24 (2), 2023, 419-431 T ol
Jurnal Pendidikan MIPA

e-1SSN: 2685-5488 | p-ISSN: 1411-2531
http://jurnal.fkip.unila.ac.id/index.php/jpmipa/ e

Using the Rasch Model to Develop a Measure of Students’ Problem Solving Ability
in Optical Instruments

Rosi Vera”, Ida Kaniawati, & Judhistira Aria Utama
Department of Physics Education, Indonesia University of Education, Indonesia

Abstract: This study aims to develop a test instrument for problem-solving abilities in the
material of optical instruments. The research method used is the development of a 4D model
consisting of defining, designing, developing, and disseminating. Participants in this study
consisted of 75 consisting of 40 males and 35 females in grade 12 high school sciences program
at a high school in Bandung. Based on the results of the analysis, it was obtained: (1) expert
validation with a CVR index value of 1 and the test instrument included in the valid category,
(2) construct validation using Rasch was declared valid, (3) the reliability of each item using
Rasch analysis was declared reliable with Cronbach alpha of 0.96, and (4) the difficulty level of
the items is evenly distributed at each level of difficulty. Therefore, the test instrument that has
been developed can measure students' problem-solving abilities in the material of optical
instruments.

Keywords: pemodelan Rasch, problem solving ability, optical instruments.

Abstrak: Penelitian ini bertujuan untuk mengembangkan intrumen test kemampuan pemecahan
masalah pada materi alat-alat optik . Metode penelitian yang digunakan yaitu pengembangan
model 4D yang terdiri dari defining, designing, developing, dan disseminating. Partisipan
dalam penelitian ini terdiri dari 75 yang terdiri dari 40 laki-laki dan 35 perempuan pada kelas
12 SMA program lImu Pengetahuan Alam di salah satu SMA di Bandung. Berdasarkan hasil
analisis diperoleh: (1) validasi ahli dengan nilai CVR indeks sebesar 1 dan instrumen tes
termasuk dalam kategori valid, (2) validasi kontruk menggunakan Rasch dinyatakan valid, (3)
reabilitas setiap butir soal dengan analisis Rasch dinyatakan reliabel dengan Cronbarch Alpha
sebesar 0,96, dan (4) tingkat kesukaran butir soal merata pada setiap tingkat kesukaran. Oleh
karena itu, instrumen tes yang telah dikembangkan dapat mengukur kemampuan pemecahan
masalah peserta didik pada materi alat-alat optik.

Kata kunci: pemodelan Rasch, kemampuan pemecahan masalah, instrument optik.

» INTRODUCTION

Problem solving ability is one of the most important skills in 21st century
education (Ince, 2018; Tang, Vezzani & Erikson, 2020). Problem solving ability as a
cognitive ability that is used to solve problems related to the real world (OECD, 2003).
This relates to individual skills in finding a solution to a problem in everyday life by
involving knowledge (Bahtiyar & Can, 2016). This is intended to prepare students to be
able to solve not only structured but also unstructured, complex, and diverse problems
(Dixon & Brown, 2012). Problem solving ability is how one thinks or looks for ways to
reason, in applying the knowledge that has been acquired to overcome the problems
encountered so as to get a solution to a problem (Heller & Heller, 2010; Apriyani et al.,
2019).

It is very important to apply problem-solving ability in the physics learning
process to help students deepen their understanding of a scientific concept in order to
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systematically analyze information in making critical reflections (Scherer & Beckmann,
2014; Xie & Mintaila, 2017; Lim & Han, 2020). The ability to solve problems in
physics can guide students to solve complex problems not only in class but also in the
world of work (Williams, 2018; Purwaningsih et al., 2020). Learning physics contains
questions of everyday life, problem solving skills are very important in learning physics
because it is not enough for students to see only the quantitative aspects of solving these
equations and how mathematics is used, but also qualitative analysis to choose the
concepts and principles correctly in answer questions (Docktor et al., 2015). In learning
physics, students' cognitive abilities are very helpful in solving physics problems, such
as skills to support and understand physics principles correctly, ability to understand
and understand physics problems effectively (Permatasari et al., 2018).

In accordance with the Regulation of the Minister of Education and Culture No.
21 of 2016 concerning Process Standards for Elementary and Secondary Education
states that the learning process carried out in schools is expected to be able to train
students' problem-solving abilities (Kemendikbud, 2016). Problem solving ability is
associated with critical thinking, analytical and productive creation which involves
quantitative, communicative, and the ability to respond critically (Chang, 2010). This
shows that it is very important to develop a problem-solving ability test instrument to
measure students' problem-solving abilities.

