksheets can be used to develop creative thinking,
enhance student’s activity in the learning process, and as
teacher evaluator media. Student worksheets are
developed to achieve particular learning purposes based
on prevailing basic competencies. The purpose flexibility
of student worksheets implementation becomes the reason
it is the most used media. The teacher can use it to train
and develop HOTS.
Student worksheets may be integrated with various
learning approaches and models. The use of learning
approach and model in student worksheets based on the
learning purpose. There are many learning models which
able to train HOTS, and one of them is discovery learning.
It is similar to Yuliani’s statement [8], which states that
discovery learning is effective and has a positive impact
on a student's conceptual understanding and critical
thinking. The discovery learning model is a learning
model that is served to students to guide them to find a
new concept. Students are expected to be able to actively
discover new knowledge like creating a hypothesis,
estimating, and trying beneath the teacher's help.
Discovery learning has several syntaxes. They are: (1)
stimulation, the syntax where teacher gives a non-routine
problem to students to stimulate them and exploring
relevant material, (2) problem statement, the syntax where
the students identify the problem of making a hypothesis
through observing, interviewing, and etc, (3) data
collecting, the syntax where the students interpret the
received data, (4) data verification, the syntax where the
students verify the received data, and (5) generalization,
the syntax where the students generalize a new concept
and principle based on the previous result [9].
HOTS is an important skill for students in this era. This
skill must be taught to students in the learning process.
Ideally, students should have HOTS, or their HOTS level
is high, but the facts show that HOTS level of Indonesian
students is low. This is based on the results of the TIMSS
score in 2015. It shows that the cognitive scores of
Indonesian students were below the international average.
The lack of HOTS-based media and learning models is a
factor in the lowness of Indonesian student's HOTS, so the
question of this research is "how to develop HOTS-based
student worksheets with discovery learning models in
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10th-grade high school students?”. The purpose of this
research is to develop and test the eligibility of
HOTS-based student worksheets with the discovery
learning model in 10th-grade high school students.

2. Research Method
As in [10-14], this research is R&D kind, which uses a
modified 4D development model. The 4D development
model has four procedures, they are: (1) define, (2) design,
(3) develop, and (4) disseminate [15]. The researcher
adapts those development procedures and adjusts it
depends on the research need, time, and resources. The
research objects are X IPA 1 SMA Negeri 1 Turi students
and X IPA SMA Islam 3 Sleman students.
Define is the first procedure to receive precursor data.
The researcher does some activity before developing the
product, such as analyzing the needs for the product in the
school, analyzing the student's thinking level and
corresponding curriculum, the learning subject, and
formulating the learning purpose. The data of this
procedure is qualitative, which is received from student
observation in class and interviewing the teacher.
Design is the procedure where the researcher designs
the product based on the analysis in the defined procedure.
Researcher designs product display, the content,
component layout in the product, and the embellishment
in the product. The design based on the product
framework. Besides, the researcher also designs the
product assessment instrument.
Develop is the procedure to develop the product based
on the designed draft. The researcher develops the product
draft until it becomes a final product. The researcher does
some activity on this procedure, such as develop the
product, validate the product to experts, and do the
product revision. The validating process is one of the
important things to create a final product. The validator
will be the next material revision. The product revision
includes component addition in the product, information
addition, and miss concept correction. The validated
product will be assessed by the experts by using the
instrument, which is designed by the researcher. The
researcher uses a questionnaire method to collect
quantitative data from experts. The questionnaire is a
Likert scale closed-questionnaire kind and consists of a
mathematic
subject
questionnaire
and
media
questionnaire. The product assessment purpose is to
determine product eligibility based on the mathematics
subject and media aspect.
Disseminate is the procedure for testing the product
eligibility at school. The researcher distributes the product
to students as the research object to assess the eligibility
level. The researcher uses the questionnaire method to
collect quantitative data from the student's assessment as
the research object. The questionnaire is a closed Likert
scale questionnaire.
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The quantitative data in this research is analyzed by using descriptive statistic, which means the data average of each
aspect should be calculated and described based on the specific eligibility level. As for the eligibility level defined by
the expert, it can be seen in the Table 1:
Table 1. Assessment Score Conversion Scale 1-5
Score Interval

Score Average

Criteria

X > Xi + 1.8 (Sbi )

X > 4.2

Very Feasible

2.6 < X ≤ 3,4

Enough

Xi + 0.6 (Sbi ) < X ≤ Xi + 1.8 (Sbi )

3.4 < X ≤ 4.2

Feasible

Xi – 1.8 (Sbi ) < X ≤ Xi – 0.6 (Sbi )

