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Abstrak

Instrumen tes kemampuan abstraksi malema; berbasis HOTS sesuai hudaya Kepulaunan Riau merupakan
bentuk soal yang masih jarang dilemukzdul:lm pembelajaran di sekolah. Tujuan penelitian ini adalah
untuk menganalisis instrumen pengukur kcm'dBJuan abstraksi matematis berbasis HOTS sesuai budaya
Kepulauan Riau untuk siswa SMA kelas 10. Responden sebanyak 402 siswa yang diambil dari empat
seckolah menengah atas yang ada di kota Tanjungpinang. Data penelitian dikumpulkan dengan
menggunakan tes pilihan ganda. Instumen tes terdiri dari 19 butir soal yang diujicobakan. Tingkat
kesulitan soal HOTS yemgﬂinggi dan adanya keterbatasan waktu siswa dalam mengerjakan soal
menycbabkan instrumen tes dibagi menjadi dua paket. Instrumen a(ct A scbanyak 10 butir, dan paket B
sebanyak 9 butir. Analisis Llia menggunakan software Winsteps. Metode yang digunakan dalam analisis
ini yaitu pemodelan Rasch. Hasil [alisis instrumen paket A dan paket B dengan pemodelan Rasch
diperoleh reliabilitas dengan nilai Alpha Cronbach berturut-turut sebesar 0.73 al 0,75, yang berarti
instrumen tes dapat diandalkan untuk mengukur kemampuan abstraksi matematis. Nilai separation paket
A dan paket B sebesar 7,35 dan 6,15 menunjukkan item soancmpunyai sebaran respon excellent. Hasil
analisis data menggunakan pemodelan Rasch menunjukkan seluruh item instrumen tes memenuhi Kriteria
item fit order. Berdasarkan hasil penelitian, 19 bul]’rslrumen tes dikategorikan sangat layak untuk
digunakan. Hasil penelitian pengembangan instrumen kemampuan abstraksi matematis berbasis HOTS
sesuai budaya Kepulauan Riau memberikan kontribusi kepada siswa dalam pendekatan pendidikan
matematika yang lebih inklusif dan menarik.

Kata kunci: Higher-Order Thinking Skills (HOTS); kemampuan abstraksi matematis; analisis model
Rasch; pengembangan instrumen.

Abstract

The HOTS-lae.d mathematical abswraction ability test instrument according te the colture of the Riau
Islands a form of questions that is still rarely found in schoo!l learning. The goal of this study is to
analyze the HOTS-based mathematical abstraction ability instrument according to ie culture of the Riau
Islands for 10th grade high school students. The respondents were 402 students taken from four high
schools in the city of Tanjungpinang. Research data was collected using multiple choice questions. The
test instrument consisted of 19 items that were tested. The high level of difficulty of the HOTS questions
and the studenis' limited rime in working on the questions caused the test instruments 1o be divided into
two packages. Package A consists of 10 items, and package B consists of 9 iterf@) Winsteps software is
used for data analysis. Rasch modeling is a method applied in this analysis. Both package A and package
B instrumenis were analyzed using Rasch modeling, the results showed reliability with Cronbach's Alpha
values of 0.73 and 075 respectively, which means both instruments can be relied upon to measure
students” mathematical abstraction abiliies. The separation values of packages A and B are 7.35 and
6.15 respectively, which means the item have an excellent distribution of respons. Rasch modeling data
analysis results demonstrate that every test instrument item satisfies the item fit order criteria. Based on
awarrh Sindings, 19 test instrument items were classified as extremely suitable for utilization. The
development of a HOTS-based test instrument for mathematical abstraction ability that takes into account
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the cultural norms of the Riau Islands is helping students by promoting an even more engaging and

&{ usive mathematics education.

Keywords: Higher-Order Thinking Skills (HOTS); instrument development.; mathematical abstraction

ability; Rasch model analysis.
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INTRODUCTION

Students today must possess
critical, analytical, logical, systematic,
and creative thinking abilities as a result
of the rapid advancement of life. These
skills are needed to come up with
answers for a wide range of present and
future societal issues (Kristanto &
Setiawan, 2020: Lestari, 2019: Nisa,
Widyastuti, & Hamid, 2018). Critical,
analytical, logical, systematic, and
creative thinking abilities are related to
the qualities of high-order thinking
skills or HOTS. HOTS are necessary to
meet upcoming difficulties. In order to
compete with students from other
countries, HOTS abilities are becoming
more and more crucial for Indonesian
high school students in the current era
of globalization and the industrial
revolution 4.0.

Mathematical abstraction ability
plays a significant role in developing
HOTS (Brookhart, 2010; Cetin &
Dubinsky, 2017; Ocy, Rahayu, &
Makmuri, 2023). When individuals
engage in mathematical abstraction,
they are required to identify patterns,
make connections between different
mathematical concepts, and apply these
generalized principles to solve complex
problems (KILICOGLU & Kaplan,
2019; Murtianto, Sutrisno, Nizaruddin,
& Muhtarom, 2019; Yusepa, 2017).
This process fosters the development of
higher order thinking skills such as
analysis, synthesis, evaluation, and
creativity. One of the key aspects of
HOTS is the ability to analyze

information critically and apply it in
novel situations (Kurniasi & Arsisari,
2020; Setyaningsih & Mukodimah,
2022). Mathematical abstraction
provides individuals with the capacity
to deconstruct complex problems into
simpler components, identify
underlying patterns or principles, and
then reconstruct this information to
solve new problems (Annas, Djadir, &
Hasma, 2018; Cetin & Dubinsky, 2017;
Fitriani, Suryadi, & Darhim. 20I8;
Nisa’, 2019; Simon, 2020; Sitihanifah
& Ramlah, 2021; Syarifudin,
Ratnaningsih, & Ni'mah, 2021). This
process aligns with the skills required
for higher order thinking, as it involves
not only understanding mathematical
concepts but also applying them in
innovative ways.

