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Abstracts. This research aims to produce a problem-solving ability test instrument on
work and energy materials. This research is a Research and Development (R&D) with the
Borg & Gall model. The subjects of the research trial were 176 students of class X MIPA
from three schools. Data analysis includes design validation, instrument validity,
reliability, difficulty level, and instrument separation index. Design validation by 6
validators resulted in a valid and highly reliable test instrument. In the product try out
(small group), with a total of 29 students, (1) 17 questions were valid with a very high
reliability of 0.92, (2) the level of difficulty is easy, medium, and difficult criteria, (3) the
separation index of very bad criteria question was discarded as many as one question. In
the field test, conducted in 3 schools with as many as 176 students, the data showed that
(1) out of 16 questions, 5 questions were selected as the final product, (2) the results of the
validity of the instrument obtained valid category, (3) it had reliability with sufficient
criteria of 0.69, (4) the level of difficulty is in medium criteria for all questions, (5) the
separation index of questions with bad criteria was reused based on variable map items.
So, the final results obtained by the problem-solving ability test instrument amount to 5
questions and can be used as a test of student learning outcomes.
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1 Introduction

The challenge in the implementation of higher education in the 21st century is to prepare
human resources who have problem-solving competencies [1]. Problem-solving ability is the
ability of students to solve problems through a series of activities to find information from
various learning sources and connect new knowledge gained with knowledge and experience
that has been previously possessed [2]. Problem-solving skills are needed in learning physics
because problems in physics are complex problems and are related to everyday life [3], [4].

Several factors affect the low problem-solving ability of students. Arief [5] suggests that
students are less able to understand basic concepts and tend to memorize formulas. This is
because the focus of science education has leaned more towards the material content of science
rather than the actual process of scientific inquiry [6]. Every time they solve a problem, some
students go directly to the equations and mathematical processes without paying attention to the
stages and steps of solving the problem. In addition, Astuti ef al. [7] students have difficulty
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analyzing questions due to the tendency of students to memorize answers from sample questions
given by the teacher so students are confused in solving problems.

Based on the results of initial observations in the form of interviews with physics teachers
in several Senior High Schools in Banjarmasin, it was obtained that, generally, physics teachers
already know about problem-solving abilities. They said that the test instruments used already
used problem-solving ability test instruments, but no analysis of question items had been carried
out. In addition, the level of questions given starts from the cognitive level C1-C3.

Test instruments are one way to estimate the level of human ability indirectly through a
person's response to several stimuli or questions [8]. The form of questions used in this study is
a question with an essay form. There are advantages to tests using the form of essay questions
compared to multiple-choice, that is, the form of multiple choice is influenced by guessing
factors that can make the measurement accuracy results decrease. As a result, many students
can answer physics problems correctly but do not know the physics concepts related to the
problem. In addition, the multiple-choice test does not contain much information because it only
brings up the student's final answer. With the use of essay question forms, it is considered to be
able to measure the complex cognitive level of learners where they must be able to compile,
interpret and unify knowledge, and use information in solving new problems. The quality of an
instrument can be seen from its validity, reliability, level of difficulty, and separation index [9],
[10], [11].

Validity is the accuracy of the interpretation obtained from the assessment results. In
addition, validity means the extent of the accuracy and accuracy of a measuring instrument. The
validation process involves gathering evidence to demonstrate the scientific basis for
interpreting the score as planned. A test is said to be valid if it measures what will be measured.
The test has high validity if the results match the criteria. In the sense of having parallels
between tests and criteria [12].

Reliability means the consistency or stability of assessment results. The ability of a student
is said to be reliable if measurements are made, the measurement results will be the same
information, even though the examiners are different, the proofreaders are different or the
question points are different but have the same characteristics [13].

The difficulty level of a question item is a parameter that can be used to determine how
good the quality of a question item is. The difficulty level of a question item is the percentage
or proportion of the test taker to answer correctly a question item. The high and low level of
difficulty of a question item can be caused by the complexity of the subject matter and the
conditions of the answer choices provided [13], [14].

The separation index of questions is the ability of a question item to distinguish students
who have mastered the material asked and students who have not mastered the material asked.
To analyze the separation index of students' questions, they are divided into 2 groups, namely
the upper group and the lower group [12], [15]. The higher or greater the separation index of
the question, the greater the question can distinguish between the high group and the low group
[14].

In this study, the problem-solving indicators used are Heller's problem-solving indicators,
namely describing problems, describing problems in physics concepts, planning solutions,
implementing plans, checking, and evaluating [16].

