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Abstract: Differentiated learning is the core of the independent curriculum now. The
aim of this research is to develop an instrument for measuring the cognitive learning
outcomes of high school students based on differentiated learning on elasticity material
and to obtain its characteristics. Differentiation, in this case, is differentiation of student
learning styles. The instrument grid is arranged based on indicators of cognitive
learning outcomes, which are then used to compile question items. The test instrument
consists of two test sets, each of which has 9 items including two anchor items so that
the total number of items is 16 items and has been validated by 6 experts. The validated
instrument was tested on 252 respondents spread across high schools in the low,
medium and high categories. Dichotomous data were analyzed using the Partial Credit
Model (PCM). The trial results showed that all 16 items and the differentiated learning-
based student cognitive learning outcomes test instrument were proven to be valid, fit
the PCM model, and reliable, which means all items were in the good category. Thus,
the test instrument developed meets the requirements for measuring the cognitive
learning outcomes of high school students on elasticity material based on differentiated
learning.
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Introduction

Differentiated learning in the independent
curriculum is an important focus in education today.
The main goal of the independent curriculum is to create
an enjoyable learning experience in accordance with the
needs of various students (Sh Bekkulov, 2022). The
diversity of students includes diversity of cultural
backgrounds, competencies, languages, learning styles,
interests, and others (Dijkstra et al., 2016). Differentiated
learning was chosen because of the fact that the diversity
of students continues to increase and develop
significantly (Dixon et al., 2014 & Nepal et al., 2021).
Based on this reason, the independent curriculum is
characterized by differentiated learning.

Differentiated learning is considered successful in
addressing students' learning needs (Coubergs et al.,
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2017 & Pozas et al., 2020). Students who are taught using
differentiated learning achieve better results because
they provide opportunities to learn in a more natural
and efficient way (Valiandes, 2015; Herwina, 2021;
Sulistyosari et al, 2022). This certainly has an impact on
changes in various learning tools.

Quality learning tools must be in accordance with
curriculum demands. This is because the curriculum
determines the direction and goals of education.
(Budiyanti et al.,, 2020). One of the demands of an
independent curriculum in physics subjects is to achieve
the elements of understanding physics. Elements of
understanding physics are closely related to cognitive
learning outcomes (Angga et al., 2022; Hamilton et al.,
2021).

The facts show that students' cognitive learning
outcomes in elasticity material are still not appropriate.
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This is due to a lack of understanding of basic concepts
related to Hooke's legal material, the lack of
effectiveness of the media provided, and learning that
still relies on educators or teacher centers (Sudirman &
Qaddafi, 2023; Septiyana et al.,, 2021; Santyasa et al.,
2020). Effective learning is the key to improving
cognitive learning outcomes.

Cognitive learning outcomes reflect students'
understanding of concepts. Where the assessment is
evaluated through test scores (Anggraini & Mufit, 2022).
Shi et al. (2020) emphasized that cognitive learning
outcomes are the main indicator of educational quality,
measured through exams or continuous assessments.
The importance of supporting students' diverse abilities
in cognitive thinking is highlighted by Osborne (2013)
through the use of questions classified with Bloom's
taxonomy. According to Anderson & Krathwohl (2001),
Bloom's taxonomy of cognitive learning outcomes
includes six indicators, namely remembering,
understanding, applying, analyzing, evaluating and
creating.

Assessment of cognitive learning outcomes cannot
be done without paying attention to the diversity of
students, such as learning styles. This is because each
student uses a different type of intelligence during the
learning process (Magableh & Abdullah, 2020).
Providing special treatment according to learning style
provides opportunities for students to learn in a natural
and efficient way (Tyas & Safitri, 2017). Students who
already recognize their learning styles well will make
the learning process easier and have a positive impact on
their achievement (Veloo et al., 2015; Matcha et al., 2020;
Sinuraya et al., 2017).

Every student has a different learning style.
Learning style is a person's way of absorbing, organizing
and processing information easily (Rezigalla & Ahmed,
2019; Khamparia & Pandey, 2020). Learning styles are
generally divided into three, namely visual, auditory
and kinesthetic dominant learning styles. (Huang et al.,
2020). The visual learning style is characterized by being
sensitive to visual stimuli, multimedia, highlighting, and
illustrations of ideas in images (Rogowsky et al., 2015 &
Mohd et al., 2019). The auditory learning style is
characterized by being sensitive to auditive information,
learning strategies through discussion, audio and text
material, and learning with music. The kinesthetic
learning style is characterized by learning through
movement and physical activity, strategies by exploring
the environment, observation, practicum, highlighting,
and learning while moving (Vasileva-Stojanovska et al.,
2015 & Malacapay, 2019). Appropriate assessments are
needed to monitor and evaluate the learning outcomes
of students with diverse learning styles.
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Assessment is the process of giving value based on
measurement results according to criteria with certain
quality values. Appropriate assessment influences
learning achievement results (Tan & Ong, 2020).
Assessment can be done either orally or in writing.
Written assessment is carried out through written
exams. In general, there are two types of tests in written
exams, namely those that require selecting answers and
those that require writing answers (Istiyono et al., 2014).
Tests with answer selection include options such as
multiple choice, two choices (true-false, yes-no),
matching, and cause-and-effect.

