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Keywords: Pengukuran validitas isi dilakukan pada 2 orang ahli/judges dengan
Concept Of Heat Transfer; menggunakan metode nontes dan instrumen lembar validitas ahli.
Domain Assessment Pengukuran kualitas instrumen dilakukan dengan uji coba lapangan

sebanyak 106 siswa menggunakan instrumen tes objektif pilihan ganda.
Data validitas isi yang diperoleh dianalisis dengan rumus Gregory, sedangkan data hasil uji coba
lapangan dianalisis validitas butir, reliabilitas, daya beda, dan tingkat kesukarannya. Hasil penelitian
menunjukkan bahwa validitas isi yang diperoleh sebesar 0,97 (sangat tinggi) dengan hasil uji validitas
butir diperolen 30 butir soal dinyatakan valid. Indeks reliabilitas instrumen yang dikembangkan
sebesar 0,85 (sangat tinggi). Rata-rata koefisien daya beda yang diperoleh sebesar 0,51 (baik)
dengan tingkat kesukaran perangkat tes sebesar 0,52 (sedang). Hasil tersebut menunjukkan
instrumen penilaian ranah kognitif yang dikembangkan layak dan dapat digunakan dalam melakukan
penilaian pembelajaran pada ranah kognitif.

ABSTRACT

The lack of availability in assessment instruments used and unmet cognitive levels of C3-C6 resulted
in poor quality assessments. This study aims to develop cognitive domain assessment instruments on
the concept of heat transfer material in grade V elementary school. This research was development
research that used 4D models (Four-D models) to define, design, develop, and disseminate. The
subject of study was the assessment instrument of the cognitive realm with the object of research, that
was the instrument quality. Measurement of the validity of the content was done on two experts/judges
using the non-test method and instruments of the expert validity sheet. Instrument quality
measurement was conducted with field trials of 106 students using multiple-choice objective test
instruments. The content validity data obtained were analyzed with the Gregory formula, while the field
test result data analyzed the validity of the grain, reliability, different power, and difficulty level. The
results showed that the validity of the content obtained by 0.97 (very high) with the test results of the
item's validity got 30 points of the question was declared valid. The instrument reliability index was
developed by 0.85 (very high). The average coefficient of different power obtained is 0.51 (good) with
a test device difficulty of 0.52 (medium). The result demonstrated cognitive domain assessment
instruments that were developed feasible and can be used in conducting learning assessments in the
cognitive realm.

1. Introduction

The learning process conducted in the school cannot be separated from the assessment. In fact, an
assessment was a process to collect various data on the development of learning and student learning
outcomes so that it can be meaningful information in competency achievement decision making (Asiah et
al., 2017; Safitri & Oktavia, 2017). Assessment can be used to determine the development of education
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obtained by students in their lives (Sonmes et al., 2021). The implementation of the assessment should be
adjusted to what will be measured and use the appropriate measuring instruments. Measuring
instruments that can be used in carrying out assessments are instruments. Instruments can be used to
collect data on learning outcomes and evaluation of the learning process that has been done (Desilva et
al,, 2020; Gaol et al,, 2017). Good instruments to be used in conducting assessments must be adjusted to
the appropriate instrument procurement procedures and pay attention to students' level of thinking
ability.

