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ARTICLE INFO. Abstract

Keywords: In the present day, education is anticipated to cultivate individuals who possess the 4C competencies, which
Rasch Model: encompass creative thinking, critical thinking and problem-solving, communication, and teamwork. In the
Hots: ’ 21st century, education is of growing significance in equipping students with learning aptitude, creativity,

and proficiency in using technology and information media, enabling them to thrive and adapt throughout
their lives. This research aims to examine and explain the attributes of questions that assess higher-order
thinking skills using the Rasch Item Response Theory (IRT) method. This study is a Descriptive-quantitative-
research. This study focused on analyzing the response patterns of 70 class XI students from SMA Negeri 3
Tuban towards a formative test instrument that consisted of five answer choices. The test set is derived
from the execution of formative assessments. The Rasch model was utilized for data analysis with the
assistance of ConQuest. The analysis results indicate that all items conform to the Rasch model. Based on
the difficulty level, 15% of the items fell into the troublesome category, while 85% were classified as
moderate. The difficulty level values go from -1,094 to 1,250
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1 Introduction
and information media and can work and survive using

Education at this time is expected to produce human
P P these skills for life (Andrian & Rusman, 2019).

resources with the 4C abilities (Johansson, 2014;

Komboz, 2018; Wood, 1978), namely creative thinking Abdullah Sani, R. (2019) stated that the younger
skills (Bond, 2020; Hansen, 2020; Wolfe, 2013), critical generation must have critical thinking, creative
thinking and  problem-solving, communication thinking, and problem-solving skills (Abus &
(Hansen, 2020; Hee, 2008; Maia, 2013), and Usmiyatun, 2023). These three abilities will help the
collaboration. In the 21st century, education is younger generation face all the more complex
becoming increasingly important to ensure students challenges of the future (Budiarti et al., 2024; Cholily,
have learning skills (Setio & Baiduri, 2023), innovation 2023; Reihani et al., 2024).

(Lubis & James, 2024), and skills in using technology
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The role of education is significant for the younger
generation to gain critical thinking skills, creative thinking,
and problem-solving abilities (Inam et al., 2021; Karim &
Zoker, 2023; Zahroh et al., 2024). At this time, education
has entered the 21st century, where learning no longer
focuses on memorizing facts without meaning, but
instead knowing that requires students to be skilled in
using technology, be creative, innovate, and be intelligent
in science (Wijaya et al., 2016). These abilities have been
organized into one in the 2013 curriculum, which we
currently call higher-order thinking skills or higher-order
thinking Skills (HOTS).

HOTS is the ability to combine facts and ideas in analyzing
and evaluating up to the creation stage by assessing a fact
that has been studied or being able to create from
something that has been studied. Investigating,
evaluating, and building is part of the cognitive taxonomy
created by Benjamin S. Bloom in 1956. In the end, it was
refined again by Anderson and Krathwohl (2001) into C1-
memory (remembering), C2-understanding
(understanding), C3- applying, C4-analysis, C5-evaluating,
and Cé6-creation (Saraswati & Agustika, 2020a).

Mathematics subjects are one area of knowledge central
to developing the competencies needed to face the 21st-
century environment (Hamdi et al., 2018). As a basis for
the development of modern knowledge and technology,
mathematics also plays a role in advancing human
thinking power. Mathematics subjects provide the ability
to think logically, analytically, systematically, critically,
innovatively, and collaborate. These subjects must be
taught from the basic level of education (Darmayanti,
Arif, et al., 2023; Gunawan et al., 2023; Nisa et al., 2023).
Through mathematics subjects, students are expected to
be able to apply their uses to everyday life (Saraswati &
Agustika, 2020b). Everyone needs mathematics subjects
to solve various problems through calculating and
thinking (Hasanah et al., 2023; Laila et al., 2023; Rofiah et
al., 2023). Being able to solve problems means being able
to examine a problem and being able to apply that
knowledge to new situations. This ability is usually called
higher-order thinking Skills (Dinni, 2018).

Ideally, learning-oriented towards Higher Order Thinking
Skills (HOTS) starts from designing, implementing learning
in class, and evaluating learning (Aji et al., 2023; Astuti et
al., 2023; Setiawati et al., 2023). The learning evaluation
process is essential to measure the extent of each
student's abilities. Suppose implementing teaching and
learning activities is oriented towards higher-order
thinking Skills (HOTS). In that case, the learning evaluation
must also be oriented toward High Order Thinking Skills
(HOTS). Student learning can be evaluated in various
ways, including tests (Legi Aspriyanti et al., 2022).

