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Abstract:

Improving the quality of education to encourage students to have 21st century abilities needs to be
balanced with a test instrument that is able to measure students' 21st century abilities. The ability
to think critically is one of the 21st century abilities that every student must have. Based on the
indications, this study was carried out to create a test instrument capable of testing students'
critical thinking skills. This research is classified as development research since it is based on the
following stages of development: information collection, planning, initial product development,
limited trial, initial product revision, field trial, and final product revision. Scale and comparison are
the topics. In Sleman, Indonesia, 11th-grade students participated in the product testing. To
establish a good category in general, product validity is based on expert opinion, item validity,
discriminatory power, level of difficulty, and dependability.
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INTRODUCTION

All the skills an individual needs to successfully meet the challenges of this
century are 21st century skills. The increasing quality of education in the 21st
century must be balanced with the increasing quality of the instruments used to
measure the various abilities of students. One of them is a test instrument for
assessing students' critical thinking skills in the classroom. The capacity of an
individual to link, modify and transform the information and experience that has
been owned critically in making judgments to handle an issue at hand is referred
to as critical thinking ability (As’ari, Ali, Basri, Kurniati, & Maharani, 2019).

The ability to think critically A test instrument is a device that measures
higher-order thinking skills, i.e. thinking skills that are more than merely
remembering (recalling), restating, or referencing without processing (reading).
Assessment based on critical thinking skills in the context of evaluating learning
outcomes aims to measure an individual's ability to transfer one concept to
another, process and apply information that he already has and will have, properly
seek information from multiple sources, and use the information to solve
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problems. issues, as well as critically analyzing ideas or information. Azizah,
Sulianto, & Cintang (2018) gives the critical thinking indicators namely asking
questions, planning strategies, and evaluating decisions.

Indeed, discussions of students' HOTS abilities frequently involve studies on
higher-order thinking capabilities. Cayani & Saltifa (2021) conducted the most
recent study on the creation of the HOTS instrument in mathematics teaching.
Researchers created HOTS questions regarding numbers for this investigation. The
devised test instrument contains categories that are both valid and trustworthy.
The development of mathematical HOTS instruments must be continual. Shalikhah,
Purnanto, & Nugroho (2021) reveals in his research that math problems in school
textbooks do not match the requirements for acceptable HOTS questions. As a
result, he proposed the inclusion of HOTS questions in student textbooks to assist
each student in acquiring HOTS talents. HOTS development is still a current trend
in mathematics education research. For example, PeranginAngin, Panjaitan,
Hutauruk, Manik, & Tambunan (2021) discovered that the most researched
research subject in Yogyakarta State University's Journal of Mathematics
Education Research (JRPM) in 2020 and 2021 is student high-level ability (HOTS).
The widespread emergence of HOTS questions has not been generally appreciated
by instructors in the Madrasah Aliyah atmosphere in the Sleman region.

The striking difference from the research conducted with previous research
is the form of questions developed in the instrument. The questions developed
require students to be able to collect relevant information in the internet world in
order to solve the problems given. This means that questions can only be done if
students are able to collect valid information on the internet and make
assumptions so that they can be used in solving problems. The purpose of this
study was to create a test instrument to assess students' thinking skills in the
Madrasah Aliyah Miftahunnajah Sleman setting. The test instrument in question is
one that includes questions based on critical thinking markers (Al Ghamdi &
Deraney, 201); Schraw & Robinson, 2011). It is intended that the findings of the
instrument test from this development may be used as a reference for academics
to better research on the creation of assessment instruments that foster higher-
order thinking skills above and beyond students' critical thinking abilities (Djawad,
2018). Thus, the study's questions will be how to construct critical thinking
questions and whether the questions generated are valid, trustworthy, and have
excellent distinguishing power.

RESEARCH METHODS

Research and development is the research approach employed. Research and
Development (R & D) is a process or process to produce a new product or improve
an existing product that can be accounted for (Sugiyono, 2017). Information
gathering, planning, initial product development, restricted trial, first product
revision, field trial, and final product revision were all employed to produce the
product (Hamzah, 2021).

