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Abstract: Higher-order thinking skills (HOTS) are crucial in science education,
yet students often struggle to master them, particularly in complex topics such
as vibrations and waves. This study aimed to evaluate the HOTS performance
of 165 eighth-grade students from five schools in Purbolinggo Sub-district,
East Lampung, using a two-tier multiple-choice test analyzed through the
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Aﬁziﬁﬁgr;nlgussmséam Rasch Measurement Model. The test consisted of 12 items, each with a content
2ik120@ums.ac.id question and a reasoning tier, adapted from Treagust (1988) and validated

through expert judgment. Rasch analysis indicated that most students
demonstrated low HOTS ability, especially in the creating domain (C6),
involving generating novel ideas or solutions. In contrast, analyzing (C4) and
evaluating (C5) were relatively easier but still reflected limited mastery. The
highest difficulty appeared in questions requiring divergent thinking and
complex synthesis. Item fit statistics showed good instrument validity (person
reliability = 0.93; item reliability = 0.83). These findings highlight the
importance of implementing learning strategies that foster creativity and
synthesis, such as problem-based learning or project-based approaches. The
study was limited to one geographic area, which may restrict generalizability.
Future research should explore broader contexts and incorporate qualitative
data to deepen understanding of HOTS development in science.
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Introduction

Higher-order thinking skills (HOTS) a crucial role in
junior high school science learning, as they enable
students to build conceptual understanding and solve
complex problems independently. International
assessments such as PISA (2023) have shown that
Indonesian students continue to struggle with science
items that require analysis, evaluation, and problem-
solving, indicating persistent gaps in HOTS mastery.
Although multiple studies highlight the value of HOTS
in science education (Kwangmuang et al, 2021;
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Ramadan et al.,, 2023; Susantini et al., 2022), challenges
remain in assessing these skills effectively — particularly
in specific science domains such as Vibrations and
Waves, where students must apply abstract concepts
and reasoning beyond memorization.

Research by Khaeruddin et al. (2023) revealed that
students encounter significant difficulties when tackling
HOTS-oriented items in Vibrations and Waves due to
the cognitive demand of interpreting and applying
conceptual relationships. This highlights the importance
of valid, reliable, and domain-specific assessment tools
that go beyond traditional multiple-choice formats.
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While conventional multiple-choice questions are often
criticized for focusing on factual recall, well-constructed
alternatives —such as two-tier tests —can better capture
students’ reasoning processes (Istiyono et al., 2018;
Treagust, 1988). Two-tier items provide insights into
both the answer and the justification, enabling a more
nuanced analysis of student understanding and
misconceptions.

More accurate assessment instruments, such as the
Two-Tier Test and Rasch Measurement, are important in
evaluating students' HOTS because conventional
assessment methods are often unable to identify the
level of conceptual understanding and misconceptions
of students in depth. According to research conducted
by Treagust (1988) many students can choose the correct
answer in multiple-choice questions. Still, they cannot
explain their scientific reasoning appropriately, making
it difficult to measure HOTS accurately. Moreover,
research by Istiyono et al. (2019) showed that many
HOTS assessments are still subjective and do not have
high reliability in measuring students' thinking skills. A
study by Kaltakci et al. (2016) suggests that the use of the
two-tier test in science evaluation can improve the
accuracy of HOTS measurement and help teachers
understand students' thinking patterns. Furthermore,
Rasch Measurement is used to analyze assessment
results by considering the difficulty level of questions
and individual abilities so that it can provide a more
objective overview of students’ HOTS skills
(Hidayatullah et al., 2022). Bond et al. (2021) research
indicates that Rasch Measurement provides more
accurate estimates than classical methods in measuring
HOTS.