The large number of studies on problem solving abilities certainly requires test
instruments that are used to measure problem solving abilities (Gok & Silay, 2008;
Waler & Kaye, 2012; Aristiawan & Istiyono, 2020). Most of the problem solving ability
test instruments are multiple choice (J. Sirait et al., 2017; Istiyono et al., 2019; Suprapto
et al., 2020). However, multiple-choice tests have a drawback where students expect
answers that are available in the answer choices (Kubiszyn & Borich, 2016). In
addition, multiple choice tests do not provide complete information on the problem
solving abilities measured in students (Kastner & Stangl, 2011). Another factor,
measurement results are less accurate because many students are able to answer
questions correctly but do not know the relationship between concepts and questions
(Henderson et al., 2001). Therefore, another type of test is needed to measure the level
of students' problem-solving abilities.

Essay test is an instrument that can be used to measure problem-solving skills
(Haladyna & Rodriguez, 2013; Aristiawan & Istiyono, 2020). The essay test instrument
is able to reveal the thought process in solving problems (Winarto et al., 2022). Essay
tests can measure complex and comprehensive cognitive abilities in solving problems
(Haladyna & Rodriguez, 2013). In addition, essay tests can encourage students to think
at a higher level in answering questions (Baig et al., 2014). Therefore, essay tests are
suitable for measuring students' problem-solving abilities.

This study developed an essay test instrument based on indicators developed by
(Docktor et al., 2016). The indicators of problem solving ability are as follows: namely
1) usefull description, 2) physics approach, 3) specific application of physics, 4)
mathematical procedure, and 5) logical progression. The test instrument developed in
this study focuses on the material of optical instruments. The selection of this material is
based on the fact that there are students' difficulties in the material of optical
instruments (Rokhmah, Sunarno & Masykuri 2017; Tumanggor et al, 2018). In addition,
other research shows that students have difficulty understanding the concepts of light
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and vision in physics (Uzun, Alev & Karal 2013). Other research states that students
still have difficulty understanding the material for forming images in mirrors
(Permatasari et al., 2018).

= METHOD
Participant

Participants in this study involved 75 students consisting of 40 boys and 35 girls
in grade 12 high school sciences program. This research was conducted in the even
semester of the 2022/2023 academic year. Students were selected using random
sampling. Selection of samples random sampling is done randomly so that each member
of the population has the same opportunity to be selected.

Research Design Procedures

The research method used in this research is the 4D instructional research and
development method (define, design, develop, and disseminate). The development
procedure in this study followed the 4D method as follows: 1) defining the problem-
solving ability test instrument, 2) designing the problem-solving ability test instrument,
3) developing the problem-solving ability test instrument, and 4) disseminating the
problem-solving ability test instrument.

In the define stage, a literature review and analysis was carried out on the 2013
revision of the 2019 curriculum to determine students' problem-solving abilities in the
material of optical devices. Furthermore, at the design stage, it examines the suitability
of the items with indicators, answer keys, scoring guidelines, and the suitability of the
concepts used. At the develop stage, the instrument is arranged according to the initial
design. Furthermore, expert validation and empirical validation were carried out using
the rash model. Expert validation aims to obtain an expert's assessment of problem
solving abilities. In addition, expert validation also aims to obtain suggestions for
improving the instrument. If the instrument is declared feasible by the expert, an
empirical test is then carried out to find out the validity and reliability of the
instrument's ability to solve problems in the material of optical instruments. The
disseminate stage is used to test the instrument on students.

Instruments

The instrument used in this study is a problem solving ability test instrument. The
test instrument consists of six essay questions on optical instruments. Each item
developed in this test refers to the problem-solving ability indicators proposed by
Docktor et al (2016), namely 1) useful description, 2) physics approach, 3) specific
application of physics, 4) mathematical procedure, and 5) logical progression. The
distribution of the item indicators is presented in Table 1.

