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ABSTRACT

The development of assessment instruments that can measure reading literacy, numeracy literacy, and critical thinking
skills is still a necessity in chemistry learning. This study aims to develop reading literacy and numeracy assessment
instruments to measure critical thinking skills in the material of electrolyte and non-electrolyte solutions. This study used
a test design and development method based on the Standards for Educational and Psychological Testing. The instrument was
validated by five experts and tested on 21 tenth-grade high school students. Data analysis included content validity (CVR),
empirical validity (Pearson Product Moment), reliability (KR-20 and Cronbach's Alpha), difficulty level, and
distinguishing power. The results showed excellent content validity, with CVR values of 0.992, 1.000, and 0.968,
respectively. Of the 35 items, 23 (65.71%) were empirically valid. The reliability coefficients were 0.70 for multiple choice,
0.93 for essay, 0.72 for complex multiple choice - true/false, and 0.15 for matching. The difficulty level was dominated
by the moderate category (57%). distinguishing power shows that 55% of the test items are in the fair to good category.
Overall, the instrument met most of the quality criteria and showed potential for assessing reading comprehension,
numeracy, and critical thinking skills, although further improvements were suggested.
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INTRODUCTION

Education in the 21st century increasingly focuses on providing essential skills such as critical thinking,
creativity, communication, and collaboration, known as the "4C" (Sulistyaningrum et al., 2024). To determine
the achievement of these skills, an assessment system is needed that not only measures mastery of the material
but also evaluates students' ability to understand, interpret, and apply knowledge in various life contexts (Putri
et al.,, 2021). Therefore, developing assessments that are appropriate to the demands of the 21st century is a
crucial aspect of improving the quality of learning.

In this context, reading literacy and numeracy assessments are the answer to improving the quality of
learning because they enable students to critically evaluate information, interpret data, and engage in logical
problem-solving (Rahmawati & Kamaludin, 2023). In line with this, chemistry learning requires competencies
in reading literacy and numeracy because both support conceptual understanding, data interpretation, and
accurate problem-solving in chemistry (Shidiq et al., 2022). Furthermore, the Indonesian policy context positions
minimum competency assessments as a replacement for national exams, emphasizing literacy and numeracy as
core competencies to prepare students for 21st-century challenges, including scientific literacy and problem-
solving in real-world contexts (Inganah et al., 2023; Jahro et al., 2024). However, achievement in reading literacy
and numeracy competencies remains suboptimal. Based on the 2025 Indonesian Education Report, the reading
literacy rate for high school students reached 72.89%, while numeracy literacy reached 70.31%, indicating that
approximately 27-30% of students have not yet achieved the expected competencies (Kementerian Pendidikan
Dasar dan Menengah, 2025). This situation demonstrates the need to develop assessments capable of measuring
and encouraging improvements in students' reading and numeracy skills.

The application of reading literacy and numeracy assessments in chemistry learning requires assessments
that not only measure memory but also the ability to understand scientific texts, interpret data, and apply
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mathematical reasoning to everyday problems. Therefore, in developing chemistry questions, it is necessary to
focus on reading literacy and numeracy to align with current assessment requirements in chemistry learning
(Shidiq et al., 2022). Reading literacy and numeracy assessments are also oriented towards the application of
knowledge in everyday life contexts, beyond mere memorization, thus supporting the development of students
who are able to reason critically in everyday life (Couture et al., 2017; Evans et al., 2012). These critical thinking
skills are formed when students can understand and interpret information from various sources, then use
quantitative reasoning to analyze data and draw conclusions based on scientific evidence (Hapudin & Mujazi,

2024).

In the context of chemistry, one suitable material for measuring students' critical thinking skills is
electrolyte and non-electrolyte solutions. This material not only requires students to understand theoretical
concepts but also requires them to connect everyday phenomena with scientific evidence by analyzing
observations, interpreting experimental data, and explaining the relationship between electrical conductivity,
types of substances, and ionization processes. In this process, students need to be able to read scientific
information, interpret tables or graphs of experimental results, compare various data, and draw conclusions
based on existing evidence (Eljinsa & Zamhari, 2024; Silvia et al., 2021). These characteristics indicate a close
relationship between electrolyte and non-electrolyte solutions and reading literacy, numeracy, and critical
thinking skills. Therefore, an assessment instrument is needed that can measure these three abilities in an

integrated manner (Nasruddin & Jahring, 2024; Prasetyani et al., 2024).

In addition to the need for instruments that can measure reading literacy and numeracy skills, as well as
critical thinking skills, developments in educational technology are also driving the transformation of assessment
implementation towards digital in chemistry learning because it supports the creation of more meaningful and
student-centered learning, thus having the potential to increase student engagement during the learning process
(Iglima et al., 2026). The use of digital platforms allows assessments to be carried out online, in real time, and
equipped with an automatic data analysis system that can identify patterns and trends in student learning
outcomes (Ilahi et al., 2025; Sudirman et al., 2022). Previous studies in chemistry education that emphasize
literacy-based and technology-based approaches report improvements in students' analytical and reflective
thinking when assessments are contextualized with real-world phenomena and supported by digital tools.

However, an integrated instrument that combines reading literacy, numeracy, and chemistry content in a digital
format is still needed (Ridhoni et al., 2022; Saputri et al., 2022).

Among the various digital platforms available, learning management systems (LMS), such as Moodle,
provide assessment features that can facilitate teachers in creating, managing, and evaluating student tests and
assignments. Implementing this technology not only makes the assessment process more efficient but also
supports the implementation of authentic assessments that meet the needs of 2lstcentury learning
(Cuhanazriansyah et al., 2025). However, many educators have not integrated digital technologies, such as LMSs,
into the assessment process, which reduces student engagement and the provision of timely feedback (Rahmawati

& Kamaludin, 2023; Widianto et al., 2024).

