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Abstract

Critical thinking is necessary in improving the quality of education. Students' critical
thinking includes interpretation, analysis, evaluation, inference, interpretation, and
self-regulation. The two-tier test instrument was developed to determine students
critical thinking skills in the ecosystem at class X MIPA di MAN 1 Bogor City. This
research method used was based on 4D development model (Define, Design,
Develop, and Disseminate). The instrument was tested on two expert validators and
35 students. To test the success rate of the test, validation, reliability, and item
analysis were used. The item anlaysis used is the level of difficulty of the questions
and differentiating power of answer choice. Based on the results of the product trial,
10 valid questions and 5 unvalid questions. The reliability test result was 0,671 which
the interpretation that 45% of respondents considered the instrument developed to
be reliable. In addition, 10 questions are in the difficult category and 5 questions are
in the medium category. The differentiating power of answer choice results was 1
question in the very good category, 6 questions in the good category, 4 questions in
the moderate category, and 4 questions in the poor category. The two-tier test
instrument for ecosystem critical thinking in this study is declared valid and reliable
so this can be used as an instrument in student’s learning.

Kata kunci : 21 century skills, assessment, critical thinking

Two-tier Test : Pengembangan Instrumen Berpikir Kritis
Konsep Ekosistem

Abstrak

Berpikir kritis diperlukan dalam meningkatkan kualitas pendidikan. Berpikir kritis
siswa meliputi interpretasi, analisis, evaluasi, kesimpulan, interpretasi dan regulasi
diri. Instrumen two tier test ini dikembangkan untuk mengetahui keterampilan
berpikir kritis ekosistem siswa kelas X MIPA di MAN 1 Kota Bogor. Penelitian ini
menggunakan model pengembangan 4D (Define, Design, Develop, and
Disseminate). Instrumen diujikan kepada dua validator ahli dan 35 siswa. Untuk
menguji tingkat keberhasilan tes, maka digunakan uji validasi, reliabilitas, dan
analisis butir soal. Analisis butir soal yang digunakan adalah tingkat kesulitan soal
dan daya beda. Berdasarkan hasil uji coba produk diperoleh 10 soal yang valid dan
5 soal tidak valid. Hasil reliabilitas tes sebesar 0,671 dengan interpretasi bahwa 45%
responden menilai instrumen yang dikembangkan dapat dipercaya (reliabel). Selain
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itu, 10 soal dengan kategori sulit, dan 5 soal kategori sedang. Daya beda soal
menunjukkan 1 soal kategori baik sekali, 6 soal kategori baik, 4 soal kategori cukup,
dan 4 soal kategori kurang. Instrumen fwo tier test berpikir kritis ekosistem dalam
bentuk pilihan ganda yang telah dikembangkan pada penelitian dinyatakan valid dan
reliabel sehingga dapat digunakan sebagai instrumen dalam pembelajaran siswa.

Kata kunci: Evaluasi, Berpikir Kritis, Keterampilan Abad 21

INTRODUCTION

Evaluation of e-learning-based biology learning can assist teachers in designing
assessment systems and checking student learning outcomes (Zahara, 2015). Learning
evaluation is directed at the components of the input, process and output of learning with
a variety of student growth assessment processes. Learning must pay attention to the
principles, benefits, requirements and objectives of conducting evaluations (Magdalena
etal., 2020). The purpose of the evaluation is to determine the effectiveness and efficiency
of learning (Ngafifah, 2020).

21st century learning prepares students to grasp deep knowledge and apply effective
critical thinking skills to tackle challenges in an ever-changing society. Critical thinking
must be mastered before problem solving, creative thinking, and decision making are
carried out (Ikhsanudin & Subali, 2018). Teachers need to develop critical thinking in the
learning process and make evaluations of biology learning that can open students'
mindsets. Students' critical thinking skills can be trained through providing practice
questions that require critical thinking efforts (Aripin, 2017).

