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ABSTRACT

This study aimed to determine the quality of analytical thinking test instruments and the level of students'
abilities through Rasch model analysis. This research used descriptive method with quantitative approach.
The sample used amounted to 246 students. The instrument used was an analytical thinking test instrument
totaling 9 items in the form of descriptions. Data collection was carried out by testing the test instrument.
Data analysis was carried out by Rasch model analysis. The results showed that all items were fit. The
level of item difficulty varies consisting of 1 very difficult question, 4 difficult questions, 3 easy questions,
and 1 very easy question. Cronbach's alpha value of 0.80 is categorized as good, person reliability value
of 0.79 is categorized as sufficient, and item reliability value of 0.98 is categorized as excellent. The level
of item difficulty consists of 1 very difficult question, 4 difficult questions, 3 easy questions, and 1 very easy
question. Person separation value 1.92 (H = 2.89, rounded to 3) and item separation 6.26 (H = 8.68
rounded to 9). Person measure analysis obtained 114 high ability (46%), 27 medium ability (11%), and
105 low ability (43%). Person fit analysis obtained 178 fits (72%), 2 misfits (1%), and 66 outliers (27%).

Keywords: Analytical Thinking; Rasch; Test Instrument.

INTRODUCTION

Education in the 21st century has a crucial
role in facing the rapid development in the
current era of globalization (Hanipah, 2023).
Problems that develop in the era of globalization
are not just simple issues, but problems that
involve many considerations to find solutions
(Gulacar et al., 202; Tipani et al,. 2019). This
development has triggered the use of current
issues in learning to help prepare students for the
future (Septiningrum & Fauziah, 2021).

Supported by BSKAP (Badan Standar,
Kurikulum, and Asesmen Pendidikan) issued the
Regulation of the Minister of Education and
Culture of the Republic of Indonesia, Number 36
of 2022 regarding the independent curriculum at
the end of phase E, emphasizing that learners
must be responsive to global issues and active in
solving problems. This means that learners
learners are required to be able to understand
information and create solutions to problems
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based on local, national, or global issues. In line
with research (Sugiarto & Farid, 2023,
Rahmafitri et al., 2024; Widiyono & Millati,
2021) which reveals that through the independent
curriculum learners are encouraged to become
independent, emphasize critical thinking skills,
behave well, innovate, collaborate, appreciate
global diversity, and become autonomous
individuals, as well as improve their skills to
analyze and solve everyday problems.

Someone who thinks at a higher level can
affect learning ability, speed and effectiveness of
learning, so it is very important in the education
process, and they will be better at making
decisions, making judgments, and solving
problems effectively (Saputra & Sudrajat, 2024).
The basic ability and one of the main abilities
that must be developed in higher-level thinking is
the skill of analyzing (Irawati et al., 2018). Then
in line with the statement (Mahyastuti et al.,
2021), that analytical thinking is one of the
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important skills that must be mastered by
students in order to improve students' higher-
level thinking skills, so that they can develop
their own abilities. Supported by the opinion
(Ramos et al., 2018), that analytical thinking
skills in the cognitive domain are included in the
revised Bloom taxonomy at level C4 and are part
of higher order thinking. Therefore, in learning
analytical thinking skills need to be mastered by
students (Yulina et al., 2019; Yarmalinda, 2020)

The results of research conducted (llma et
al., 2017; Setiawaty et al., 2019) state that
overall students' analytical thinking skills are still
in the low category, which is 40%. Only a few
students on certain questions showed moderate
criteria (Anselmus et al., 2021). Then research
Kiong et al., (2012), found that analytical
thinking skills have the lowest level of the five
elements in Bloom's taxonomic framework. The
test instruments used by teachers are also not
effective because they have not gone through an
adequate validation, reliability, and trial process,
so the quality of the test items used to measure
and evaluate the competence of students is
unknown. Of the several test questions
developed, only 1-2 questions lead to analytical
thinking skills (C4) (Kusuma et al (2021).