At the initial stage, the researcher designed a test instrument based on
indicators of critical thinking skills. During the development stage, researchers
gather data on the degree of validity of the questions based on the evaluation of
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material experts and media experts. During the restricted trial phase, the
researcher gathered data on the degree of validity and reliability of the questions,
as well as the time necessary to complete all of them. Furthermore, researchers
will solicit recommendations for enhancements to the equipment in development.
During the field trial stage, the instrument was tested on a broad scale to establish
the level of validity, reliability, complexity, and discriminating power of questions.
The following diagram depicts the steps of research carried out in this study.

Information *The instrument
gatheringand developed critical
Planning thinking indicators.

oy *Material and media

Initial Product specialists were used to

> nitlatFrocu assess the instrument's

Development . o L
validity utilizing a validity

\. y test sheet.
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and differentiating power on a

\ J biggerscale.

> Final Product

Figure 1. Instrument collection steps

The limitation of the research carried out is that the research is carried out
on the subject of comparison and scale. According to the 2013 curriculum, one of
the essential elements that junior high pupils must receive is comparison and
scale. A material and media expert validation sheet will be utilized in the study to
assess the level of validity of the questions generated in the test instrument, and
the results will be assessed qualitatively. The validation of the test instruments
used in this study attempts to evaluate the level of validity of the study's questions.
The instrument validation procedure was carried out by five specialists in the field
of mathematics education during the initial development stage.

After the validity of the instrument was established, it was tested on a limited
basis with five non-experimental students. Meanwhile, field trials were held for 17
Madrasah Aliyah Miftahunnajah Sleman grade 11 pupils. The number of
respondents is determined using a non-probability sampling method. The trial
data were examined using traditional test theory parameters to empirically assess
the instrument's quality and serve as the foundation for question revisions. The
expert validation sheet's findings were reviewed to verify if the instrument's
validation level value was consistent. To assess data in the form of the value of
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each item from the expert evaluation, the content validity coefficient was derived
using Aiken's V formula (Widyaningsih, Yusuf, Prasetyo, & Istiyono, 2021).

__ XS
" n(c—1)
Where:
Z 5 The difference between the expert's score and the minimal score is
the total difference.
mn : The number of specialists who are involved.
€ : There is no limit to the number of score possibilities that can be

provided.

The results of the study are then compared to Table 1 validity classification,
which follows the class range.

Table 1. Validity Category for Experts (Arikunto, 2018)

Range of Score Validity of Categories Remark
0,8-1,000 Very high Suitable for usage
0.6 -0.799 High Suitable for usage
0.4 -0.599 Enough Suitable for usage
0.3-0.399 Low Not worth it to use

0-0.199 Very low Not worth it to use

Meanwhile, SPSS and Microsoft Excel were utilized to analyze data from the
test results for the students. The analysis was carried out to determine the
questions' validity, reliability, difficulty level, and discriminating capability. First, a
validity study was done using a substantial threshold for the person's product-
moment correlation. The Alfa Cronbach statistical test with the reliability criterion,
on the other hand, was used in the reliability analysis (Yusup, 2018).

Using the derived difficulty level value, Table 2 was compared based on
classification.
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Table 2. Category of Difficulty

Level of Difficulty Category
Fewer than 0.3 Very Difficult
0.3-0.7 Medium
More than 0.7 Easy

With the help of the same application, then the discriminatory power analysis
is carried out using the following formula.

BA X JB— BB X JA
JA X JB

Discriminatory power =

Where:

BA : The percentage of participants in the top group who properly replied.

BB : The percentage of participants in the lower group who properly
replied.

JA :  The total number of people in the upper group.

JB :  The total number of people in the lowest category

We compared the value of distinguishing power based on the categorization in
Table 3 after getting the value of distinguishing power.