However, based on the results of interviews with grade V teachers at SD Negeri 2 Kalibukbuk on
Tuesday, October 27, 2020; it was obtained information that in the assessment of the cognitive realm,
both used in daily tests, midterm exams, and final semester exams are attempted to match the cognitive
level, but in the making of questions at higher cognitive level teachers still have difficulties. In addition, the
manufacture is only done in the form of questions and not yet equipped with instruments. Based on the
analysis results of the assessment of the midterm science exam content on theme 1 and theme 2 grade V
lesson year 2020/2021 at SD Negeri 2 Kalibukbuk, obtained the fact that the question used can only
measure cognitive levels in C1 and C2. As for the cognitive level of C3-C6, especially in science, content can
not be fulfilled. Theme instrument 1 on the science content consisting of 2 description questions shows
that both questions are at the cognitive level of C2. Meanwhile, the theme instrument 2 on the science
content consisting of 2 questions of description shows that both questions are at the cognitive level of C1.
Teachers often have difficulty assessing learning outcomes (cognitive) caused by the evaluation tools used
have not been able to measure properly and have not been following what should be measured (Mudanta
et al,, 2020; Wirayasa et al., 2020). Teachers' problem is also related to the availability of cognitive
assessment instruments to measure high levels of thinking ability (Arifin & Retnawati, 2017). In addition,
the questions used by teachers in carrying out assessments have never been tested validity level, so it can
not be known eligibility (Nugroho & Airlan, 2020).

Judging from the problems found, if no improvement is made or solutions to overcome it, the
assessment process is not good, so the learning is less qualified. An alternative solution that can be done is
to develop an assessment instrument. This is in line with some research that has been conducted before.
The development of self-assessment instruments obtains results in the valid and reliable category
(Yustiana &Ulia, 2019). Cognitive assessment instruments that have been developed are in the category
worth looking at from the suitability of the validity of the grain, reliability, difficulty level, and power
difference so that it is very well used by teachers (Mustari, 2016; Pratiwiningtyas et al., 2017; Utami
&Wardani, 2020). Implementation of the development of instruments value of civic subject obtained the
results of the development of instruments that are declared validity and reliability has met the criteria
(Soleh etal., 2017). In addition, higher-order thinking skills for science material developed obtained results
that were in the category of feasible (Taufiqurrahman et al., 2018). Furthermore, the development of
process assessment instruments to measure the efficacy of science and student activity obtains valid and
reliable results so that it is feasible to use (Arini et al,, 2017). Development is also carried out on the
assessment instrument of science learning results that can be declared valid and reliable. It is feasible to
be used in assessing the results of science learning (Pujawan et al., 2020; Widyaningsih et al., 2020). Also,
the development and validation of knowledge assessment instruments also obtains valid and reliable
results (Bala et al, 2020). Judging from the research of instrument development that has been done
before can be known that in general the instruments that have been developed before are mostly only
tested validity and reliability only, while for different power and difficulty levels are still not noticed. In
addition, the development of instruments carried out at the elementary level, especially in the cognitive
realm is still very limited.

Judging from the problems and solutions that have been done, an alternative is needed to
overcome the difficulties and shortcomings of the previous solution. Therefore, cognitive domain
assessment instruments in the concept of heat transfer material in grade V elementary school. The
development of this instrument is important to obtain an instrument that is capable and feasible to be
used in conducting quality cognitive field assessments. Cognitive domain assessment instruments
developed have a newness that can distinguish them from previously developed instruments. The
difference lies in the material developed in the instrument that is the concept of heat transfer. In addition,
the cognitive level achieved in the instruments developed from C3-C6 has led to a high level of thinking
ability and is adapted to the needs of the field. The advantages of the instrument developed can measure
the ability to think at a high level, has been following the curriculum used that is the curriculum 2013, and
the material in the instrument is adapted to students' daily lives. The development of cognitive domain
assessment instruments aims to develop cognitive domain assessment instruments on the concept of the
heat transfer material on grade V elementary school. The implementation of the development of this
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instrument is the availability of cognitive domain assessment instruments with calorific displacement
concept materials that are eligible to be used in measuring or assessing the learning process conducted.

2. Method

This type of research was developmental research that developed assessment instruments in the
cognitive realm with a 4D development model (Four-D model). Thiagarajan (in Mulyatiningsih, 2014)
revealed that the 4D development model consists of defining, designing, developing, and disseminate
stages. At the defining stage, identifying the needs and collection of field information related to the
product needs to be developed. At the design stage, the design of cognitive domain assessment instrument
device on Science content. At the development stage, the instrument's development and revision through
expert trials /judges and field trials. Meanwhile, the dissemination of products at the disseminate stage
was developed had been tested so that it was feasible to use. The subject of study was the instrument of
assessment of the cognitive realm with the object of research, namely the quality of the instrument. The
quality intended in this study consisted of the validity of the content, the validity of the grain, reliability,
different power, and the difficulty level of the instrument.