Table 1. Distribution of item indicators

Question indicators Item Number
Comparing the eyes of hypermetropic sufferers to the location of an 1
object
Evaluate lens strength in people with eye defects 2

Analyze the use of lenses and magnification on the microscope 3
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Analyze the size of objects using a microscope 4
Analyze the use of lenses and magnification in telescopes 5
Analyze the use of the telescope from minimum accommodation to 6
accommodation at a certain distance by designing the position of the
ocular lens to the objective lens on the telescope
Data Analysis

In this study, the instrument for testing students' problem-solving abilities was
analyzed through four stages. The first stage is the analysis of the results of the expert
validation using the Content Validity Ratio (CVR) and the Rasch multi-rater
measurement. The CVR value of the expert validation results on the problem solving
ability test instrument is calculated using equation 1.

Information :
n, : Total score for each aspect of the assessment
N : Total number of validators

The results of calculating the CVR value are interpreted according to what is presented
in Table 2 below:

Table 2. Nilai CVR minimum value a = 0.5 (Wilson et al., 2012)

Number of Validators CVRritical
5 0.736
6 0.672
7 0.622
8 0.582
9 0.548
10 0.520

In this study, the instrument is included in the valid category if the index CVR >
critical CVR. However, the instrument is included in the invalid category if the CVR
index <critical CVR. The critical CVR for the number of validators consisting of five
validators is 0.736 (Wilson et al., 2012). The second stage determines construct validity
by using Rasch analysis. Construct validity is determined by the Outfit mean square
(MNSQ), Outfit Z-standard (ZSTD), and Measure Correlation (Pt Mean Corr)
(Sumintono & Widhiarsho, 2015). The details of the three criteria are shown in Table 3.

Table 3. Details of the question validity criteria

Outfit Accepted ranges
Outfit mean square (MNSQ) 0.5<MNSQ<15
Outfit Z-standard (ZSTD) -2.00 < ZSTD < +2.00

Point Measure Correlation (Pt.Mean Corr) 0.4 < Pt. M. corr < 0.85
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Construct validity is also carried out by a unidimensionality test which aims to
ensure that the instruments used are appropriate and can be used to measure the
variables studied. This test was carried out by analyzing the values of raw variance
explained by measures and unexplained variance 1st contrast (Nurdini et al., 2020). The
third stage is the reliability test using Rasch analysis. The reliability test in this study
aims to show consistent results of measurement of problem-solving ability test
instruments (Sumintono & Widhiarso, 2015). The instrument is included in the reliable
category if it meets the Cronbach alpha, person reliability and item reliability values.
Interpretation of Cronbach alpha values is shown in Table 3. Interpretation of person
reliability and item reliability values is shown in Table 4.

Table 4. Criteria of Cronbach alpha value (Sumintono & Widhiarso, 2015)

Range value Category
0.00<r<0.50 Very bad
0.50 <r< 0.60 Bad
0.60<r<0.70 Enough
0.70<r<0.80 Good
0.80<r<1.00 Very good

Table 5. Criteria for the value of person reliability and item reliability (Sumintono &
Widhiarso, 2015)
Person reliability and item

reliability Category
0.00 <r<0.67 Weak
0.67<r<0.81 Enough
0.81<r<0.91 Good
091<r<0.94 Very good
0.94 <r<1.00 Special

The fourth stage determines the level of difficulty of each item analyzed using
Rasch. Difficulty level analysis aims to find out which test instruments that have been
prepared are included in the easy or difficult category. The analysis of the difficulty
level of the items is reviewed based on the measure value in logit units (Sumintono &
Widhiarso, 2015). The interpretation of the difficulty level of the questions is shown in
the following table:

Table 6. Interpretation of the difficulty level of the items

Logit Measured Value Interpretation
Very easy M <-1SD
Easy -1SD<M<0
Hard 0<M<SD
Very Difficult M > SD

= RESULT AND DISSCUSSION

The results and discussion in the research related to the development of problem
solving ability test instruments using 4D (define, design, develop, and disseminate) will
be discussed as follows:
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Define

At the defining stage in this research is to conduct a literature review related to
students' problem-solving abilities and carry out an analysis of the 2013 revised 2019
curriculum related to the material of optical devices. Based on this, students' problem
solving abilities can be measured through the indicators put forward by Docktor et al
(2016), namely 1) useful description, 2) physics approach, 3) specific application of
physics, 4) mathematical procedure, and 5) logical progression.