According to research by Ocy et
al. (2021), which examined students'
HQOTS abilities several schools in the
Riau Islands Province. In other words,
79.5% of students were unable to
abstract a problem so that the problem
could be solved mathematically. This
shows that the ability of high school
students in Tanjungpinang is low in
HOTS based mathematical abstraction
ability.

If supported by appropriate
resources, an effort to increase students'
HOTS abilities in the area of
mathematical  abstraction will be
successful, but 53.6% of teachers find it
difficult to create engaging and
contextual stimuli. and 51.8% of
teachers find it difficult to create
questions that adhere to HOTS criteria
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(Ocy. Rahayu, & Makmuri, 2021). The
need for an instrument that can help
teachers motivate and gauge the level of
their students’ HOTS talents in
mathematical abstraction is where the
urgency of this research lies. However,
it has been discovered that the
exploratory nature of the current study
adds its significance, while the majority
of implementations using the
abstraction  process  have  been
qualitative (Hutagalung, Mulyana, &
Pangaribuan, 2020; Komala, 2018;
Murtianto et al., 2019; Nurrahmabh,
Zaenuri, & Wardono, 2021; Pratidiana,
Rifa’i, & Priyani, 2021; Simon, 2020;
Ulia, Waluya, & Walid, 2022) and there
have been very few experimental
studies undertaken. This means that this
research will clearly contribute to the
literature. In addition, a test instrument
developed based on HOTS-based
mathematical abstraction ability
indicators was used in this research.
This kind of study is valuable because it
provides a wealth of data about the
efficiency and credibility of the test
instrument.

In the age of modernization,
many students of the multicultural
nation of Indonesia today exhibit
indifference to traditional wvalues. In
order to address this, creating culturally-
based HOTS instruments is a solution to
developing youths' appreciation of their
culture (Kamid, Saputri, & Hariyadi,
2021; Khoriyah & Oktiningrum, 2021;
Yuliani, Alfarisa, & Tiurlina, 2022). It
is intended that by incorporating aspects
of Riau Islands culiure into the
instrument's creation, students will be
exposed to new stimuli. This fits the
criterion for issues related to HOTS
because the problem is one that students
have never encountered before (Alfiatin
& Oktiningrum, 2019; Kamid et al.,
2021; Khoriyah & Oktiningrum, 2021).
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In  contrast to  previous
instrument development resecarch that
employs the Classical Test Theory
(CTT) (Arifin & Retnawati, 2015, 2017,
Kurniasi & Arsisari, 2020; Lestari,
2019; Masitoh & Aedi, 2020), this study
produces items with high item
qualifications through data analysis
utilizing the Rasch model. A Rasch
modeling analysis with help from
Winsteps software will be used in order
to understand how well students are
performing on tasks, as well as how
difficult the tasks are, and to evaluate
the HOTS-based mathematical
abstraction ability instrument that has
been constructed in accordance with the
Riau Islands' culture. Identifying the
viability of the developed instrument is
the aim of this study.

METI-E)

This study is an R&D (Research
and Developmerfffjtudy. The 4D model
was used as the development model for
this study. The Define, Design,
Develop, and Disseminate phases were
used to create the 4fEJmodel, which was
created in 1974 by S. Thiagarajan,
Dorothy S. Semmel, and Melvyn I.
Semmel (Sugiyono, 2010).

Examining research  needs,
doing literature reviews, and conducting
early investigations are all done during
the define stage. Making a test
instrument development grid, Table of
Specification, that corresponds with the
research  instrument  development
indicators is the task completed during
the design stage. The task completed
during the development stage is creating
instrument items using a predefined
grid, which is subsequently verified by
experts, and d@hducting small-scale
trials to ensure that the questions that
have been developed can function
properly. In the dissemination stage, the
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activities carried out are test instruments

that have been validated are tested in
larger scale in four schools in
Tanjungpinang.

This study used written exams
with multiple-choice questions as a
method of data gathering. Four schools,
SMAN 1 Tanjungpinang, SMAN 2
Tanjungpinang, SMAS Maitreyawira,
and SMAS Santa Maria, with a
combined enrollment of 402 students of
10th graders, participated in the field
exams. Table 1 displays all available
information.

Table 1. Field test subjects

Name of School  Class Number of
students
SMAN 1 X3 44
Tanjungpmang X4 42
X5 41
X.6 43
SMAN 2 X4 42
Tanjungpnang X7 41
X.8 43
X0 42
SMAS Maitreyawira X 33
SMAS Santa Maria X 31
Total 402
The statistics fit test and

instrument psychometric validity were
both used as data analysis techniques in
this study. As for the development of

Table 2. Distribution of items in cach package
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test instruments on trigonometry
comparison material, there are 19 items
that have been constructed and

produced were empirically examined in
this study. The 19 items were split into
two question packages before the test,
Package A and Package B, each of
which contained ten and nine questions,
respectively. This was done because the
results of the small-scale test at the
development stage were that the number
of questions was large (19 items) and
the HOTS level questions (C4, CS, C6)
tended to have a high level of difficulty,
considering that the time provided by
the school was only two hours of
lessons (100 minutes), students were
unable to complete all the questions (19
items). Bearing this in mind, the test
instruments were separated into two
packages. Mathematical experts have
approved the test instruments, which are
divided in accordance with the
specifications table from the design
stage and satisfy all indicators of
mathematical abstraction ability based
on HOTS criteria. Table 2 provides
specifics on how each item in each
package was distributed.

