JPPIPA 7(3) (2021)

Jurnal Penelitian Pendidikan IPA

Journal of Research in Science Education

JURNAL PENELITIAN PENDIDIKAN IPA
JPPIPA (558 2407.795

http:/ /jppipa.unram.ac.id/index.php/jppipa/index

HOTS Assessment of Biology Cell: Validity, Practicality and Reliability

Yosi Laila Rahmi'” Nadiah Alhusna Miatidini', Heffi Alberida!, Rahmawati Darusyamsyu?,
IImi Zajuli Ichsan?, Diana Vivanti Sigit?, Titin#, Isil Koc5, Maricar H. Sison®

1Biology Education Department, Faculty of Mathematics and Natural Science, Universitas Negeri Padang, Indonesia

2Elementary Teacher Education Department, Faculty of Teacher Training and Education, Universitas MH Thamrin Jakarta, Indonesia
3Biology Education Department, Faculty of Mathematics and Natural Science, Universitas Negeri Jakarta, Indonesia

4Biology Education Department, Faculty of Teacher Training and Education, Universitas Tanjungpura, Indonesia

5Science Education Department, Istanbul University, Turkey

¢ College of Education, Nueva Ecija University of Science and Technology, Philippines

DOI: 10.29303/ippipa.v7i3.742

Article Info

Received : May 21th, 2021
Revised : July 17th, 2021

Accepted: July 25th, 2021

Abstract: This study aims to produce an instrument for assessing high-order thinking
skills about cell division material for students in class XII that are logically valid and
empirically, practical and reliable. This study uses a 4D models development model
consisting of the stages of defining, designing, developing, and disseminating. The
dissemination stage was not carried out due to time and cost limitations. The subjects of
this study were three validators consisting of two lecturers at the Department of
Biology, Padang State University, and one teacher at Senior High School 2 Painan.
Practicality was carried out by two biology teachers and 34 students of class XII of
Senior High School 2 Painan. The data collection instruments were validation sheets
and practicality tests. Data were analyzed using ANATES 4.09 application. The
instrument for assessing high-order thinking skills about cell division material for class
XII students who get an average logical validity value of 89.02% with valid criteria, the
practical average value is 91.70% with very practical criteria. The empirical validity data
analysis results obtained 37 questions out of 50 questions with a value of 74%, reliability
of 0.89 with very high criteria. It can be concluded that an instrument for assessing the
ability to think at a higher level about cell purchasing material is logically valid and
empirically valid, practical, and reliable.
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Introduction more interactive (Mahoney & Harris-Reeves, 2019;

Sesen & Tarhan, 2010). The cognitive domain consists

The curriculum is used as a learning tool that
supports learning and teaching activities in education
today. The 2013 curriculum has been implemented at
all levels of education in Indonesia. The 2013
curriculum requires students to be more active and able
to think critically, and it is hoped that teachers will act
as facilitators in learning. "Learning is no longer
centered on the teacher, but more centered on student
activities so that learning is no longer one direction but
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of six levels: remembering, understanding, applying,
analyzing, assessing, and creating. Cognitive levels to
measure higher-order thinking skills include the ability
to analyze (C4), evaluate (C5), and create (C6)
according to (Anderson et al., 2001).

High-order thinking skills (HOTS) are very
important to be applied and developed in learning. "If
students have high-order thinking skills, then in
learning they will be able to use problem-solving
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methods properly, and appropriately (Lince, 2016;
Tajudin &  Chinnappan, 2016). Processing the
information obtained is obtained by involving creative
and critical thinking processes in the cognitive realm
(analysis, evaluation, and creation) and dealing with
certain situations or problems that require a solution.

In the establishment of a curriculum, planning is
the first step. It entails assessing to determine the
needs. Learners, teachers, community, and societal
needs would all be considered as they relate to the
curriculum. The learning outcomes are set after the
needs have been identified. Teachers must develop
strategies and methods to reach desired results. The
support materials should also be written and include
the means of evaluation.

