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Abstract

This study aims to analyze the feasibility of a scientific reasoning ability test in-
strument for prospective science teachers using the Rasch model. The instrument
developed refers to Lawson’s Classroom Test of Scientific Reasoning (LCTSR)
indicators, focusing on scientific reasoning abilities, including variable control,
combinatorial, probability, relational, and proportional thinking. The analysis
was carried out using the Rasch Model with the WINSTEPS Version 5.7.3.0 ap-
plication to test the validity, reliability, and characteristics of the test items. The
feasibility test was carried out on 40 multiple-choice questions, tested on 110 test
samples. The analysis results showed that 25 of the 40 questions were valid and
covered all indicators of problem-solving skills. The test instrument also has a
high level of internal consistency with a person reliability value of 0.84 and an
item reliability of 0.95. Analysis of the level of difficulty of the test items showed
a balanced distribution between very difficult, difficult, moderate, and easy ques-
tions. No items were detected as biased, indicating that this instrument is fair and
can be used without favoring one group of individuals. Overall, the developed
problem-solving skills test instrument is valid and reliable for use on prospective
science teachers, assisting educators in evaluating students’ problem-solving skills,
providing constructive feedback, and improving the quality of learning in science.
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INTRODUCTION

Scientific reasoning skills in the 21 century
are becoming increasingly important in facing the
complexities and challenges that exist. This era is
marked by rapid technological change, globaliza-
tion, and various social and environmental prob-
lems that require innovative and collaborative so-
lutions (Anjani et al., 2020; Kara & Aslan, 2024;
E. Yulianti & Zhafirah, 2020). Related to the
complexity of global problems, problems such as
climate change, energy crisis, global health, and
social inequality require a holistic and integrated
problem-solving approach. Solving 21 century
problems requires considering various aspects,
such as the environment, economy, and society, so
good scientific reasoning skills are needed. Tech-
nological advances such as artificial intelligence
(AI), big data, and the internet of things (IoT)
bring new and complex challenges. As part of the
higher-order thinking process, scientific reason-
ing is a highly relevant concept in the discipline
of education (Diaz et al., 2023). Good scientific
reasoning skills are needed to understand and
manage these technologies and overcome prob-
lems that may arise from their use. In the context
of education, scientific reasoning skills, together
with problem-solving skills, are closely related to
academic success. Students who have good scien-
tific reasoning will be able to solve problems well,
so they tend to achieve higher achievements, es-
pecially in subjects such as mathematics, science,
and engineering (Nugroho & Waslam, 2020).

Education has become a basic need in
this modern era. Without education, people will
have difficulty keeping up with developments in
science and technology and will have difficulty
getting jobs. To realize good education, an ap-
propriate learning process is needed in every edu-
cational activity. The learning process includes
three aspects, namely learning methods, learning
media, and assessment instruments (Hadarah &
Tulhikmah, 2019; D. Yulianti et al., 2020) . Based
on the current education curriculum in Indonesia,
the 2013 Curriculum, one of the learning models
that can be used according to the Regulation of
the Minister of Education and Culture Number
22 of 2016, is the 2013 Curriculum. Problem-
Based Learning Model (PBL).

Scientific reasoning ability measurement
instruments play a very important role in educa-
tion and various other sectors. These instruments
allow educators and trainers to evaluate the ex-
tent to which a person has mastered these abili-
ties. This is important to understand an individ-
ual’s strengths and weaknesses so that additional

assistance or training can be provided if needed
(Ben-Horin et al., 2023; Zulkipli et al., 2020). By
systematically measuring students’ scientific rea-
soning abilities, schools and educational institu-
tions can evaluate the effectiveness of their curric-
ulum and teaching methods (Yanto et al., 2019).
This information can be used to make necessary
adjustments to improve the quality of education.
The use of these instruments allows educators to
monitor students’ academic progress over time.
With continuous monitoring, educators can pro-
vide constructive feedback and help students to
continue to develop.