Number of items on each HOTS level

Packet Item Number Analyze Evaluate Create I of items
A 1,2,3,4,10, 11,14, 15,16,29 4 5 1 10
B 8.9.12.17, 23,24,25,26.30 4 4 1 9

An analysis of the class is done
prior to giving out package A and
package B questions to each class. It's
important to remember that students in
this subject have to have completed
HOTS coursework on trigonometric
comparison materials. By using the
Slovin formula to calculate the number
of students who would become
respondents in each school, the decision

was made to test question packages A
and B for ten «classes using a
proportional samplhg technique. This
resulted in 198 students for testing
package A and 204 students for testing
package B. Table 3 displays the full set
of data.

Table 3. Distribution of questions packets

Class Num her of

Name of School Packet
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X3 44 Ia

SMAN 1 x4 42 A
Tanjungpinang X5 41 A
X6 43 B

x4 42 B

SMAN 2 X7 41 A
Tanjungpinang X8 43 B
X9 42 A

SMAS X 16 A
Maitreyawira 17 B
SMAS Santa X 16 A
Maria 15 B

Item FEfDrder
In Rasch model analysis, the fit

of items is assessed to determine how
well they contribute to the measurement
of the underlying construct. When
conducting Rasch model analysis, the fit
of items is typically evaluated using fit
statistics such as infit and outfit mean
square (MNSQ) statistics (J M Linacre,
2019). The order in which items are
fited in Rasch model analysis is
determined by examining the fit
statistics for each item (Bambang
Sumintono, 2018). The Rasch model
uses the following criteria to determine
an item's quality (Chan, Looi, &
Sumintono, 2021; Maryati, Prasetyo,
Wilujeng, & Sumintono, 2019; Perera,
Sumintono, & Jiang, 2018: Bambang
Sumintono, 2018).
1. Outfit MNSQ (Mean Square) value:

0,5 < outfit MNSQ < 1,5
2. Outfit ZSTD (Z-Standard) value:

—2,0 < ZSTD < +2,0
3. Point Meaure Correlation value:

0,4 < Pt Measude Corr < 0,85

The items of instruments that do

not meet the three aforementioned
conditions are deemed “misfit” and
must be replaced; however, if the items
of instruments that do meet at least two
of the requirements are still deemed to
be “fit” or in decent condition
(Bambang Sumintono, 2018). Table 4
lists the requirements for item fit as
determined by the instrument quality
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rating system (Boone, Staver, & Yale,
2014; John M. Linacre, 2010).

Table 4. Outfit MNSQ criteria

Item model fit mean-square

Criteria
range extremes
0,5—-15 Good
1,5 -2 Marginal
> 2,0 Poor
Table 4 explains that

MNSQ>20 indicates disruption to the
measurement system, this suggests that
the item is not functioning well within
the measurement model and may need
further investigation or revision;
1,5<MNSQ<2,0 indicates it has no
significance for measurement, these
values indicate some degree of misfit,
they may still be acceptable depending
on the specific research context or
purpose of measurement;
0,5<MNSQ<I1,5 these values suggest
that the item is functioning well within
the measurement model and contributes
meaningfully o the overall
measurement; MNSQ<0,5 indicates it is
not useful for measurement even though
it doesn't cause damage to the
measurement system.

Item Difficulty Level

According to Table 5, the Rasch
modeling divides the item difficulty into
four groups based on the Measure
(logit) and the logit item's Standard
Deviation (SD) values (Boone et al.,
2014, Maryati et al., 2019; Perera et al.,
2018; Bambang Sumintono, 2018).

Table 5. The criteria for the level of
difficulty of the items

Inter pretation of

easure (logit) Item Difficulties
Measure logit < —SD Very easy
(&Y < Measure logit < 0,00 Easy
0,00 < Measure logit < SD Difficult
Measure logit = SD Very difficult
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Item Discriminant Power

The classification of Pt Mcasure
Corr values (Bambang Sumintono,
2018) can be shown in Table 6 and
provides insight into the discriminating
power of the items.

Table 6. Criteria for discriminant power

of items
Point Measure .
Correlation Value Inter pretation

> 040 Very good
0,30-0,39 Good
0,20-0,29 Fair
0,00-0,19 Cannat discriminate

< 0,00 Requires inspection of

items
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requirement. In the Rasch model, the
unidimensional limit must be at least
40% and preferably more. Table 7 lists
the Rasch model's unidimensionality
requirements (Perera et al., 2018;
Bambang Sumintono, 2018).

Table 7. Unidimensionality criteria

‘Observed’ Score in

Raw Variance Criteria
Explained by Measures
= 60% Excellent
40% — 60% Good
20% — 40% Fair
= 20% Minimum
< 20% Poor
< 15% Unexpected variance

When the Pt Measure Corr value
is 1.0, it indicates that all participants in
tests with low abilities gave erroneous
answers while all test-takers with high
abilities gave accurate answers to all of
the questions. A negative Pt Measure
Corr number, on the other hand, shows
items that were misleading because
participants with low ability were able
to correctly answer the questions while

participants with  high ability
inadvertently provided incorrect
answers.  According to Bambang

Sumintono (2018), questions with
negative correlation values must be
examined to determine whether the
items need to be updated, should be
removed from the test, or the answer
keys are invalid.