Teachers are guided by following the principles
of assessment. The teacher should use the assessment
tools to reflect the knowledge and skills that are
important to students; it should tell how students are
progressing; the results should be consistent.
Assessment  should  support every student's
opportunity to learn important things; it should allow
individuality or uniqueness to be demonstrated. (Bilbao
et al. 2013)

Based on the results of an interview that was
conducted on March 16, 2019, at Senior High School
(SHS) 2 Painan, out of five Biology teachers, only one
teacher has started applying HOTS questions. The
researcher conducted an interview with a teacher that
the teacher had started to apply questions with the C4
cognitive level (analyzing) on certain questions but had
not gotten used to it because the teacher only guided
the questions in the textbook so that the teacher was
not so proficient and did not know whether the
questions made have met  the criteria
for HOTS questions or not. This can be seen from the
analysis conducted by researchers on the matter of
Daily Test for the Odd Semester Cell Division material
for the 2019/2020 school year.

Table 1. Cognitive Level of Daily Test Questions on
Cell Division Class X Odd Semester for 2019/2020 at
Senior High School 2 Painan.

No Cognitive Level Percentage (%)

1 In view of (C1) 5
2 Understand (C2) 35
3 Applying (C3) 35
4 Analyze (C4) 25
5 Evaluating (C5) 0
6 Creating (C6) 0

Based on the results of teacher interviews, it was
also revealed that the teacher's ability to make thinking
instruments of high-order thinking skills was still low
because many teachers had difficulty making

instruments with high-order thinking skills in schools.
The obstacle that makes the teacher is the teacher who
has difficulty in making questions that are identical to
the questions using tables, graphs, schemes, schemes,
narrative, and discourse, and the teacher also has to
consider the heterogeneous abilities of students so that
it is still difficult to answer questions with level high
thinking skills. Therefore, it is necessary to develop
higher-order thinking assessment instruments that can
be used as a reference or guide by the teacher.

In addition, based on distributing questionnaires
to 34 students of Class XI Mathematics and Science
(MIPA) 1 Senior High School 2 Painan on March 16,
2019. The results of the distribution of the
questionnaires indicated that the biology questions
carried out mostly contained memorized questions, and
students often memorize learning material before
facing exams. So that students experience problems in
answering high-level questions.

Researchers also tested 34 students of class XI
MIPA 1, Senior High School 2 Painan on March 16,
2019. The questions tested were questions of high-order
thinking skills that were valid by Ramadhani (2018) as
many as 32  multiple choice  questions
on Protista material for class X semester 1. From the test
questions, the average class score was 35,19. Based on
the category of high-level thinking skills, the score of
21-40 is in a low category (less), so that the average
value obtained indicates that students' high-level
thinking skills are still low. This happens because
students are not used to and have not been trained to
work on high-order thinking skills.

Therefore it is necessary to make efforts by
educators in order to improve students' higher-order
thinking skills. Fitzpatrick & Schulz (2015) state that
higher-order thinking skills can be developed using
proper assessment. "The characteristics of the higher-
order thinking skills assessment instrument are as
follows,

a. Measure higher-order thinking skills
1) Ability to solve unfamiliar problems;
2) Ability to evaluate the strategies used to solve
problems from various different points of view;
3) Finding new settlement models that are different
from previous methods
b. Based on contextual and interesting problems
(Contextual and Trending Topic)
c. Not routine and brings newness

Based on the statements that have been
described, the problem of this research is how to
produce a high-level thinking ability assessment
instrument about cell division material for students of
class XII, which is practical and the purpose of this
study is to develop an instrument for assessing higher-
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order thinking skills of cell division material for
practical class XII students.

Method

This type of research is research development
(Development Research) by using a model of the 4-D
(four-D models). This research was only conducted in
three stages: define, design, develop, while
the disseminate stage was not carried out due to time
and cost limitations. This research was conducted at the
Faculty of Mathematics and Natural Sciences, Padang
State University, and Senior High School 2 Painan. The
subjects of this study were validators and students. The
validators consisted of two lecturers at the Department
of Biology, Padang State University, and one biology
subject teacher at Senior High School 2 Painan.