This study analyzed the feasibility of the
scientific reasoning ability test instrument de-
signed for prospective science teachers. The test
instrument developed refers to scientific reason-
ing indicators according to Lawson’s Classroom
Test of Scientific Reasoning (LCTSR), focusing
on scientific reasoning abilities, including vari-
able control, combinatorial thinking, probability
thinking, relational thinking, and proportional
thinking (Lawson, 1978; Suaidah et al., 2023;
Zhou et al., 2021). The feasibility of the devel-
oped instrument is reviewed from the validity, re-
liability, and characteristics of the test items ana-
lyzed using the Rasch Model (RM). The Rasch
model (RM) analysis, which is an item response
theory (IRT) model, was developed by Georg
Rasch around 1960. RM analysis accommodates
a probability approach in viewing the measure-
ment subject so that RM analysis is not determin-
istic and can identify the subject being measured
more accurately. In addition, Rasch modeling can
overcome differences in metrics between items
and overcome data interval problems. Therefore,
this study was conducted to analyze ICS using
RM to provide information on the feasibility of
the scientific reasoning test instrument using the
Rasch model. Thus, the instrument can be evalu-
ated to obtain the best measuring instrument to
determine the scientific reasoning ability for pro-
spective science teachers.

Despite growing awareness of importance
of scientific reasoning, various studies have in-
dicated that many prospective science teachers
still demonstrate low to moderate levels of scien-
tific reasoning skills (Bao et al., 2022; Jufri et al.,
2016). While several instruments have been devel-
oped to measure these skills, many of them lack
empirical evidence of psychometric feasibility,
particularly those validated using modern meas-
urement models such as Rasch Model (Ben-Horin
et al., 2023; Maulana et al., 2023). Moreover,
previous research often emphasizes application
of scientific reasoning in classroom contexts but
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rarely focuses on assessing robustness and fair-
ness of instruments themselves through rigorous
statistical modeling (Firdaus et al., 2025; Thaya-
seelan et al., 2024; Winari & Masturi, 2023).
This research addresses that gap by not
only focusing on measuring scientific reasoning
but also by evaluating the instrument’s psycho-
metric properties comprehensively using the Ra-
sch Model. The novelty of this study lies in the
development and validation of a scientific reason-
ing instrument specifically tailored for prospec-
tive science teachers in Indonesian educational
context, analyzed through item response theory.
Most prior studies still rely heavily on classical
test theory (CTT), which tends to be sample-de-
pendent and lacks diagnostic precision offered by
Rasch Model (Jumadi et al., 2023). The use of
the Rasch Model provides a more objective and
generalizable understanding of item and person
fit, as well as the scale’s validity and reliability.
The urgency of this research is further un-
derscored by the growing demand for 21 century
competencies in teacher education. Prospective
science teachers must be equipped not only with
content knowledge but also with metacognitive
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and reasoning abilities to navigate socio-scientific
issues and technological advancements. There-
fore, a valid and reliable assessment instrument is
essential to monitor and improve the development
of these competencies in teacher preparation pro-
grams (Fiitterer et al., 2023). Furthermore, in the
wake of Indonesia’s Merdeka Belajar curriculum,
which emphasizes higher-order thinking skills, it
becomes increasingly important to ensure that
scientific reasoning can be systematically and
fairly assessed using appropriate tools.

METHOD

The focus of this research is related to the
development of scientific reasoning test instru-
ments for prospective science teachers. This test
instrument was developed from Lawson’s Class-
room Test of Scientific Reasoning (LCTSR) indi-
cators, focusing on scientific reasoning abilities,
including variable control, combinatorial thin-
king, probability thinking, relational thinking,
and proportional thinking. These indicators are
described and developed into 40 multiple-choice
test items that go through a feasibility testing sta-
ge. The research stages are presented in Figure 1.

Valid and

*Difficulty ::i:l;:::rlm
Level . n
*Item DIF Solving Skills

Test
Instrument

Figure 1. Scientific Reasoning Ability Test Instrument Development Stages

In the initial stage, a literature review was
conducted related to indicators of scientific reaso-
ning ability. After finding the appropriate indicators,
ablueprint item was created. The indicators of scien-
tific reasoning ability used Lawson’s Classroom Test

of Scientific Reasoning (LCTSR) indicators, which
were then described in Table 1. The description of
indicators in Table 1 was used as basis for creating
40 multiple-choice questions that were adjusted to
cognitive dimensions and material indicators.

