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Abstract:

This study aims to develop a valid, effective, and practical HOTS-based worksheet for
calculus courses in the Mathematics Education Department. The development of the
worksheet is expected to improve critical and creative thinking skills, which is
implemented through the Online Learning System (SPADA). This research is
development research with the research subject being 27 students of Mathematics
Education, Muhammadiyah University of Makassar. The instruments used in this
study were instrument validation sheets, test, and student response questionnaires.
This worksheet development process is adapted from the model of development of
the 4-D models, which consists of define, design, develop, and disseminate. The
results of the validation assessment were an average score of 3.61 in the valid
categories. The result of the lecturers' practicality at 3.6 with the practical category.
Furthermore, the results of the effectiveness assessment through the HOTS test
showed that the percentage of classical completeness was 86.7%. The students'
responses showed a positive response to this worksheet. The assessment results
showed that the average pretest was 46.85, while the postest was 74.81. There is an
increase in the average value of higher-order thinking skills from pretest to postest in
field trials. So it produces worksheets based on HOTS through SPADA that have met
the valid, practical, and effective aspects and can facilitate students in practicing their
higher-order thinking skills.
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PENGEMBANGAN WORKSHEET TURUNAN FUNGSI BERBASIS HOTS
MELALUI SISTEM PEMBELAJARAN DALAM JARINGAN SPADA

Abstrak:
Penelitian ini bertujuan untuk mengembangkan worksheet berbasis HOTS mata
kuliah kalkulus di Prodi Pendidikan Matematika yang valid, efektif dan praktis.
Pengembangan worksheet ini diharapkan dapat meningkatkan kemampuan berpikir
kritis dan kreatif, yang diimplementasikan melalui Sistem Pembelajaran Dalam
Jaringan (SPADA). Penelitian ini merupakan penelitian pengembangan dengan
sampel penelitian adalah mahasiswa Pendidikan Matematika Universitas
Muhammadiyah Makassar yang berjumlah 27 orang. Instrumen yang digunakan
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dalam penelitian ini berupa lembar validasi instrumen, dan angket respon
mahasiswa. Proses pengembangan worksheet ini diadaptasi dari model
pengembangan 4-D Models yang terdiri dari pendefinisian (define), perancangan
(design), pengembangan (develop), dan penyebaran (disseminate). Berdasarkan hasil
penilaian validasi diperoleh skor rata-rata, yaitu aspek materi sebesar 3.61 dengan
kategori valid. Hasil penilaian kepraktisan siswa diperoleh skor rata-rata sebesar 4.15
dengan kategori praktis dan kepraktisan dosen sebesar 3,6 dengan kategori praktis.
Selanjutnya, hasil penilaian keefektifan melalui tes HOTS menunjukkan persentase
ketuntasan secara klasikal sebesar 86.7% dan respon siswa menunjukkan respon
positif terhadap worksheet ini. Hasil penilaian tes menunjukkan rata-rata pretest
diperoleh 46,85, sedangkan postest diperoleh 74.81. Artinya, terdapat peningkatan
rata-rata nilai kemampuan berpikir tingkat tinggi dari pretest ke postest dalam
ujicoba lapangan, sehingga worksheet berbasis HOTS melalui SPADA telah memenuhi
aspek valid, praktis, dan efektif serta dapat memfasilitasi siswa dalam melatih
kemampuan berpikir tingkat tinggi.
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INTRODUCTION