Many researchers define critical thinking, among others, as analyzing arguments or
evidence (Facione, 2015) solving a problem or making a decision (Duchscher, 1999) or
as a process in which a person questions all aspects of a situation and is critical of it
(Simpson & Courtney, 1999). 2002). Based on the research results, students' average
critical thinking skills are low because they have not reached the minimum standard of
completeness (Allanta & Puspita, 2021; Harahap et al., 2020).

According to Fascione, students' critical thinking includes interpretation, analysis,
evaluation, inference, interpretation and self-regulation. Critical thinking can explain
what is thought and how to achieve that assessment. The ideal critical thinker is curious,
broad-minded, open-minded, flexible, fair judgment, wise judgment, willing to rethink,

eager to find relevant information and persistent in seeking research results (Facione,
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2015). The results of developing critical thinking skills from research on biological
critical thinking in class XI will increase students' ability to access information and define
problems based on accurate facts and data (Sari & Paidi, 2019).

Critical thinking is important to improve the quality of education. Currently, quality
education focuses more on the extent to which students' performance on teacher-made
tests can predict their potential performance on standardized tests. This test as a test for
formative assessment and evaluation. In recent years, assessment is a central issue in the
field of education and is often discussed by many stakeholders from the classroom level
at school, regional, national and international levels. Educational assessment is important
to do to obtain data on the extent to which the level of achievement of educational goals
is implemented (Ikhsanudin & Subali, 2018). The existence of a two tier test is expected
to help teachers to prepare learning according to the abilities of students (Eriza et al.,
2020). Research on the two-tier test was also conducted to assess students' conceptual
understanding of ecosystem material (Firman et al., 2021).

At the school level, formal learning assessment refers to a curriculum designed in
the form of learning for students (lkhsanudin & Subali, 2018). The importance of
acquiring higher order thinking skills can help students apply information, make
decisions, analyze and solve complex problems (Noviana et al., 2014). Capturing
inference as a sub-question is used to improve higher order thinking skills and identify
students’ critical thinking skills (Hala et al., 2019). The purpose of this second level is to
encourage students to acquire high-level thinking and reasoning skills (Yamtinah et al.,
2016). One of the keys to the success or failure of a learning can be seen from the
evaluation or assessment. With the evaluation, we can find out to what extent students'
understanding, as input for teachers regarding the learning process, but can also be used
as a value.

Most forms of evaluation questions are multiple choice. Its easy nature in making
and processing and the results of student answers can come out quickly, making teachers
often use multiple choice models both on tests and exams (Dibattista & Kurzawa, 2011).
In multiple choice questions, students often guess the answer so that it is not valid to
determine the level of students' critical thinking. Treagust developed a two-tier or two-
tier assessment, in which the first-level and second-level multiple choice questions select

reasons for the first-level questions (Treagust, 1986). Two-tier assessment has been used
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in various disciplines including science. This is in line with st udi previous research that
has been done on the subject of Biology.

Various two-tier assessment studies have been carried out including on archaea and
bacteria material (Kurniasih & Haka, 2017), cell reproduction and division (Sesli & Kara,
2012), genetics (Tsui & Treagust, 2010), photosynthesis (Griffard & Wandersee, 2001).
; Haslam & Treagust, 1987; Treagust, 1986), global warming (Suryawirawati et al.,
2018), and environmental changes (Haka et al., 2019). Critical thinking is very important
as a tool of inquiry and a pervasive and self-correcting human phenomenon (Facione,
2015). The learning process has not been implemented optimally in helping students to
have critical thinking skills (Husna et al., 2021). Rukayah's research results show that the
two-tier test is effective in determining concept understanding and is an alternative for
assessing student learning outcomes (Rukayah et al., 2020).

The instrument that will be developed in this research is a two tier test instrument
in the form of multiple choice to measure ecosystem critical thinking skills. The questions
in the assessment will refer to critical thinking indicators, which include interpretation,
analysis, interference, explanation and self-regulation (Facione, 2015). Based on this
statement, it is necessary to conduct research on "Two-tier Test: Development of Critical

Thinking Instruments for Ecosystem Concepts"

RESEARCH METHODS
The research method uses R&D with the Thiagarajan 4D development model, but

this research does not use the disseminate stage.