Table 1. Distribution of Question Items Based on Scientific Reasoning Ability Indicators

Indicator = Decription Item Number Questions
Control of  Refers to the skills to identify, manipulate, and control independent, 1,2,5,6,7,8, 10
Variables dependent, and control variables in a scientific experiment. 11,17,25,26
Combi- Reflects an individual's capacity to think about and calculate all 12,13,14,32, 8
natorial possible combinations of various variables or elements available in 33,34, 16,27
Thinking a situation.
Probability Relating to understanding, interpreting, and applying concept of 3,4,9,10,15, 9
Thinking chance or probability in explaining scientific phenomena or in mak- 21,36,37, 39

ing predictions based on data.
Relational refers to the skill of recognizing and explaining the relationship 18,19,20,29, 6
Thinking between two or more variables. 30,31
Proportional Includes understanding and application of concepts of ratio, com-  22,23,2428, 7
Thinking parison, and proportion explaining relationship between variables.  35,38,40
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The test items that have been prepared
are then subjected to a feasibility test consisting
of a validity test, reliability test, item response
test, and question characteristic test. The test
was conducted using Rasch Item Fit Model with
WINSTEPS Version 5.7.3.0 application. The
output data obtained from the WINSTEPS app-
lication was then interpreted to determine valid
questions and level of instrument reliability. The
criteria used to select appropriate or valid questi-
ons were carried out by looking at Outfit Mean
Square (MNSQ), Z-Standard Outfit (ZSTD),
and Outfit Point Value Correlation (PT Measure
Corr) values (Boone, 2016). The criteria used are:

1. Outfit Mean Square (MNSQ) received: 0.5
<MNSQ <1.5

2. Z-Standard Outfit (ZSTD) value received:
—2.0 <ZSTD <+2.0

3. Outfit Point Value Correlation (Pt Mean
Corr) Value: 0.4 <Pt Measure Corr <0.85

Instrument items are said to be valid if
they meet at least 2 of the acceptance criteria. If
an item is found whose MNSQ and PT Measure
Corr values do not meet but whose ZCTD values
meet the criteria, then the item is still considered
fit and can still be used.

Reliability analysis consists of person reli-
ability and item reliability. The categories of per-
son reliability and item reliability refer to Table 2.
(Boone, et.al, 2016).

Table 2. Person reliability and item reliability cat-
egories

Item person reliability and item Category
reliability values

<0.67 Weak
0.67-0.80 Enough
0.80-0.90 Good
0.91-0.94 Very Good
>0.94 Excellent

Interpretation of the internal consistency
of the test items was carried out based on the
Cronbach’s Alpha Coefficient in Table 3. The
next stage after the validity and reliability test is
the item response test (IRT), and the test of the
level of difficulty of the questions and the test of
the bias of the questions (item DIF) (Abate et al.,
2020). IRT is carried out using 3 parameters, na-
mely unidimensionality, local independence, and
parameter invariance, while the test of the level
of difficulty of the questions uses Item Measure
on the WINSTEPS Version 5.7.3.0 application.
Determination of the level of difficulty of the
questions is based on the standard deviation (SD)
value and the Logit value.

Table 3. The Classification of Cronbach’s Alpha
Coefficient

Cronbach's Alpha Interpretation
Coefficient
<0.5 The scale has no internal
consistency
0.5-0.6 The internal consistency of
the scale is weak
0.6-0.7 The internal consistency of
the scale is acceptable
0.7-0.8 The scale has internal consist-
ency
>0.8 The internal consistency of
the scale is very high
RESULT AND DISCUSSION
Content Validity

The scientific reasoning test instrument
that was prepared consisted of 5 indicators that
were adjusted to the material of Water Pollution.
The fit items of the content validity test results
of the scientific reasoning ability instrument can
be seen in Table 2. The results showed that the-
re were 25 out of 40 fit questions, so these items
were declared valid and could be used as the right
items in measuring scientific reasoning ability.

Table 4 Item Fit Results of Scientific Reasoning Instrument Validity Test

Item MNSQ ZSTD Pt. Measure Description Item MNSQ ZSTD Pt. Measure Description
Corr Corr