Traditional = assessment  instruments  have
limitations in measuring HOTS because they tend only
to test the ability to remember and understand concepts
superficially without evaluating the ability to analyze,
synthesize, and solve problems in depth. According to
research conducted by Istiyono (2016), many exam
questions used in schools still focus on low-level
thinking skills (LOTS), such as memorizing formulas or
identifying concepts, making them less effective in
measuring students' HOTS. Furthermore Fensham &
Bellocchi (2013) study found that students who are
accustomed to LOTS-based questions have difficulty
when facing HOTS questions because they are not used
to thinking critically and reflectively. The reason for this
limitation is that traditional questions, especially
multiple-choice ones, only require students to choose the
correct answer without explaining the reasoning or
applying the concept in a different context (Jansen &
Meoller, 2022; Negara et al., 2024). Therefore, there is a
need for innovation in the evaluation system by
incorporating alternative assessment techniques, such as
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two-tier tests or Rasch measurement, in order to
measure HOTS more accurately without sacrificing
efficiency in the assessment process. However, teacher
capacity to construct such instruments remains limited,
especially in specific topics such as Vibrations and
Waves (Lewis & Smith, 1993; Seibert, 2021).

The main objective of this research is to develop and
test a Rasch Model-based assessment instrument that is
more accurate in measuring HOTS of junior high school
students on Vibration and Wave materials. The present
study contributes to the development of assessment
instruments using the Rasch Model, which allows for
more objective quantitative analysis based on the
difficulty level of the questions and students' abilities.
The Rasch Model can overcome the weaknesses of
classical assessment methods, such as inconsistency in
the level of difficulty of questions and bias in
assessment. According to Bond et al. (2021) this
approach can produce a more accurate and reliable
measurement scale, thus providing a more valid
mapping of students' HOTS. Furthermore, the present
study uses a two-tier test, which not only assesses
students' answers but also the reasoning behind their
choices, thus identifying students' misconceptions and
level of understanding in more depth.

The novelty of this research lies in combining the
two-tier test format with Rasch analysis to develop an
instrument specifically targeted at measuring HOTS in
the context of Vibrations and Waves—a topic that is
cognitively demanding yet underrepresented in HOTS
research. Unlike previous studies that broadly discuss
HOTS, this study provides a focused diagnostic tool for
one of the most conceptually challenging areas in middle
school physics. Therefore, this study aims to fill the gap
by developing and validating a two-tier HOTS
assessment instrument based on the Rasch Model for the
topic of Vibrations and Waves. The research is important
to ensure that HOTS evaluation in science is not only
accurate and objective but also reflective of students’ real
conceptual understanding. This study seeks to explore
several key questions. First, it investigates the
psychometric characteristics of the two-tier test items
developed based on the Rasch Measurement Model in
measuring students' HOTS on Vibrations and Waves
material. Additionally, it examines how students' HOTS
are distributed according to the Rasch analysis results.
Finally, it evaluates the overall fit of the Rasch Model in
assessing HOTS within this specific topic area.

Method

Study Design
This study employed a quantitative approach with
an evaluative research method to measure students’
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Higher-Order Thinking Skills (HOTS) on the topics of
Vibration and Waves. The Rasch Measurement Model
was used to analyze the psychometric properties of
items in the Two-Tier Test instrument and to objectively
map the distribution of students' abilities. Unlike
classical test theory, the Rasch Model addresses issues
such as item bias and inconsistency in measuring ability.
The use of a Two-Tier Test enabled the researchers not
only to evaluate final responses but also to explore
students' reasoning, providing insight into their
conceptual understanding.

Research Location and Subjects

The research was conducted in Purbolinggo Sub-
district, East Lampung Regency. Participants were 165
Grade VIII students from 12 classes across five junior
high schools. There were 82 male students (49.70%) and
83 female students (50.30%), with most students aged 13
(59.39%) and the remainder aged 14 (40.61%). The school
distribution was as follows: School A (33 students),
School B (32), School C (38), School D (30), and School E
(32). This distribution supports a diverse sample in
assessing HOTS on Vibration and Wave concepts.

Research Instruments

The instrument used was a Two-Tier Test. Tier 1
consisted of multiple-choice items, while Tier 2 asked for
justifications supporting the Tier 1 responses. The
development of this instrument was guided by Treagust
(1988), who advocated for Two-Tier Tests as effective
tools for probing scientific understanding and
uncovering misconceptions. The instrument was
designed to assess three HOTS aspects from the revised
Bloom’s taxonomy: Analysis (C4), Evaluation (C5), and
Creation (C6). Each item was mapped to specific sub-
aspects, as shown in Table 1.