Unidimensionality

Utilize the results of the
unidimensionality test to evaluate the
Rasch model's validity. The Rasch
model requires that the wvariables are
unidimensional. The dimensionality
map, or more specifically, the raw
variance data collected from the
Winstep software, or by taking a look at
the "raw wvariance explain measure"
value, either show the unidimensional

The dimensionality map also
shows the independence  needs.
"Unexplained variance in 1st-5th" is an
excellent indication of the value of
independence. Table 8 displays the
criterion for unexplained variance
(Boone et al., 2014; Perera et al., 2018).

_@Fble 8. Unexplained variance criteria

Unexplained variance in 19-

5% of PCA of residual Crlterla
< 3% Excellent
3 —5% Very Good
5—-10% Good
10 —15% Fair
= 15% Foor

Monotonicity

Subsequently, investigate items
monotonicity characteristics. The ability
range of the response group known as
group invariation (monotonization) is
from low to high. When something is
invariant, it either has a monotonous
growth in item qualities or is curved.
The observed average column, where
the wvalues must tend to increase
gradually or consistently from small to
large, reveals the nature of the
monotonization in winsteps (J M
Linacre, 2019). The instrument is
monotonous meaning that there are no
confusing instruments.
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Reliability

Reliability is another factor that
influences the quality of the item. With
a Rasch reliability value of zero to one,
@Jcn known as Cronbach's Alpha,
person and item reliability describes the
stability of respondents and items
(Duncan, Bode. Lai. & Perera, 2003).
The acceptable range for the
instrument's coefficient Alpha Cronbach
of reliability is 0.70 to 0.99 (Mohamad,
Sulaiman, Sern, Mohd, & Salleh, 2015).
The criteria in Table 9 serve as the
foundation  for  establishing  the
reliability of both persons and items (J
M Linacre, 2019; Perera et al., 2018).

Table 9. Person gfijl item reliability

Person and Item Reliability Criteria
>0,94 Excellent
091 —0,94 Very Good
081 —-0,90 Good
0,67 — 0,80 Fair
< 0,67 Poor

Person and Item Separation Index
The index of separation of
persons and items estimates the ol that
can distinguish between students' skills.
The wider the spread of items from casy
to difficult items, and the higher the
index of separation of people and items,
the more accurately the distribution of
items responds to items (John M.
Linacre, 2010). There are values for the
separation index ranging from 0 to
infinity, the higher the separation the
@3ter. Table 10 displays the criteria for
the person index and item separation
(Boone et al., 2014; Chan et al., 2021; J
M Linacre, 2019).
Table 10. Person and item strata

separation
Person and Item Strata e

- . Criteria

Separation
=5 Excellent
3—4 Very Good
2—-3 Good
=15 Acceptable
<15 Not Acceplable
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Precision of Measurement

The precision of measurement is
heavily dependent on the instrument,
and it describes the result. To assess the
adaptability and dependability of an
instrument, accurate measurements are
crucial. Less than 0.5 is the minimum
acceptable standard of error for an
instrument. In Rasch model, the
estimated value of the items can be
found in the "Model S.E" column
(Pereraetal.,2018).

Discriminating Power[f)

The capacity of students who are
able to answer questions and those who
are unable to answer questions is
separated using the discriminating
power of questions. Analysis is
employed in the Rasch modeling
process as a method to assess
discriminatory power at the level of the
individual. To further identify groups of
respondents, a method based on the
respondent §BJaration index can be
employed. The higher the item
separation  valuc ffJthe better the
instrument is for all respondents and
item items since it can differentiate
between groups of items and groups of
respondents (B Sumintono, 2016). The
strata separation equation (H) is an
additional equation to determine more
specific ~ grouping  (Misbach &
Sumintono, 2014).

. [(4 x SEPARATION) + 1]
3

Students' HOTS in the Aspect of
Mathematical Abstraction Ability

The examination of the Rasch
model reveals students' capacities for
mathematical abstraction. precisely by
examining the logit score measure's
mean value on the output of the person
measure (Perera et al., 2018, B
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Sumintono, 2016). If the mean logit
value is ks than 0.00, then students
have low HOTS abilities in the domain
of mathematical abstraction. However,
if the mean logit value is greater than
0.00, students are considered to have a
strong HOTS ability in the field of
mathematical abstraction.

RESULTS AND DISCUSSION
STAGE 1: DEFINE

In this study, three cognitive
@ivels are included in the HOTS items:
analyze (C4), evaluate (C5), and create
(C6) (Phil, Kim, Zulnaidi, Syrene, &
Rahim,  2022;  Setyaningsih &
@Bllukodimah, 2022; Tanujaya, 2016).
Mathematical abstraction ability refers
to the capacity t understand and
manipulate  abstract ~ mathematical
concepts, such as numbers, functions,
and geometric shapes, without relying
solely on concrete@bjects or real-world
examples. While abilities include the
level of mathematical abstraction,
namely perceptual abstraction,
internalization, interiorization and the
second level of interiorization (Hong &
Kim, 2016). The research indicators
based on Hong & Kim (2016) research
can be seen from Table 11.
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Table 11. Mathematical Abstraction
Ability Indicator

Abstraction

Indicator
Level
Perceptual Use physical things to leam about
Absiraction the qualities of mathematical

objects.

Find out about past ex periences
related to the current problem.