The material chosen in the development of this problem-solving ability instrument is work
and energy material because this material has a lot to do with phenomena in everyday life [17].
So the problem formulation is obtained, namely, "How is the quality of the instrument test the
ability to solve problems in work and energy materials?". The purpose of this research is to
produce a problem-solving ability test instrument on work and energy materials.



2 Method
2.1 Development Model

The type of research used is development research or Research and Development (R&D).
This research develops cognitive instruments in the form of problem-solving abilities using the
Borg and Gall adaptation development model, the steps are as in figure 1.

The research was conducted in May-June in the even semester of the 2021/2022 academic
year in 3 schools in Banjarmasin. The subject of this study is a test instrument of the problem-
solving ability of matter, work and energy. The test subjects were 23 class X students and 176
people for usage trials.

Need Analysis :; Design Review the
- :> Initial Design
Develop a Revision <:] Try Out (one-
Prototype <:I to-one bases)
J
. A
Try Out (small Revision and Field Test
group) finalization
J

Fig. 1. Research Steps of the Borg and Gall Adaptation Model
Source: Sugiyono [18]

The steps taken in this study are:

a.

Need analysis

Based on the results of research in previous studies, the development of problem-
solving ability test instruments analyzed by the question items is still minimal.
Therefore, this research is needed to produce a feasible problem-solving ability test
instrument on work and energy materials.

Design

An interview was conducted with the physics teacher, then the results of the interview
were analyzed. The result of the data analysis is that schools have applied problem-
solving skills, but each question item has not been analyzed.

Review the initial design

At the product design stage, researchers designed the product developed, namely a test
instrument in the form of a description of problem-solving skills in work and energy
materials with as many as 17 questions. The test instrument is compiled, containing
story questions accompanied by pictures. In addition, the product design also contains
a cover, preface, table of contents, question grid, and problem-solving ability test
questions.

Design Validation (one to one bases)

Furthermore, design validation was carried out to determine the quality of the problem-
solving ability instrument that was prepared before being tested in the field. At the
design validation stage, it was carried out by validators, namely 4 lecturers and 2
physics teachers.



e. Revision
Test instruments that have been validated are revised based on suggestions from
validators.

f. Develop a prototype
The test instruments that were compiled were repaired before being tested to try out on
small group.

g. Try out (small group)
The product trial phase was carried out on a small scale, namely in class X MIPA
students totaling 29 students. The number of questions given was 17 questions.

h. Revision and finalization
Test instruments that have been tested are revised again and questions are received for
trial use. There are 16 questions that accommodated for final instruments. The
development of test instruments using the Rasch model can detect student
misconceptions about test question items with the results of data analysis showing a
match between students and the test instruments used [19].

i.  Field test
In the trial phase, the resulting product was tested on a large scale in three schools in
Banjarmasin with a total of 176 students. The results of the data are then analyzed using
the Rasch program on Software Winstep version 4.5.5 to find out the value of validity,
reliability, difficulty level, and separation index of the problem. Product revisions were
re-made to improve test instruments developed according to conditions in the field.

2.2 Data Analysis Techniques
2.2.1 Design Validation Analysis

This analysis was performed using Aiken's V formula adjusted to the criteria of 0.6 <V <
1.00 in the valid category and V < 0.6 in the invalid category. The equation used is as follows
[201]:

—_ s
V= [n(c-1)] M
s=r—1, (2)

The reliability value is calculated using the Cronbach Alpha formula in equations (4) and

(5).

2.2.2 Product Trial Analysis

A. Validity of the question
Correlation formula Product Moment:

ey = NEXD-EOED 6)
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Information:
rxy= Product moment correlation coefficient
N = total number of all students
X = each student's score on the item
> X = sum of all scores
Y = total score of each student
> X = total score of all students
Then the calculation results are compared with the following coefficient criteria.

Table 1. Question Validity Criteria

No Value Validity Criterion
1 Ty < 0,00 Invalid

2 0,00 <7y, <0,20 Very low

3 0,20 <1yy, 0,40 Low

4 0,40 <1y, < 0,60 Enough

5 0,60 <1y, <0,80 Tall

6 0,80 <7y, < 1,00 Very high
Source: Ratumanan [21]

B. Reliability of the problem
The reliability analysis of the problem using the formula Alpha Cronbach and the criteria
of reliability are as follows:

= () (-2 @
of = ﬂ and o} = ﬁ (5)

Information:

111 = Reliability of the problem

n = number of question items (items)

¥ 02 = sum of score variances per item

o? = total variance

¥ x2 = Number of scores per question item number
¥ x2 = total score of questions

N = number of students

The criteria for the reliability of the question items are as follows:

Table 2. Question Reliability Criteria

No The Value of Reliability Criterion
1 00<m1r,<0,2 Very low
2 02<n;<04 Low
3 04<1r,<06 Enough
4 06<r;:<08 Tall
5 08<n;<10 Very high




Source: Meilanie [22]

C. Difficulty level
Determining the level of difficulty in the form of a description question can be used
formula:

TK = Average Score (6)

Max Score

The criteria for the difficulty index of the questions are as follows:

Table 3. Difficulty Criteria

No Difficulty Index Criterion
1 0,00 -0,30 Difficult
2 0,31-0,70 Keep
3 0,71 - 1,00 Easy

Source: Matondang et al [23]

D. Separation Index
The formula used to determine the separation index of the question is as follows:

__ Mean Top Category—Mean Bottom Category

DP

(7

Max Score

Table 4. Criteria for Discriminating Power of Questions

No Differentiation Power Index Criterion
1 DP <£0,0 Very ugly
2 0,0 < DP <£0,20 Ugly
3 0,20 < DP < 0,40 Enough
4 0,40 < DP £0,70 Good
5 0,70 < DP <1,00 Excellent

Source: Meilanie [22]

2.2.3 Usage Trial Analysis

Question items that have a good match occur if the value of Outfit Mean Square
(0.5<MNSQ<L1.5), Outfit Z-standard (-2.0<ZSTD<+2.0) and Point Measure Correlation
(0.4<Pt Mean Corr<0.85). A problem is said to contain bias if the probability value is less than
5% (<0.05). As for the reliability of the questions in the Rasch program, it is known based on
the results of the output table summary statistics by looking at the value of Alpha Cronbach.



3 Results

3.1 Design Validation and Revision

Table 5. Design Validation Analysis Results

No Aspects Average  Criterion
1 Material 0,78 Valid
2 Construction 0,68 Valid
3 Language 0,63 Valid
4  Troubleshooting 0,77 Valid
Capabilities
Reliability 0,98 Very High

3.2 Product Trials and Product Revisions

This product was tested on a small scale on class X MIPA students who had studied work
and energy materials with a total of 29 students. The problem-solving ability test instrument

used consists of 17 description questions.

A. Validity

Table 6. Product Trial Validity Results

No Question Number Criterion
1 11 Very high
2 2,4,5,6,7,8,9,10, High
12,13, 14, 15, 16,
17
3 1 Moderate
4 3 Very low
Valid 1,2,3,4,5,6,7,8, 16 90 %
9,10, 11, 12,13, 14, Questions
15,16, 17
Invalid 3 1 10
Question
B. Reliability
Table 7. Product Trial Reliability Results
N I'Table Reliability Criterion
29 0,367 0,92 Very high

C. Difficulty level

The results of the difficulty level analysis are briefly presented in the following table.



Table 8. Product Test Difficulty Results

No Question Number Criterion Percentage
1 1,8,9,12,13,14,15,16,17 Difficult 52,94 %

2 2,4,56,7,10,11 Quite 41,18 %
3 3 Easy 5,88 %

D. Separation index

Table 9. Product Trial Separation Index Results

No Question Number Criterion Percentage
1 7,10,11 Good 17,65 %

2 2,4,56,8,9,12,14 Moderate 47,06 %

3 1,13,15,16,17 Bad 29,41 %

4 3 Very bad 5,88 %

3.3 Usage Trial

The following are the results of the trial analysis using the Rasch program:
A. Validity

Table 10. Results of Field tes Validity

Outfit Pt-Measure Correlation Probability
Entry Number NINSQ ZSTD
1 0,39 -7,65 0,35 0,0000
2 1,34 3,26 0,28 0,0000
3 1,62 4,15 0,38 0,0000
4 0,54 -5,57 0,69 0,0900
5 0,85 -1,21 0,52 0,0000
6 1,05 0,26 0,27 0,0375
7 0,68 -2,38 0,53 0,0038
8 0,60 -1,65 0,55 0,0000
9 0,50 -1,76 0,60 0,0243
10 1,53 2,91 0,35 0,9725
11 0,55 -1,20 0,48 0,1109
12 0,23 -1,61 0,40 0,7710
13 0,88 -0,36 0,49 0,1634
14 0,20 -1,74 0,42 0,2156
15 1,17 0,69 0,38 0,0001
16 1,39 0,95 0,19 0,3462

B. Reliability
In the Rasch program, reliability can be known based on the results Output Table 3.1



Summary statistics by looking at the value of Alpha Cronbach, Separation Personand
Separation Item.