One of the efforts to develop students'
analytical thinking skills is to familiarize them
with analytical thinking and measure the extent
of students' skills (Saputra & Sudrajat, 2024;
Hetarion et al., 2020). Test questions that are
suitable for training students' thinking skills are
description test questions, because through
description tests can evaluate thinking skills in
more depth, and make students free to develop
arguments or solutions to problems based on
previously acquired knowledge and have the
potential to support the development of students'
thinking skills (Andriani & Lume, 2023; Blegur
et al., 2023; Febriano et al., 2021; Miller, 2003;
Rusmayani, 2020).

A good test instrument or measuring
instrument is a valid and reliable measuring
instrument, so that it can provide information
about the ability of students appropriately, and
produce credible data to be used as a reference in
making policies or decisions (Ramadhan et al.,
2024). Validity and reliability of test instruments
are the main requirements that must be met by a
measurement instrument. This is because if the
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test used is not reliable or invalid, it will provide
less careful information about the ability of a
particular individual and actually produce biased
conclusions (Laksono et al., 2017). In addition,
an analysis is carried out on the level of difficulty
of the test, and differentiating power (Yusup,
2018; Dewi et al., 2019).

The test instruments developed in this study
were analyzed using item response theory,
namely with the Rasch model analysis. The
Rasch model is one of the analysis methods used
to determine the feasibility of an instrument with
the help of the Winsteps application. The Rasch
model has the advantage of being able to
describe the relationship between subjects and
test items which makes the measurement results
precise and more objective (Sumintono &
Widhiarso, 2015). The advantages of the Rasch
model analysis are that it is able to identify
wrong  answers, identify  inappropriate
assessments, and can predict missing data based
on systematic response patterns (Hamdu et al.,
2020). The Rasch model also does not depend on
the sample used, can sort in a structured manner
from the most difficult questions to the easiest
questions and can sort test takers with high to
low abilities(Untary & Risdianto, 2020).

Based on the problems that have been
described, researchers are interested in analyzing
the feasibility of analytical thinking test
instruments on biological technology innovation
material using Rasch model analysis. This study
aims to determine the quality of analytical
thinking test instruments and the level of
students' abilities through Rasch model analysis.

RESEARCH METHOD

The research method used in this study is a
descriptive method with a quantitative approach.
This research focuses on analyzing the quality of
thinking test instruments analytical thinking test
instrument and analyzing the level of students'
abilities using Rasch model analysis.

Time and Location of Research

The research was conducted on August 19-29
and was conducted in 3 different schools in
Tebas Sub-district, namely, SMA Negeri 1
Tebas, SMA Negeri 2 Tebas, and SMA Negeri 3
Tebas.

489



PENDIPA Journal of Science Education, 2024: 8 (3), 488-497

Population and Sample

The total population in this study was 638 people
(based on observation data in each public high
school in Tebas District). Based on the Slovin
formula, a sample of 246 people was obtained
and each school had 82 students who were
sampled.

Data Collection Technique

Data collection techniques in this study used
interview guidelines, validation sheets and test
instruments that had been developed. The test
instrument in this study is a question sheet on
biological technology innovation material made
by researchers in the form of descriptions and
contains 9 questions.

Data Analysis Technique

Data analysis technigues are used to answer
research questions that have been formulated. In
this study, the analysis was carried out on test
instruments that would be validated by experts. If
the experts assess the instrument as feasible, then
the instrument will be tested on students
according to the predetermined sample size.
Furthermore, the trial results will be analyzed
using the Rasch model with the help of Winstep
software (Alfarisa & Purnama, 2020). The items
analyzed using the Rasch model are item fit,
reliability, difficulty level, and differentiating
power.