A fact that assessments influence students'
cognitive learning outcomes, and teachers need to plan
assessments carefully to measure the learning outcomes
of those with diverse learning styles. Test questions that
are adapted to students' learning styles can influence
their cognitive learning outcomes (Purnasari et al., 2021).
Aisah and Agustini (2024) emphasize the use of
questions that focus on how students understand
concepts according to their visual/auditive/kinesthetic
learning style, using a set of items that depend on the
context of the student's learning style.

Multiple choice tests are still considered an efficient
method of educational evaluation until now. This is
because of the various advantages it has. However, this
test also has weaknesses, such as being prone to
cheating. To avoid cheating practices, such as working
together with other students, it is recommended that the
format of tests taken by students who are close together
be different (Istiyono et al., 2014). Therefore, at least two
sets of tests are required.

Preliminary survey results at Yogyakarta High
Schools with an independent curriculum show that the
majority use uniform multiple choice tests for all
students, without paying attention to the students'
diverse learning styles. This emphasizes that multiple
choice tests remain the main choice in evaluating physics
learning outcomes, even though they do not take into
account the diversity of student learning styles.

The purpose of the test is to determine students'
abilities and determine their position in the group. If the
tests taken by students are not all the same, the tests
consist of two or more sets, then it is difficult to compare
test results between students. To enable comparison of
test results on different test devices, anchor items are
needed for the process of equating test results.
Therefore, so that the test results of participants who
complete two or more different sets of tests can be
compared, it is necessary to carry out a test equalization
process.

Based on this description, a test instrument in the
form of multiple choices is needed to measure students'
cognitive learning outcomes on elasticity material with
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differentiation or diversity of student learning styles. In
line with these problems, research is needed to (1)
produce an instrument to measure students' cognitive
learning outcomes in visual/auditory/ and kinesthetic
learning styles, and (2) obtain the characteristics of an
instrument for assessing cognitive learning outcomes
based on differentiated learning in the physics subject
material elasticity.

Method

This research is Research and Development (RnD)
research with the ADDIE development model. ADDIE,
developed by Branch (2009), is an abbreviation that
refers to the main stages of this development model,
namely: Analyze, Design, Develop, Implement, and
Evaluate.

The test instrument developed was validated by 2
experts and 4 practitioners. Subjects in this study were
high school/equivalent students in Yogyakarta who had
studied elasticity material, grade 12 high school, totaling
252 respondents. The schools selected are schools in the
low, medium and high categories that use an
independent curriculum and have a distribution of
students with various learning styles. Data collection
techniques were collected using test instruments in the
form of test questions. In simple terms, the research flow
is presented in Figure 1.

Analyze

v

Design

v

Develop

v

Implement

v

Evaluate

Figure 1. Research Flow
Result and Discussion

Initial Construction of the Instrument

Learning The test instrument for elasticity material
consists of two test sets, each of which has 9 items
including two anchor items, so there are a total of 16
items. The test instruments are prepared based on
indicators of cognitive learning outcomes which include:
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knowing,  understanding,
evaluating and creating.
The cognitive learning outcomes test instrument
based on learning style differentiation consists of two
sets, namely setI coded A and set Il coded B, with anchor
questions coded C*. Each test covers elasticity material
with indicators of knowing, understanding, applying,
analyzing, evaluating and creating. The distribution of
cognitive learning outcome test items based on
differentiated learning styles is shown in Table 1.

applying, analyzing,

Table 1. Distribution of Test Items for Cognitive
Learning Outcomes Based on Differentiated Learning

Styles
Indicator Learning Style Item Number
Knowing 1A (1)
1B (10)
Understanding 2A (2)
2B (11)
Applying Visual  3A (3),4A (4), 8C* (8)
Auditory 3B (12), 4B (13)
Analyzing Kinesthetic 5A (5), 6A (6)
5B (14), 6B (15)
Evaluating 7A (7)
7B (16)
Creating 9C* (9)

Content Validity

The content validity of the cognitive learning
outcomes test instrument is determined by calculating
the Aiken's V coefficient from expert and practitioner
assessments. This coefficient applies to each item of the
cognitive learning outcomes test instrument. The
Aiken's V criteria that must be met if the number of
raters is 6 people and the rating scale is 4 is 0.78 (Aiken,
1985). The results of the recapitulation of assessments
from 6 raters on the cognitive learning outcomes test
instrument items can be seen in Table 2.