1 2.46 4.70 -22 not valid 21 0.96 -0.19  0.50 valid

2 0.57 -1.25  0.44 valid 22 1.25 2.20 0.18 not valid

3 0.75 -2.64  0.58 valid 23 1.59 5.09 -.06 not valid

4 2.68 2.55 .03 not valid 24 0.95 -0.20 042 valid

5 0.49 -2.49  0.61 not valid 25 0.84 -1.31  0.57 valid

6 0.43 -2.29  0.61 not valid 26 0.84 -1.61  0.53 valid

7 1.75 3.31 -.15 not valid 27 1.26 1.06 0.32 valid
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Item MNSQ ZSTD Pt. Measure Description Item MNSQ ZSTD Pt. Measure Description
Corr Corr
0.53 -1.40 041 valid 21 0.96 -0.19 0.50 valid
0.49 -1.03  0.33 valid 22 1.25 2.20 0.18 not valid
10 0.79 -1.26  0.66 valid 23 1.59 5.09 -.06 not valid
11 1.46 4.04 .07 not valid 24 0.95 -0.20 0.42 valid
12 0.40 -0.83  0.28 not valid 25 0.84 -1.31  0.57 valid
13 1.31 1.23 .29 valid 26 0.84 -1.61  0.53 valid
14 0.75 -2.66  0.59 valid 27 1.26 1.06 0.32 valid
15 1.56 2.62 31 not valid 35 1.00 0.10 0.34 valid
16 0.42 -3.94  0.80 not valid 36 1.10 .90 0.35 valid
17 0.57 -2.85  0.67 valid 37 1.26 2.44 0.19 not valid
18 1.01 .10 0.40 valid 38 1.09 .57 0.45 valid
19 0.68 -2.79  0.61 valid 39 0.76 249 0.59 valid
20 1.30 1.91 32 valid 40 0.97 -0.25 044 valid

Based on Table 4, valid questions are then
grouped according to the indicators of scientific
reasoning ability. The results are in Table 5.

Table 5. Grouping of Valid Test Items according
to Indicators

Number of
Questions

Indicator Valid Question

Number
2,8,17,25,26 5
13,14,32,33,27 5

Control of Variable

Combinatorial Think-

ing
Probability Thinking  3,9,10,21,36,39 6
Relational Thinking 18,19,20,30,31 5
Proportional Thinking 38,40,24,35 4
Number of Valid Questions 25
Construct Validity

Construct validity can be measured by re-
ferring to polarity items. Item polarity refers to
the observed Point Measure Correlation (PT-
MEA Corr) value in the range of 0.20 to 0.71.
Therefore, it can be concluded that the items are
valid. In addition to polarity items, construct va-
lidity can be seen through Principal Component
Analysis (PCA) to examine items that are in ac-

cordance with unidimensionality construct. The
results of construct validity test are in Table 6.
Based on data in Table 6, the raw varian-
ce explained by the measures is 29.9% (17.0208
eigenvalues), suggesting that the model explains
approximately one-third of total variance. Alt-
hough this percentage aligns closely with the
expected variance (29.4%), it indicates that the
instrument has limited capacity in capturing the
full dimensionality of underlying construct. The
variance explained by persons (13.3%) and items
(16.6%) indicates a moderate contribution to the
overall model structure, but remains below opti-
mal threshold for strong construct representation.
Furthermore, the unexplained variance in
the first contrast is 9.8% (5.5937 eigenvalues),
which exceeds the commonly accepted threshold
of 2.0 eigenvalues for unidimensionality (Bao et
al., 2018; Davis & Boone, 2021). This suggests
the possible presence of secondary dimensions or
noise within the instrument (Kohler et al., 2020).
Subsequent contrasts (2nd to 5th) also contribute
between 5.4% and 8.1% to the unexplained va-
riance, which reinforces the suspicion of multidi-
mensionality and construct instability.

Table 6. Results of Instrument Construct Validity Test

INPUT: 118 Person 4@ Item

REPORTED: 11 Person

40 Item 2 CATS WINSTEPS 5.7.3.8

Table of STANDARDIZED RESIDUAL variance in Eigenvalue units = Item information units

Eigenvalue Observed Expected
57.9208 100.8% 100.8%
17.82@8 29.9% 29.4%

7.5715 13.3% 13.1%
9.4494 16.6% 16.3%

48.0000 7O.1% lee.ex 70.6%
5.5937 9.8% 14.0%
4.6615 8.2% 11.7%
4.1891 7.3% 18.5%
3.8672 5.4% 7.7%
3.856@ 5.4% 7.8%
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Based on data in Table 6, the raw varian-
ce explained by the measures is 29.9% (17.0208
eigenvalues), suggesting that model explains ap-
proximately one-third of total variance. Although
this percentage aligns closely with the expected
variance (29.4%), it indicates that instrument has
limited capacity in capturing the full dimensio-
nality of the underlying construct. The variance
explained by persons (13.3%) and items (16.6%)
indicates a moderate contribution to the overall
model structure, but remains below the optimal
threshold for strong construct representation.