he industrial revolution 4.0 is one of the manifestations of modern

German technology projections, which are applied by improving

manufacturing technology, creating a policy framework, etc. Especially
in the field of Industrial Revolution 4.0 learning, it is used to support thinking
patterns aimed at increasing the innovative creativity of students so that they
can print the next generation that can compete (Alam, 2019). Students must
possess at least four abilities, including critical thinking skills, creative
thinking skills, communication skills, and collaboration skills. Education
manifests a dynamic and progressive culture (Ikman, Hasnawati, & Rezky
2016). One of the most important branches of education is mathematics.
Mathematics is one of the basic sciences that has an essential role in mastering
science and technology. Therefore, mathematical knowledge is a facility to
foster critical, logical, systematic, and creative thinking steps (Khoriyah &
Oktiningrum, 2021). Students' success in understanding a concept is obtained
when they have optimized higher-order thinking.
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Students are not only required to remember and be aware of a concept,
but they can also analyze, synthesize, and evaluate a concept well (Khoriyah &
Oktiningrum, 2021). Concepts that are understood with these activities are
expected to be embedded in students' memories to store long-term memory.
Therefore, students need higher thinking skills, especially those who want to
be involved in mathematics as educators who will undoubtedly face students
who will become the successors of the nation's hopes. Therefore, prospective
educators should also have HOTS abilities from an early age, which can later
be transferred to students during the learning process. The above statement is
in line with the goal of national education, which is to create creative human
beings. Therefore, students must have high-level thinking skills (Alam, 2019).
Yee, Widad, Jailani, Tee, Razali, and Mohaffyza (2011) also show that HOTS
skills are essential for learning systems, thinking skills, and learning
effectiveness.

Higher order thinking skills are processes that not only memorize,
remember and convey information that is known to be conveyed again but
also optimize its ability to solve challenges or problems (Pratama & Istiyono,
2015; Saregar, Latifah, & Sari, 2016). In the revision of the HOTS bloom
taxonomy, the realm of C4-C6 is to analyze, evaluate and create (Karsono,
2017).

In fact, students of the Mathematics Education Department, who are
also prospective educators, tend only to want to solve problems considered
easy and give up on more challenging math problem-solving issues. If
students have been faced with non-routine questions that involve reasoning,
they are tough to solve. These problems, especially in advanced calculus
courses. Previous research conducted (Nurwahidah, 2018) also found that
students were not used to solving problems involving reasoning, so they could
not solve complex physics problems. Likewise, the research result (Kurniawati,
2014) found that students' HOTS abilities in the cognitive realm C4-C6 were
less than 50%. Therefore, it is necessary to develop worksheets with HOTS-
based that students can use to practice their higher-order thinking skills to
develop their critical, logical, and creative thinking skills on the problems
given.

One of the learning strategies that educators can use to improve
learning activities is making worksheets (Rahmatillah, Halim, & Hasan, 2017).
Giving worksheets is one of the efforts to help students be more enthusiastic
and active in constructing their knowledge (Anggraini, Anwar, & Madang,
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2016). This statement is in line with Mairing (Prastiti, Tresnaningsih, & Thaib,
2019), which states that student worksheets can help students increase their
knowledge and motivation to learn. Therefore, researchers are keen to
develop worksheets for learning mathematics with calculus-based courses on
HOTS to produce a prototype worksheet for calculus courses that the student
uses to improve high-level thinking skills for learning more meaningful. By
developing this student worksheet, students can optimize their critical
thinking skills (Prasadi, Wiyanto, & Suharini, 2020). Several previous studies
have examined the development of worksheets, including (Pamungkas,
Kurniasi, & Anton, 2020); (Widyawati & Sujatmika, 2020); (Arnellis, Suherman,
& Amalita, 2019); (Prasadi, Wiyanto, & Suharini, 2020); and (Anggraini,
Anwar, & Madang, 2016). However, from some of these studies, on average,
they are still developing worksheets HOTS-based in different subjects. Still, no
one has developed worksheets student-level based on HOTS for Calculus
courses at the high school level.

METHODS

The type of research is an R&D (Research and Development) research.
This research was held on June-August 2021 at the University of
Muhammadiyah Makassar. The population of this study was students of the
class of 2020 Mathematics Education Department, the University of
Muhammadiyah Makassar used the saturated sample technique that the
populate also acted as the research sample. The number of samples in this
study amounted to 27 people. The procedure used in this study uses 4-D who
consists of four stages called define, design, develop, and disseminate. The
define stage aims to define the terms in learning. The design stage aims to
prepare a prototype learning device. This stage consists of three steps: (1)
preparation of tests, (2) selection of appropriate media, and (3) selection of
formats that include needs map, worksheet outline, and worksheet design. The
development stage aims to produce a worksheet that has been revised by the
validator/expert. This stage includes (1) validation by experts followed by
revision, (2) simulation, namely activities to operate the teaching plan, and (3)
limited trial with real students. The results of stages (2) and (3) can be used as
the basis for revision. The next step is further testing on students through the
SPADA service of the Muhammadiyah University of Makassar. The
dissemination stage is the stage of using worksheets that have been developed
on a bigger scale, for example, in other courses or subjects outside the
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Mathematics Education study program.