Research on students' ability test questions based on
higher-order thinking Skills (HOTS) has been increasingly
carried out in recent years. For example, in 2020, Yuli

Setiawan and Siti Fatonah (2020) conducted analytical
research on thematic mid-semester assessment
questions at MI Sleman Regency, and the result was that
the percentage of HOTS questions was 18.6%. Analysis of
guestion items helps improve the quality through revision
or removing ineffective questions (Darmayanti, Hidayat,
et al.,, 2023; Iwuanyanwu, 2021; Shania et al., 2024).
Besides that, it can be used as diagnostic information for
students, whether they understand the material that has
been taught. Analysis of questions in education can be
done using two approaches, namely the classical and
modern approaches. Modern analysis of question items is
the study of items using Item Response Theory (IRT) or
the theory of question item answers (Fauziana & Dessy
Woulansari, 2021).

Rasch modeling provides a different approach to using
test scores or raw data in educational Assessment
(Cahyadi et al., 2023; Lestari et al., 2023; Setiawan et al.,
2023). The main goal is to produce a measurement scale
with equal intervals that will later provide accurate
information about test takers and the quality of the
questions they work on (Perdana, 2018). The Rasch model
is based on two principles. The first principle is the
subject's ability, in this case, the student's ability to
answer a question, which can be predicted using traits
(Wahyuningsih, 2020). Mardapi (2012) said that
measurement in the Rasch model directly compares
individuals and items. In this case, the individual is the
test taker's ability, and the items are the difficulty level
parameters. So that under certain conditions, for
example, the test taker's ability increases, the chance of
correctly answering the test item becomes greater.
Therefore, the opportunity to answer a test item correctly
refers to two things, namely, the test taker's ability and
the difficulty level of the item.

Regarding the basic concept of the Rash model,
Sumintono (2014) also stated the same thing, that the
Rasch model is a measurement model that determines
the relationship between the test taker's ability and the
level of difficulty of the test items. Furthermore,
Sumintono (2014) illustrates this relationship; for
example, if a test taker can answer 80% of the questions
correctly, he has higher abilities than a test taker who can
only answer 60% of the questions correctly. Based on this,
researchers are interested in analyzing hots formative
questions using the Rasch model

2 Theoretical Review
Higher Order Thinking Skills

Sani (2019) defines higher-order thinking Skills (HOTS) as
the capacity to engage in strategic thinking, utilizing
knowledge to resolve problems, examine arguments,
negotiate difficulties, or make predictions. Stein & Lane
argue that higher-order thinking skills are intricate mental
processes that lack a systematic solution, cannot be
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anticipated, and can only be addressed by employing a
novel approach to established problems or tasks, distinct
from the provided examples (Ayuningtyas & Rahaju,
2017).

According to Lewis & Smith, high-level thinking results
from combining existing knowledge with new information
and then organizing and developing that information to
achieve a specific goal or find answers and solutions to
complex problems. This process requires advanced
cognitive skills. The Higher Order Thinking Skills (HOTS)
encompass essential cognitive abilities such as critical
thinking, creative thinking, problem-solving, and decision-
making (Sani, 2019). "Higher Order Thinking Skill" refers to
the capacity to engage in complex cognitive processes
such as describing, concluding, analyzing, and employing
other advanced thinking skills to solve problems that lack
a predetermined algorithm, cannot be predicted, and
require diverse approaches.

Formative Test Questions

Formative Assessment is a method used to gather
information regarding the progress of the learning
process. The primary objective of formative Assessment is
to systematically track the progress of students' learning
and offer continuous feedback to instructors to enhance
their learning experience. In addition, the utilization of
Formative Assessment in education has the advantage of
enabling pupils to discern their aptitudes and deficiencies
in specific subjects inside particular classes. Formative
Assessment also aids in identifying student challenges,
allowing for prompt intervention to support their learning
progress (Sinaga et al., 2016; Susanti, 2018).