Furthermore, the unexplained variance in
the first contrast is 9.8% (5.5937 eigenvalues),
which exceeds the commonly accepted threshold
of 2.0 eigenvalues for unidimensionality (Bao et
al., 2018; Davis & Boone, 2021). This suggests
the possible presence of secondary dimensions or
noise within the instrument (Kohler et al., 2020).
Subsequent contrasts (2*¢ to 5%) also contribute
between 5.4% and 8.1% to the unexplained va-
riance, which reinforces the suspicion of multidi-
mensionality and construct instability.

These findings indicate that construct va-
lidity of instrument may be inadequate. An ideal
Rasch-based instrument should explain more
than 40% of the raw variance and produce a first
contrast eigenvalue below 2.0 to support unidi-
mensionality. In this case, neither criterion is suf-
ficiently met. Therefore, it is advisable to revise
instrument, either by refining existing items or by
including sub-constructs that align more closely
with theoretical indicators (Arfiani et al., 2023;
Rafatbakhsh et al., 2021). The presence of unexp-
lained variance in multiple contrasts also suggests
possibility of item redundancy or poorly defined
dimensions, which should be addressed through
iterative testing and expert validation (Susongko
et al., 2024; Tennant & Kigiikdeveci, 2023).

Reliability

The personal reliability test produced a
person reliability of 0.84 in the good category,
meaning that prospective science teachers have
good internal consistency in answering the test
items. The item fit of the person reliability test is
presented in Figure 2.

INPUT: 11@ Person 4@ Item REPORTED: 110 Person 4@ Item 2 CATS WINSTEPS 5.7.3.@
SUMMARY OF 110 MEASURED Person

TOTAL MODEL INFIT OUTFIT |

|

| SCORE COUNT MEASURE  S.E. MNSQ  ZSTD  MNSQ  ZSTD |
| MEAN 25.8 40.0 .87 .40 1.8 -.84 1.08 a1 |
| sem -6 .2 .09 e 62 .88 .86 .10 |
| p.sn . .0 .96 .05 a7 .e8 .62 .00 |
| s.50 5 N:) .96 .85 .17 B9 63 1,00 |
| max 36.9 40.0 2.68 55 1.42 1.43 3.82 1.87 |
| min 4.0 a0.8 -.78 .36

1 -

.74 -1.67 W48 -1.24 |
.86 SEPARATION 2.06 Person RELIABILITY .81 |
.87 SEPARATION 2,17 Person RELTABILITY .82 |

.42 TRUE SD
.49 TRUE SD

| REAL RMSE
|MODEL RMSE
| 5.E. OF Person MEAN .89 |
Person RAW SCORE-TO-MEASURE CORRELATION = .59

CRONRACH ALPHA (KR-38) Person RAM SCORE "TEST" RELTABTLTTY =

Figure 2. Person Reliability Test Results

(B4 SEM = 7.60

The results of the person reliability analy-
sis on this instrument show a Person Reliability
value of 0.92, which is included in the very high
category. This value indicates that the instrument
has very good consistency in measuring scientific
reasoning abilities between individuals (Kusuma
et al., 2022; Tennant & Kiigiikdeveci, 2023). This
high reliability indicates that if participants are
retested under similar conditions, the measure-
ment results will tend to be stable and reprodu-
cible.

In addition, the Person Separation Index
(PSI) was recorded at 3.26, which indicates that
this instrument is able to differentiate individuals
into more than three levels of ability. PSI value
above 2.0 is sufficient to separate participants
into three levels of ability, and the higher the PSI
value, the better the instrument’s discrimination
power. This shows that the instrument can sepa-
rate respondents based on their scientific reaso-
ning abilities with good precision.

The Cronbach’s Alpha (KR-20) value of
0.99 further strengthens that the internal consis-
tency between the test items is very high. This
indicates that the items in the instrument sup-
port each other in measuring the same construct,
namely, scientific reasoning. This value even ex-
ceeds the minimum threshold of high reliability,
which is 0.70, and is higher than the minimum
recommendation of 0.80 in the context of educa-
tional assessment (Freed et al., 2022).

However, even though person reliability is
high, it should be noted that the standard error
of measurement (SEM) value of +0.87 must also
be taken into account as the limit of estimation
accuracy. SEM that is too large can cause doubt
in individual interpretation if it is not balanced
with the number of items and the quality of the
questions (Adu et al., 2023).

The reliability testing of the test items can
be seen in Figure 3, which produces an item re-
liability value of 0.95, meaning it has very good
reliability. The Cronbach’s Alpha Coefficient va-
lue of 0.84 indicates that the test instrument has a
very high level of internal consistency.