Collection techniques used are (1) Interview, activities carried out by
discussing with colleagues and several students related to the learning
process, learning resources used, as well as student difficulties in function
derivative materials. (2) Questionnaire, consists of an expert validation
questionnaire, a practicality questionnaire, and a student response
questionnaire. (3) Test, given are HOTS questions on function derivative
material. The test instrument was used to see the effectiveness of the
worksheet. The research instruments used include (1) interview guidelines, (2)
worksheet validation sheets, consisting of material validation sheets, and
language validation sheets, (3) practicality worksheets, consisting of
practicality questionnaires given to teachers and students, and (4) worksheet
effectiveness sheets consisting of the HOTS test sheet and student responses.

Analysis techniques carried out consisted of worksheet validation sheet
analysis. Analysis of student practicality questionnaires and analysis of the
effectiveness of the worksheet in terms of HOTS test results obtained through
pretest and posttest and student responses to field trials. Worksheet validation
was measured using a five-scale Likert scale, starting from a score of 1 (not
appropriate) to a score of 5 (very appropriate). The average score obtained
from the validator's assessment, with the formula.

1)

V is the average validity score, RA; is the average score of the validation
of the i-th aspect, and n is the number of aspects. Furthermore, for the validity
criteria of the worksheet in table 1 below.

Table 1. Criteria for Worksheet

No. Interval Validity Criteria for Validity
1 V>42 Very valid
2 34 <V <42 Valid
3 26 <V <34 Fairly valid
4 1.79<V <2.6 Less valid
5 V<179 Invalid

Furthermore, the LKPD revision worksheet is carried out according to
the suggestions from the validator so that a valid LKPD is obtained.
Practicality data was obtained from the results of practicality questionnaires
for lecturers and students. The practicality questionnaire was measured using
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a Likert scale starting from a score of 1 (not appropriate) to 5 (very
appropriate). The questionnaire consists of 20 statements with 17 positive
statements and 3 negative statements. The average practicality score of
teachers and students is calculated using the formula.

n
Zi=1 RA;
n

p= (2)

P is the average practicality score, RA; is the average score of the

validation of the I aspect, n is the number of aspects. Next, match the
practicality average (P) with the LKPD practicality criteria in table 2 below.

Table 2. Criteria Worksheet Practicality

No Interval Practicality Criteria
1 P>42 Very practical
2 34<P<42 Practical
3 2,6<P<34 Quite Practical
4 1,79<P <26 Less Practical
5 P <179 Not Practical

Data were obtained from student tests which included pretest and
posttest of students' higher-order thinking skills and student responses. The
test consists of 3 essay questions, each containing a HOTS indicator. The
average yield HOTS student test calculated using the formula

score obtained

x 100 (3)

— the maximum score

With H is the average value of the results of HOTS students. Next,
match the average value (H) with the HOTS level criteria in table 3 below:

Table 3. HOTS Level Criteria

No Interval Value Criteria
1 H > 80 Very high
2 70 < H < 80 High
3 60 <H <70 Enough
4 50 < H <60 Low
5 H <50 Very low

The average score of student questionnaire responses was calculated

using the formula.

n
R = i=1Ri

n

(4)
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R is the average value of student response, R; is the average value of
student response to-i, and n is a lot of students. Furthermore, matching the

average response (R ) with student response criteria in table 4 below:

Table 4. Criteria for Student Response

No. Interval Response Criteria
1 R > 4.2 Very Good
2 34<R<472 Good
3 26 <R<34 Enough
4 1.79<R <26 Low
5 R >1.79 Very low

RESULTS AND DISCUSSION
Worksheet Development Process
1. Define Stage

a. Initial and final analysis

This part was conducting interviews with peer lecturers in charge of
the course calculus and several students in the 2020 Mathematics Education
Study Program. The initial-final analysis was carried out in three steps,
namely observing the learning process, interviews with lecturers and
students, and observing the learning tools used. Based on the results of
observations and interviews with peer lecturers who are influential in
calculus courses in the learning process, it is known that learning has not
tried to use HOTS in the learning process but still emphasizes lecturer-
centered learning.