Table 1. Item Fit and Person Fit VValue

Criteria
Criteria Value
Outfit Mean Square 0,5<MNSQ<15
(MNSQ)
Outfit Z-standard -2,0<ZSTD < +2,0
(ZSTD)

0,4 < Pt Measure
Cor<0,85

Point Measure
Correlation (Pt
Mean Cor)

(Sumintono & Widhiarso, 2015)

Table 2. Reliability of Items

Statistics Index Value Interpretation
p d <0, 67 Weak
A om | __0,67-080 Fair
Reliability 0,81-0,90 Good
0,91-0,94 Very good
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> 0,94 Special
<0,5 Bad
0,5-0,6 Bad
c g'ﬁg:ch 0,6-0,7 Fair
0,7-0,8 Good
>0,8 Very good

(Sumintono & Widhiarso, 2015)

Table 3. Item Difficulty Level (ltem Measure)

Indikator Description

0,0 logit > 1SD Very difficult question
0,0 logit + 1SD Difficult question

0,0 logit - 1SD Easy question

0,0 logit < 1SD Very easy question

(Sumintono & Widhiarso, 2015)
Then analyze the differentiating power of
the question. Question discriminating power is
the ability of the question to distinguish students
who are able to answer questions and are unable
to answer questions. The question differentiator
equation is as follows.

[(4 X SEPARATION) + 1]

3

The greater the separation value, the better
the quality of the instrument in terms of overall
respondents and items (Sumintono & Widhiarso,
2015).

The grouping of students' ability levels in
the Rasch model uses the standard deviation
(SD) and the average logit value (MEAN)
generated from the Person Measure output
(Lestari et al., 2023; Tyas et al., 2020;
Sumintono & Widhiarso, 2015).

RESULTS AND DISCUSSION

The analytical thinking test instrument
analyzed consisted of 9 items in the form of
descriptions. The answers from the instrument
trial on 246 samples were corrected using the
scoring rubric that had been designed to obtain
raw data. The raw data was then analyzed using
the Rasch model with the help of Winsteps
software version 3.73. In the Rasch model, the
analysis includes item fit, reliability, item
difficulty (item measure), distinguishing power
(separation), the level of ability of students
(person measure), and the suitability of students'
answers (person fit), which is explained as
follows.
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Item Fit Analysis

Items can be categorized as fit if they meet
one of the three criteria used. However, if there
are items that do not meet all three criteria, then
the items have poor quality so they need to be
revised, replaced, or discarded (Sumintono &
Widhiarso, 2015).

e Edt View
[TABLE 10.1 C:\Users\ASUS\Desktop\data mentah ras ZOU667WS.TXT Oct 2 9:41 2024

INPUT: 246 Person 9 Item REPORTED: 246 Person 9 Item 5 CATS

eeeee : REAL SEP.: 1.92 REL.: .79 ...

WINSTEPS 3.73
Item: REAL SEP.: 6.26 REL.: .98

Item STATISTICS MISFIT ORDER

|ENTRY TOTAL IOTAL MODEL | INFIT| | OUTFIT |PT-MEASURE |EXACT MATCH|
|NUMBER SCORE COUNT MEASURE S.E. |[MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| 0BS¥ EXP%| Item
ceepemcenacados —meemcg e e S
s 596 246 .07 .09]1.33  3)5]1.34 1._50 .62| 44.7 53.1| BUTIR 5
2 en 246 .06 .09/1.09 1M1[1.10 1.TTB J52 .62| 49.2 52.8| BUTIR 2
7 599 246 .04 .69]1.68 1[1.69 1.1|C 1 .62| 45.5 53.1| BUTIR 7
4 729 246 -1.12 .10|1.05 J711.es .60 J67  .62| 51.6 54.2| BUTIR 4
8 554 246 .44 .e9|1.04 sl1.ea .4|E J72  .62| 50.0 54.5| BUTIR 8
1 668 246 .57 69| .93 8l .93 .8|d Jo1 .62| 49.6 51.9| BUTIR 1
3 628 246 -.21 .09| .92 -Jol .93 -.91lc .Je0 .62| 47.6 52.0| BUTIR 3
6 589 246 .13 .09| .80 -2J5| .78 7.54 .62| 60.2 53.8| BUTIR 6
462 246 1.27 .10| .76 -3J7| .70 -3|6la|f;3 .62| 65.9 55.8] BUTIR 9
MEAN 604.0 246.0 .00 09| .99 1 .99 .1 | 5s1.6 53.5|
s.D. 69.4 X:] .62 .ee| .17 2.e| .18 2.e| | 6.6 1.2|