Table 11. Reliability Results of Usage Trials

Name Information
Alpha Cronbach 0,69
Separation Person 1,12
Item Separation 5,25

C. Difficulty level
Table 12. Field Test Difficulty Level Results

No Question Number Criterion Percentage
1 12,14 Difficult 12,50 %

2 3,4,56,7,8,9,10,11,13,15,16 Quite 75,00 %

3 1,2 Easy 12,50 %

D. Separation index

Based on the results of the data, the separation index value of each question item is obtained
with the following categories.

Table 13. Separation Index Results of Discharging Trials

No Question Number Criterion Percentage

1 1,2,4 Good 18,75 %
2 3,5,7,8,10,15 Moderate 37,50 %
3 6,9,11,13, 16 Bad 31,25 %
4 12, 14 Verybad 12,50 %

E. Student capability
In addition to analyzing the question items, it is also necessary to analyze the ability of
students to work on the questions.
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Fig. 2. Distribution Map of Student Ability Levels

F. Instrument analysis of problem-solving ability tests
In general, the questions in the test are more difficult when compared to the ability of
students.
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Fig. 3. Item Variable Maps

4 Discussion
4.1 Instrument Quality of Design Validation

The test instrument prepared is a problem-solving ability test instrument on work and
energy material for class X students in even semesters. This instrument was validated by 6
validators, namely 4 academics (lecturers) and 2 practitioners (physics teachers). The aspects



assessed are material, construction, language, and problem-solving skills. In line with Amelia
et al. [24], before the test instrument is used, it is necessary to review the assessing instrument.
An authentic assessment offers clearer insights into learners' abilities [25]. Factors that need to
be observed in qualitative question reviews are language, construction, material, content
aspects, scoring guidelines, and answer keys. Based on Table 5 of the validation results from
the six validators, it was found that the developed instrument design was included in the valid
category. This is supported based on the opinion of Adawiyah & Wisudawati [26] who state
that a test instrument is said to be appropriate if the assessment of all aspects, namely aspects of
topics, construction, and grammar by experts is good. However, the instrument needs to be
improved based on the suggestions given. In addition to validity, instruments are also seen in
terms of reliability. The reliability results obtained based on the assessment by validators are
included in the very high category, thus showing that the test instrument has good reliability.

4.2 Instrument Quality from Product Trials

A. Validity

Based on the analysis of product trials, namely in Table 6, it was found that there were 16
valid questions and 1 invalid question. Invalid questions cannot be used in usage trials. A test is
said to be valid if the test is under real circumstances [27]. A test or measuring instrument is
said to have high validity if the instrument performs its measuring function, or provides
measuring results that follow the purpose for which the measurement is made. This means that
the measurement result of the measurement is a quantity that accurately reflects the facts or
circumstances of what is measured [28]. Test instruments that have invalid measuring power
will not be able to provide information regarding the ability of learners. In line with statements
from Pratama [29] and Purwanto [30], a test must be valid so that it can measure what it wants
to measure. While questions with high validity can be used, and questions with medium and low
validity can also be used, the questions need to be improved.

B. Reliability

Reliability in classical theory is determined by the formula Alpha Cronbach indicating
internal consistency [31], based on Table 7 so that the results obtained fall under the very high
criteria. These results show that the instruments developed have been reliable. In line with the
opinion of Wati & Mabhtari [32], If the test is said to be reliable, then the instrument can be used
continuously to make measurements because of its good qualifications.

C. Difficulty level

The level of difficulty of a question item is one of the parameters of the question item that
is very useful in analyzing a test. Based on the results of research in Table 8, the question items
are relatively easy because students can answer the question correctly. While the question items
are classified as difficult because students do not answer the questions or the student's answers
are wrong. Following the statement by Fatimah and Alfath [33], a test should not be too simple,
nor should it be too difficult.

D. Separation index
In product trials, it was found that there was 1 question item with very bad separation index,
which can be seen in Table 9. The follow-up of the results of the separation index analysis of



this question is to abort or discard questions with very bad criteria as much as 1 question.
Questions that have low discriminating power are caused by too difficult questions or problems
containing bias [15]. Thus, the separation index of question items becomes a benchmark in
determining questions that cannot be used, can be used with revision, and questions without
revision.

4.3 Instrument Quality from Trial Use
A. Validity

Determining the validity or absence of a question using the Rasch model can be seen based
on the values of MNSQ, ZSTD, and Point Measure Correlation with criteria: (a) value Outfit
Mean Square (MNSQ) a good one is 0.5<MNSQ<L.5; (b) value Z-standard output (ZSTD)
accepted is -2<ZSTD<+2; and (c) value Point Measure Correlation (Pt Mean Corr) received is
0.4<Pt Mean Corr<0.85 [34].