Design

Stages of test instrument design are made based on indicators and rubrics for
assessing problem solving abilities. The sub-matter of the problem-solving ability test
on optical instruments consists of: 1) eyes and glasses; 2) microscope and 3) binoculars.
This test instrument is in the form of description questions which total 6 questions. The
distribution of each question based on the problem-solving ability indicator for each
question can be seen in Table 1 below:

Table 7. Distribution of Problem Solving Ability Test Questions
Indicator of problem solving

No Number of Questions

ability
1. useful description la. 2a. 3a. 4a. 5a dan 6a
2. physics approach 1b. 2b. 3b. 4b. 5b. dan 6b
3. specific application of physics 1c. 2c. 3c. 4c. 5¢. dan 6¢
4. mathematical procedure 1d. 2d. 3d. 4d. 5d. dan 6d
5. logical progression le. 2e. 3e. 4e. 5e dan 6e

Develop

At the develop stage, each question item is made based on an indicator of problem
solving ability which consists of six essay questions. Figure 1 shows one of the
questions on the problem solving ability test instrument. After all the items on the
problem solving ability test are made. Furthermore, judgment was made by five experts
on the problem-solving ability test instrument that had been developed. Five experts
were selected to provide judgment. The assessment aspects that are assessed are
material, construction, and language. The expert validation sheet used consisted of three
criteria namely "valid without revision", "valid with revision™, and "invalid". Then the
results of the expert assessment were analyzed using the Content Validity Ratio (CVR).
To get valid or invalid conclusions for each item that has been validated by five experts
(N = 5) with a critical CVR of 0.736. Based on the results of expert validation of the
item problem solving ability test instrument, the CVR index value is 1. This indicates
that the CVR index value > CVR is critical. In line with research conducted by
(Yudhistira & Tomoliyus, 2020; Hidayat et al., 2022) states that a CVR index close to 1
indicates good or high validity. In line with another study conducted by (Sundari et al.,
2023) stated that a CVR index value of more than O indicates that the item is valid.
Furthermore, the results of expert validation were analyzed using the multi-rater Rasch
measurement test. The results of expert assessments analyzed using a multi-rater are
shown in Figure 2.
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Mrs, Ulfa and Mrs. Cut are biology teachers and
math teachers at a school. Ulfa's mother has a
visual impairment which causes her to be able to
see distant objects clearly and a near point of 100
cm. Mrs. Cutalso has an eye disorder with a near
pointof 50 em, They use glasses to help correct
vision ata normal distance (25 ¢cm). Once upon a
time, the two of them werein a hurry to enter the
classroom because they weren't careful, their
glasses were switched and their eyesight became
different from before.

You will solve the problem regarding the distance
that Ms. Ulfa and Ms. Cut can see clearly when
wearing the exchanged glasses.

a. Describe the magnitude and units related to
the visual impaimment experienced by Mrs.
Ulfa and Mrs, Cut!

b. Write down the physics approach as a
solution to calculate the distance they can see
clearly when wearing the glasses swapped!

c. Write down the mathematical equation used
to calculate the distance they can see clearly
when wearing the glasses that are swapped!

d. Calculate the results of solving the problem
using a mathematical equation!

e. Write a conclusion from the solution to
solving the problem!

Useful Description :

Given:

Sxauia= 100 em ; $'ym o 50 cm ;552 25 ¢m

Mrs. Ulfa wears Mrs. Cut's glasses, and vice versa.
Asked:

How far can they see clearly when wearing interchanged
_glasses (St vt dan Syt ) ?

Physics Approach:

Mrs. Ulfa and Mrs. Cut both suffer from nearsightedness
(hypermetropia) because they have a near point of more
than 25 cm and a far point at infinity. Therefore, people
who suffer from nearsightedness can clearly see objects that
are very far away without accommodation, but cannot see
close objects clearly.

Specific Aplication of Physics :

Hypermetropia eye defects can be overcome by using
convex (positive) lens glasses. In order to see clearly the
image produced must be virtual s' = -, The equation used in
patients with hypermetropia is as follows:

1.1 e e |
== =+ =become== —+=
[ s 3 [ sz 3

Math Procedures :
. Looking for Mrs. Ulfa's focus pointin seeing
1 1 1

fursvifa  Sn S'Mrsvlfa
N

fMuUlfu 25 -100cm
1" _4-1_3

f\ﬂ"lUlfl 100cm 100

frtesvitfa = 33v3.3 cm "
So, the focal point of Mrs, Ulfato see notmally)s 33.33em
. Lookmg fora foml point Mrs, Cutin view