Figure 1. Output Tables Item Fit
The results of item fit testing for each item
using the Rasch approach can be seen in Table 5.
Table 5. Interpretation of Fit Item Analysis

No Outfit Pt.
Measure Description
Item MNSQ ZSTD Corr
1 0.93 -0.8 0.61 Accepted
2 1.10 1.1 0.52 Accepted
3 0.93 -0.9 0.60 Accepted
4 1.05 0.6 0.67 Accepted
5 1.34 3.5 0.60 Accepted
6 0.78 -2.7 0.54 Accepted
7 1.09 1.1 0.61 Accepted
8 1.04 0.4 0.72 Accepted
9 0.70 -3.6 0.73 Accepted

Based on the results of the analysis of the
analytical thinking test instrument using the
Winsteps program, it is known that of the 9 items
of items developed, all are declared acceptable.
From the Item Fit Order analysis, 3 items
werefoundwhose ZSTD values did not meet the
criteria, namely question number 5 (ZSTD =
3.5), 6 (ZSTD = -2.7) and question number 9
(ZSTD = -3.6). However, the three items were
retained because they only did not meet one
criterion, namely outfit ZSTD, while the outfit
MNSQ and Pt Measure Corr values on the three
items still met the criteria (fit).

Therefore, question numbers 5, 6, and 9
were retained. The question items that meet the
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three accepted criteria are numbers 1, 2, 3, 4, 7,
and 8.

Item Measure Analysis

Analysis of the level of difficulty of the
items was carried out on 9 description test
questions. The purpose of this analysis is to
identify the grouping of items classified as very
difficult, difficult, easy, and very easy, so that
researchers can ascertain whether the distribution
of questions is proportional and includes various
levels of difficulty. A good question is a question
that has a balance and varies in difficulty, not too
easy and not too difficult (Rifana et al., 2024).
Determination of the level of difficulty is done
by comparing the logit measure value on each
item and the standard deviation (SD) value.

File Edit View

TABLE 13.1 C:\Users\ASUS\Desktop\data mentah pas ZOU667WS.TXT Oct 2 9:41 2024
INPUT: 246 Person 9 Item REPORTED: 246 Person 9 Item 5 CATS  WINSTEPS 3.73

Person: REAL SEP.: 1.92 REL.: .79 ... Item: REAL SEP.: 6.26 REL.: .98

Item STATISTICS: MEASURE ORDER

|ENTRY  TOTAL JQTAL MODEL| INFIT | OUTFIT |PT-MEASURE |EXACT MATCH
[NUMBER SCORE COUNT f| MEASURE S.E. |MNSQ ZSTD[MNSQ ZSTD|CORR. EXP.| 0BSX EXPX
P B i i e DR T
| 9 462 2a6] 1.27 10| .70 -3.7| .70 -3.6] .73 .62| 65.9 55.8
| 8 554 246 a4 091.04  .5[1.e4 .4 .72 .62| 50.0 54.5
| 6 589 246 13 0] .80 -2.5| .78 -2.7| .54 .62| 60.2 53.8
| 5 596 246 07 ©9]1.33  3.5]1.3¢ 3.5 .60 .62| 44.7 53.1
| 7 599 246 .04 09]1.08 1.0[1.09 1.1] .61 .62| 45.5 53.1
| 2 611 26 06 09]1.09 1.1]1.10 1.1] .52 .62| 49.2 52.8]
| 3 628 246 21 09| .92 9] .93 -.9] .60 .62| 47.6 52.0
| 1 668 246 57 09 .93 8| .93 -.8] .61 .62 49.6 51.9
| 4 729 286] -1.12 10]1.05 711.65  .6| .67 .62| 51.6 54.2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

MEAN 604.0 246.0 .0
S.D. 69.4 .0 .62

-1} .99 -,

Figure 2. Output Tables Item Measure
Based on Figure 2, the standard deviation
(SD) value from the instrument trial results is
0.62. The interpretation of the difficulty levels of
the 9 items is presented in the following table.
Table 6. The Interpretation Item Measure