Intemalization  utilizing mathematicg¥derms,
symbols, or pictures (such as
graphs, diagrams, or other visual
representations) o convey the
findings of cognition.

able to manipulate or solve
difficulties.

Interiorization assembling, compiling,
developing, and organizing ideas

to creale new understandings or

information.
Second Level Use newly acquired knowledge
of broadly in a range of contexts.
Interiorization
STAGE 2: DESIGN

The first step in the design stage
involves clearly defining the learning
objectives that the tests aims to
measure. This includes identifying the
specific higher-order thinking skills that
are targeted. In order to compile tests
based on the hierarchical level of ability
of HOTS, a table of specifications has
been produced. At this point, the
instrument design process starts, with
three mathematics experts acting as the
instrument's validators. The example of
the table of specifications can be seen in
Table 12.

Table 12. Example of the table of specifications for perceptual abstraction level

Abstraction dicator HOTS Item
Level dn Level Number

Students are able to recognize the properties of mathematical objects by c4 3,23

Perceptual utilizing physical objects related to trigonometric comparisons Cs -

Ahstraction - - - - €0 -
Students are able to reacquaint themselves with previous experiences C4 4,24

related to the problens they are facing regarding trigonometric [65) -

COMpPArisons Ch _

STAGE 3: DEVELOPMENT

At this stage, questions had been
developed  and  constructed  in
accordance with the specifications table.

There are currently  twenty-five
developed questions. Experts and
panelists then vetted these 25 questions.
Out of all the questions, only 19 were
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deemed valid by experts and panelists.
The 19 questions that had passed the
validation stage were then tested on a
small scale. This is done to ensure that
the questions do not contain writing
errors, language that is difficult to
understand, or calculation errors. Based
on the results of the small-scale test,
revision of the question items was
carried out based on sentence
formulation, completeness of stimulus
information, inappropriate indicators,
distribution  of  answer  choices
(distractors) that were less functional
for multiple choice test questions.

Table 13. Misfit person

ISSN 2089-8703 (Print)
ISSN 2442-5419 (Online)

STAGE 4: DISSEMINATION
Person Fit

Finding the appropriate
participant for the Rasch model was the
first stage in this study's data
processing. According to the findings of
the fit person analysis, which involved

402 respondents, 134 out of 198

respondents to the package A
instrument and 128 out of 204
respondents to the package B

instrument were found to be fit. Table
13 displays the findings of the analysis
of misfit individuals.

Misfit Total Person Number
Person 64 005,006,000, 011,014, 031,034 037,038, 030,040, 041,044, 046047 048 071,072, 073,
packet A 074,075,077,080,081, 082, 086,088, 080,090,003, 004, 111, 112, 113,115,116, 118,121,
122,123,128, 129,130, 131, 132 135, 152,155, 157, 158,150, 162, 163, 165, 166, 177, 178,
179,190,192, 194, 195, 196.
Person 76 005,006, 007,009,010,011,012,013,014,015,031, 041,043,048, 049,050,052, 053,054,
packel B 055,056, 068,073,076, 082,083,085, 090,091,094, 095,097,098, 099, 100, 101, 102, 103,

104,106, 116, 121, 122, 123, 126
144,145, 146, 147, 152, 159, 163

127,128,133, 134, 135, 137, 138, 139, 140, 141, 142, 143,
L 169,173,174, 180, 185, 186, 193, 194, 195, 200, 201, 202

In Rasch model analysis, Table
13, a misfit person refers to an
individual whose responses to the items
in a measurement instrument do not
conform well to the expectations of the
model. A misfit person in Rasch model
analysis refers to someone whose
responses deviate significantly from
what would be expected based on their
ability level. This deviation can
manifest as consistently endorsing items
that are too easy or too difficult for their
ability level or showing inconsistent
response patterns across items.

Identifying misfit persons is
important because their responses can
introduce noise and bias into the
measurement process. Misfit persons
may have different response patterns
due to various reasons such as guessing,
misunderstanding of items, or lack of
motivation. Their inclusion in the
analysis can compromise the validity

and reliability of the measurement
instrument.

Item Fit

After the outlier (misfit persons)
is removed from the data, the data is
once again examined. Being able to
observe the item quality or item fit
order  information is  valualfff
information from Rasch modeling. In
Rasch model analysis, the fit of items is
assessed to determine how well they
contribute to the measurement of the
underlying construct. The fit statistics in
Rasch analysis are used to ecvaluate
whether the observed data conform to
the expectations of the Rasch model. If
the items function normally to the
measurement or not, it is explained by
item fit order. Items that are valid
against the Rasch model are those that
are normally functioning. The fit of
items is crucial for ensuring that the
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measurement instrument is valid and
reliable. Table 14 contains the findings

Table 14. Item fit order
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from the fit order item analysis.

Outfit

Point

Entry Item = Point Measure Fit/
Package  nimber  Number MNSQ  MYSQ yemn Correlation  Measure gy
Criteria Corr. (Fiteria