= —+
fg%;g; Sp g%ggg;
er&Cut 25 _50 cm
1 _ 2—-1 _ 1
farecur S0cm 50

fotrecur =50 em
So, the focal point of Mrs. Cut to see normallyis 50 cm

+ To find out the far point so that Mrs. Ulfa and Mrs. Cut
can see clearly is as follows:

to_ 1 1

SMrTUlFa J;I-dr&Cut S'Mral.l'h"'a
= — + —

Swrete 50 100 7
1 2+1 3

Swreotea 100 T 100 ™
SMreulfa = 33,33 cm
So, the point near Mrs Ulfain sightis 33.33 cm

1 1 1
= +

'
Surzuifa 5 pira
. — + =
SMrsCut T

1 3t2 _ 5

SMrecur
1

SMra.Cut 100 100
Syrecur = 20cm
So, the point near Mrs. Cutin sawis 20 cm

Logical Progression:

Based on the problems above, it can be conduded that Mrs.
Ulfa and Mrs. Cut both suffer from hypermetropic eye
defects. Patients with hypermetropia can be overcome by
using convex (positive) lens glasses. Thus, Mrs. Ulfa can
see clearly when wearing Mrs. Cut at tnear point 33,33 cm
while Mrs. Cut while using Mrs. glasses. Ulfa is at a point
near 20 cm.

Figure 1. Problem solving ability test instrument items
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Figure 2. Multi-rater results of expert validation of problem-solving ability test
instruments

Based on Figure 2, the results of the multi-rater analysis by five experts (A, B, C,
D and E) show that the problem-solving ability items that meet the requirements are N2,
N3, N4, N5. Whereas the items N6 and N1 were considered not good according to the
expert. The difficulty level of the item is shown in the third column, the higher the logit
value of an item assessment indicator, the more difficult the item assessment indicator is
met by the validator (expert). Conversely, the lower the logit value of an item
assessment indicator, the easier it is to fulfill the assessment indicator (Darmana et al.,
2021). Meanwhile, the assessment aspects that were the most difficult to achieve were
Al, A4 and A6. According to the validator, the aspects of the assessment that are easiest
to fulfill are A2, A3 and Ab5.

The assessment of each validator can also be analyzed to determine the reliability
of the validator. Based on the analysis using Rasch it is known that Experts B and A are
the most consistent with the validity criteria. This can be seen from the Outfit Mean
Square (MNSQ) values obtained by each expert A and B which are 1.15 and 1.04.
These results indicate that the Outfit MNSQ criteria are met because they are in the
range 0.5 < MNSQ < 1.5 (Boone et al., 2014; Darmawan et al., 2021). Furthermore, in
terms of the Outfit Z-standard (ZSTD) values of experts A and B, they are 1.0 and 0.2
respectively. These results meet the Outfit ZSTD criteria because they are in the range -
2.00 < ZSTD < +2.0 (Boone et al., 2014; Darmawan et al., 2021).

Whereas Experts E and C showed an invalid assessment because they did not
meet the Outfit ZSTD score criteria. Whereas expert D is the expert who has the lowest
Outfit MNSQ and Outfit ZSTD scores. Based on expert judgment, a reliability value of
0.51 was obtained. This shows that the experts give quite different scores, but some are
the same (Kocak, 2020). The similarity of judgments by five experts (correct
agreement) is 78.9%. This shows that there is a slight difference in the assessment of
each item on the problem solving ability test. This is in line with research conducted by
(Brookhart et al., 2006; Guler, 2014; Darmana et al., 2021) which states that the
tendency for assessment is different because the assessor's behavior such as leniency
and severity affects the assessor's condition.
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Disseminate

The disseminate stage of the questions that had been developed was tested on 75
students of class XII in the Natural Sciences program at a public high school in
Bandung. Furthermore, an analysis was carried out to determine the validity of the
items. The following are the results of the analysis for each item on the problem-solving
ability test as shown in Figure 3:

|ENTRY  TOTAL TOTAL JMLE  MODEL| INFIT | OUTFIT |PTHMEASUR-AL|EXACT MATCH|

|NMUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBSX EXPE| Item
|-mescccsssscsssssssss s sss s s, e - PO $rzzssmsamas $rzznns
| 13 162 75 .22 .18(1.95 4 .52 | .72] 14.7 33.4] N3(c)
| 18 177 75 .87 18[1.76 4. .52 | 78| 8.8 31.6] Nafc)
| 2@ 137 75 .48 J11]1.78 3. .65 | .75] 21.3 35.8| Ne&(c)
| 18 220 75 -.32 .89[1.59 3 D .55 | .63] 22.7 31.1] H2(e)
| ] 152 75 .22 18[1.54 2 56 | .72] 33,3 33.4] N2(c)
| 23 192 75 -.87 .18(1.18 1 .52 | .68| 26.7 38.B| N5(c)
| 27 04 75 -.18 89(1.13 . .57 | .66| 28.8 31.B| N&(b)
| 19 173 75 A1 .18]1.25 1. .68 | .71 21,3 32.8] N4(d)
| 9 282 75 -.16 .89]1.88 .62 | .86] 36.8 31.6] N2(d)
| 11 169 75 .15 J18(1.83 LT3 WTH] 3.9 32.4] N3(a)
| 17 154 75 .38 .18[1.85 71| .73] 8.7 33.9] Na(b)
| 5 226 75 -.38 .89[1.83 .64 | .62| 28.8 31.3| N1(e)
| | 226 75 -.38 ,89(1.82 . .63 | .62] 21.3 31.3| Ne(e)
| % 168 75 16 18| .97 - .79 | 72| 14.7 32.6] N&(a)
| 4 133 75 .53 JA1] %8 -, L83 | 76| 24.8 36.6] NS(d)
| 1 224 75 -.36 .89 91 - .68 | .63| 25.3 31.3| N1{a)
| B 209 75 -.32 89| .75 -1. .68 | .63| 32.90 31.1| N2{a)
| 15 132 75 .82 .18 .98 -, 74| 78| 34.7 31.8] N3(e)
| n 193 75 -.08 18| .98 -. .71 | .68] 29.3 31.8| N5({a)
| 2 243 75 -.53 18| .87 -. .61 | .59] 48.8 34.9| NS(b)
| 4 285 75 -.19 89| B9 -. i .73 | .66| 44.8 31.7| N1{d)
| 14 191 75 -. 86 .18 .86 -, 71| .68| 36.8 38.8| N3(d)
| 16 285 75 -.19 89| .B2 -1. (67 | .66| 36.8 31.7| Na(a)
| 25 149 75 .35 18| .78 -1. (B2 | .74] 28.8 34.4| N5(e)
| 12 144 75 .41 .18| .79 -1, .83 | .75] 48.8 34.5] N3(B)
| 3 193 75 -.B8 18| .71 -2, .75 | .68| 36.8 31.8] N1(c)
| 7 e 75 -.23 L9 .78 -2, 74| .65 29.3 38.6] N2(b)
| 9 150 75 .24 18| .73 -1, (B4 | 73| s4.8 33.3| ne(d)
| 8 142 75 43 JA1| .72 -1, W82 | .75] 45.3 34.8| Nd(e)
| 282 75 -.16 89| .55 -3. .82 | .86| 8.7 31.6] Ni(b)
e T PP $essszccaas IS e $essssccaaas pecmcas
| MEAW 185.6 75.8 .88 ,18(1.83 | 29.9 32.4|

| .50 29.7 .8 .28 .ea| .34 1.97] . | B.2 1.8]

Figure 3. Outfit (mnsq), outfit zstd, and pt measure core scores for each problem-
solving ability test item

Based on Figure 3, the results of the analysis of problem solving ability items
using Rasch obtained Outfit MNSQ values in the range of 0.55 — 1.49. This indicates
that the MNSQ Outfit value is fulfilled because it is in the range 0.5 < MNSQ < 1.5
(Boone et al., 2014; Darmawan et al., 2021). However, the MNSQ Outfit scores for
items N3(c) and N4(c) are outside the specified criteria range. Judging from the Outfit
ZSTD value on each test item problem solving ability is obtained in the range -1.75 —
1.51. This shows that the Outfit ZSTD value is fulfilled because it is in the range -2.00
< ZSTD < +2.0. However, in item N3(c), N4(c), N6(c), N2(c), N2(e), N5(c), N1(b) and
N6(d) the ZSTD Outfit value is outside the criteria which is determined. The PT Mean
Corr value for each item is in the range of 0.52-0.82. this shows that the PT Mean Corr
obtained in each item meets the criteria because it is in the range 0.4 < PT Mean Corr <
0.85 (Sumintono & Widhiarso, 2015). This shows that the items on the problem solving
ability test can be said to be appropriate. The quality of the item items can be used if
only one or two criteria are met, then these items can be maintained and said to be
"appropriate” without needing to be changed (Dewi et al., 2021; Nurdini et al., 2020).
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Meanwhile, if all of these criteria are not met, then the item items can be said to be
inappropriate and the item items need to be repaired or replaced (Dewi et al., 2021,
Nurdini et al., 2020). Therefore, it can be concluded that all items on the problem
solving ability test are valid and can be used without needing to be repaired.