SUMARY OF 40 MEASURED Item

TOTAL MODEL INFIT OUTFIT 1
SCORE counT HEASURE 5K, MNSG  7STD MNSQ 25T |
| I
| MEAN 1.8 110.8 .09 .25 .99 .16 188 .89 |
| sem 3.4 e .18 .81 e 35 89 37 |
| posD 2.4 ~] 1.28 06 22 218 .59 2 |
5.50 n.7 K 1.71 .86 3 an 60 2.35 |
| max. 1.8 110.8 2.27 52 1.56 5,46 3.1%  S.09 |
| mIn. 26.8 116.8 2.81 .21 L84 -4.4% .48 -394 |
| I
| REAL RMSE .37 TRUE SD 117 SEPARATION 4.38 Item RELIASILITY .95 |
[MODEL RMSE 36 TRUE SO 1.17 SEPARATION 4.52 Ites AELEABELETY .85 |
| $.E. OF Item MEAN = .19 I
Item RAN SCORE-TO-MEASURE CORRELATION = - .98

Global statistics: please sep Table 44,
UMEAN= . (000 USCALE=1. 0000

Figure 3. Results of the Reliability Test of Scien-
tific Reasoning Skills Items
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The results of the item reliability analysis
showed a value of 0.95, which is included in the
very high category. This value indicates that the
order of the difficulty level of the items in the
instrument is very consistent. This means that
if this instrument is used on different groups of
respondents, it is likely that the arrangement or
ranking of the item difficulties will remain stable.
High item reliability indicates that all questions
contribute strongly and consistently to the measu-
rement of the scientific reasoning construct. An
item reliability value of >0.90 indicates excellent
measurement quality and supports the construct
validity of the instrument. High reliability value
reflects the stability of the instrument in compi-
ling a hierarchy of items in linear and meaningful
units of measurement. In addition to reliability,
the analysis also revealed that the item separati-
on value reached 4.32, indicating that this instru-
ment can differentiate items into at least four to
five levels of difficulty. This indicates that this me-
asuring instrument is very sensitive in identifying
variations in the level of difficulty of each questi-
on compiled. A separation value of >3.0 indica-
tes that the items in instrument have an adequate
distribution of difficulty, and the instrument can
measure various levels of individual ability sharp-
ly. In other words, the higher the item separation,
the higher the instrument’s ability to cover a wide
spectrum of participant skills (Sovey et al., 2022).

This finding is supported by the study of
Sofwan et al. (2022), who used the Rasch model
to develop a scientific reasoning instrument and
stated that high reliability and separation values
are important indicators that the construct being
measured is valid, structured, and representative.
They emphasize the importance of these two in-
dicators as a basis for stating that an instrument
is truly able to differentiate respondents based on
abilities to be measured (Muslihin et al., 2022).

Overall, the reliability and separation va-
lues in this instrument indicate that the instru-
ment has very good psychometric quality in the
context of measuring scientific reasoning. Ho-
wever, to improve the accuracy of interpretation
and ensure the generalization of the instrument
to various contexts, it is recommended to conduct
further validation tests, such as Differential Item
Functioning (DIF) analysis and unidimensionali-
ty tests. This cross-validation is important to en-
sure that no items are biased and that all items are
actually measuring same construct consistently.
Test Item Characteristics
1. Level of Difficulty

The characteristics of analyzed items are
the level of difficulty of items using Item Measu-
re on the WINSTEPS Version 5.7.3.0 applicati-

on. The standard deviation (SD) value in this test
is 1.20, so the category of Level of Difficulty of
Questions is based on the Logit Value in Table 6.

Table 6. Category of Question Item Difficulty
Level based on Logit Value

Logit Value Category
More than +1.20 SD  Very Difficult
0.0 logit +1.20 SD Difficult