Table 1. Distribution of the number of question items

HOTS Aspects HOTS Sub-aspect Item Number Total
Analysis Differentiate 1,7,20 9
Analyze 6,8,15,16
Organizing strategy 2,9
Evaluation Arguing 10,17, 24 8
Judging 3,11, 14, 22,23
Create Providing a point 4, 5,12, 18, 21, 25 8
of view
Produce 19
Design 13

The scoring guidelines are designed to ensure
objectivity and consistency in the assessment of HOTS
test results. The scoring system uses polytomous scaling
with four categories, adapted from the research of
(Affandy et al, 2021). It allows differentiation of
students' level of understanding, especially in linking
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multiple choice answers (Tier 1) with the reasons given
(Tier 2), thus identifying the level of conceptual
understanding and possible misconceptions. Each
student's answer is categorized based on a combination
of the correctness of the concepts used and the accuracy
of the final result obtained. Suppose students give an
incorrect answer on the multiple choice and are also
incorrect in the reasoning (Category 1). In that case, they
get a score of 1, indicating that they do not understand
the concept correctly. Suppose students answer correctly
on the multiple choice but incorrectly in the reasoning
(Category 2). In that case, they get a score of 2, indicating
that their final answer is correct but without strong
conceptual understanding. Conversely, if students give
incorrect answers but correct reasoning (Category 3),
they get a score of 3, indicating that they understand the
concept correctly but make mistakes in the application.
If students answer correctly on multiple choice and
correctly in reasoning (Category 4), they get a score of 4,
reflecting complete and accurate conceptual
understanding. The polytomous scoring approach is
superior to dichotomous (true-false) scoring because it
provides a more detailed picture of students' level of
understanding rather than simply assessing correct or
incorrect answers.

Data Collection Procedure

The data collection involved two main stages:
preparation and implementation. During the
preparation phase, research permits were obtained, and
test items were validated by experts using Aiken’s V
index. A pilot test was administered to 30 students to
assess item clarity and discrimination. During
implementation, the main test was conducted with a 45-
minute time limit to allow students to demonstrate their
HOTS fully. Responses were collected in written form.

Data Analysis

Instrument reliability and validity were examined
using the Rasch Model. Person reliability indicated
consistency across student responses, while item
reliability indicated how well items represented the
HOTS construct. Item validity was analyzed through
infit and outfit mean square (MNSQ) statistics.
Acceptable fit was inferred from values near 1.0
(Engelhard & Wang, 2021). Item difficulty was analyzed
using logit values, where higher logits indicate more
difficult items (Linacre, 2011). The logit scale ranges
from negative to positive values with zero as the mean
difficulty point (Bond, 2015). Statistical comparisons
between HOTS sub-aspects included Correct Answer
Rate, Item Difficulty, Standard Error, Infit and Outfit
MNSQ, and Point Measure Correlation —all within the
Rasch framework.
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Result and Discussion

Descriptive Statistics of Student Response

According to the descriptive statistical analysis of
students' responses, there were variations in the level of
HOTS based on gender and school origin. The students
in the low category were more dominant than those in
the medium and high categories.

Regarding gender, male students in the high HOTS
category were five students (3.03%), nine students
(5.45%) in the medium category, and the majority were
in the low category, with 68 students (41.21%).
Meanwhile, female students had a more even
distribution, with 14 students (8.48%) in the high
category, 12 students (7.27%) in the medium category,
and 57 students (34.55%) in the low category. It indicates
that the proportion of female students achieving higher
HOTS levels is slightly greater than that of male
students. According to school origin, there is a
significant difference in the distribution of HOTS.

School A and School B had more students in the
high HOTS category than the other schools, with eight
students (4.85%) and nine students (5.45%), respectively.
Conversely, Schools C, D, and E tended to dominate
students in the low category, with School C having 38
students (23.03%), School D with 26 students (15.76%),
and School E with 29 students (17.58%) in the low
category, and almost no students from these schools in
the high category. The results indicate that there are
differences in HOTS ability between schools, which may
be due to the quality of learning, educational resources,
and teaching strategies applied in each school.
Furthermore, this result also underlines that there are
still challenges in developing HOTS in junior high
school students, especially in schools with a
predominance of students in the low category.