Table 3. Category of Distinguishing Power (Arikunto, 2018)

Power Level Distinguishing Category
0.71-1.00 Very well
0.41-70 Good
0.21-0.40 Enough
0.00-0.20 Not good

Table 4 provides the value acquired by the student based on the scoring
rubric as data from the test instrument to students in the form.
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Table 4. Rubric for Scoring Instruments

Score Information

2 The answers provided are consistent with the meaning of the
inquiry, and the computation process/source of information is
valid.

1 The answers provided are in line with the purpose of the

question, however there are still flaws in the calculating
process/source of information.

0 The responses provided either do not reflect the intent of the
query or do not respond at all.

RESULTS AND DISCUSSIONS

The gathering of data and product planning of the test instrument, which
comprises six critical thinking questions on the theme of comparison and scale, is
the first step in this study. The test instrument developed was based on critical
thinking indicators, namely asking questions, planning strategies, and evaluating
decisions. In other words, each developed question requires students to be able to
ask a question that is used to identify important information in the problem,
develop strategies based on the information that has been obtained to solve
problems, and evaluate the work that has been done to obtain appropriate results.
with the context of the problem (Azizah et al, 2018). Each question point
developed is structured so that students are able to find relevant and valid
information on the internet to support the problem solving process. For example,
at one point, students were asked to look for valid information about the size of a
tiger's body based on the results of other people's research.

The first stage of this study is product development. The trial phase was
carried out to assess the questions' level of validity and reliability. The test is
deemed to be legitimate if the findings fit the criteria, as in there are parallels
between the test results and the criteria. A test's dependability relates to its level
of stability, consistency, predictability, and correctness. High-reliability measures
are those that can generate dependable data (Zhou, Zuo, Hou, & Zhang, 2017). At
this point, the equipment was certified by investigators utilizing a validation
checklist for materials specialists and media experts. SZN, a math instructor at
SMP, completed a material and media expert review. Muhammadia Aya, Kebumen,
ST as Math Teacher at SMK Muhammadia Mungkid, Magelang, and TDD as Math
Teacher at Magelang and TDD Muhammadia Pakem, Sleman, CW as Math Teacher
SMA IT Bina Ummabh, Sleman as Math Teacher Miftahunnajah, and RD It also sends
the tool's test script to the validator for validation. It was then examined using the
Aiken formula V, and a coefficient of 1.00 was assigned to it. Having said that, test
equipment is normally designed with user-friendliness in mind.
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The restricted testing and early product modification stage follow. The
instrument was then evaluated on a group of students using a nonprobability
sampling approach to establish its level of validity and reliability (Vehovar,
Toepoel, & Steinmetz, 2016). According to the findings of a five-student trial, the
average time required for the five students to complete the test instrument was 60
minutes. The validity analysis was then rounded up to three decimal places using
the SPSS tool, and data was taken from the outcomes of the student work
evaluation. Based on the findings of the Pearson correlation analysis, the validity of
the items was determined to be as follows.

Table 5. Data from the Limited Test Item Validity Analysis

Question Items Information

la Valid
1b Valid
2a Invalid
2b Invalid
3a Valid
3b Valid

Meanwhile, the Cronbach Alpha statistical test resulted in 0.91 in the
reliability analysis. Based on the Cronbach alpha analysis results, the test
instrument may be characterized as trustworthy. Field testing was carried out
following restricted testing. However, prior to the test, items 2a, 2b were modified
based on suggestions from a limited number of test participants. The suggestion is
to add a given narrative description to the problem. Field tests are conducted after
completion of subject improvement.

Field trials are the next step. The instrument that has been enhanced is
evaluated on a broad scale at this stage to assess its validity, reliability, and
differentiating power. The validity of the items, the instrument's dependability, the
level of difficulty, and the discriminating power of the questions were all tested in
field trials. Field experiments were conducted on 17 11th grade students from
Madrasah Aliyah Miftahunnajah Sleman. Students are allocated 60 minutes of
processing time at the stage of working on the test instrument, based on the
average length of time for students in a restricted trial. Data on the scores attained
for each item were acquired during on-the-job training. Item validity analysis was
carried out utilizing the SPSS program and Pearson's statistical correlation test.

