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Abstract: This study aims to develop an instrument that measures the physics problem solving
skill on the subject of school gas kinetic theory based on Polya's stages. This research is a
research & development using a modified 4D development model. Internal trials were
conducted on 2 experts and 1 learning practitioner, while empirical trials were conducted on 81
students. Internal trial data were obtained through questionnaires and analyzed using descriptive
analysis techniques, while empirical test results were obtained through test techniques and
analyzed following the Rasch Model (RM) using the QUEST program. The results showed that
at the internal test stage all items were stated to be very good in measuring the physics problems
solving skill. Empirical test results, as many as 5 out of 5 items were declared fit, with
instrument reliability of 0.63 (high category). The power of distinguishing all items is included
in either category. So that it meets the requirements of a good instrument. But the level of
difficulty of the questions varies less, where 1 item is in the easy category, 4 other items are in
the difficult category, and not in the moderate category.
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INTRODUCTION

The ability to solve problems is one of the higher order thinking skills that is
very important to develop. Because the development of high quality human resources
who are skilled in the thought process needs to be improved in every aspect that is in
line with the 21st century conceptual framework for education (Boonjeam et al., 2017).

There are four indicators of problem solving ability referring to the effort needed
by students in determining problem solutions that are adapted based on the stages of
problem solving according to (Polya, 1957), namely understanding the problem, making
a problem solving plan, implementing the plan, and re-examining the results obtained.
The four stages of problem solving from Polya are very important units to be developed.
Understanding the problem (reading the problem) is of course not only reading, but also
digesting the problem presented and understanding what is happening. In other words,
understanding the problem / reading the problem is the activity of identifying what is
asked to be solved and the facts provided. Activities make plans, problem solvers find
the relationship between the data provided (known) and unknown (asked).
Implementing the plan is concerned with examining each stage of the plan previously
made. Check activities related to the truth / certainty of the solution obtained (Baiduri,
2015).

But the facts on the ground show that the ability to solve physics problems is
still in the sufficient category (Mustofa & Rusdiana, 2016). This is in line with the
finding (Alfika & Mayasari, 2018) that the ability to solve children's problems is
included in the inadequate category, with details according to Polya's stages, namely:
the ability to understand problems, make plans, and implement plans into less
categories, and the ability to re-examine enough categories.

So this ability still needs to be developed, one of them is through problem-based
physics learning. Through this learning, educators act as guides for students in solving
problems by giving guide questions, motivating, going around the classroom to
facilitate discussion, and so on. And students are required to solve the problems
presented. So through problem solving in learning physics, it is hoped that later it can
develop problem-solving abilities not only in physics, but also in other fields of daily
life.

This is in line with (Kemendikbud, 2016), where problem solving skills are very
important in learning physics, so that the core competencies of physics apply procedural
knowledge to solve problems. And after that, teachers must assess students' problem
solving skills to determine the achievement of their competencies. This measurement
will also be very important as a learning evaluation material. Because this assessment
functions as a controller, control, and align the components of education, such as: goals
with standard processes, results with clear achievement criteria, and so on. In addition,
assessment is one important component in learning as objective feedback about what
students have learned and also used to determine learning effectiveness.

The success of measurement and evaluation is of course closely related to the
quality of assessment instruments. The instrument must meet the criteria of validity and
reliability in measuring the quality and learning outcomes, said to be valid if the
instrument can be used appropriately in measuring what is measured, and said to be
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reliable if it gives consistent results. results when used repeatedly (Widoyoko & Putro,
2016).

Facts in the field show, the assessment of competency achievement by students
such as midterm, final semester exams, even final school exams or national exams even
use multiple choice instruments. Whereas multiple choice questions used in physics
assessment are rarely able to measure higher order thinking skills (Erfianti et al., 2019)
including problem solving skills. In addition, multiple choice questions also allow
students to guess the answer choices so that students' thinking abilities cannot be seen
clearly (Istiyono et al., 2019).

And the fact that multiple choice questions that measure low-level thinking is
used more than other forms of tests (Istiyono et al., 2014) becomes a challenge for
researchers to develop questions that measure problem solving abilities because teachers
need assessment instruments that can truly measure students 'problem solving skills,
instruments to assess problem solving skills will produce accurate data about students'
physics solving abilities if quality instruments, which means teachers need quality
assessment tools (Asysyifa et al., 2019).

In addition, it was found that there were teachers who were still less varied in
using the learning evaluation instrument (Octavia et al., 2017). So there is still a need to
develop questions that are used as enrichment by applying indicators that can be used to
measure higher-order thinking skills and have good test instrument characteristics to use
(Julianingsih et al., 2017).