Based on analysis using the V Aiken equation in
table 2, the cognitive learning outcomes test items have
a validation coefficient in the range of 0.78-0.89. Because
the validity coefficient value for each item is the same
and some are more than 0.78, each item of the cognitive
learning outcomes test instrument based on content
differentiation in the elasticity material developed is
declared valid and suitable for use in trials with
students.
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Table 2. Validity Results of Expert and Practitioner
Assessments on Cognitive Learning Outcomes Test
Items

Item Number Aiken's V value Interpretation
1 0.89 Valid
2 0.78 Valid
3 0.78 Valid
4 0.78 Valid
5 0.83 Valid
6 0.78 Valid
7 0.83 Valid
8 0.78 Valid
9 0.89 Valid
10 0.83 Valid
11 0.78 Valid
12 0.89 Valid
13 0.83 Valid
14 0.83 Valid
15 0.78 Valid
16 0.89 Valid

Construct Validity

The construct validity of the cognitive learning
outcomes test instrument aims to determine the
suitability between the test items (goodness of fit). The
test used uses the Rasch 1PL model or PCM (Partial
Credit Model) (Adam & Khoo, 1996). A question item is
said to be valid if the Pearson correlation value is > 0.2.
The results of the validity analysis of each question item
can be seen in Table 3.

Table 3. Construct Validity Results on Cognitive
Learning Outcome Test Items Based on Pearson
Correlation Values

Item Pearson Correlation Value Interpretation
Number

1 0.50 Valid
2 0.67 Valid
3 0.38 Valid
4 045 Valid
5 0.53 Valid
6 0.56 Valid
7 043 Valid
8 0.59 Valid
9 0.55 Valid
10 041 Valid
11 0.60 Valid
12 0.55 Valid
13 0.54 Valid
14 044 Valid
15 0.55 Valid
16 0.29 Valid

Based on analysis using Parscale by looking at the
Pearson correlation value for each item as shown in
Table 3, the suitability of the cognitive learning
outcomes test items with the model has a Pearson
correlation value in the range of 0.298-0.676. Because the
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Pearson correlation value is more than 0.2, it can be said
that each item of the cognitive learning outcomes test
instrument based on content differentiation in the
elasticity material developed is fit to the model or
declared construct valid. The suitability of the test items
can also be seen in the curve plot. Figure 2, is the item
characteristic curve for item number 15.

—
Item Characteristic Curve: 0015

Partial Credit Model (Normal Metic)

2

Anility

Figure 2. Characteristic curve for item number 15

The item characteristic curve for item number 15 is
depicted in Figure 2. The probability of answering
correctly for each score category and the student's ability
is connected to the ICC curve. Students with a low ability
of -3 (see Figure 2) have a chance of getting a score of 1.
Students with a low ability of -2 are those who have a
chance of getting a score of 2. Students with a medium
ability of 1 have a chance of getting a score of 3. Students
who are very talented or at their level of ability 3 are
those who have a chance of getting a score of 4. The
higher the student's ability level, the greater the chance
of answering correctly. The characteristic curves for all
items are shown in Figure 3.

™,
i e ———

Figure 3. ICC curves for all items

//}:‘
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Based on the Pearson correlation and ICC values
obtained, all items of the cognitive learning outcomes
test instrument match the model used.

Reliability

The reliability of the cognitive learning outcomes
test instrument was analyzed using the Parscale
program because it is polytomous. This reliability can be
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seen in the information function graph and SEM
(Standard Error Measurement) in Figure 4.

Test 1; Name: UJIEMPIR

Figure 4. Graph of Information Function and SEM

Based on the information function in Figure 4, it can
be said that the cognitive learning outcomes test
instrument is reliable for measuring the abilities of
students with abilities of -3 to 1.7 on a logit scale with an
SEM of 0.45 or in the medium category.

Difficulty Level, Differential Power and Guessing Level

The cognitive learning outcomes test instrument is
assessed using scoring guidelines. Each correct answer
to an item is given a score of 1 and an incorrect answer
to an item is given a score of 0. Each item has its own
level of difficulty or what is called difficulty. Instrument
items are said to be good if they have a difficulty level in
the range -2.00 - 2.00 (Hambleton & Swaminathan,
1985). Based on the results of the analysis using the
Parscale program, the level of difficulty, differential
power, and level of guessing are shown in Table 4.

Table 4. Difficulty Level, Differential Power, and
Guessing Level

Parameter Average Value Category
Difficulty Level “b” -1.34 Currently
Power Difference "a" 0.31 Good
Guessing Level “c” 0.00 Low

Based on table 4, it can be said that the level of
difficulty of the items in the cognitive learning outcomes
test instrument is classified as medium criteria, the
differentiability of each item is also good and the level of
students guessing the answers is low or zero. Overall,
the characteristics of the cognitive learning outcomes
test instrument are in the good category.

Conclusion

Based on the results and discussion, it was found
that: the construction of the cognitive learning outcomes
test instrument based on differentiated learning on the
differentiation of learning styles in elastic material with
the type of test, namely multiple choice consisting of two
test packages with 9 items each including two anchor
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items in it so that the total number of items is 16 items,
the level of content validity according to experts is in the
range of 0.78-0.89 or declared valid or suitable for use in
trials with students, the cognitive learning outcomes test
instrument is also declared to be construct valid and fit
with the PCM model, the estimated reliability is in the
medium category, and all questions have a medium
level of difficulty, good discrimination and a level of
guessing or low guessing. Overall, the cognitive learning
outcomes test instrument based on differentiated
learning on elasticity material is declared valid and
reliable and has good item characteristics and can be
used as an assessment instrument for students.
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