Rasch Model

The Rasch model is a modern evaluation theory that can
classify item and human data on a distribution map. The
Rasch model is a theoretical framework that outlines the
anticipated data organization to obtain precise
measurements. It functions as a benchmark for effective
quantification. Rasch's equations provide factual
information and encapsulate the anticipated correlations
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we expect to observe in the real world. Education aims to
provide students with the essential skills and information
needed to address a diverse range of life's difficulties,
going beyond the material taught in textbooks or assessed
on tests. Rasch models enable the testing of the
hypothesis that the specific challenges presented in a
curriculum and on a test accurately represent the entire
population of possible challenges in that domain. This is
achieved by ensuring that the measures remain consistent
across different tests measuring the same thing. A Rasch
model is a theoretical framework that serves as a
conceptual standard, providing a useful way to organize
and understand data, even though it may not be directly
observed in real-world practice (Asrijanty, 2014; Sabekti &
Khoirunnisa, 2018)

3 Method

This quantitative descriptive study aims to obtain an
overview of the quality of higher-order thinking skills
(HOTS) formative tests through the characteristics of the
Rasch model test. The subjects of this research were 70
response patterns of class. The ice instrument is teacher-
made and taken from a formative test's results in multiple
choices with five alternative answers. Quantitative data
analysis was carried out using the Item Response Theory
(IRT) approach with the Rasch model with the help of the
ConQuest program. The quality of questions in the Rasch
model can be determined by estimating parameters such
as the validity of the difficulty level and item fit with the
Rasch model. In the validity estimation test, items can be
compared using the criteria below (Pratama, 2020).

Table 1. INFIT MINSQ Score Criteria
INFIT MNSQ value Information

> 1.33 It does not match the model.
0.77 — 1.33 Matches the model
< 0.77 It does not match the model.

In estimating an item's difficulty level, the criteria for
determining the level of difficulty of an item revolve
around the value in the calculated passing item -2.0 to
2.0. Figure 1 illustrates the sequential phases of the
research procedure to the Rasch Model.
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Figure 1 depicts the sequential process of the Rasch
Model analysis procedure (Yolcu, 2019; Yuwono et al.,
2021).

4 Results and Discussion

The formative test instrument for arithmetic
sequences and series material has 20 items with five
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ConQuest: Generalised Itesm Respanse Modelling Software Wed
TARLES OF RESPONSE MODEL PARAMETER ESTIMATES

TERM 1: item

VARTABLES INWEIGHTED FIT
iten ESTIMATE ERROR*  MNSQ C1 T
1 1 -0.080 0,186 O.88 ( 0.67, 1.33) -8.7
2 2 0.507 0.177 08,97 ( 9.67, 1.33) -0.1
1 3 0.258 0.1 0.95 ( 0,67, 1.33) 0.3
4 4 1.250 0.1 1.8 ( 0,67, 1.,33) 0.1
5 5 9.167 0,189 1,19 ( 9.67, 1.33) 1.1
6 6 1,191 0.173 1.87 ( 9,67, 1.33) 0.5
T 7 -8,165 9,189 9,95 ( 8,67, 1,33) -0.2
B 0 0,672  0.200 1.11 ( 0,67, 1.33) 0.7
e 9 -9.349 0.193 0.92 ( 8.67, 1.33) -0.4
1@ 10 0.684 0,185 9.92 ( 8.67, 1.13) -0.4
11 1 -8,.672  0.200 0.9 ( 0.67, 1.33) -0.5
12 12 0.159 0.183 1.09 ( 0,67, 1,33) 0.6
13 13 0.38% 0,180 8.95 ( 0,67, 1.23) 0.3
14 14 O.002 0,184 1.00 ( 0.67, 1.313) 9.4
5 1% 0,938 0.206 1.16 ( 0,67, 1.33) 1.0
16 16 Q.303 0.180 1.0 ( @,67, 1.33) 0.0
17 17 -9.258 0.191 1.68 ( 9,67, 1,33) 0.5
18 18 -0.35¢ 0.19] 1.35 ( @.67, 1.13) 0.9
19 19 -1,095  0.209 0.98 ( .67, 1.33) -0.1
% 20 1.129* .82 1.86 ( 0.67, 1.33) 0.4

Figure 1 above provides information regarding item
validity where all items fit or match the Rasch model
with a range of INFIT MNSQ values between 0.88—
1.19.

Estimated Level of Difficulty

To determine an item's difficulty level through the
ConQuest program, you can find out by looking at the
item estimate (Threshold) analysis results. The

answer choices. Respondents' answer patterns were
analyzed using the Rasch model via ConQuest
software.