Based on the problem studied, namely the assessment of the cognitive realm on science content,
the method of data collection used in this study is a non-test method to obtain the results of the content
validity test of 2 judges by providing relevant or irrelevant assessments on the expert validity sheet. In
addition, test methods were also used to obtain field test results data by conducting tests on 106 students
in multiple-choice objective tests. Analysis of the data obtained in this study includes analysis of validity,
reliability, power differences, and difficulty levels of instruments. Instrumentality is essential for
perfecting instruments in the accurate decision-making of something to measure (Blazquez et al., 2017;
Morad et al.,, 2021; Vial et al., 2021). The instrument validity analysis consisted of a content validity test
and an item validity test. The examination of the validity of the content was conducted using cross-
tabulation 2x2, and Gregory formula that was through expert assessment (judges) following field, in this
study experts or experts come from the faculty of education, the Ganesha University of Education who had
expertise in the field of science. The validity value of the content obtained reflects the entire test item
tested. The validity value of the content obtained can then be seen based on the content validity coefficient
in the following table.

Table 1. Content Validity Coefficient Category

Coefficient Validity
0,80 -1,00 Very High
0,60 -0,79 High
0,40 - 0,59 Moderate
0,20 - 0,39 Low
0,00-10,19 Very Low

(Arikunto, 2018)

The validity of an item is a measuring instrument that can be used to obtain the validity or
absence of each question item in the device. To test the validity of the formula item used was a correlation
of biserial points (rpbi) because the test item was in the form of multiple-choice objectives or so-called
dichotomies that in the scoring give a score of 1 if the answer was correct and a score of 0 if the answer is
wrong. Test items can be declared valid if the calculated r is greater than the table r with a significance
level or a 5% error level. Reliability was used to measure the level of skill of an instrument. Measurement
in question was when the instrument was used to measure the same conditions will produce results that
are not much different. Reliability is the consistency of instruments that provides the same information
when tested repeatedly (Casanova et al,, 2021; Ko et al.,, 2017; Sa'idah et al,, 2019). The formula used to
perform reliability tests on instruments with dichotomy properties is the Kudor Richardson formula (KR-
20). The reliability coefficient obtained is then compared to the criteria in the following Table 2.

Table 2. Instrument Reliability Criteria

Interval Criteria
0,81-1,00 Very High
0,61 -0,80 High
0,41 -0,60 Moderate
0,21-0,40 Low
0,00-0,20 Very Low

(Akhsan etal., 2019)
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The different power of an instrument was the ability of the instrument to distinguish between
students who were classified as smart and students who were classified as less mart. In analyzing the
different instruments, a rank classification was performed to determine the upper group of students and
the lower group of students. The practical ranking of sciences obtained the upper group and bottom
group based on the score obtained, then 27% of the students who obtained the highest score were taken
as the top group, and 27% of the students who obtained the lowest score were taken as the bottom group
(Candiasa, 2011). Suppose the "D" obtained is negative, the problem very bad, and must be discarded
(Koyan, 2011). The result of the calculation of different power obtained was then compared with the
criteria in the following table.

Table 3. Difference Criteria (D)

Interval Criteria
0,71-1,00 Very Good
0,40 - 0,70 Good
0,20-0,39 Enough
0,00 -0,19 Bad

(Koyan, 2011)

The difficulty level was difficult or not a test that can be known through the ability of the test
taker to give the correct answer. The degree of difficulty was carried out by testing against the difficulty
level of test grains and the degree of difficulty of the test device. The difficulty level of the item is the
proportion of correct answers students in one question (Ndiung & Jediut, 2020). Meanwhile, the difficulty
level of the test device was the average proportion of students' correct answers in the overall test device.
The difficulty level criteria could be seen in the following table.