In solving calculus course questions, especially function derivatives,
the emphasis is on memorizing formulas rather than building student
understanding of concepts. Students are easily mistaken in answering
questions related to the application of function derivatives. Students are
still accustomed to routine questions and have a manageable difficulty
level. Students have not been instructed to solve function derivative
problems because they are still focused on existing formulas. Students'
conceptual understanding of the application material for function
derivatives is still less than 50%, meaning that students still lack a good
understanding of the circumference and area of a circle. To develop HOTS
in learning, especially on the derivative concept material itself, in class,
students are not only can remember formulas, understand, and apply
them, but students must also analyze given mathematical problems,
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evaluate the results of their work, and create new ways or points of view or
create their knowledge to solve problems (Dosinaeng, Leton, & Lakapu,
2019). Therefore, it is necessary to develop a HOTS-based worksheet that
contains problems of daily life and work steps. It requires students always
to be active and independently solve them. The worksheet's work steps
will lead students to find the concept of function derivative material.
According to Wulandari and Susanti (2019), the student activity sheets
choose because they can present the course material to be delivered and
accompanied by HOTS-based practice questions and many evaluations.
The questions developed will refer to HOTS-based questions.
b. Task Analysis

This stage is the main task that students must master to achieve the
specified competencies where teachers can familiarize students with
carrying out the teaching and learning process using HOTS, which aims to
hone their thinking and reasoning skills where indicators that students
must master include analyzing (C3), evaluates (C4) and creates (C6) which
is adapted to the CPL and CPMK derived function materials. The following
items are presented on the worksheet developed through task analysis,
namely 1) The contents of the tasks given in the derivative function
materials based on HOTS nuanced learning, and 2) The contents of the
tasks contain daily life problems that train reasoning and HOTS indicator.
c. Concept Analysis

This stage analyzes the concept of derived function material
developed systematically, namely applying function derivative material in
everyday life. The learning concept developed can also be equated with the
initial and final analysis, student analysis, task analysis, and HOTS
nuanced learning and skill standards achieved. According to Widana
(2018), Grades HOTS indirectly contribute to positive learning to improve
understanding of the mathematical concepts.

. Design Stage
Stages of the design carried out as follows.
a. Preparation Test
Preparation of test questions HOTS given to see students' initial
ability to the material loop and final abilities after using HOTS-based
worksheets. The test questions consist of 3 essay questions containing 3
HOTS indicators.
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b.

AT ERAAT 1A

Selection of Format
1) Developing Requirements Map

The results of the needs map Worksheet preparation provide
information about the number of worksheets that should be created.
2) Arrange the Outline of the Worksheet.

The developed in this study is the worksheet for students what
consists of three parts: the initial section containing the front cover
page, identity page worksheet, introduction, table of contents,
instructions for using the worksheet, base competencies, learning
objectives, keywords, concept maps, and history. The content section
contains material orientation, activity sheets, supporting information,
conclusions, asking questions, exercises, summarizing, and competency
tests. The last section contains a bibliography and a back cover page.

3) The Initial Design of the Worksheet

The initial worksheet design was arranged according to the
media selection and the preparation format of the worksheet. The
HOTS-based worksheet design can be seen in figure 1.
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Figure 1. HOTS-Based Worksheet Design Through SPADA
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3. Develop Stage

a. Worksheet Validity Test

The results of material expert assessment indicators from the
feasibility of the content obtained an average score of 3.56, while the
average score on the feasibility of presenting and assessing HOTS was 3.72
and 3.56. The average score of the three aspects of a material assessment is
3.61 is a valid category. Material validation analysis data from experts can
see in the following table 5.

Table 5. Material Expert Validation Results

No Assessment indicators Average Category
1 Content Feasibility 3.71 Valid
2 Presentation Feasibility 3.56 Valid
3 Hots Rating 3.56 Valid
Average 3.61 Valid

The results linguist assessment indicators recapitulating aspects of
language feasibility, according to BSNP, include straightforward aspects
with an average in the score of 4.00, communicative aspects with in the
score of 4.00, dialogical and interactive aspects with an average score of
4.00, aspects of conformity with the development of students with an
average in the score of 4.00 and conformity with language rules with an
average in the score of 4.00. The average score of the five aspects is 4.00 is a
valid category. Language validation analysis data can see in the following
table 6.