Figure 1. 4D Development Model Chart

The define stage aims to collect information related to the development of the instrument
and analyze it such as analyzing core competencies, basic competencies, and making
question grids based on material sub-concepts and indicators of critical thinking skills.
The design stage is the planning or design stage to determine ecosystem sub-concepts,

measured evaluation indicators and critical thinking, formulation of level 1 questions,

51



Helda Dumayanti, Risda Putri Indriani, Evita Nury Hariyanti, Rizhal Hendi Ristanto, Mieke Miarsyah/
Phenomenon Vol. 12, No. 1, July 2022
formulation of level 2 questions, answer keys, discussion and reference sources used. In
addition, it also creates a product assessment sheet for expert validation to make it easier
for the assessment.

Table 1. Indicators of critical thinking skills according to Facione in ecosystems

Interpretation  Interpret and classify ecosystem components, interactions
between components and various ecosystems

Analysis Analyzing the interactions between ecosystem components, the
ecological pyramid

Conclusion Draw conclusions about food chains, food webs and ecological
pyramids

Evaluation Evaluating the components that make up the ecosystem and
various ecosystems

Explanation Explain about food chains, food webs, biogeochemical cycles

Self Regulation Estimating the impact on problems related to biogeochemical
cycles

The develop stage is by developing the instrument into two levels of test questions
(Two-tier test) in accordance with critical thinking indicators. To determine the success
of the test in measuring students' critical thinking level, validity, reliability, and item
analysis were conducted.

Expert validation is carried out by biology education lecturers and certified
biology teachers using the validity rubric. The validation rubric consists of assessments,
namely material, construction and language. The analysis uses a scale of 1-4. Instruments
that have been tested by expert validators and declared valid, can be tested on students to
get empirical validation. The trial was carried out on 35 students of class X MIPA at
MAN 1 Bogor City 2021/2022. The trial technique was carried out using random
sampling, which was carried out randomly regardless of class strata. Scoring is done on
a scale of 0-1. Students who gave wrong answers at one level or both levels were given a
score of 0. Students who gave correct answers at both levels were given a score of 1. The
results of empirical validation were then processed by the biserial point correlation
validation test formula. A test question is said to be valid if rcount > rtable (o = 0.05 or =
0.01). Furthermore, reliability testing is carried out. Data that gives consistent results can
be said to be reliable. A test is considered reliable if the reliability is high and the standard
error of measurement is small. Reliability test using the KR-20 formula.

The item analysis was carried out by calculating the level of difficulty of the
questions and the power of difference. The difficulty level of the questions is the ability
of students to answer questions correctly at a certain level of proficiency. The goal is to
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provide an introduction to concepts that require re-teaching. Meanwhile, the
discriminatory power of questions is the ability of the items to be able to distinguish
between students who have mastered the material and students who have not mastered
the material. The higher the discriminatory index, the more likely the question is to

distinguish between students who understand and do not know.

RESULTS AND DISCUSSION

The instrument was developed with the Thiagarajan 4D development model. In the
define stage, information about the test instrument is based on the curriculum and syllabus
for class 10 SMA. Ecosystem material is selected based on the basic competencies
contained in the 2013 curriculum, namely 3.5 Analyzing ecosystem components and
interactions between these components and 3.6 Analyzing data on environmental

changes, their causes, and their impacts on life

Table 2. Written Test Grid

Sub-Concept Critical Thinking Indicator Y
1 2 3 4 5 6 Questions

Components of the ecosystem 1 1 2
Interaction between components 1 1 1 3
Food chains and food webs 1 1 2
Ecological pyramid 2 1 3
Kinds of ecosystem 1 1 2
Biogeochemical cycle 1 2 3
Total Questions 3 3 2 2 3 2 15

Description: (1) Interpretation, (2) Analysis, (3), Conclusion, (4) Evaluation (5)
Explanation, (6) Self Regulation (Facione, 2015).