9 16 0,52 Good  —0,63 0,42 Very good Fit

S10 29 0,51 Good  —D,66 0,43 Very good Fit

81 1 0.75 Good  —073 0,56 Very(Zod Fit

86 B 0,70 Good  —D91 0.57 Very good Fit

S5 10 0,69 Good D99 0,59 Very good Fit

A s2 2 0,75 Good  —D,80 0,57 Very good Fit
s4 4 0,99 Good  —D21 0,55 Very good Fit

s7 14 0,96 Good 0,01 0,55 Very good Fit

s3 3 0,93 Good ~ —D,05 0,55 Very good Fit

S8 15 1,01 Good 017 0,54 v §kood Fit

9 17 0,67 Good  —025 0,39 Good Fit

81 8 0,75 Good  —054 0,51 Very good Fit

s2 9 0,73 Good  —0,73 0,56 Very good Fit

S8 30 0.65 Good — —114 0.60 Very good Fit

B s7 26 0,79 Good D63 0,57 Very good Fit
S5 12 0,69 Good ~ —145 0,71 Very good Fit

s4 24 1,19 Good 0,73 0,64 Very good Fit

s6 25 0,62 Good  —1,03 0,68 Very good Fit

83 23 1,26 Good 0,66 0,48 Very good Fit

Table 14 shows that every item, Item Difficulty Level
specifically the 19 items found in To determine which items

packages A and B of instruments,
satisfies the very good fit item
requirement. The Point Measure
Correlation value with very good
criteria shows that participants in tests
are not confused when selecting
answers to the instrument's questions,
meaning that all participants with low
abilities choose the wrong answers to
the questions and all participants with
high abilities choose the right answers.

belong into the very easy to extremely
difficult categories, the difficulty of
each item is analyzed. The SD logit
values for package A and B items are
1.95 and 1.65, respectively, accor@ig
to the Rasch model's computations. It is
possible to determine the difficulty level
of each item based on the measure logit
and SD logit values. The findings of the
item difficulty level analysis can be
summarized as shown in Table 15 based
on the above explanation.

Table 15. Item categories based on difficulty level

Instr ument Measure logit Category Item Number Number of item

< -195 Very easy 3,4,14,15 4
—-195-10 Easy - 0

Packet A ' I
e 0-195 Difficult 1,2,10,11 4
> 095 Very difficult 16.29 2
< —1,65 Very easy 2325 2
-1,65-0 Easy 24 1
Packet B 0- 1,65 Difficult 8,9, 12,26, 30 5
> 0,65 Very difficult 17 1
Total items 19
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Unidimensionality
Values from the

unidimensionality test are used in the
Rasch model analysis. Table 16 displays

Table 16. Instrument unidimensionality
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the raw variance information for
packages A and B that was collected
from the Winsteps software.

Raw variance explained by m es Eigenvalue Observed Unid lity Criteria
Paket A 99866 500% Good
Paket B 7.6244 459% Good

The instruments in packages A and B
are legitimate according to the
unidimensional criteria of packages A
and B, as shown by the value of "raw
variance explained by measure" in the
table. This demonstrates that packages
A and B, which are HOTS-based

instruments developed in accordance
with the culture of the Riau Islands, can
test students' ability in mathematical
abstraction. Table 17 displays the
independence values for packages A
and B.

Table 17. Unexplained variance in 1¥-5"0of the instrument

Instrument Unexplained variance Eigenvalue Observed Criteria
Unexplained variance in 1% contrast 1.7489 28% Good
Bmxplained variance in 2™ contrast 1.4633 7.3% Good
Packet A Unexplained variance in3™ contrast 1.3103 6,6% Good
Unexplained variance in4™ contrast 1.2140 6,1% Good
nexplaincd variance in 5" contrast 1,1874 359% Good
Unexplained variance in 1* contrast 18422 11,1% Fair
explained variance in 2™ contrast 1.5336 9.2% Good
Packet B Unexplained variance in 3™ contrast 1,3163 7.9% Good
Unexplained variance in 4™ contrast 1.1715 T7.0% Good
Unexplained variance in 53" contrast 10024 6.0% Good

Based on Table 17, the instrument's
items have a fairly high level of
independence and satisfy the Rasch
model's requirements.

Monotonicity
Positive  sequential  distance
values are not separated in order to

ascertain the type of monotonization,
and it is stated that the answer
categories can be viewed as an ordinal
scale. The column observed average,
where the values must tend to
monotonically grow, illustrates the
nature of the monotonicity in winsteps.
View Figures 1 and 2.

| CATEGORY OBSERVED [l0BSVD $AMPLE |INFIT CUTFIT| COHERENCE ESTIM|

| LABEL  SCORE COUNT X[AVRGE EXPECT| MNSQ MNSQ| M->C C->M | RMSR |DISCR|

| = e Rttt B Fommmmm e i 4----- |

| e e 741 55| -2.e8|-2.e8| 1.e6 .94| 81% 87% 3294 | A
| 3 3 52 45| 1.59| 1.58| 1.ee .83 s2% 7a% | .3773| 1.e1| B

Figure 1. Monotonicity of packet A

| CATEGORY CBSERVEDJ 0OBSVD SAMPLE|INFIT QUTFIT| COHERENCE ESTIM|

| LaBeEL SCORE COUNT %] AVRGE EXPECT| MNSQ MNSQ| M-»>c ¢-:M| RMSR |DIscr|
L L LS A—— A i FIRTI I A |

| e @ 654 57| -1.86|-1.85| 1.ee 1.e2| s8sex B82%| .3473 | &
| . 498 43] 1.39| 1.39] .99 .e5| 77% 7vex| .3877| 1.ee| C

Figure 2. Monotonicity of packet B
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The analysis reveals that in both
package A and package B, the value in
the observed average column has
increased from a negative to a positive
value. Both package A's and package
B's observed average values tend to rise
from -2.08 to 1.59 and from -1.86 to
1.39, respectively. The Root Mean
Square Residual (RMSR) values for
packages A and B grew as well, rising
from 0.3294 to 0.3773 and 0.3473 to
0.3877, respectively. This demonstrates

ISSN 2089-8703 (Print)
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that the products utilized have complied
with monotonicity condition.