Analytical Ques
Thinking  tion Mf:SiL:e Description
Indicator No. g
1 -0.57 Easy
Organizing 6 0.13 Difficult
9 1.27 Very
' difficult
_— 2 -0.06 Easy
Attributing =54 07 Ditficult
8 0.44 Difficult
. . 3 -0.21 Easy
D'ﬁ?;e”“at 4 112 VeryEasy
g 7 004 Difficult

Based on the table, it is known that there is
1 question (question no. 9) which is included in
the very difficult category, 4 questions (5, 6, 7, 8)
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are in the difficult category, 3 questions (1, 2, 3)
are in the easy category, and 1 question (4) is in
the very easy category. The results of this
analysis indicate that the analytical thinking test
instrument has a good level of difficulty.
According to (Hambleton & Swaminathan
(2017) the level of test difficulty can be said to
be good if the test has a varying level of
difficulty. In line with the views Ishak (2019)
and Rusiyah et al., (2020), a good test item is one
that has a proportional level of difficulty. Then
supported by Arifin (2017), opinion, the ideal
instrument must include a balanced proportion
between these difficulty levels. Therefore, it is
important to maintain this balance in the
preparation of questions (Fiska et al., 2021;
Halik et al., 2019; Rahmaini & Taufig, 2018).

Summary Statistics Analysis Results

The results of the analysis of the summary
statistics output are used to see the value of
reliability and distinguishing power (separation).
Reliability is used to determine the consistency
of measurement results, both in repetition of
items against other samples (person), as well as
measurement of samples (person) against other
conditions (Aryadoust et al., 2021). Reliability in
Rasch modeling is shown through Cronbach's
alpha value, person reliability, and item
reliability.

ABLE 3.1 C:\Users\ASUS\Desktop\data mentab casc ZOU667WS.TXT Oct 2 9:41 26
NPUT: 246 Person 9 Item REPORTED: 246 Person 9 Item 5 CATS WINSTEPS 3.

REAL RMSE .18 TRUE SD
MODEL RMSE .@9 TRUE SD .61
S.E. OF Item MEAN = .22

Figure 3. Output Tables Summary Statistic

Based on Figure 3, the values obtained on
Cronbach's alpha, person reliability, and item
reliability show adequate results. The Cronbach
alpha value obtained of 0.80 is in the range of
0.7-0.8 which is included in the good category,
meaning that the interaction between students
(person) and items (item) as a whole is good. The

“o1 [Seranation e.26 Teem  mETASTLITY .58
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person reliability value obtained of 0.79 is in the
range of 0.67-0.80 which is included in the
sufficient category, meaning that the consistency
of students' answers is sufficient. While the item
reliability value of 0.98 indicates that the quality
of the items is excellent.

Differentiation analysis aims to assess the
ability of items to distinguish students who
master the material well and students who do not
master the material well. In line with the
statements of Uno & Koni (2012) and
Rusmayani (2020), the analysis of differentiating
power is intended to examine the ability of
questions to distinguish between students who
have high achievement and low achievement.

Based on the results of the analysis, it is
known that the person separation value is 1.92,
then the value of the differentiating power is H =
2.89 rounded to 3, indicating that the respondent
group can be divided into three groups. While the
item separation is 6.26, the value of the
differentiating power is H = 8.68 rounded to 9, so
there are nine groups of items. According to
Linacre, (2010), that the separation index that
exceeds 2 can be said to have a good value. In
line with the opinion, saying that the greater the
separation value, the better the quality of the
instrument in terms of overall respondents and
items, because it can identify respondent groups
and item groups.

Person Measure Analysis

The analysis of the level of individual
ability or person measure aims to analyze the
level of ability of individual students in solving
problems. (Rohmah et al., 2022; Apipatunnisa et
al., 2022)

Table 7. Person Measure Analysis Results

Number of

Learners Percentage  Category
114 46% High
27 11% Medium
105 43% Low

Based on Table 7, students with high ability
levels have a percentage of 46% with 114
students. Learners with a medium level of ability
have a percentage of 11% with 27 students, while
students with a low level of ability have a
percentage of 43% with 105 students.