The conclusion of the item validity test findings is as shown in Table 6 based
on the Pearson correlation analysis results.
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Table 6. Data Item Validity Results Field Test Results

Items for Discussion Information

la Valid
1b Valid
2a Valid
2b Valid
3a Valid
3b Valid

Simultaneously, the Cronbach Alpha statistical test resulted in a value of 0.91
in the reliability analysis stage. Based on the Cronbach alpha analysis results, it is
possible to determine that the test equipment is dependable. The next stage is to
assess the problem's complexity and discriminating power. The analysis is carried
by utilizing the Microsoft Excel program. Students are classified as senior or junior
based on their average daily control point as compared to the Criteria for Complete
Study (CCM) in Compulsory Mathematics. Table 7 summarizes the findings of the
analysis.

Table 7. Data on the Difficulty Level and Distinguishing Power of Questions

Level of Distinguishing

Items for Discussion Difficulty Category Characteristics Category
la 0.55 Medium 0.67 Good
1b 0.60 Medium 0.73 Good
2a 0.63 Medium 0.77 Good
2b 0.53 Medium 0.65 Good
3a 0.61 Medium 0.70 Good
3b 0.55 Medium 0.63 Good

According to the chart above, 100 percent (all) of the test fixture pieces fall
into the middle group. This is not an issue when building a tool to assess students’
critical thinking capacity because questions that can test higher-order thinking
abilities are not usually challenging (As’ari et al., 2019). The statistics, on the other
hand, revealed that 100 percent (total) of the test tool's components had good
discriminating power. Table 8 shows the overall statistical instrument test results
based on the data acquired from the field test scores.

Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, December 2021, Vol. 3, No. 2
166 |



Dzulfigar Satria Waliyuddin & Dwi Sulisworo

Table 8. Table of Overall Statistical Test Results

Scale of Measurement Amount Interpretation
The average sign. Correlation test with two tails 0.002 Valid
Cronbach's Alpha (Cronbach's Alpha Value) 0.91 Reliable
Average level of difficulty 0.59 Medium
Average discerning ability 0.69 Good

Based on the facts presented above, the average Sig is calculated. The values
for the (two-sided) correlation test and Cronbach's alpha were 0.002 and 0.91,
respectively. That is, beneficial elements are included in the constructed test
equipment. Furthermore, the device tests developed are classified as reliable at the
level of dependability. When the difficulty and features of the item were analyzed,
the average difficulty and characteristics were 0.59 and 0.69, respectively. This
indicates that products made on test devices generally have a moderate level of
complexity and a high degree of distinguishability. Researchers did not get ideas
for increasing the quality of their test instruments during field testing. As a result,
the field test device was used as the end product of this development research.

CONCLUSIONS AND SUGGESTIONS

The following findings are reached as a consequence of study and debate.
The first step in this research is the collecting of material and the product planning
of the test instrument, which includes six questions on critical thinking skills.
Indicators of critical thinking skills are included in the tools created. During the
original product development phase, researchers verified the instrument's validity
with material and media specialists utilizing a validity test sheet. Validation actions
are done out by providing the validator with the instrument test script. The data
was then evaluated using Aiken's V method, yielding a coefficient of 1.00. In other
words, test instruments, in general, include elements that are very easy to use.
After determining that the instrument could be tested, the researcher went
through a trial phase (restricted testing, first product revision, and field trial) to
achieve the final product.

This study's ultimate outcome is a test instrument designed to assess
students' critical thinking abilities. The acquired test instrument consisted of six
questions in the form of a description. Based on the instrument analysis, the
average sig. Correlation test (2-tailed) and Cronbach's alpha values were 0.002 and
0.91, respectively. That is, the test instrument was created with valid elements.
Furthermore, the test instrument created is categorized as dependable at the level
of dependability. The average level of difficulty and discriminating power of items
is 0.59 and 0.69, respectively, when the level of difficulty and discriminating power
are analyzed. This outcome indicates that the test instrument items have a
moderate level of difficulty and good discriminating power.
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