0.0 logit -1.20 SD Medium
Less than -1.20 SD Easy

The logit value located in the JIMLE ME-
ASURE column indicates the level of difficulty
of each item (Figure 4). Positive values indicate
lower difficulty (easier), while negative values
indicate higher difficulty (more difficult). The le-
vel of difficulty of the items is sorted from top
to bottom, from the most difficult to the easiest.
Analysis of item difficulty levels based on ME-
ASURE logit shows that the range of logit values
is between -1.25 to +1.28, which indicates that
the variation in question difficulty in the instru-
ment is quite good. Negative logit values indi-
cate items that are more difficult because they
can only be answered by participants with high
abilities, while positive values indicate items that
are relatively easier and can be answered by par-
ticipants with lower abilities. The order of items
arranged from the highest to the lowest logit ref-
lects the hierarchy of difficulty levels, from the
easiest to the most challenging items. In the con-
text of the Rasch model, item logits are ideally
evenly distributed in order to measure various
levels of student ability representatively, and not
accumulate at just one level. The proportional
distribution of logit values, as shown in Figure 4,
supports the validity of the instrument’s content
because it shows that the instrument covers a ran-
ge of scientific reasoning abilities from simple to
complex. An even distribution of difficulty levels
will increase the sensitivity of the instrument in
identifying individual ability levels, as well as pre-
venting ceiling effects (items that are too easy) or
floor effects (items that are too difficult).

However, some items in the table show ex-
treme values, either too easy or too difficult. For
example, the item with the highest logit of +1.28
is classified as very easy, while the item with a
logit of -1.25 is the most difficult. Items with ex-
treme logits are recommended for re-evaluation
because they may not make the maximum cont-
ribution to mapping participant abilities. Items
that are too easy tend to be uninformative in dis-
tinguishing participants with high abilities, while
items that are too difficult can reduce motivation
and response validity.
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Figure 4. Results of the Scientific Reasoning Instru-
ment Item Measure

To maintain the effectiveness of the measu-
rement, it is important to maintain an even distri-
bution of difficulty levels that are relevant to the
indicators of the construct to be measured. Revi-
sions to items with extreme logits can be made by
considering cognitive structure required by parti-
cipants to answer them, as well as re-evaluating
the relevance of the item content to the indicators
of scientific reasoning. Thus, this instrument can
continue to be developed to provide valid, sensiti-
ve, and meaningful measurement results.

Table 7 allows us to identify items that are
too difficult or too easy. Items with unsatisfacto-
ry fit should be reviewed because they may not
measure what they are supposed to measure or
may confuse respondents. This is crucial to en-
sure that the measurement of the desired ability
in psychometrics or education is both valid and
reliable. The results of the analysis of the level of
difficulty of the items based on the logit value and
its category in Table 6 are presented in Table 7.

Table 7. Level of Difficulty of Scientific Reasoning Test Instrument Items

Item Number Total Score Total Count JMLE Measure Level of Difficulty

31 26 110 2.27
20 36 110 1.75
19 41 110 1.51
25 41 110 1.51
29 44 110 1.37
40 47 110 1.24
36 48 110 1.19
3 50 110 1.11
14 51 110 1.06
39 51 110 1.06
37 54 110 0.93
18 56 110 0.84
23 56 110 0.84
30 56 110 0.84
33 56 110 0.84
11 58 110 0.75
26 61 110 0.62
28 63 110 0.53
22 64 110 0.49
10 79 110 -0.24
17 80 110 -0.29
21 80 110 -0.29
38 80 110 -0.29
24 81 110 -0.35
7 82 110 -0.41

Very Difficult
Very Difficult
Very Difficult
Very Difficult
Very Difficult
Very Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Difficult
Medium
Medium
Medium
Medium
Medium
Medium
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Item Number Total Score Total Count JMLE Measure Level of Difficulty
15 82 110 -0.41 Medium
16 82 110 -0.41 Medium
87 110 -0.70 Medium
5 89 110 -0.83 Medium
13 89 110 -0.83 Medium
27 89 110 -0.83 Medium
32 92 110 -1.05 Medium
35 92 110 -1.05 Medium
6 94 110 -1.20 Medium
34 96 110 -1.38 Medium
98 110 -1.57 Medium
8 98 110 -1.57 Medium
102 110 -2.05 Medium
9 103 110 -2.20 Medium
12 106 110 -2.81 Medium

Based on Table 7, the number of questions
can be grouped according to the level of difficulty
as presented in Figure 5.

20
wy
|
215
&
B 10
o
T s I I
B
-E 0
= Veri  Difficult Medivm  Easy
z difficult

Difficulty Level

Figure 5. Number of Questions Based on Diffi-
culty Level

Figure 5 shows the distribution of the num-
ber of questions based on the level of difficulty,
which is categorized into four levels, namely Very
Difficult, Difficult, Medium, and Easy. Based on
the graph, the majority of questions are included
in the Medium category, with 16 items, followed
by the Difficult category with 13 items. Meanw-
hile, the Very Difficult and Easy categories each
consist of only 6 questions. This distribution in-
dicates that the compilation of questions tends to
focus on moderate to difficult levels of difficul-
ty, which is the right strategy in the context of
measuring scientific reasoning ability. A good
instrument should have an even distribution of
difficulty levels, with a dominance of medium
and difficult items to optimally reach the varia-
tion in participant abilities. Medium items serve

as measurement anchors, while difficult and very
difficult items help detect high abilities, and easy
items detect the lower limit of ability.