Reliability

Rasch reliability can be used to
examine the stability of persons and
items of the instrument, which is
another useful insight provided by
Rasch modeling. Any reliability value
around one is thought to be intern&ly
consistent. Figures 3 and 4 show the
value of the person index and item
reliability for packages A and B.

SUMFARY OF 1354 MEASURED (EXTRAEME AND NOM-EXTREAE) Persion

The red mark in Figure 3 shows
that the Cronbach Alpha coefficient is

I ToraL FMODEL INELT OUTFIT 1
| SCORE counT MEASURE s.E MHSQ  ZSTD  MNSQ  ISTO |

_____________________________________________________________________________ i
| MEAN a.s 1e.e aa .oa |
| sSEM 2 -8 16 -a3 I
| B.sD 2.3 -8 1.88 -1% I
| s.sp 2.3 -8 i.88 15 I
| M @ 1e.8 a.ma 1@ I
| mMEN. e 1.8 a.88 as I
I ik I
| REAL AMSE 1.81 TRUE SO 1.58 B A I i
|MooEL masE -85 TAUE S0 ©2 SCPARATION 1.71 Fur=on RELIABILEITY .74 |
| S.E. OF Person MEAN = .16 I

Porson RAW SCDRE-TO-MEASURE CORRELATION - 1.88 (approximats due to missing cata
[EitriBACH ALPHA (KH-J0) Ferson HAW Scomi - TEsl - WILIABELITY = 73] SEM = 1.39 (a
STANDARDIZED (5@ ITEM) RELIABILITY = .94

SUMMARY OF 10 MEASURED (MNOM-EXTREME)

1.93 [SEPARATION

RELISBLILLTY

e | BT i
RELIABILITY .98 |
|

7.48 Item

.26 TRUE SD
. OF 1Tem MEAN = .55

1.93 SEPARATION

Figure 3.Person and item reliability packet A

SUMMARY OF 128 MEASURED (EXTREME AND NON-EXTREME) Person

| TOTAL MODEL INFIT OUTFIT
| SCORE counT MEASURE 5.5. MNSQ ZSTD MNSQ ZSTD |
st e s s s S e A R e S R S w R e n e e - & TSR e F A S S e e I
| mEan 3.9 .8 - 56 10868 [
| SEM -2 .8 .18 -82 I
| e an 2.3 .- 2 oo -6 1
| s-sp 2.3 -8 z.@a .26 I
| waaxc, o.0 .8 a.30 1.93 1
| MIm. @ .8 -4.53 B2 I
|mmmmnmamn . - - - - = . == - 1
| REAL RMSE 1.89 TRUE SD 1.68 [SEPARATION 1 _34] [Person RELIABILITY 7@ |
|MODEL RHSE 1.03 TRUE SO 1.71 SEPARATION 1.00 FPerson RELIABILITY 75 |
I

| S.€. OF Person MEAN - .18

SUMMARY OF 9 MEASURED (MOM-EXTREME) Ttem

OO

I . : 1
I SCORE coun MEASURE S.E. zZ=TD NSO zZsTD |
1 - s - . = L - I
| mEAN 55.3 128.9 ae 1.@3 18 -B2 -.49 |
| sEm .6 .o sa e © as .o zs |
| P.SO 27.2 .8 1.65 -ez 18 1.28 .22 71 |
| .30 z8.9 .o 1.73 -o2 1= 1,35 .2a 70 |
| maax. °8.0 128.9 z.a7 e 1.58¢ 3,24  1.26 72 |
| mzn. 16.@ 1z8.9 z2.60 .23 -8 -1.78 62 -1.a5 |
e e e e e o e A i e A

| mEAL RM<E .27 TRUE SO 1.63 [CEPARATION 6.16] [Item meiTaBiiity o7 |
IMODEL RMSE .25 TRUE SO 1.63 SEPARATION 6.42 Item RELIABILITY .98 |
| S.E. OF Item MEAM = .58 I

Figure 4. Person dan item reliability packet B

0.73, the item reliability is 0.98, and the
person reliability index for package A is
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0.71. The strong reliability estimate for
package A shows how consistently
items and student responses interact.
Similar results can be seen in Figure 4,
where the Cronbach Alpha coefficient is
0.75, item reliability is 0.97, and the
person reliability index for package B is
0.70. As a result, package A and
package B instruments are regarded to
be reliable and having excellent
psychometric internal consistency.

Person and Item Separation Index

The person separatioiff) index
value for package A is 1.57 and the item
separation index value is 7.35 in Figure
3. The person separation indexJalue for
package B is [.54 and @k item
separation index value is 6.16 in Figure
4. This shows that the distribution range
of respondents in packages A and B has
person separation with "acceptable"
criteria and item separation in packages
A and B instruments with "very good"
specifications. The person and item
separation index indicates that the
instrument respondents who meet the
criteria can be relied upon and that the
level of student ability has an excellent
level of diversity.

Precision of Measurement

Precision of measurement is a
strong reliance on the instrument and
describes the conclusion. Figures 3 and
4 show that the S E. model has a value
of 0.26 and 0.25, respectively, which is
less than 0.5. As a result, measurement
accuracy Serves as a tI'l.lSIWOI'thy
indicator of how well an item fits. The
instrument's level of reliability was
determined to be high, and it
demonstrated accurate measurement.