Practicality was carried out by two biology
teachers and 34 students of class XII at Senior High
School 2 Painan. The trial subjects consisted of 34
students of class XII Senior High School 2 Painan. The
object of this research is an instrument for assessing
higher-order thinking skills on Cell Division material
for students of Class XII SMA/MA with a total of 50
items. The resulting product in the form of an
instrument for assessing high-level thinking skills was
tested at Senior High School 2 Painan on March 7, 2020.
The research data was quantitative, and the data
collection instrument was in the form of a practicality
questionnaire.

Result and Discussion
The logical validity of the higher-order thinking

skills assessment instrument
Logical validity of the higher-order thinking

skills assessment instrument is carried out to
prove whether the instrument has been
developed valid or  notby analyzing  the

appropriateness of the assessment instrument with the
material, construction, language, and higher-order
thinking skills. This logical validity was carried out by
two biology lecturers of the State University of Padang
and one teacher, using a validation sheet. Suggestions
for improvement were obtained from the validator
during the validation process to improve the higher-
order thinking skills assessment instrument on cell
division material. After correcting the questions in
accordance with the suggestions of the validator, an
analysis of the validity results is carried out. The
validity analysis of the high-order thinking skills
assessment instrument filled by the validator in the
validation questionnaire is briefly shown in table 3.

Table 3. Results of the Validity of the High-Level
Thinking Ability Assessment Instrument

No Aspect Vliahd; tor 3 132:0 z:ifel?f%) Criteria
1. Theory 3 31 31 97 89.81 Valid
2. Construction 34 33 31 98 89.81 Valid
3. Language 1 9 12 32 88.88 Valid

4. High 19 17 16 52 88.88 Valid

level thinking

The total number of validity scores 356.09 Valid
The average value of validity 89.02

Based on the results of the data analysis that has
been done, it shows that the instrument for assessing
higher-order thinking skills developed is in the valid
category with an average validity value of 89.02%.

In the material aspect, the results of data analysis
were obtained with an average value of the three
validators of 89.81%, which was included in the valid
category. This shows that the material in this higher-
order thinking ability assessment instrument can be
used to develop students' higher-order thinking skills
in accordance with the Core Competencies and Basic
Competencies in the 2013 Curriculum. This is in line
with "Ministry of National Education (2017), the
material developed must be appropriate with the
demands of Core Competencies and Basic
Competencies ".

The next aspect that is reviewed is the
construction aspect, with the average value obtained,
including the wvalid category with a value of
89.81%. This shows that the subject matter has been
clearly formulated, the subject matter and answer
choices are just statements that are needed, the subject
matter does not provide clues to the answer key, the
question items do not depend on the answer to the
previous question, and the answer choices in the form
of numbers are arranged according to their size
numbers and their chronology. "The questions are
formulated briefly, clearly and firmly and are related to
the material being asked" (Depdiknas, 2017).

In the language/culture aspect, the instrument
for assessing high-order thinking skills obtained an
average value of 88.88%, which is considered
valid. This shows that the instrument for assessing
higher-order thinking skills that have been
developed uses Indonesian that is good and correct,
easy for students to understand, and the sentence
formulation does not cause multiple
interpretations. This is in accordance with the Ministry
of National Education (2017), each question must use
language that is in accordance with Indonesian
language rules, and the choice of answers to questions
does not repeat the same word or group of words.
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Judging from the aspect of higher-order thinking
skills, this high-order thinking ability assessment
instrument is valid with an average value of
88.88%. This shows that the instrument for assessing
higher-order thinking skills has measured students'
cognitive level, including analyzing, evaluating, and
creating. The percentage levels of the questions
consisted of C4= 88%, Cs= 6%, and Cg=
6%. According to " Surapranata (2005), the validity of a
concept is related to the extent to which the test has
measured what should be measured".