Table 2. Descriptive statistics of student response

Demo- Sub Number of students (N)
graphics categories  High (%) Medium (%) Lowly (%)
Gender Male 5 (3.03) 9 (5.45) 68 (41.21)
Female 14 (8.48) 12 (7.27) 57 (34.55)
School School A 8 (4.85) 9(5.45) 16 (9.70)
School B 9 (5.45) (4 24) 16 (9.70)
School C 1(61) 1(61) 38 (23.03)
School D 0 (2 42) 26 (15.76)
School E 0 1(61) 29 (17.58)

Item Fit Analysis with Rasch Model

The results of the item fit analysis with the Rasch
Model show that most items have a good level of fit,
although some items have infit and outfit mean square
(MNSQ) values outside the ideal range. According to the
item difficulty values, the level of item difficulty ranges
from -0.80 to 1.40 logits, with an average of 0.00 logits
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and a standard deviation of 0.61 logits. Items with
negative values indicate easier items, while items with
positive values indicate more difficult items. Item 19 was
the most difficult (1.40 logits), while Item 7 was the
easiest (-0.80 logits). In terms of fit statistics, most items
had infit and outfit MNSQ values within the acceptable
range (0.5 to 1.5 logits). Point measure correlation
results, most items had positive correlations (=0.30),
indicating that the items correlated with students'
abilities consistently. The reliability of the instrument
was rated high overall, with a personal reliability of 0.93
and an item reliability of 0.83. The high person reliability
value indicates that the instrument can distinguish
students' abilities well. In contrast, the good item
reliability value indicates that the items have sufficient
consistency in measuring students' HOTS.

Analysis of Level of Difficulty of Questions Based on HOTS
Aspect

The results of the analysis of the level of difficulty
of questions based on HOTS aspects show that questions
that measure analyzing and evaluating skills are
relatively easier to answer than questions that measure
creating skills. Regarding the analysis aspect, the sub-
aspects of distinguishing (-0.67 logit) and organizing
strategies (-0.67 logit) have the lowest level of difficulty,
indicating that students find it easier to identify
differences in concepts and develop strategies in solving
problems. The analyzing sub-aspect (-0.46 logit) is also
classified as easy, although it is slightly more difficult
than the other two sub-aspects.

2,00 -
1,50 A 142
1,00 h 0,84
0,54
0,50 1
0,00 - I
0,50 1 I 0,23 -0,21
-0,67 046067
-1,00
123|456 7]38
Analyzed | Evaluate Created
| = Level of Difficulty -04]-06]-02]-02 0,54 1,42

Figure 1. Analysis of the Level of Difficulty of Questions
Based on HOTS Aspects

In the evaluating aspect, the sub-aspects of
assessing (-0.23 logit) and giving arguments (-0.21 logit)
have a difficulty level that is close to the average,
indicating that students have a fairly good ability to
assess information and provide reasons for a concept.
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However, in the aspect of creating, questions that
measure the ability to provide a point of view (0.84
logits), design (0.54 logits), and produce (1.42 logits)
have a higher level of difficulty than other aspects. The
generating sub-aspect (1.42 logits) was the most difficult,
indicating that students had difficulty in developing

Table 3. Item fit with Rasch model
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new solutions or generating ideas based on concept
understanding. Generally, the results indicate that
students find it easier to solve problems that involve
identification, analysis, and evaluation but experience
greater challenges in developing ideas or creating new
solutions.

Item Correct answers Item difficulty ~Standar error Infit MNS.Q Outfit MNS.Q Point measgre
(logit) (logit) correlation
Item 1 328 -.68 .09 1.40 1.49 41
Item 2 342 -78 .09 1.49 1.40 42
Item 3 301 -43 .10 .58 .88 .38
Item 4 206 .98 .16 1.32 1.18 33
Item 5 235 .35 13 .93 91 .39
Item 6 285 -.26 .10 1.43 1.47 .36
Item 7 346 -.80 .09 1.00 1.05 42
Item 8 294 -34 .10 1.36 1.45 37
Item 9 323 -.62 .09 .95 1.00 40
Item 10 294 -.36 .10 .58 91 37
Item 11 270 =11 A1 .76 .85 34
Item 12 235 .38 13 .80 .87 .39
Item 13 243 .23 A2 1.39 1.37 .35
Item 14 246 .20 12 .62 .77 .39
Item 15 327 -.65 .09 1.49 1.42 41
Item 16 283 -25 .10 1.36 1.17 .36
Item 17 280 -22 .10 .76 .65 .36
Item 18 224 .56 14 1.31 1.29 37
Item 19 193 1.40 .20 1.26 1.39 .39
Item 20 310 -51 .09 1.24 1.36 .39
Item 21 209 .87 .16 1.39 1.09 37
Item 22 283 -25 .10 .87 .78 .36
Item 23 252 A1 12 .84 .70 .38
Item 24 261 .00 A1 .85 .82 33
Item 25 198 1,19 18 1.43 1.40 .39
M 270.7 .00 12 1.03 1.02
SD 447 .61 .03 .87 .88
Person reliability 0.93
Item reliability 0.83