The instrument validation test is also reviewed through the instrument's
unidimensionality test which aims to ensure that the instrument is feasible to use to
measure the variables studied (Nurdini et al., 2020). This test was carried out by
analyzing the value of raw variance explained by measures and unexplained variance
1st contrast (Nurdini et al., 2020). The requirements for the unidimensionality test are
that the eigen value on the unexplained variance 1st contrast has a value of less than 3,
while the observed value has a value of less than 15% (Mofreh et al., 2014; Ng et al.,
2018; Sumintono & Widhiarso, 2015; Talib et al., 2019). Based on the results of the
analysis using Rasch, the raw variance explained by measures is 51%. This shows that
the item is included in the good category. This is in line with research conducted by (Ng
et al., 2018; Talib et al., 2019) which states that more than 40% of polytomous data is
included in a good interpretation. Furthermore, the unexplained variance 1st contrast on
the observed value obtained a value of 6.2%, so the item meets the criteria because the
observed value is less than 15%. In addition, the unexplained variance 1st contrast on
the eigen value obtained a value of 2.77. This shows that the items meet the criteria
because the value is less than which indicates that the instrument does not measure only
one dimension (Talib et al., 2019). Thus, the results of the unidimensionality test are
valid for measuring students' problem-solving abilities.

In addition to validity analysis, reliability analysis was also carried out on the
problem-solving ability test items. The reliability test aims to show consistent
measurement results of the test instrument (Sumintono & Widhiarso 2015). Based on
the results of the reliability test using Rasch analysis, the person reliability value was
0.95. This value indicates that the consistency of students in answering test instruments
is included in the special category. Furthermore, the item reliability value obtained is
0.86 so that the problem solving ability test instrument has reliability in the good
category. Meanwhile, the Cronbach Alpha value was 0.96 so that the agreement
between items and persons (students) was included in the special category. Therefore, it
can be concluded that the problem solving ability test instrument compiled is reliable
(Sumintono & Widhiarso 2015).