Based on the background of the problems, it is known that it is very important to
measure the extent of students’ problems solving skill as learning evaluation materials,
so it is necessary to develop a assessment instrument of the physics problem solving
skill based on Polya’s stages which include four stages of problem solving namely
understanding the problem, making a problem solving plan, implementing the plan, and
re-examining the results obtained.

METHOD

Development Procedure

This research is a research & development using a modified 4D development
model (Thiagarajan, 1974) which consists of 4 stages, including: Define includes
material analysis and learning objectives related to students' solving abilities; The
design includes the selection of an instrument rating format that is in based on the
Polya's stages; Develop includes the development and trial of products by experts and
users; and Dissemination, at this stage is still limited to the use of assessment
instruments only at the time of this study.

Population and Sample

The product of the development is in the form of an instrument of problem-
solving skill that has been tested for eligibility with internal validity and empirical tests.
Internal validity test is related to construct validity and content through expert judgment
and at the same time as revision material, which in this case is by two experts and one
learning practitioner. Empirical test on 81 XI MAN 1 students in Yogyakarta.
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Data Collection and Instrument

The instrument for evaluating internal validity is in the form of a questionnaire
with three answer choices according to the content of the question, namely: "In
accordance”, "Needs revision", and "Not suitable”. Revisions are made to the contents
of the question given the answer choices "Need revision” or from special input by
experts on products that have been made. Whereas for the choices in the "Not suitable”
column, the question is deleted if the number of questions still represents the
competency being tested, but if not then it needs to be replaced with another question.

Data from the results of internal validity are explained and determined only
qualitatively (very good, well, enough, less, and very less) based on criteria adapted
from the formula developed by (Azwar, 2013), where susceptible scores for each
category are calculated using the formula as in Table 1.

Table 1. Criteria for the Ideal Assessment Category

No. Score Range Category
1 X > Mi + 1,50 SDi Very good
2 Mi + 0,50 SDi < X <Mi + 1,50 SDi Well
3 Mi — 0,50 SDi < X < Mi + 0,50 SDi Enough
4 Mi — 1,50 SDi < X < Mi — 0,50 SDi Less
5 X <Mi- 1,50 SDi Very less

Information:

X : average total score obtained

Mi : mean ideal score

SDi  :ideal standard deviation

Data Analysis

The empirical test data is used to test the feasibility in terms of validity,
reliability, distinguishing features, and the level of difficulty of the test instrument,
which is then analyzed with the help of the Quest program. Validity testing is based on
MNSQ Infit values, with valid item criteria if it is at a vulnerable score of 0.77 - 1.30
(Adams & Khoo, 1996). Reliability testing uses the internal consistency method,
namely by testing the instrument only once then analyzed, where the reliability
coefficient is interpreted based on the criteria in Table 2. Analysis of the level of
difficulty test instrument is interpreted based on the criteria in Table 3. While the
magnitude of the distinguishing power is interpreted according to (Arikunto, 2012) with
the provisions based on the criteria in Table 4.

Table 2. Criteria for the Reliability Coefficient (Rusman, 2012)

No. Score Range Category
1 0.80-1.00 Very high
2 0.60 - 0.79 High
3 0.40 —0.59 moderate / sufficient
4 0.20-0.39 Low
5 0.00-0.19 Very low
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Table 3. Criteria for the level of difficulty test instruments (Arikunto, 2012)

No. Score Range Category
1 0.00 -0.30 Difficult
2 0.31-0.70 Moderate
3 0.71-1.00 Easy

Table 4. Criteria for the magnitude of the distinguishing power (Arikunto, 2012)

No. Score Range Category
1 negative Not good
2 0.00-0.20 Poor
3 0.21-0.40 Enough
4 0.41-0.70 Good
5 0.71-0.10 Excellent

RESULT AND DISCUSSION

Expert Judgment Results

The results of this development research in the form of a test instrument for
description / physics essay on the subject of the kinetic theory of gas which contains
aspects of problem solving based on Polya’s stages. The selection of tests in the form of
description is intended so that the problem-solving ability by students is easily
identified. Preparation begins with the manufacture of questions about the sub-topic
according to the syllabus, the ability to be measured as well as the number of items, then
proceed with the manufacture of questions along with the answer key and the rules for
scoring for each item.

This test instrument consisted of 5 items, which were then validated in stages,
namely validity by experts and by users. Data from the results of internal testing were
conducted by two lecturers and one teacher, with an expert questionnaire assessment
sheet consisting of 20 statements. The score given is 1-3, which means the lowest score
is 20 and the highest score is 60, so a Mi score of 40 is obtained, and an SDi score of
6.67. Because the total average score (X) obtained is 58, it falls into the category X> Mi
+ 1.50 SDi or very good. This is proven by all items that are judged to be very suitable
for the competency to be tested and suitable for use in measuring the physics problems
solving skill based on Polya's stages.