Table 4. Difficulty Level Criteria

Interval Criteria
0,00-0,29 Hard
0,30-0,70 Moderate
0,71-1,00 Easy

(Koyan, 2011)
3. Result and Discussion

In define obtained information based on interviews conducted with grade V teachers at SD Negeri
2 Kalibukbuk on Tuesday, October 27, 2020, that in the preparation of cognitive field assessment
questions, both used in daily tests, midterm exams, and final semester exams conducted were attempted
to match the cognitive level. However, in the preparation of tests at a higher cognitive level, teachers still
have difficulties. In addition, information was obtained that the curriculum used was the 2013 curriculum.
Meanwhile, based on the analysis of instruments used in the midterm exams science content on theme 1
and theme 2 class V lesson year 2020/2021 at SD Negeri 2 Kalibukuk obtained the fact that the
instrument used could only measure the cognitive level of C1-C2 while the cognitive realm of C3-C6 can
not be fulfilled. The results of the analysis obtained can be seen in table 5.

Table 5. Instrument Analysis Results

Theme 1 (Item Theme 2 (Item
Number) Number)

1 - 5and 9
2 Understand (C2) 5and 10 -
3. Applying (C3) - -
4. Analyze(C4) - -
5

6

No. Cognitive Level Number of Item

Remember (C1)

Evaluate (C5) - -
Create (C6) - -

Hloo oo NN

At the design stage, the results of basic competency analysis (KD) on the science content in this
study were limited to the theme of 6 temperatures and displacement with basic competency 3.6 applying
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the concept of heat transfer in daily life. Based on basic competencies, the preparation of achievement
indicators as many as 12 indicators. Then, the initial arrangement of the grid with the design can be seen

in the following table.

Table 6. Cognitive Domain Assessment Instrument Grid

Basic

Cognitive

Item

No. Indicator Dimensions Total
Competency Level Number
1. 3.6 Applying 3.6.1 Determining the C3 Factual 1 2
the source of heat energy in 2
conceptof daily life.
heat 3.6.2 Applying the concept C3 Conceptual 3 2
transferin  of heat transfer in daily life. 4
daily life.  3.6.3 Determining the C3 Conceptual 5 2
concept of heat transfer in 6
daily life.
3.6.4 Investigating C3 Conceptual 7 2
conduction heat transfer in 8
daily lives.
3.6.5 Investigating C3 Conceptual 9 3
convection heat transfer in 10
daily lives. 11
3.6.6 Analyzing radiation C4 Conceptual 12 3
heat transfer in daily lives. 13
14
3.6.7 Grouping objects that Cc4 Metacognitive 15 4
can accelerate heat transfer 16
in daily lives. 17
18
3.6.8 Finding objects that Cc4 Metacognitive 19 4
can inhibit heat transfer in 20
daily lives. 21
22
3.6.9 Summing up the C5 Conceptual 23 3
concept of heat transfer in 24
daily lives. 25
3.6.10 Detailing the concept C5 Conceptual 26 4
of heat transfer in daily 27
lives. 28
39
3.6.11 Categorizing Ccé6 Conceptual 30 3
conductors and insulators 31
in daily lives. 32
3.6.12 Develop a way of cé Procedural 33 3
utilizing the properties of 34
conductors and insulators 35
in daily lives.
Total 35

After the initial preparation of the grid was carried out the initial preparation of instruments
designed as many as 35 points of questions with an arrangement including (1) the title of the instrument,
(2) the education unit, (3) the class/semester, (4) the theme, (5) the type of question, (6) the allocation of
time, (7) the number of questions, (8) instructions, and (9) the question. At the development stage,
development was carried out with expert tests/judges and field trials. Expert tests/judges were
conducted on two experts from the faculty of education, the Ganesha University of Education, to obtain
data on the validity of the contents of the instrument. The results of expert assessment/judges brought

could be seen in table 7.
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145

Judges 1

Judges 2

Relevant

Not Relevant

Relevant

Not Relevant

1,2,3,4,56,7,8,9,11,
12,13, 14,15,16,17,18,
19, 20, 21, 22, 23, 24, 25,
26,27,28, 29,30, 31, 32,
33,34, 35.