Judging from all aspects, the average value of the
logical validity test is 89.02% of the three
validators. Based on these results, the instrument for
assessing higher-order thinking skills for cell division
material developed has met the criteria for logical

validity and can be used in biology learning by the
teacher as an assessment instrument. Before use, the
assessment instrument must be tested on students to
obtain empirical validity and the teacher to get the
practical value of the assessment instrument.
The practicality of higher-order skills
assessment instruments

Practicality was carried out by two biology
teachers of class XII of Senior High School 2 Painan by
filling out a practicality questionnaire and 34 students
of class XII of Senior High School 2 Painan by filling out
a student response questionnaire). The practical results
by biology teachers and students can be summarized in
Tables 4 and 5.

thinking

Table 4. Results of the Practicality of the Higher Level Thinking Ability Assessment Instrument by the Teacher

No Assessment Components ;/ahdato—ZTotal zﬁ/oa)hdﬁy Percentage Criteria

1. Ease of implementation 11 12 23 95.83 Very practical
2. Ease of inspection 12 12 24 100 Very practical
3. Completeness of the question instructions 4 4 8 100 Very practical
Total practicality score 295.83 Very practical
Average practicality 98.61

Table 5. Results of the Practicality of the Higher Level
Thinking Ability Assessment Instrument by Students

No No Total Correlation Criteria
Criteria Value (%)

1. 1 114 83.82 Practical

2. 2 124 91.17 Very Practical

3. 3 117 86.02 Practical

4. 4 115 84.55 Practical

5. 5 124 91.17 Very Practical

6. 6 114 83.82 Practical

7. 7 114 83.82 Practical

8. 8 103 75.73 Quite Practical

9 9 114 83.82 Practical

10 10 116 85.29 Practical

11 11 117 86.02 Practical

12. 12 117 86.02 Practical

13. 13 116 85.29 Practical

14. 14 113 83.08 Practical

15. 15 112 82.35 Practical

Amount 1271 Practical

Average 84.79

The implementation aspect obtained an average
value of 95,83 % with the very practical category. This
shows that the time used in work is sufficient and
effective, makes it easier for students to work on
questions, and gives students the freedom to work on
questions that are considered easier. This is in
accordance with the opinion" Purwanto (2009)
practicality is a quality that allows a general use to run

by basing it on cost, the time required, ease of reporting
and ease of interpretation of the results".

In terms of the inspection aspect, it is obtained an
average value of 100% in the very practical
category. This shows that this higher-order thinking
ability assessment instrument makes it easier for
teachers to check students' answers because the
questions are equipped with answer sheets, answer
keys, and guidelines/score scores.

Furthermore, seen from the aspect of the
question instructions, it is obtained an average value of
100% in the very practical category. This is because the
assessment instrument is equipped with clear
instructions for questions. Instructions for questions on
the instrument for assessing higher-order thinking
skills that were developed consist of instructions
on general questions and  instructions for specific
questions. This shows that the instructions on the
questions on the higher-order thinking skills
assessment instrument are easy for students to
understand.

Based on the results of the practical analysis of
the instrument for assessing high-order thinking skills
for cell division material by the teacher, it was obtained
an average value of 98.61%, which is known that the
assessment instrument has very practical criteria or
categories. The instrument for assessing higher-order
thinking skills is very practical to use as a guideline for
assessing higher-order thinking skills in schools.
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Practicality is not only done to teachers, but also
to students. Based on the results of the practical
analysis of the instrument for assessing higher-order
thinking skills for cell division material by these
students, an average value of 84.79 % was obtained.
It is known that the assessment instrument has practical
criteria or categories. The high-level assessment
instrument that has been developed can help students

test their ability to discuss questions with a high level
of difficulty. Students are also helped with questions in
the form of pictures, graphs, tables, and discourse in
answering questions so that the average value of the
practicality of teachers and students after adding up is
91,70 % with the very practical category.