The design stage begins with determining sub-materials, question indicators,
critical thinking indicators, and formulating level 1 and 2 questions, making answer keys
and discussion. Designing a two tier test instrument for critical thinking skills in the form
of multiple choice. The critical thinking skill instrument developed consisted of 15
multiple choice questions. All items of the instrument have been tested for validity and

reliability so that they can represent all indicators of critical thinking skills.
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Table 3. Instruments and Indicators of Critical Thinking Skills

Sub Material:
Various ecosystems

Question Indicator :
Students can explain the
meaning and animals that
live in the tundra

Key : C-D

Critical Thinking Indicator
- Interpretation

of animals that are in the tundra
ecosystem are ....

a. cow, deer, giraffe

b.snake, crocodile, fish

c.penguin, bear, wolf
d.tiger, tiger, elephant
e.shark, whale, squid

a.an ecosystem that is
mostly filled with water

b.Ecosystems with high
rainfall

c.hot and arid ecosystem

d.low temperature
ecosystem

e.an ecosystem where only
one type of plant grows

ecosystem
Formulation of level 1 Formulation of level 2 Discussion :
questions guestions Tundra is an ecosystem that
The following include examples Reason: has low rainfall and a low

temperature of less than
10°C. Animals that live in
the tundra ecosystem are
penguins, bears and wolves.

Source :

Campbell, Neil A 2008..
Biologi Jilid 3. Jakarta:
Erlangga.

questions

i
Kl Kl

] [ ]

(b)

The py?amid of numbers
describes the size of the

population density in an area. Of

these pyramids, which pyramid

is the most balanced?
a.

pyramid (a), because there are
more producers than
consumers 1

. pyramid (a), because consumer

1 can eat consumer 2
pyramid (b), because
consumer needs 1 can be met

. pyramid (b), because

consumer 2 has an abundance
of food

. pyramid (b), because food for

consumers is still fulfilled

questions
Reason:
a. consumer 2 dominates so
that it becomes enough
food for other
consumers.
b.Producers that are few in
number have no effect on
the balance of the pyramid
because they are easy to
breed
c.pyramid (b) will be
profitable for consumers 3

d.consumer 3 has an
abundance of food in the
pyramid

e.producers act as providers

of food, so there must be
plenty of them

Sub Material: Question Indicators: Key:A-E
Ecological pyramid Students can analyze the Critical Thinking Indicator
comparison of 2 paramida - Analysis
Formulation of level 1 Formulation of level 2 Discussion :

The most balanced pyramid
Is pyramid A, because there
are more producers than 1
consumers and so on.
Producers act as providers of
food for other organisms.
Pyramid B is unbalanced
because there are 1 more
consumers than producers.
So that if the producer will
run out if there are too many
consumers

Sumber :

Anshori, Moch., dll. 20009.
Biologi 1: Untuk siswa
menengah atas-madrasah
Aliyah. Jakarta: Pusat
Perbukuan.

54



Helda Dumayanti, Risda Putri Indriani, Evita Nury Hariyanti, Rizhal Hendi Ristanto, Mieke Miarsyah/
Phenomenon Vol. 12, No. 1, July 2022

Table 3 shows an example of a two tier test instrument to measure students' critical
thinking skills. Two tier test has two levels of multiple choice, the first level asks students'
critical thinking knowledge about concepts. The second level is students' reasoning from
the answering process at the first level (Sudirman et al., 2021). The second level is
reasoning about the reasons for choosing the answer at the first level. The two tier test
instrument helps in testing students' higher thinking levels than with ordinary multiple
choice questions (Laksono, 2018). The product development or development stage
produces a two-tier test instrument to measure critical thinking skills on the ecosystem
concept. To determine the success of the product, validity, reliability and item analysis
were conducted. The instruments tested were 15 two-level questions.