Distribution of Students' Higher Order Thinking Skills

The analysis presents the distribution of students'
HOTS based on their ability to score on a polytomous
scale. The analysis of students' HOTS distribution
indicated that most students obtained low scores (Score
1 and Score 2) in almost all HOTS aspects, especially in
the aspect of creating (C6). Regarding the sub-aspect of
giving a point of view, most students got a Score of 1,
such as in Item 4 (135 students), Item 5 (104 students),
and Item 21 (133 students). Similarly, in the sub-aspect
of generating (Item 19: 140 students get Score 1), it
indicates that students have difficulty in creating or
developing new ideas. Meanwhile, in the analyzing
aspect (C4), there was a slight increase in students'
ability to differentiate concepts and organize strategies,
although most students still obtained Score 1 and Score
2. For example, in Item 6 (92 students Score 1) and Item

16 (95 students Score 1), students' analytical skills still
need to be strengthened. However, in some items, such
as Item 15, as many as 29 students managed to obtain a
Score of 4, indicating a small group of students with
better analytical understanding.

Furthermore, in the evaluation aspect (C5), most
students obtained a score of 2, which indicates that they
have sufficient concept understanding but still have
difficulty providing appropriate reasons or arguments.
Overall, these results indicate that students' higher-
order thinking skills are still low, especially in the
creating aspect, which requires students to formulate
new ideas or provide different points of view.
Meanwhile, in the analysis and evaluation aspects,
although some students demonstrated better
understanding, the majority still had difficulty in
providing logical and systematic reasons. Therefore, a
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learning approach that emphasizes strengthening
critical and creative thinking skills, as well as further
practice in developing correct concept-based arguments
and solutions, is needed.

Discussion
Characteristics of Two-Tier Test Items

The two-tier test instrument has high reliability, as
indicated by the person reliability index and item
reliability index values, which reflect consistency in
measuring students' HOTS. The analysis revealed that
the person reliability index value reached 0.93, while the
item reliability index was 0.83. The high person
reliability value indicates that student's responses to the
items are quite consistent and stable. Meanwhile, the
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item reliability value, which is also quite high, indicates
that the instrument has good item quality in measuring
HOTS. According to Andrich & Marais (2019), a person's
reliability index value above 0.8 indicates that the
student's ability measured has a very good level of
consistency in the test instrument. Meanwhile, an item
reliability index above 0.7 indicates that the items in the
instrument have a high level of fit with the Rasch model
so that they can provide valid and reliable
measurements. The study by Smith (2003) also
confirmed that person reliability values above 0.9
indicate that individual responses are very consistent in
answering questions, while item reliability above 0.8
indicates that the questions in the instrument have good
quality in distinguishing student abilities.

Table 4. Distribution of students' higher order thinking skills

HOTS Aspects HOTS Sub-aspect ~ Item Number Score1 (N) Score 2 (N) Score3 (N)  Score 4 (N)
Analysis (C4) Differentiate 1 89 5 55 16
7 55 43 63 4