Tabel 6. Results of Empirical Validity Analysis of Higher-Level Thinking Ability Assessment Instruments

Empirical Validity

No Criteria Usual multiple choice Multiple choice of cause Multiple choice Amount
( Multiple Choice ) and effect of association

1 Valid 18 questions 10 questions 9 questions 37 questions
(0.297-0.763) (0.327-0.722) (0.327-0.651)

2 Invalid 7 questions 5 questions 1 questions 13 questions

(0.024-0.155)

(0.024-0.256)

(0.251)

Empirical validity was obtained from item
analysis using the ANATES version 4.09 program. The
data obtained from the questions that had been tested
on 34 students of class XII MIPA 1 Senior High School 2
Painan were 50 items. The assessment instrument is
said to be valid if it has empirical validity in accordance
with experience, namely experiences that have been
measured based on the trials carried out. This is in
accordance with Arikunto's (2012) opinion, which
states that an instrument can be said to have empirical
validity if after being tested from its experience ". Based
on these results, the instrument for assessing higher-
order thinking skills for cell division material
developed has met the criteria for empirical
validity. From the results of this analysis, it was found
that 37 questions were said to be valid with a
percentage of 74%, and 13 questions were invalid with
a percentage of 26% based on their empirical
validity. Based on the test results, the valid questions
were obtained from 50 questions, namely 37
questions. C4 = 92%, C5 = 3%, and C6 = 5% consisting
of C4 = 34 questions, C5 = 1 question, and C6 = 2
questions after going through the process of testing
questions to students.

The reliability of the instrument for assessing higher-
order thinking skills

Reliability is the state of the instrument that
shows reliable or consistent measurement results).
Results of analysis about the use ANATES 4.09
version, instrument ratings, and higher level thinking
skills  developed  have  beenreliable with a
value of 0,89. This assessment instrument is said to be
reliable if it gives the same results. This is in accordance
with the opinion of Ugulu et al. (2013), the reliable
instrument is an instrument that is carried out at

different times and the measurements made by
different people, the results remain the same.

The development of HOTS instruments is an
important thing in science learning because students
need HOTS skills in the 21st century (Abidinsyah et al.,
2019; Anagun, 2018; Dewi et al., 2020; Camacho &
Legare, 2015; Farisi, 2016; Marlina & Rahmi, 2021; Santi
et al., 2019). Students are required to be able to
contribute to solving science problems in their
neighborhood. HOTS ability, which consists of
analyzing, evaluating, and creating, is an important
thing to support problem solving efforts that students
must do so that the HOTS-based instrument
development innovation needs to be done. In addition,
it is also necessary to develop teaching materials and
other components to support HOTS-based learning.
Efforts to use technology-based learning media can also
be applied to increase HOTS (Boholano, 2017; Giindiiz
etal., 2016; Hwang et al., 2018).

Conclusions

Based on the research that has been done, it can
be concluded that through the development process
of 4D models an instrument for assessing high-level
thinking skills about cell division material has been
produced for students of class XII SMA/MA who get
an average logical validity score of 89.02% with the
valid category, the average practicality value was
91.70% with the very practical category, the results of
the empirical validity data analysis obtained 37
questions out of 50 questions with a value of 74%, the
reliability was 0.89 with a very high category, with a
moderate level of difficulty with a percentage of 32, 3-
58.8%, excellent differentiation 14%, 46% good, 24%
good enough, and 91.5% option quality with very good
category 61% and 30.5% good. Based on the research
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done, the researchers suggest that researchers who will
make HOTS questions add insight and be more creative
in making interesting discourses so that making
questions becomes easier. The test instrument ratings
ability to think this high should be done in
coordination with the subject teachers up first so that
when the implementation of the working time about
unused by the up activity of learning, and
needed review the material that will be tested before the
trial is the assessment tool advanced thinking abilities
to get maximum results.
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