However, the proportion of items in the
Very Difficult and Easy categories that are both
low needs to be considered. This imbalance can
reduce the sensitivity of the instrument in measu-
ring the abilities of participants who are at the
ends of the spectrum—either very high or very
low. The dominance of questions at only one le-
vel of difficulty has the potential to cause a ceiling
effect or floor effect, namely a condition where
very high or very low participants cannot be dis-
tinguished accurately by the instrument (Karim et
al., 2021). Therefore, although the arrangement
of items in this instrument is quite proportional,
further development is recommended to add item
variations, especially in categories that have not
been optimally represented. This is important so
that the instrument can accommodate partici-
pants with a wider range of abilities and provide
comprehensive, valid, and reliable measurement
results.

2. Item DIF

One of the indicators of valid measure-
ment is that the instruments and items used do not
contain bias. An instrument is said to be biased if
there is an individual with certain characteristics
who is more advantaged than an individual with
other characteristics. Items are detected as DIF if
they have a probability value of less than 5%. In
analyzing DIF using Figure 6.
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Figure 6. DIF Item Test Results

If we look at the probability column in Fi-
gure 6, there are no items with a probability va-
lue below 0.05 (5%). This means that there is no
statistically significant difference in how respon-
dents from two different groups (e.g., class or cer-
tain characteristic groups) answer the questions.
Thus, it can be concluded that there are no items
in the scientific reasoning skills instrument that
show bias towards a particular group, or in Rasch
terms, known as the absence of uniform DIF.

DIF analysis is an important part of instru-
ment validation because it allows testing the fair-
ness of the measurement. Items are said to con-
tain bias if the difference in participants’ answers
is not caused by ability, but by group characteris-
tics such as gender, educational background, or
class (Chanpleng et al., 2015; Lu et al., 2021;
Zumbo et al., 2016). Items that have a probability
value below 0.05 in the Chi-Square analysis and
a |DIF contrast| value of more than £0.5 logit
are suspected of containing potential bias. In this
data, no items meet these criteria, thus suppor-
ting that the instrument works fairly and evenly
across all respondent groups.

The absence of DIF is an indicator that all
participants, regardless of group differences, have
an equal opportunity to answer each item cor-
rectly according to their ability level (Chanpleng
et al., 2015; Huang et al., 2016). This is especially
important for scientific reasoning instruments,
because this construct is closely related to high-le-

vel thinking skills that must be equally accessible
to all participants (Krell et al., 2020; Susongko et
al., 2021). In addition, this finding also confirms
that the process of developing and compiling
items has been carried out by paying attention to
aspects of fairness and conceptual representati-
on. With no indication of bias between groups, it
can be concluded that this instrument is suitable
for use in diverse educational contexts, both in
terms of student background and other class cha-
racteristics.

CONCLUSION

Based on the results of the validity and
reliability analysis, there were 25 questions that
were declared valid. The valid items covered all
indicators of scientific reasoning ability, namely
variable control, combinatorial thinking, probabi-
lity thinking, relational thinking, and proportio-
nal thinking. The test instrument also had a very
high level of internal consistency. The results of
person reliability showed that prospective science
teachers had good internal consistency in answe-
ring questions (0.84), while the results of item re-
liability showed that the questions had very good
reliability (0.95). The results of the level of diffi-
culty of the questions showed a balanced distri-
bution between very difficult, difficult, moderate,
and easy questions. The analysis of the level of
difficulty showed that several questions needed
to be reviewed to ensure that the questions were
neither too easy nor too difficult. The DIF ana-
lysis showed that no questions were detected to
have bias. This means that the instrument develo-
ped is fair and can be used to measure scientific
reasoning ability without favoring one group of
individuals based on certain characteristics. Ove-
rall, the scientific reasoning ability test instrument
developed is proven to be valid and reliable for
use on prospective science teachers. The use of
this instrument can help educators in evaluating
students’ scientific reasoning abilities, providing
constructive feedback, and improving the quality
of learning in science. Further analysis and revi-
sion are needed to improve the effectiveness of
this instrument.
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