Sumintono and Widhiarso [34] state that a biased question item will have a probability
value of <5%. Based on the results in Table 10, question items that have a probability value
below 0.05 questions will be discarded. So, the total questions that are discarded and cannot be
used are based on question items that do not fir where it does not meet the criteria of MNSQ,
ZSTD, and Pt Mean Corr. The bias question items are questions number 1, 2,3,5,6,7, 8,9, 10
and 15.

B. Reliability

Based on Table 11, values Alpha Cronbach which is used to measure the interaction
between respondents and question items (/fems) shows results with sufficient category, it can
be stated that the test instrument is reliable. This is according to research Puspasari and Puspita
[35] which states that Alpha Cronbach is a measure of reliability that has values ranging from
zero to one. When a variable shows a value Alpha Cronbach>0.60 then it can be concluded that
the variable can be said to be reliable or consistent in measuring. The factors that affect the
reliability value are the greater the number of respondents, the greater the accuracy, the longer
the test time, the greater the accuracy, the narrower the range of difficulty levels of the question
items, the greater the reliability, and the misinterpretation of the question items [36].

C. Difficulty level

The results of the calculation of the difficulty level in the usage trial are shown in Table 12,
that the further down, the easier the difficulty of the question. This is according to Sumintono
&; Widhiarso [34] that is, the degree of difficulty of the question item (Item Measure) provides
a value display logit from each question item in detail.

D. Separation index

The higher or greater the separation index of the question, the greater the question can
distinguish between the high group and the low group. In this study, it can be seen that based
on Table 13 many questions have obtained separation index with bad criteria. However,
question items with poor separation index should not be discarded. To determine whether or not
the question items are discarded can be seen by comparing the results of the separation index
and [14] Item Variable Maps (Figure 3).

E. Student capability
Analysis of the ability of students is carried out to see their ability to solve problems. Based
on Figure 2, students who have high abilities have the code 004A. These students have the



highest ability because they get the highest scores compared to other students. As for students
who have low abilities, it has a code of 171C. The barrier depicted shows that students are
divided into 2 groups with the symbol "M" being the middle boundary. To find out the grouping
of students can be known by using values separation. By using equations H =
{(4 x Separation) + 1}/3 and value separation person as much as 1.12 (Table 11), obtained
a value of 1.827 (rounded to 2) which means that this instrument groups students into 2 groups.

F. Instrument analysis of problem-solving ability tests

Based on Figure 3, it is found that the most difficult problem-solving ability test instruments
are found in questions number 12 and number 14. From the answers of learners based on
problem-solving indicators, that on each indicator obtained low results. This shows that students
have not been able to understand the problem and describe it. In addition, some are also not
correct in entering known data into the formula and there are still many students who are not
correct or do not write the conclusion.

The reason many students do not answer the question is because students do not finish doing
the question because of time constraints and students do not know the answer to the question
[37]. The results of the research show that the students’ ability to solve physics problems on
work and energy is still low. Mustofa & Rusdiana [38], problem-solving is a process, namely
the process of thinking or the process of applying knowledge that has been obtained. On the
other hand, Tongli ef al, [39] stated that problem solving is being able to demonstrate
knowledge, make the right decision, make solution, and cultivate a clear mind to solve the
problem. This problem-solving ability is a concern for teachers so that they are always trained
in the learning process. With frequent physics problem-solving exercises, it is expected that
students' problem-solving abilities will increase. In addition, according to Yusrizal et al., [40].
The main purpose of asking questions to students is to find out whether the material taught has
been mastered by students completely or not.

Based on the data analysis conducted, these results are supported by the results of research
conducted by Taqwa et al. [41], namely the test instrument as many as 15 questions are valid
and reliable. The results of the study can also be compared with research conducted by Wartono
et al. [42], which obtained 2 out of 3 points of description questions that were developed as
valid, have high reliability, and moderate level of difficulty of the questions. Based on these two
relevant studies, it can be concluded that the developed instrument is suitable for use, but the
bias question needs to be discarded so that the final stage problem-solving ability test instrument
totaling 5 description questions can be used as a test of student learning outcomes.

5 Conclusions

Based on the results and discussion of the research that has been done, it can be concluded
that the problem-solving ability test instrument developed based on the results of design
validation, product trials, and usage tests (rasch model) is valid and has good reliability. The
difficulty level of the developed problem-solving ability test instrument has a medium category
for all questions. The separation index of the problem-solving ability test instrument developed
consists of 16 questions, 5 acceptable questions, and 11 discarded questions including invalid
questions and biased questions.
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