Item Validity Estimates

The results of the INFIT MNSQ value analysis in the
QUEST program can be seen in the image below:

Jan 11 19:37 2023

B.52 ( 0.71, 1.29) -0.5
$.97 ( 0,82, 1.18) -0.4
0.97 ( 0.65, 1.15) -b.

1.01 ( 0.9, 1.10) 0.
1.11 ( 0.67, 1.33) 0.7
1.6 ( 0.9, 1.10) 1.2
0.97 ( 0.67, 1.33) -0.1
1.05 ( 0.53, 1.47) 0.1
0.95 ( 0.63, 1.37) -0.2
0.95 ( 0.72, 1.28) -8.]
B.95 ( 0.53, 1.47) -0.2
1.64 (0,75, 1.25) 0.4
0.55 ( 0,78, 1.22) 0.4
1.2 ( 0.73, 1.27) 0.2
1.05 ( 0,44, 1.5) 0.3
9.99 ( 9.78, 1.22) -0.1
1.81 ( 9,65, 1.35) 0.1
1.9 ( 0.62, 1.38) 0.5
1.01 ( 0.38, 1.62) 0.1
1.5 (0 1.16) 1.8

criteria for determining the item difficulty level range
from -2.0 — 2.0. The items are included in the easy
category if the range or distribution of items or test
participants is extensive. Meanwhile, the items are in
the difficult category if the range or distribution of
items or test participants is extensive. The results of
the item estimate (Threshold) analysis in the
ConQuest program can be seen in the image below:<
—2.0 > 2.0.
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Figure 2. Estimated Level of Difficulty
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From picture 2 above, you can see that question item
4 is the most challenging item. Even if compared with
the test taker's ability, the possibility of the test taker
answering item number 4 correctly is minimal, or one
could say impossible. Apart from that, items number
8, 11, 15, and 19 are the most straightforward
qguestions among the other questions. The threshold
value for all items is in the range, which means all

items meet the item difficulty
criteria.—1.094 - 1.250.

Estimated Item Passed(Fit)

Finding which items have failed or passed is based on
the OUTFIT t value in the ConQuest program. If the
OUTFIT t value < 2.00, the item passes; if the OUTFIT
t value = 2.00, the item fails.

Table 4. Recapitulation of ltemsFit

Items Outfit Valuet Information Items Outfit Valuet Information
1 —-0.5 Getaway 11 —-0.2 Getaway
2 —-0.4 Getaway 12 0.4 Getaway
3 —-0.1 Getaway 13 —-0.4 Getaway
4 0.1 Getaway 14 0.2 Getaway
5 0.7 Getaway 15 0.3 Getaway
6 1.2 Getaway 16 —-0.1 Getaway
7 —-0.1 Getaway 17 0.1 Getaway
8 0.3 Getaway 18 0.5 Getaway
9 —0.2 Getaway 19 0.1 Getaway

10 —0.3 Getaway 20 1.0 Getaway

Based on Table 4 above, it is known that all items
passed, so it can be concluded that all items can be
used.

The results of this study show that all items are valid
with a value INFIT MNSQ between 0.88 and 1.19. In
the research conducted, The INFIT MNSQ_ value is in
the range, which means all items are right; the INFIT
MNSQ value is not much different from the INFIT
MNSQ value in this study. The item difficulty level in
this study, the Threshold value for all items, is in the
range, which means all items meet the item
difficulty criteria. In the research carried out0.25 —
1.24 — 1.094 — 1.50 (Elisa et al., 2020), Based on
the Threshold value, 1 out of 10 items have a
Threshold value, so the item does not meet the item
difficulty criteria. The OUTFI t value in this study is
OUTFIT t £ 2.00 so that all items pass and can be
used; this is different from research conducted by<
—2.0. (Yulianto & Widodo, 2020)If several items do
not meet the requirements, you can be sure that the
item is not good and needs to be repaired or
replaced.

5 Conclusion

Based on the results of the analysis of the HOTS test
questions with material on sequences and arithmetic
series, several characteristics of the test and test
participants can be described as follows: 1) estimate
the validity of item fit or fit with the Rasch model for
20 items with a range of INFIT MNSQ values between
0.88 — 1.19. 2) The estimated difficulty level is in the
range, meaning all items meet the criteria. 3) All items
in the test can be used based on the estimated value
of OUTFIT t £2.00-1.094 - 1.250.

@llm

The researcher suggests that future researchers
conduct research with a more significant number of
student response patterns. They can also use
summative test questions to contain varied material.
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