Table 6. Valid Results of Linguists

No Rating Indicator Average  Category
1 Straightforward 4.00 Valid
2. Communicative 4.00 Valid
2 Dialogical and interactive 4.00 Valid
4 Conformity with language rules 4.00 Valid
5 Suitability with student development 4.00 Valid

Based on the validation results from the three parts, namely
material, construction/media, and language in general, it concludes the
worksheet is feasible to proceed to the practical stage. After the analysis of
the validity, a test carries out. It resulted in the second draft of the HOTS-
based worksheet shots.
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b. Practicality Test of the Based Worksheet

The practicality test was carried out to determine whether the parts
in the worksheet were practical and easy to use by students and lecturers
as users. Limit trials conducted on seven students. The student practicality
assessment sheet results showed an average score of 4.15 in the practical
category. The lecturer's practicality sheet results show an average score of
3.60 in the practical categories. These results indicate that the LKPD can use
properly. LKPD that tested for practicality by producing draft III can use in
the learning process. In line with Nurhikmayati and Jatisunda's (2019)
opinion, when the student's assessment of the teaching materials
developed was good enough, and teaching materials can be used in the
learning process in the classroom.

c. Test the effectiveness of the HOTS-Based LKPD

Furthermore, field trials were carried out on 27 students of the
Mathematics Education Study Program, FKIP Unismuh Makassar. The
effectiveness of the worksheet was analyzed from the results of the pretest
and posttest HOTS students and the student responses results. The
developed worksheet can be effective if it meets the minimum percentage
of completeness criteria and student responses (Prasetyo, 2012). The pretest
results showed that the students' average HOTS score was 46.85, including
the low category. Furthermore, the results of the HOTS posttest were 74.81
with good categories, while for the results of the questionnaire, the student
responses showed a positive response in using the HOTS-based worksheet
for function-derived material. This result indicates that the worksheet used
is effective.

Furthermore, HOTS-based worksheets through Unismuh's SPADA
are feasible to use and can provide an increase in students' HOTS abilities
in function-derived materials. From the result of the overall data analysis,
the final worksheet product is valid, practical, and effective can be used in
the online classroom learning process. In line with the results of Arifin and
Retnawati's (2017), the learning designs developed are generally HOTS-
oriented and have a positive effect in (1) involving students in non-routine
problem-solving activities; (2) facilitating students to develop the ability to
analyze and evaluate (critical thinking) and creative abilities (creative
thinking); and (3) encourage students to build their knowledge.
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4. Disseminate Stage

At this stage, distributing HOTS-based worksheets to the Calculus
course in all online classes in the Mathematics Education study program at the
Muhammadiyah University of Makassar, then students are asked to fill out a
questionnaire response to the worksheet distributed. The average result of the
student response questionnaire obtained was 3.82 in the good category. That
is, students show a positive response to the HOTS-based LKPD. That is in line
with the results of Noprinda & Soleh's research (2019) shows the responses of
students to higher-order thinking skill (HOTS)-based worksheets with a
percentage of 87% with the criteria of "very good". So it can be said that the
worksheet is ready to be used as teaching material.

The HOTS-based worksheets that are developed provide both
theoretical and practical impact. Theoretically, the results of developing this
worksheet can be used as a reference for other researchers to develop teaching
materials, especially HOTS-based worksheets. Practically, lecturers can use
worksheets in learning activities to facilitate students' higher-order thinking
skills in the calculus course for the derivative functions. Furthermore, the
developed worksheets can be motivating peer lecturers to independently
create and develop interest and meaningful teaching materials for students.
Students can use that worksheet as a learning resource in class or as a means of
independent study at home.

CONCLUSION

From the results of the research and development were carried out, it
produces worksheets based on HOTS through SPADA that have met the valid,
practical, and effective aspects and can facilitate students in practicing their
higher-order thinking skills. The development of this worksheet product is still
limited to one material, and the analysis of the dissemination stage to other
classes is only on the distribution of response questionnaires. Therefore, we
hoped that there would be a follow-up from both dozen and other researchers
to develop teaching materials with different contexts and materials. In
addition, further research needs to do to see the effectiveness and effect of
using this HOTS-based worksheet.
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