1.8 < X ≤ 2.6

Infeasible

Xi – 0.6 (Sbi ) < X ≤ Xi + 0.6 (Sbi )
X ≤ Xi – 1.8 (Sbi )

Information:
X: Average score of each component
Xi : Ideal average
1
= 2 (maximal score + minimal score)
Sbi : Ideal standard deviation
1
= 6 (maximal score – minimal score)

3. Result and Discussion

The HOTS-based student worksheets with discovery
learning in the 10th-grade high school students are
designed by adapting the 4D development model. The 4D
development model has four procedures, and they are:
define, design, develop, and disseminate. This research
does not apply to the whole procedure. The researcher
only applies the development procedure until the
dissemination procedure. The results of every procedure
will be explicitly explained.
Define is the first procedure of the 4D development
model. On the worksheet's development context, define
contains the needs analysis, student character analysis,
curriculum analysis, material analysis, and formulating the
purpose. The researcher does some activities on this
procedure, such as (1) the analysis of student worksheet's
needs, (2) student character analysis, (3) curriculum
analysis, (4) material analysis, and (5) formulating the
purpose. The results of this procedure are: (1) student’s
problems in the school are lacking numerical ability,
lacking mathematical problem-solving ability, and lacking
self-regulation, (2) those problems happen every year, (3)
school applies the 2013 curriculum, (4) the main teaching
aid which is used by the teacher is book from education
minister, (5) the side teaching aid which is used by the
teacher is student worksheets from education minister or
from the teacher itself, (6) teacher assumes that the
students still have a problem to solve the problem related
to sine and cosine rule and trigonometry function.

X ≤ 1.8

Infeasible At All

Design is the procedure when the researcher designs the
student worksheets. The design of development student
worksheets based on the previous procedure data. The
researcher does some activities on this procedure, such as
(1) designing the draft of development student worksheets,
(2) designing the framework of development student
worksheets, (3) designing the content and layout of
student worksheets, and (4) designing the assessor
instrument of development student worksheets. The
results are the framework and the assessor instrument of
development student worksheets.
Develop is the procedure when the researcher develops
the previous design. On this procedure, student
worksheets development is repeated based on the revision
until it becomes final and complete that can be tested in
the school. The advises and comments from the validator
becomes the revision material. The revise is repeated until
it is the final student worksheet.
The final step of the 4D development procedure is
disseminating. There are three activities on this procedure,
they are validation testing, packaging, and diffusion, and
adaptation, yet the researcher only adapts the first activity.
On the validation testing, the researcher distributes the
development student worksheets to research objects and
asks them to assess the eligibility based on the
questionnaire, which is designed by the researcher. That
activity's purpose is to measure the product eligibility
level. The development of the student worksheets design
framework can be seen in Figure 1:
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Figure 1.
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The Development Student Worksheets Design Framework

The final results from the 4D development model are
the final and complete student worksheets and student
worksheets assessment data. Student worksheets
assessment divided into two assessments; they are
eligibility and product practical assessment. The product
eligibility level is analyzed from the material and media
aspects. Material and media validators are the mathematic
education lecturers of Universitas Ahmad Dahlan and
teachers of SMA Negeri 1 Turi and SMA Islam 3 Sleman.
The data is analyzed for each aspect and every validator's
assessment. The data analysis is given in Tables 2 - 5:

Table 2.
Results of Data Analysis Each Aspect of Development
Student Worksheets from Media Aspect
Aspect

Score
Average

Criteria

1.

Compatibility

4.48

Very Feasible

2.

Completeness

4.17

Feasible

4.17

Feasible

4.50

Very Feasible

4.83

Very Feasible

4.43

Very Feasible

No.

3.
4.
5.

Exactness and
Orderliness
Practicability and
Interactivity
The Quality of
Teaching Aid
Score Average
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Table 3. Results of Data Analysis of Development Student Worksheets
from Each Media Validator

No.

No.

Validator

Score
Average

1.

Syariful Fahmi

4.76

Very Feasible

2.

Retno Kuntari

4.35

Very Feasible

3.

Heri Permana Sakti

4.35

Very Feasible

4.49

Very Feasible

Score Average

Criteria

Table 4.
Results of Data Analysis Each Aspect of Development
Student Worksheets from Mathematics Subject Aspect
No.

Aspect

2.
3.
4.

Very Feasible

4.14

Feasible

4.