10.

1,2,3,4,56,7,8,9,10,
11,12,13,14,15,16,17,
18,19, 20, 21, 22, 23, 24,
25, 26,27, 28, 29, 30, 31,
32,33, 34, 35.

The expert assessment/judges data were then included in crossx2 tabulation and analyzed using the
Gregory formula. Based on the calculation result, the instrument content validity index was 0.97. The
calculation results showed that the cognitive domain assessment instruments on science content tested
had a very high category of content validity. Field trials were conducted on grade VI students in 4 different
elementary schools, namely SD Negeri 1 Kalibukbuk as many as 13 students, SD Negeri 2 Kalibukbuk as
many as 38 students, SD Negeri 6 Banyuning as many as 21 students, and SD Negeri 1 Landih as many as
34 students. So the number of respondents was 106 students. Field test result data was used to analyze
item validity, reliability, power differences, and difficulty levels. Item validity test data was analyzed using
a coefficient formula of a biserial point correlation assisted by using a Microsoft Excel 2013 application.
The results of the item validity test were presented in table 8.

Tabel 8. Results of Item Validity Test

Item Number Total
1,3,5,6,7,8,9, 11, 10,

12, 13, 14, 15, 16, 17,

18, 19, 20, 21, 22, 23, 30
24, 26, 27, 28, 30, 32,

32,33, 34.

In 2,4,25,29 4

Item Validity Percentage

Valid 88,24%

11,76%

Based on the item validity test results, out of the 34 question items, there were 30 questions
declared valid and four questions declared invalid. The results showed that the percentage of questions
said valid was 88.24%, and the percentage of questions said invalid was 11.76%. A declared invalid can
indicate the quality of the problem was not good, so the invalid question was declared void and not used
as an assessment instrument after the item validity test was conducted reliability test on the question that
had been declared valid. The instrument's reliability was analyzed using a formula that had dichotomy
properties, namely the Kudor Richadson formula (KR-20) which was assisted by using a Microsoft Excel
2013 application. Based on the calculation results obtained, the instrument made had a reliability index of
0.85. The development of the calculation was compared with the criteria used as a reference to know that
the instrument's reliability is very high. The calculation results showed that the instrument developed
reliable so that it could be tested at any time with relatively similar results in equivalent respondents.

Different power tests were only performed on questions that were declared valid. Carrying out
different power tests were carried out by determining the upper and lower groups of samples. The upper
group of samples was obtained based on 27% of the total samples with the highest score. Meanwhile, the
lower group of samples was obtained based on 27% of the total samples with the lowest score. Different
power tests were calculated by using the help of Microsoft Excel 2013 applications. The results of different
power tests were presented in table 9.

Tabel 9. Results of Different Power Test

Criteria Item Number Total Percentage
Very Good 8,18, 33,34 4 13,33%
1,3,56,7,9,10,12, 13,
Good 14,15,16,17, 19, 20, 21, 23 76,67%
23,26,27,28,30,31,32
Enough 11, 22, 24 3 10%

Based on the results of different power calculations conducted on questions that were considered
valid or 30 points of the question, obtained 3 points of the question had different power that was on the
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criteria quite well, 23 points of the question had different power that was on the criteria well, and 4 points
of the question had different power that was on the criteria very well. The average test of different power
coefficients obtained based on the calculation of varying power grains was 0.51 with a good category. It
shows that the instruments developed have a good ability to distinguish smart and less intelligent
students or students who understand the material and students who did not understand the material.
Difficulty level tests were only performed on valid questions. The difficulty level test was performed on
each test item then continued with the difficulty level test. Calculation of difficulty levels was performed
with the help of Microsoft Excel 2013 applications. The test results of the difficulty level of test items were
presented in table 10.