The validation test was carried out in two steps, namely expert validation and
empirical validation. Expert validation is carried out by two experts. The first validator is
an education lecturer who is an expert in biology and ecosystem education. The second
validator is by a certified biology education teacher. Expert validation is done by
comparing the contents of the instrument, indicators of ecosystem questions, and
indicators of critical thinking skills.

Table 4. Suggestions from expert validators

No. Expert Validator Suggestions
1.  There is some ambiguous use of language

2. Inappropriate answer choices

3. The picture is not clear

4. More variety in making questions

The development of this instrument is also assessed by the validator. Aspects
assessed by the validator are material, construction and language aspects. The average
results of the two validators then become a benchmark for further to the next stage,
presented in table 5 below:

Table 5. Expert Validation Results

Rated aspect Percentage Criteria

Materi

- Relevance between material sub-concepts and critical 95% Very valid
thinking indicators

- Formulation of questions and answer keys

- Relevance between material sub-concepts and
measurement

- Relevance between sub-concepts with level, type of
school, and grade level

55



Helda Dumayanti, Risda Putri Indriani, Evita Nury Hariyanti, Rizhal Hendi Ristanto, Mieke Miarsyah/
Phenomenon Vol. 12, No. 1, July 2022

Rated aspect Percentage Criteria

- Use of the right words and language

Construction

- Clarity of questions and answer choices 92,5% Very worth it
- Instructions from the questions given with the correct
answer choices
- Homogeneous answer choices
- There is only one correct answer key
- Case descriptions, tables, figures or graphs work well

Language

- Communicative questions 97,5% Very worth it
- Sentences using standard spelling according to EYD and
KBBI
- Sentences have no double meaning and misperception
- Using a familiar language (not a local language or a new
absorption language that is not well known)
- Sentence does not offend the respondent

Average 95% Very worth it

From table 5, information is obtained that expert validation produces a two-tier
test instrument to measure critical thinking skills in very feasible criteria and there are
several suggestions to improve the instrument. After repairs are made, empirical
validation is carried out. Empirical validity is carried out to find similarities between
research results and facts in the field. How to collect data using google form and
calculated with biserial points. The validation results show 10 valid questions and 5
invalid questions. Questions can be said to be valid if the value of rcount is greater than
the value of rtable. The rtable value is 0.329 with an alpha value of 0.05. The results of
the 10 valid questions have met the 6 indicators of critical thinking skills that are being
tested. This shows that the 10 questions have been able to test students' critical thinking
skills. Meanwhile, 5 invalid questions must be corrected to meet the standards in
measuring students' critical thinking skills.

The reliability of the test was carried out using the formula of Kuder Richardson-
20 (KR-20). The reliability calculation shows a reliability coefficient of 0.671. Based on
this, it can be interpreted that 45% of respondents considered the instrument developed
to be reliable (reliable), presented in table 6 below:

Table 6. Empirical Validity Results

Criteria Critical Thinking Question Number Total
Indicator
Valid Interpretation 11 1
Analysis 4,8,9 3
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Criteria Critical Thinking Question Number Total

Indicator

Conclusion 7,10 2

Evaluation 12 1

Explanation 5,13 2

Self Regulation 15 1

Amount 10

Invalid Interpretation 1,3 2

Evaluasi 2 1

Explanation 6 1

Self Regulation 14 1

Amount 5

Based on table 6 the results of empirical validation, it is known that 10 of the 15
questions can be declared valid. Validity value based on biserial points. This calculation
produces a coefficient value that shows the strength of an item score to support all items
(Zein et al., 2013). The 10 questions have exceeded the correlation coefficient value by
0.329 at an alpha of 0.05. This can be interpreted if the problem is applied to another
population, it will show the same results. In addition, the resulting reliability coefficient
is 0.671 with the interpretation that 45% of respondents consider the developed
instrument to be reliable (reliable). Analysis of the items that are calculated is the level of
difficulty of the questions and the differentiating power of the questions. Item analysis
was carried out to reveal the cause of the invalidity of the item. The level of difficulty of
the questions is done to assess the ability of questions that are too easy or too difficult.
Questions that are too easy or too difficult will affect the distribution of scores, causing a
decrease in the value of the validity of the test to measure critical thinking skills, presented
in table 7 below:

Table 7. Result of Problem Difficulty

Criteria Question Number Amount

Sedang 4,5,6,7,8,9,10, 13,14, 15 10

Mudah 1,2,3/11,12 5
Total 15 Questions

Based on the information in table 7, information about the questions in the easy category
indicates that students can work on the questions. The questions in the medium category
indicate that the upper and lower groups can answer the questions with the appropriate
proportions. That is, students from the upper class tend to answer more than students from
the lower class. The index of difficulty level is calculated on each question. In principle,

the average value obtained by students on the items is called the item difficulty level. The
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function of the level of difficulty of the items for the purpose of the test, namely questions
with a moderate level of difficulty and easy to use for examination purposes and
measuring students' critical thinking levels.

The discriminatory power index is the ability of items to distinguish between
students who already have high and low critical thinking skills. Basically, evaluation
activities are carried out to measure students' abilities individually. The results show that
the discriminatory power index varies from less, enough, good, and very good. The higher
the discriminatory power index, the better the question is able to distinguish students who
understand and do not understand the material, as shown in table 8 below:

Table 8. Results of Differential Power Questions

Criteria Question Number Amount
Very good 10 1
Good 4,8,9, 11,12, 13 6
Enough 56,7,15 4
Not enough 1,23 14 4
Total 15 Question

From table 8, the following information can be described; Item analysis is used to
uncover the causes of invalid questions. Items that are not valid are items 1, 2, 3, 6, and
14. Items 1, 2 and 3 have a difficulty level of easy questions and a lack of differentiating
power index. The questions are easy because the questions being tested are basic concepts
that have been mastered by students. So that the question has not been able to distinguish
students who already have good critical thinking skills or not. These questions can be
discarded and cannot be used for further tests.

Item number 6 has a moderate level of difficulty and sufficient discriminating
power. While item number 14 has a moderate level of difficulty and less discriminating
power. Although the level of difficulty of the questions is moderate and the power of
difference is sufficient, the validity of the questions remains low. This shows that there
are other factors that affect the validity of the questions in addition to the level of difficulty
of the questions and discriminating power. Other factors such as the use of ambiguous
language so that students are confused about choosing the right answer, the time allocated
to students is too loose because it is done online and internal factors of students such as
fatigue, illness, or other psychological factors. So that questions number 6 and 14 are
discarded and cannot be used for further tests. Based on the discussion, it is known that
there are 10 questions worthy of being used as an instrument for evaluating students'
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critical thinking skills. This instrument was developed so that the evaluation of critical
thinking skills can be measured specifically. Students who have critical thinking skills
are able to distinguish between facts and opinions that develop in society, are able to make
an action solution and analyze problems, as well as develop skills, expand thinking
processes and increase concentration (Chukwuyenum, 2013; Rizal, 2017).

It was found that the use of a two-level test evaluation instrument to measure
students' critical thinking skills could be done with multiple choice questions. This is in
line with Dharmawati's research (Dharmawati et al., 2016; Walid et al., 2021) which
developed multiple choice questions for critical thinking evaluation with a one-level test
for junior high school students. This study was developed to test the critical thinking skills
of high school students. Therefore, the development of this instrument can raise the level

of evaluation to a higher stage.

CONCLUSION

Based on the research results, the developed two tier test instrument can be used to
determine students' critical thinking skills regarding ecosystem materials. Based on the
results of the product trial, 10 valid questions were obtained and the reliability of the test
was 0.671 with the interpretation that 45% of respondents considered the instrument
developed to be reliable (reliable). Thus, the two tier test instrument for ecosystem critical
thinking in the form of multiple choice that has been developed is valid, feasible and
reliable. In connection with the results of the development of the instrument, it is hoped
that teachers always try to design variations of the two tier test of ecosystem critical

thinking instruments at the level of difficulty of easy, medium and difficult questions.
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