Learners with person code PA069 have the
highest logit score with a value of 3.93 this
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learner is almost close to a perfect score of 36
and a raw score of 33 points. The highest logit
value obtained by learner PAQ069 is due to his
ability to answer very difficult items correctly.
Conversely, learners with the lowest level of
ability are owned by learners with the person
code LAO082 with a logit value of (-2.43) who
make many mistakes in filling in answers or
cannot complete the entire item and only get a
total raw score of 8 points. The lowest logit value
obtained by LAO082 learners is due to the low
ability to answer question items, so that the
points obtained on each item are low, coupled
with 2 questions not answered. In line with
research (Rohmah et al., 2022) which states that
a high logit value indicates that the ability of
students to solve or answer items correctly is also
high.
Person Fit Analysis

The level of individual fit (Person fit) with
the Rasch model can identify individuals with
inappropriate response patterns. Inappropriate
response patterns mean thatthereis a mismatch
between the learners' abilities and the answer
patterns given in answering the items
(Kurniawan & Andriyani, 2018).

Table 8. Person Fit Analysis Results

Category  Amount  Percentage (%)
Fit 178 2%
Mifit 2 1%
Outlier 66 27%

Based on Table 8, it is known that students
who are included in the fit category have a
percentage of 72% with a total of 178 students.
Learners who fall into the category of not fit
have a percentage of 1% with a total of 2 people,
while students who fall into the outlier category
have a percentage of 27% with a total of 66
students. Learners who are in the unfit category
are thought to provide answer responses that are
not in accordance with the ideal model (Lestari et
al., 2023). Rasch model theory has
characteristics that rank items from the easiest to
the most difficult, as well as the ability of
students from the highest to the lowest, which is
displayed based on a Guttman matrix or
scalogram (Subando & Wahid, 2022).

Further information on the causes of
learners' misfit can be seen from the output
scalograms shown in Figure 4.
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GUTTMAN SCALOGRAM OF RESPONSES:
Person |Item
[413275689

38 434343233 PAO3S
32 +423243443 PAO32
37 +433243442 PAOST
129 +434334233 PBI129|
53 +434333233 PAOD33
61 +433243432 PADG1
79 +422344432 LAOTO
99 +443333332 PB099
103 +433242442 PB103

115 +343433233 LB113
Figure 4. Output scalograms

Learners with the person code PB099 were
identified by the Rasch model as a person not fit
because they showed a creative responding
pattern. PB099 tended to answer easier questions
inconsistently, but managed to answer more
difficult questions in an unusual way. This is in
line with the definition of creative responding
described by (Meijer et al., 1996) and
(Karabatsos, 2003) where high ability
participants can give unexpected responses to
easier problems due to creative interpretation.
This causes learners LC168 and PB099 to fall
into the category of learners who do not fit.

In the results of the person fit analysis,
outlier data were detected, which can be seen
from the disappearance of data for 77 students in
the person fit output. This outlier data is data that
is significantly different from other data
(Febriyansyah et al., 2020). The existence of
outlier data can be caused by errors in entering
data, measurement errors, analysis, or other
errors. The loss of person data is caused by
significant differences in data patterns with other
data or incompatibility with the Rasch model, so
it cannot be read in the analysis process. Sari &
Mahmudi (2024) also reported that the results of
the person fit analysis showed that there were
110 outlier data, equivalent to 50% of the total
216 persons, which disturbed the data. However,
the presence of person data categorized as
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outliers does not affect the quality of the items.
This is in line with the statement (Widodo &
Chotimah, 2023) which states that in the Rasch
model analysis, the assessment of person ability
is not affected by the item, and the quality of the
item is not affected by person ability.

CONCLUSION

Based on the results that have been
described, it can be concluded that the test
instrument developed is able to identify the
quality of the analytical thinking test instrument
and the level of students' abilities through Rasch
model analysis. The analysis results show that
the instrument developed has good quality with
items that meet the criteria of validity and
reliability. Learners' ability levels are diversely
distributed, reflecting the variation in ability
among them. The Rasch model proved effective
in providing a detailed description of item
characteristics and learner ability profiles, so that
it can be used as a credible evaluation tool to
measure analytical thinking skills.
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