Next, an analysis of the difficulty level of the problem-solving ability test items
was carried out using rasch. This analysis aims to find out the test instruments that have
been compiled are included in the easy or difficult categories. According to Sumintono
& Widhiarso (2015) the output of Table 13 Item Measure can be used to determine the
level of difficulty of the items by using the Standard Deviation (SD) value and logit
value. The output results of the item measure the difficulty level of the problem-solving
ability test items as shown in the following figure:
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ENTRY TOTAL TOTAL JMLE MODEL | INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH|
NUMBER SCORE COUNT MEASURE S.E. [MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| 0BS% EXP%| Item
—————————————————————————————————————————————————————————————————————————————————————————
24 133 75 33 11| .9@ -.49| .94 -.27 .83 .76| 24.@ 36.6| N5(d)
28 137 75 .48 .11j1.7e 3.31]|1.49 2.26 .65 .75| 21.3 35.8| Ne(c)
20 142 75 .43 11| .72 -1.72| .89 -1.75 .82 .75] 45.3 34.8| Nd(e)
12 144 75 .41 .1e| .79 -1.28| .71 -1.62 .83 .75| 4@.@ 34.5]| N3(b)
25 149 75 .35 .1e| .78 -1.32| .83 -.90 .82 .74| 28.@ 34.4] N5(e)
17 154 75 .30 .1e|1.e5 .34|1.e6 .37| .71 .73| 30.7 33.9] N4(b)
29 160 75 .24 .1e| .73 -1.80| .65 -2.18| .84 .73| 44.e 33.3| N6(d)
8 162 75 .22 .18l1.54 2.98|1.46 2.33 .56 72| 33.3 33.4| N2(<)
13 162 75 .22 .18|1.95 4.66|1.92 4.14 .52 .72| 14.7 33.4] N3(<)
26 168 75 .16 .1e| .97 -.11|1.ee .84 .79 .72| 14.7 32.8| Ne(a)
11 169 75 .15 .1e|1.e3 .22|1.e6 .41 .73 .71] 32.@ 32.4] N3(a)
19 173 75 .11 .18|1.25 1.55[|1.25 1.38 .68 .71] 21.3 32.0| N4(d)
18 177 75 .e7 .10|1.76 4.07|1.88 4.12| .52 .70| 20.0 31.6] N4(c)
15 182 75 .e2 .1e| .98 -.66| .85 -.85| .74 .70| 34.7 31.8| N3(e)
14 191 75 -.96 .1e| .86 -.94] .82 -1.e7| .71 .68| 36.2 30.8| N3(d)
23 192 75 -.07 .1el1.18 1.19|1.48 2.15 .52 .68| 26.7 30.8| N5(c)
3 193 75 -.e8 .1e| .71 -2.13| .75 -1.59 .75 .68| 36.@ 31.0]| Nil(c)
21 193 75 -.e8 .1e| .9e -.es| .87 -.76 .71 .68| 29.3 31.0]| N5(a)
2 202 75 -.16 .@9| .55 -3.71] .55 -3.21| .82 .66| 30.7 31.6] Ni(b)
9 202 75 -.16 .e9]1.08 .60]|1.67 .47| .62 .66| 36.0 31.6] N2(d)
27 204 75 -.18 .e9|1.13 .88|1.26 1.51 .57 .66| 20.8 31.8| N6(b)
4 205 75 -.19 .e9| .89 -.72| .77 -1.42| .73 .66| 44.@ 31.7| N1(d)
16 205 75 -.19 .e9| .82 -1.27| .85 -.86 .67 .66| 36.@ 31.7| N4(a)
7 210 75 -.23 .e9| .7e -2.31| .73 -1.69 .74 .65] 29.3 3@.8]| N2(b)
6 220 75 -.32 .e9| .75 -1.81] .91 -.51 .68 .63] 32.@ 31.1] N2(a)
e 220 75 -.32 .09]1.59 3.52]|1.4e 2.17| .55 .63| 22.7 31.1] N2(e)
1 224 75 -.36 .e9| .91 -.59| .82 -1.87 .68 .63] 25.3 31.3| Ni(a)
| 5 226 75 -.38 .e9|1.03 .22| .97 -.14| .ea  .e2| 28.e 31.3| Ni(e)|
| 30 226 75 -.38 .89]1.02 .2e| .92 -.48| .63 .62]| 21.3 31.3| N6(e)
22 243 75 -.53 .1e| .87 -.89] .98 -.54] .61  .59| 4@.@ 34.9| N5(b)
---------------------------------------------------------------------------------
MEAN  185.6 75.8 20 .10]1.03 .e4]|1.83 .e2| | 29.9 32.4|
P.SD 29.7 .0 .ee| .34 1.97] .34 1.76| | 8.2 1.6]

Figure 4. Measure logit and standard deviation at the output of the item measure for
each item on the problem-solving ability test

Based on Figure 4, it is known that the standard deviation value is 0.28. According to
the logit measure and standard deviation, the problem solving ability test items can be
classified as in the following table:

Table 8. Analysis results of the difficulty level of problem solving ability test items
Interpretations of The

Measure Logit Difficulty Level ltem Nu:nber of
tems
M <-0.28 Very easy N1@)- N&éﬁ)Ng(zé)e )- N5(b) 5
N1(b). N1(c). N1(d). N2(b).
-028<M <0 Easy N2(d). N3(d). N4(a). N5(a). 10
N5(c). dan N6(b)
N2(c). N3(a). N3(c). N3(e).
0<M <0.28 Hard N4(c). N4(d). N6(a) dan 8
N6(d)
M > 0.28 Very Difficult N3(b). N4(b). Na(e). N5(d). 6

N5(e). dan N6(c)

Based on Figure 4, it is obtained that the level of difficulty of the items in the very
easy interpretation is 20% and in the easy interpretation is 33.33%. While the level of
difficulty of the items on the difficult interpretation is 26.67% and the very difficult
interpretation is 20%. These results indicate that the items on the problem solving
ability test instrument are almost evenly distributed at each level of difficulty.

= CONCLUSION

The results showed that the problem-solving ability test instrument on the material
developed for optical devices had good quality in terms of validity and reliability. Of
the six item items, all of them can be used. The difficulty level of the problem solving
ability test instrument varies. The problem-solving ability test instrument is appropriate
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for use as a measure of problem-solving ability in high school students based on
validity, reliability, and level of difficulty.

This research is expected to be a teacher's reference in carrying out problem-
solving ability tests on the material of optical instruments and references in compiling
problem-solving ability test items. The sample in this study is still limited, it is hoped
that future researchers can use a larger sample.
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