Empirical Testing Results

After internal validation and the necessary revisions, the first empirical test, the
validity test, is continued. Validity is a measure that shows the level of validity or
validity of an instrument. The validity of the instrument was empirically carried out by
testing it on students who were at the same level and had obtained learning on the gas
kinetic theory material, namely at 81 students in class XI of high school. Data from the
trial results are then analyzed using the help of the Quest program.

Based on the results of this test it was found that out of 5 items about problem
solving skills that were tested based on Infit- MNSQ included in the acceptance criteria
/ limit of 0.77-1.30 according to the PCM model or 1-PL model, or in other words that
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the five items proved to be valid. The complete results of this validity test can be seen
in Figure 1.

Pengujian Instrumen Tes Kemampuan Pemecahan Masalah Fisika

Item Estimates (Thresholds) In input Order 5/ 9/19 13:37
all on all (N = 8L L = 5 Probability Level= .50)
ITEM NAME | SCORE MAXSCR| THRESHOLD/S | INFT OUTFT INFT OUTFT
| | 1 3 4 5 | MNSQ MNSQ ot t

1 item 1 339 405 -1.17 -. 81 -.45 -.29 -.09 1.08 1.31 -4 .8
.70 .63 .54 .49 .47

2 item 2 188 405 -. 66 -.17 .46 .82 1.02 1.07 1.02 .5 .2
.41 .38 .38 .39 .41

3 item 3 179 405 -.16 .20 .35 .38 . B4 1.10 1.11 .7 .3
.36 .37 .37 .38 .38

4 item 4 192 405 -2.28 -.19 .34 1.14 1.14 .94 .94 -.3 -.3
.81 .41 .37 .31 .31

5 item 5 209 405 -.48 .11 .19 .42 . 80 .82 .71 -1.3 -1.3
.39 .38 .37 .37 .38

Mean | | .01 | 1.00 1.02 0 .0

sD | | .40 | .12 .22 8 .8

Figure 1. Validity Test Results

After being tested for validity, it is followed by a test of difficulty level, and
distinguishing features. A recap of the results of testing the validity, level of difficulty,
and distinguishing power of the test instrument for the ability to solve physics problems
according to Polya's stages can be seen in Table 5 below.

Table 5. Recap of Empirical Test Results for Problem Solving Ability Test Instruments
Validity

No. Item (INFIT MNSQ Value) Difficulty Level Distinctive
Item 1 1.08 (Valid) 0.73 (Easy) 0.46 (Good)
Item 2 1.07 (Valid) 0.21 (Difficult) 0.46 (Good)
Item 3 1.10 (Valid) 0.27 (Difficult) 0.55 (Good)
Item 4 0.94 (Valid) 0.16 (Difficult) 0.40 (Good)
Item 5 0.82 (Valid) 0.30 (Difficult) 0.61 (Good)

Reliability is used to indicate the extent to which a measuring instrument can be
trusted or relied upon in research, where a set of measuring instruments is said to be
reliable if it provides relatively fixed measurement results. This reliability testing uses
the method of internal consistency, because this method is the simplest, namely by
testing the instrument once and then analyzed using a particular technique which in this
case uses the help of the Quest program. The reliability test results obtained that the
Internal Consistency value of 0.63 is included in the high category. The recap of the
reliability test results can be seen in Table 6.

Table 6. Test Results of Test Instrument Reliability Ability to Test Problems

Criteria Value
Mean test score 14.28
Standard deviation 5.42
Internal Consistency 0.63
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Based on the steps of this development, five items measuring the physics
problem solving skill on the subject of school gas kinetic theory based on Polya's stages,
have met the requirements and are suitable for use. These requirements include: (a)
content validation according to expert judgment included in the excellent category and
validity while empirically proven to be fit with the Rasch Model, (b) instrument
reliability is included in the high category of 0.63, (c) the distinguishing power of all
items is included in either category, so that it meets the requirements of a good
instrument, (d) but the level of difficulty of the questions varies less, where 1 item is in
the easy category, 4 other items are in the difficult category, and not in the moderate
category. Because most items are included in the difficult category, then this
assessment instruments may be very suitable for measuring the physics problem solving
skill of superior students.

CONCLUSION

A total of five test instrument items developed were stated to be eligible and
suitable to be used to measure the physics problem solving skill on the subject of school
gas kinetic theory based on Polya's stages. These requirements include: (a) content
validation according to expert judgment included in the excellent category and validity
while empirically proven to be fit with the Rasch Model; (b) instrument reliability is
included in the high category of 0.63; (c) the distinguishing power of all items is
included in either category, so that it meets the requirements of a good instrument; (d)
but the level of difficulty of the questions varies less, where 1 item is in the easy
category, 4 other items are in the difficult category, and not in the moderate category.
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