20 78 42 32 13

Analyze 6 92 39 21 13

8 98 24 24 19

15 82 33 21 29

16 95 42 8 20

Organizing strategy 2 67 43 31 24

9 59 63 34 9

Evaluation (C5) Arguing 10 42 117 6 0
17 74 72 14 5

24 71 92 2 0

Judging 3 41 117 2 5

11 62 101 2 0

14 86 77 2 0

22 51 110 4 0

23 81 81 3 0

Create (C6) Providing a point of view 4 135 23 3 4
5 104 55 3 3

12 101 60 2 2

18 117 40 5 3

21 133 23 6 3

25 141 16 7 1

Produce 19 140 23 1 1

Design 13 117 26 14 8

The validity of the two-tier test instrument in
measuring students' HOTS can be determined by
analyzing item fit based on Infit Mean Square (MNSQ)
and Outfit MNSQ. Items that have Infit and Outfit
MNSQ values in the range of 0.5 to 1.5 are considered in
accordance with the Rasch model, so they are suitable
for measuring HOTS on Vibration and Wave materials.
The analysis results show that most of the items have
Infit MNSQ and Outfit MNSQ values within the
expected range. According to Linacre (2011), Infit and
Outfit MNSQ values in the range of 0.5 to 1.5 indicate
that the items have a good level of fit with the Rasch

model. Items with Infit or Outfit values above 1.5 tend
to be less predictable by the model, which can be caused
by factors such as student incomprehension or the
presence of ambiguous answer alternatives. Studies
conducted by Bond (2015) suggest that validity testing
with the Rasch model is superior to the classical
approach because it considers the relationship between
student ability and item difficulty. Furthermore,
research by Andrich & Marais (2019) confirmed that
items that have Infit and Outfit MNSQ values within the
specified range tend to provide a more accurate estimate
of students' ability to understand complex scientific
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concepts. Overall, the validity test results show that
most of the items have met the criteria for fit with the
Rasch model, so they are suitable for measuring
students' HOTS on Vibration and Wave materials.

The items used in the study have good
characteristics in measuring students' HOTS, as shown
by the item difficulty and item fit analysis. The results of
the item difficulty analysis show that the difficulty level
of the questions is spread in the range of -0.80 to 1.40
logits, with an average value of 0.00 logits and a
standard deviation of 0.61 logits. Most questions had
negative logit values, indicating that the questions were
easier for students, while some questions with positive
logits were more difficult. The fairly varied distribution
of question difficulty levels indicates that this
instrument is able to accommodate students with
different levels of HOTS understanding (Linacre, 2011).
Previous research by Zakwandi et al. (2024) showed that
two-tier test-based tests with Rasch Model analysis can
provide accurate information about students' conceptual
understanding. The results of the study are also in line
with the findings of Affandy et al. (2021), which show
that item difficulty analysis in the Rasch Model can help
in developing items that are suitable for students'
abilities and increase the wvalidity of HOTS
measurement.

Distribution of HOTS to Students

Students' HOTS in the categories of analyzing (C4),
evaluating (C5), and creating (C6) indicate a diverse
distribution pattern. Specifically, students find
analyzing and evaluating easier, while creating has a
higher level of difficulty. According to Anderson et al.
(2001), in the Revised Bloom Taxonomy, analyzing (C4)
and evaluating (C5) skills still involve more systematic
processing of information, while creating (C6) requires
students to generate new ideas that require a
combination of more complex  conceptual
understanding. It explains why students have more
difficulty in the creating category compared to the
previous two categories (Fatmawati et al., 2021; Yanti et
al., 2023). Zakwandi et al. (2024) research using the
Rasch Model indicates that students tend to answer
items with a high level of difficulty less correctly,
especially when it comes to synthesis skills and
creativity.

Furthermore, a study by Brookhart (2010)
mentioned that the ability to create requires deep
concept mastery, which is often not optimally developed
if the learning approach is less oriented towards
exploration and open-ended problem-solving. Although
the creating aspect has a higher level of difficulty,
several other factors can affect the distribution pattern of
students' HOTS (Engelhard & Wang, 2021; Ibrahim et al.,
2024; Ningsih & Kamaludin, 2023). For example,
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students may be unfamiliar with problem types that
demand creativity or are limited in open-ended
problem-solving  experiences. Moreover, the
memorization-oriented learning approach in schools
may hinder the optimal development of HOTS.