Completeness

4.23

Very Feasible

3.90

Feasible

4.29

Very Feasible

4.18

Feasible

Compatibility and
Exactness
Communicative and
Motivation
Score Average

Table 5. Data Analysis Results of Development Student Worksheets
from Each Mathematics Subject Validator
No.

Validator

Score
Average

1.

Sunaryo

4.18

Feasible

2.

Retno Kuntari

4.59

Very Feasible

3.

Heri Permana Sakti

4.41

Very Feasible

4.39

Very Feasible

Score Average

No.

Feasible

4.33

Criteria

Based on table 2 and table 4, the average scores of
student worksheets are 4.43 and 4.36, and they are very
feasible. It means the criteria of development student
worksheets are very eligible for three material aspects and
five media aspects. Based on table 3 and table 5, the
average scores of student worksheets are 4.49 and 4.39,
and they are very feasible. Based on those tables, it can be
concluded that the student worksheet development is very
eligible for both material and media aspects.
The product practical level is assessed by X IPA 1
students of SMA Negeri 1 Turi and X IPA students of
SMA Islam 3 Sleman. There are 33 respondents
consisting of 26 students of SMA Negeri 1 Turi, and the
rest are students of SMA Islam 3 Sleman. The practical
data analysis consists of the assessment of every aspect of
development student worksheet and analysis of the
average score from all respondents. The data analysis can
be seen in Tables 6-8:

Students of SMA
Negeri 1 Turi
Students of SMA Islam
3 Sleman

Score
Average

Criteria

4.18

Feasible

4.47

Very Feasible

4.33

Very Feasible

Table 7. Practical Data Result of Every Aspect in Student Worksheet
by SMA Negeri 1 Turi Students

4.18

Clarity

Respondent

Score Average

1.

3.

6.

2.

Criteria

2.

5.

1.

Score
Average

The Compatibility and
Ease
Conspicuousness

1.

Table 6. Practical Data Result of Student Worksheet by Students

5.
6.

Aspect
The Compatibility and
Ease
Conspicuousness
Clarity
Completeness
Compatibility and
Exactness
Communicative and
Motivation
Score Average

Score
Average

Criteria

4.18

Feasible

4.33
4.14
4.23

Very Feasible
Feasible
Very Feasible

3.90

Feasible

4.29

Very Feasible

4.18

Feasible

Table 8. Practical Data Result of Every Aspect in Student Worksheet
by SMA Islam 3 Sleman Students
No.
1.
2.
3.
4.
5.
6.

Aspect
The Compatibility and
Ease
Conspicuousness
Clarity
Completeness
Compatibility and
Exactness
Communicative and
Motivation
Score Average

Score
Average

Criteria

4.52

Very Feasible

4.57
4.26
4.52

Very Feasible
Very Feasible
Very Feasible

4.64

Very Feasible

4.50

Very Feasible

4.50

Very Feasible

Based on table 6, the average score of development
student worksheets from all respondents is 4.33, and it is
very feasible, which means the eligibility level of student
worksheets from the practical aspect is very high. Based
on table 7, the average score of development student
worksheet is 4.18, and it is feasible, which means the
student worksheet is feasible for 6 aspects by the
assessment of X IPA 1 students of SMA Negeri 1 Turi.
Based on table 8, the average score of development
student worksheet is 4.50, and it is very feasible, which
means the student worksheet is very feasible for 6 aspects
by the assessment of X IPA students of SMA Islam 3.
Student worksheet products consist of various types and
have become teaching materials that are commonly used
in schools, so student worksheet is very diverse. The
difference between this student worksheet product and the
student worksheet product results [16], [17], and [18] is
the content of HOTS questions, whereas the research
products [16], [17] and [18] do not contain HOTS
questions. Besides, the those products are still design. One
example of HOTS problems contained in the worksheet
products of this study can be seen in Figure 2:
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Figure 2.
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The Example of HOTS Problem In The Student Worksheet

4. Conclusions and Implementation
This research is R&D kind research, and the purposes
of this research are to develop and test the eligibility of
HOTS-based student worksheets with discovery learning.
The student worksheets are developed by using a modified
4D development model and based on the researcher's
needs. Based on the analysis data of media, mathematic
material, and practical aspects, development student
worksheets is very feasible. It explains that the
development of student worksheets can be used as a
teaching aid in the learning process. This research might
be a reference for the development of a similar product.
The purposes of this research are to develop and test the
eligibility level of development products, so the researcher
suggests to measure its effectiveness in the learning
process.
The researcher recommends this worksheet for the
teacher in order to enhance students HOTS. It will be even
better if the teacher uses the discovery learning model in
the learning process.
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