Tabel 10. Results of Difficulty Level Test

Difficulty Level Item Number Total Percentage
Category
Hard 10,12 2 6,67%
3,6,7,8,9, 11, 13, 14, 16, 17, 18, 19, 20
) ) ) ) ) ) ) ) ) ) ) ) ) 0
Moderate 21,22, 23, 24, 26,27, 28,30,31,32,33,34 2> 83,33%
Easy 1,5,15 3 10%

The analysis results showed that out of the 30 questions tested for difficulty, three questions were
obtained with easy criteria, 25 questions with moderate criteria, and two questions with difficult criteria.
After testing the test item's difficulty level, it was then continued by conducting a test of the difficulty level
of the test device. The test device difficulty level index obtained was 0.52 with moderate criteria. Based on
the calculation of the difficulty of the test item and the difficulty level of the test device, it can be
interpreted that the instrument developed has good quality based on the degree of difficulty. At the
dissemination stage, the dissemination is carried out by handing over the instrument in the form of
hardcopy as much as 25 esksemplar and softcopy of the instrument to the teacher to be used in the
learning activities carried out.

Discussion

The product development results showed that the instruments developed had been tested for
validity, reliability, power differences, and difficulty levels. The validity and reliability of the instruments
developed were very high, with good instrument differentiation and moderate difficulty levels that could
be declared worthy of being used in assessing the cognitive realm in the learning process. The instruments
developed can be considered worthy of judging by the appropriate curriculum used, namely the 2013
curriculum, the suitability of the materials developed, and the conformity with the characteristics of
students. The instrument's feasibility was also supported by the advantages that have led to a high level of
thinking ability with the cognitive realm of C3-C6 following the needs of the field. A high level of thinking
in the learning and teaching process is an important aspect of student development (Nurhayati &
Angraeni, 2017). In addition, the requirements of a good instrument at least meet the validity and
reliability of the instrument and the difficulty and power of differences that need to be considered
(Iskandar & Rizal, 2017; Santee et al., 2019).

The results were in line with some of the findings from previous studies. The development of
cognitive assessment instruments to measure reading literacy skills is eligible to be used to conduct an
assessment (Pratiwiningtyas et al, 2017). The thematic learning cognitive assessment instrument
developed produces a good and viable product because it can measure students' cognitive abilities (Utami
& Wardani, 2020; Widiana et al., 2020). In addition, research on the reliability and validity of instruments
obtained valid and reliable results with a content validity index of 0.97 with a validity ratio of 0.83 and
reliability r 1/4 0.85, p < 0.001 (Shirali et al., 2018). The development of cognitive instruments in the
subject of static fluids produces excellent tools for use by teachers in student competency assessment
(Mustari, 2016). Also, the assessment instrument to measure the learning motivation developed makes
instruments in the category of feasible, has a very high validity value of 0.85, and a high degree of
reliability of 0.80 (Krismony et al.,, 2020). Based on previous research, the instrument developed in this
study had an update or difference in the material produced in the instrument, namely the concept of heat
transfer that had never been developed in previous research. In addition, the cognitive level achieved in
the instruments developed from C3-C6 had led to a high level of thinking ability and was adapted to the
needs of the field. The results of this study have implications for the availability of cognitive domain
assessment instruments science content that was feasible because it had been tested for quality. The
quality in question consists of validity, reliability, different power, and difficulty level to take
measurements or assessments in the learning process conducted.
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4. Conclusion

The research and discussion results show that the cognitive domain assessment instruments
developed are valid and reliable and have been tested for different power and difficulty levels. Thus, the
instruments developed will give results that are not much different when tested under the same
conditions and distinguish students who were classified as smart and less smart.
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