Differences in the distribution of students' HOTS
based on school origin were found, with some schools
exhibiting a higher proportion of students with HOTS
than others. Factors that influence student outcomes in
HOTS can come from learning quality, school facilities,
teachers' pedagogical approaches, and students'
backgrounds. The analysis shows that School A and
School B have a higher percentage of students with high
HOTS than the other schools (4.85 and 5.45%,
respectively), while Schools C, D, and E have more
students in the low HOTS category (23.03, 15.76, and
17.58%). There are differences in HOTS distribution
between schools, which various external and internal
factors may influence. According to Heong et al. (2016)
research, differences in HOTS can be caused by
variations in teaching strategies and learning
approaches used in schools. Schools that apply inquiry-
based and problem-based learning (PBL) approaches
tend to produce students with higher HOTS skills than
schools that still use conventional methods based on
memorization (Irdalisa et al., 2024; Santosa et al., 2024;
Waluyo & Ridlo, 2025).

Furthermore, a conducive learning environment
with access to diverse learning resources can contribute
to the improvement of students' HOTS. A study by
Andrich & Marais (2019) using the Rasch Model showed
that schools with teachers who are more accustomed to
applying HOTS-based questions in learning evaluation
tend to have students with better HOTS levels.
Moreover, research by Leou et al. (2006) confirms that
support from schools in the form of teacher training and
provision of HOTS learning tools has a significant
impact on the development of students' higher-order
thinking skills. Although there are differences in HOTS
distribution between schools, individual factors such as
learning motivation, students' learning styles, and
support from parents in HOTS achievement (Fathonah
et al., 2025; Nesbitt-Hawes, 2005; Satriya & Atun, 2024).
Students who have a supportive family environment
and are accustomed to problem-solving and idea
exploration from an early age can demonstrate high
HOTS despite coming from schools with limited
resources. Moreover, differences in the level of difficulty
of the questions and students' perceptions of HOTS can
also affect the results of the distribution analysis.

Analysis using the Rasch Model showed that
students' response patterns to questions with different
levels of difficulty varied, reflecting different HOTS
among students. Questions with higher item difficulty
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tended to be answered only by students with better
HOTS ability, while most students could answer
questions with low to moderate item difficulty. The
results of the item difficulty analysis show that items
with the aspects of "differentiating" and "organizing
strategies" have an item difficulty value of -0.67, which
indicates that the questions are easier for students to
master. In contrast, items with the aspect of "generating"
have an item difficulty value of 1.42, which means that it
is more difficult for most students. The response pattern
shows that students score lower on items with great
difficulty, while items with low difficulty are more often
answered correctly. According to Andrich & Marais
(2019), in the Rasch Model, questions with high
difficulty levels can only be answered correctly by
students with commensurate or higher ability levels,
while almost all students can answer questions with low
difficulty levels. It is in line with Smith (2003), which
shows that the distribution of response patterns on
Rasch-based HOTS tests reflects the extent to which
students have analytical, evaluative, and creative
thinking skills. Research by Zakwandi et al. (2024)
shows that in HOTS-based assessments, students with
good critical thinking skills tend to have consistent
response patterns on questions with various levels of
difficulty, while students with low thinking skills tend
to show inconsistencies, especially on questions with
high difficulty levels. In addition, the application of the
Rasch Model in educational evaluation has proven to be
able to identify student response patterns more
objectively than the classical method (CTT - Classical
Test Theory). Although the Rasch Model provides a
more accurate overview of students' response patterns
than traditional methods, there are external factors such
as students' motivation, test anxiety, and previous
experience that can influence their response patterns
(Bond et al., 2021). Moreover, technical factors such as
understanding the form of the two-tier test questions can
also affect the results, especially for students who are not
familiar with the format (Treagust, 1988). Thus, the
results of the evaluation of students' response patterns
based on the Rasch Model show that the level of
question difficulty has a significant effect on students'
response patterns, with high-difficulty questions being
answered more by students with better HOTS.
However, students' internal and external factors can also
play a role in the variation of responses, so a more
holistic approach is needed in assessing students' HOTS
skills, including guidance and teaching strategies that
are more supportive of HOTS development.