Table 18. Summary of field test data analysis

ISSN 2442-5419 (Online)

Discriminatory Power

The values of item scparation
packages A and B are 7.35 and 6.16,
respectively, according to Figures 3 and
4. Packages A and B had person
separation values of 157 and 1.54,
respectively. According to (Perera et al.,
2018; Bambang Sumintono, 2018)
stratum separation equation formula
(H), specifically:

[(4 % 7,35) +1]

Hitem packetA — f = 10,133
=10
[(4 % 1,57)+ 1]
Hpersm packet A = f =242=1
[(4 x 6,16) + 1]
Hitempacket 5 = -3 - 8,546 = 9
[(4 % 1,54) + 1]
Hpe'rsun packets = f = 2,386

2

n

The stratum equation's (H) value
for the items in packages A and B turns
out to be 10.133, which is rounded to
10, and 8.546, which is rounded to 9. As
for the respondents in package A and B,
the results obtained are 242 which is
rounded up to 2 and 2.386, rounded up
to 2, respectively. As a result, it is
possible to identify 10 groups of items
A and 9 groups of items B. For
respondents, this means that package A
and package B respondents can be
sorted into two groups that represent the
skills offle students.

Based on the results of the
psychometric validity analysis and the
fit statistics test, the results of the field
test data analysis can be summarized in
Table 18.

Number Criteria Packet A Packet B

1 Unidimensionality 50% (Good) 45,9% (Good)
2 Monotonicity —2,08 to 1.59 (Monoton) —1,86 to 1,39 { Monoton)
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Alpha Cronbach

3
4 Person Reliability
3 liem Reliability

0,73 (Adequate)
0,71 (Fair)
(0,98 (Excellent)
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0,75 (Adequate)
0,70 (Fair)
0,97 (Excellent)

The following findings can be
obtained from  Table IR, the
examination of the instrument's
psychometric validity: (1) measurement
packages A and B were able to explain
50% and 45.9% of the raw variance,
respectively, showing that they met the
conditions for unidimensionality; (2)
with scores for package A ranging from
-208 to 1.59 and for package B from -
1.86 to 1.39. the monotonization of
packages A and B tended to rise
(meeting theghonotonicity criteria); (3)
the A and B instruments' respective
Alpha Cronbach reliability scores of
0.73 and 0.75 show that respondents'
consistency in responding to the
instrument can be accepted holistically:
(4) the person reliability scores for
packages A and B were 0.70 and 0.71,
respectively, indicating that the subject's
consistency in giving an answer proved
quite good; (5) the item reliability
scores for packages A and B were 0.97
and 0.98, respectively, indicating the
excellence of package A and B
instruments in the special category. All
items examined empirically met valid
and reliable criteria according to the
findings of statistical fit test analysis
and psychometric validity.

2

Students' HOTS in the Aspect of
Mathematical Abstraction Ability

The examination of the Rasch
model reveals students' capacities for
mathematical abstraction. Precisely by
examining the logit score measure's
mean value on the output of the person
measure. For respondents in package A,
the mean value for the person measure
is —0.44 < 0.00 logit. Additionally,
package B respondents’ mean value for
the person measure is —0,56 < 0,00

logit. This demonstrates that students'
mathematical abstraction skills fall
below of the required level for the
item's difficulty, whih means that
HOTS performance in the arca of
students’ mathematical  abstraction
abilities is poor.

DISCUSSION

The research findings revealed
that Tanjupinang high school students
have low HOTS abilities in the arca of
mathematical abstraction. This
demonstrates the necessity of improving
students' HOTS skills, particularly in
the area of mathematical abstraction.
There are several strategies that a
mathematics teacher can use to improve
their students” mathematical abstraction
abilities. The following is how this
research ) contributes to  students'
stronger HOTS abilities in the area of
mathematical abstraction ability: (1)
Students can use the final prduct as
training material to develop higher-
order thinking skills in the mathematical
abstraction ability area; (2) High school
math teachers can use the final product
to assess their students' understanding
of mathematical concepts, aptitude for
mathematical abstraction, and capacity
tor higher-order thinking.

To give students fresh insight§)a
cultural component—specifically, the
culture of the Rian Islands—was
incorporated into the instrument's
construction. The problem environment
that this instrument develops presents
new challenges that students have never
encountered before. That is one of the
study's advantages. A further advantage
of this research is that, in contrast to
CTT, which focuses on observed scores
and assumes equal item discrimination
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across different ability levels, the Rasch
model operates on a more fundamental
level by estimating item difficulty and
person ability parameters
independently. This distinction gives
= to several advantages that position
the Rasch analysis model as a powerful
tool for measurement and assessment.

12
EONCLUSION AND SUGGESTION

Based on the results of the
research and discussion, the following
conclusions were obtained: (1) The final
@oduct in this research produced a
HOTS instrument on the aspect of
Bathematical ~ abstraction  abilities
according to the culture of the Riau
Islands. The test instrument is a set of
multiple-choice questions consisting of
19 questions. The wvalidity of the
instrument is proven by the results of
expert assessment and Rasch model
analysis. The instrument also meets the
criteria for reliability, (2) Multiple-
choice questions have the characteristics
of item difficulty levels that tend to be
difficult or very difficult, good
unidimensionality, fulfill monotonous
characteristics, and very good precision
of measurement.

This research's limitation is the
instrument's incorporation of cultural
components from the Riau Islands,
which makes it challenging for students
from  other regions to  usec.
Because students from other regions are
unfamiliar with the cultural background
of the questions. This can be overcofe
by conducting research regarding the
development of HOTS instruments on
aspects of mathematical abstraction
abilities by involving other cultural
contexts that are familiar and close to
students.
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