Applicability of Rasch Model in HOTS Evaluation

The two-tier test is an effective assessment
instrument in measuring HOTS in science learning
because it can identify not only students' final answers
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but also the reasons behind their choices, thus providing
a more accurate picture of students' conceptual
understanding and level of critical thinking. According
to the results of the validity test analysis using the Rasch
Model, most of the items in the Two-Tier Test
demonstrate fit with the model, with MNSQ infit and
outfit values in the range of 0.5 to 1.5, indicating that the
questions are able to measure students' abilities well.
Furthermore, the Person Reliability value of 0.93 and
Item Reliability of 0.83 indicate that this instrument has
a high level of reliability in assessing students' HOTS.
The distribution of students' HOTS shows that the
majority of students have a low to moderate level of
thinking, which indicates that the two-tier test-based
assessment can reveal students' difficulties in
developing higher-order thinking skills. According to
Treagust (1988), the Two-Tier Test is effective in
measuring conceptual understanding and detecting
students' misconceptions because it requires them to
give reasons for the answers chosen. Research by
Istiyono (2016), also indicated that the two-tier test is
superior to conventional tests in measuring HOTS
because it provides more in-depth information about
students' thinking patterns, including analysis,
evaluation, and creation skills in accordance with the
Revised Bloom Taxonomy. Potvin et al. (2015) research
found that two-tier tests can enhance the quality of
HOTS assessment in science subjects because they help
teachers identify the extent to which students really
understand concepts and how they apply logical
thinking in solving problems.

Furthermore, Zakwandi et al. (2024) stated that the
two-tier test is more valid and reliable than the regular
multiple-choice test in evaluating HOTS because it can
distinguish between students who really understand the
concept and students who only guess the answer.
Although effective in measuring HOTS, two-tier tests
also have challenges, such as difficulties in compiling
quality items and taking longer time to analyze student
answers (Oktadila et al., 2025; Widiyatmoko & Shimizu,
2018). Several studies have mentioned that students who
are not familiar with the two-tier test format have
difficulty answering the reasoning section so that the
assessment results can be affected by non-cognitive
factors, such as reading skills and language
comprehension (Cari et al., 2020; Potvin et al., 2015).
Therefore, the two-tier test is an effective measurement
tool in assessing HOTS in science learning because it can
provide a more comprehensive overview of students'
conceptual understanding and identify misconceptions
more accurately than conventional tests.

Limitations and Suggestions for Future Research
The limited sample coverage in the Purbolinggo

sub-district may affect the generalizability of the
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research findings related to students' HOTS in science
learning. It may limit the conclusions that can be applied
more broadly to student populations in other areas with
different educational conditions. Therefore, further
research with wider geographical coverage is needed to
obtain a more comprehensive picture of the effectiveness
of HOTS assessment in various school conditions and
learning environments. Potential bias in HOTS
measurement can arise due to various external factors,
such as learning methods used by teachers and students'
motivation level in learning. Learning methods that do
not emphasize critical thinking and problem-solving
skills can cause HOTS assessment results not accurately
reflect students' cognitive abilities. Therefore, in
interpreting the assessment results, it is necessary to
control these external factors, such as by combining the
assessment results with observations of the learning
process or additional instruments that measure aspects
of student motivation and engagement. The
development of HOTS assessments can be enhanced by
combining the Rasch Model with other assessment
approaches to obtain a more comprehensive validation.
One method that can be used is confirmatory analysis
with Structural Equation Modeling (SEM), which allows
testing the relationship between HOTS indicators and
other factors that influence assessment results.

Conclusion

The study concludes that students' higher-order
thinking skills (HOTS) on the topic of Vibration and
Waves remain low, with the greatest difficulty found in
the creating (C6) aspect, which involves generating
original solutions or perspectives. This may be
attributed to the limited emphasis on open-ended
problem-solving in typical classroom instruction. In
contrast, students performed relatively better on
analyzing (C4) and evaluating (C5), possibly because
these skills align more closely with the structured and
procedural nature of science learning in schools. The
Two-Tier Test instrument wused in this study
demonstrated  strong  psychometric  properties,
suggesting its effectiveness in capturing varying levels
of students’” HOTS. Differences in student performance
across schools highlight the role of external factors such
as instructional quality and teaching methods. To
improve HOTS, especially in creating, educators are
encouraged to integrate project-based learning, inquiry-
based experiments, or design challenges that allow
students to invent and evaluate multiple solutions.
Additionally, teacher professional development should
focus on designing HOTS-aligned assessments and
facilitating reflective classroom discussions to deepen
students’ critical thinking.
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