Several studies have developed various assessment instruments in chemistry learning that are oriented
towards reading literacy, numeracy literacy, critical thinking skills, and the use of LMS. However, the focus and
scope of development are still diverse so they are not able to accommodate the needs of the latest assessment
that integrates reading and numeracy literacy, critical thinking skills, and the use of digital platforms in a single
instrument. Siswaningsih et al. (2023) conducted research on the implementation of reading and numeracy
literacy assessment instruments for the topic of electrolyte and non-electrolyte solutions in the context of
ethnoscience, but only focused on reading and numeracy literacy skills and did not utilize digital platforms such
as LMS. In addition, Amelia & Saputri (2026) developed a minimum competency assessment instrument for the
topic of materials, elements, compounds, and mixtures using the E-Ujian CBT platform that only focused on
science literacy but did not focus on numeracy literacy and critical thinking skills. Ware et al. (2024) developed
an assessment instrument that integrates chemical literacy and HOTS in acid-base material, but the focus is still
on the development of chemical literacy instruments in the form of conventional assessments and has not
integrated reading and numeracy literacy and the use of LMS in the assessment process. Based on these studies,
research on the development of LMS-based assessment instruments that integrate reading and numeracy literacy
skills with critical thinking skills in electrolyte and non-electrolyte solution material is still limited. Therefore,
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the novelty of this study lies in the development of LMS-based reading and numeracy assessment instruments to
measure students' critical thinking skills in electrolyte and non-electrolyte solution material.

Based on the description, this research was conducted with the title "Development of Reading and
Numeracy Literacy Assessment Instrument in Electrolyte and Non-Electrolyte Solutions for Critical Thinking

Skills".

METHOD

This study employed the test design and development method based on the Standards for Educational
and Psychological Testing (American Educational Research Association et al., 2014). This method was chosen
because it provides systematic guidelines in the development and validation of educational assessment
instruments, from the preparation of test specifications to the evaluation of instrument quality. This framework
consists of four stages, namely: (1) the stage of developing and evaluating test specifications; (2) the stage of
developing, testing, and evaluating test items; (3) the stage of compiling and evaluating new test forms; and (4)
the stage of developing procedures and materials for administration and assessment. However, this research is
limited to only the first two stages because it is focused on the development and testing process. Participants in
this study involved five experts in the field of chemistry education, namely three lecturers from the Chemistry
Education Study Program, FPMIPA UPI and two high school chemistry teachers as validators, as well as 21 high
school students in grade X at a school in Bandung. This study only involved 21 high school students in grade X
as respondents for the limited trial because this study aimed to conduct an initial trial of the developed
instrument before testing on a wider scale. This research was conducted for two days in May 2026. The research
procedure in this study can be seen in Figure 1 below.
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Figure 1. Research Procedure

The development and evaluation stage of the test specifications was carried out through an analysis of
learning outcomes in the electrolyte and non-electrolyte solution material, an analysis of high school chemistry
textbooks on the electrolyte and non-electrolyte solution material, an analysis of reading literacy and numeracy
components, and an analysis of critical thinking indicators in the electrolyte and non-electrolyte solution
material. Next, the characteristics of the assessment instrument to be developed were determined. The
determination of these characteristics included the form of questions, test format, cognitive level, aspects
measured, reading text approach, and expected instrument quality criteria. The results of this characteristic
determination were then used as the basis for developing the test blueprint. The test blueprint was developed as
a systematic guide for constructing the test items. The main components contained in the test blueprint are the
title of the information text, learning outcomes, sub-material, reading literacy or numeracy components, critical
thinking indicators, test item indicators, test format, and question number. The test blueprint was then used as
the basis for developing the test items for the reading literacy and numeracy assessment instrument.

The next stage is the development, testing, and evaluation of test items. At this stage, reading literacy and
numeracy instruments are prepared in various question formats based on the test specification stage that has
been carried out previously. The items are designed to measure reading literacy and numeracy, as well as critical
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thinking skills based on predetermined indicators. The developed instrument is then validated by an expert
validator to assess the alignment between the text and the test items, the alignment between the item indicators
and the test items, and the alignment between the critical thinking indicators and the test items. The validity
used is content validity. The data analysis technique for content validity is carried out using the Content Validity
Ratio (CVR) method according to(Lawshe, 1975) using the following equation.

N
ne —?
CVR = — (1)

2

Where ne is the number of validators who declared the item valid and N is the total number of validators.
In this study, five validators were involved, so the minimum CVR threshold for declaring a test item valid
according to (Lawshe, 1975) is 0.99 at a significance level of 0.05.

The reading literacy and numeracy assessment instruments that had undergone validation and were
declared suitable by the validators were then converted into the Moodle LMS. Subsequently, a pilot test and data
analysis were conducted. This instrument pilot test and data analysis were conducted to obtain empirical data
related to the instrument's use in the field and to assess the quality of the developed test items. The pilot test
data were then comprehensively analyzed to determine the quality of the test items, including empirical validity,
reliability, difficulty level, and distinguishing power. The item quality analysis in this study used the Classical
Test Theory (CTT) approach because the research objective was to evaluate the initial quality of the instrument
through an analysis of empirical validity, reliability, difficulty level, distinguishing power. The CTT approach
was chosen because it is commonly used in educational evaluation and is suitable for assessing item characteristics
in the early stages of assessment instrument development (Sarea & Ruslan, 2019). The data analysis techniques
used to determine the quality of the test items were as follows:

Empirical Validity

The calculation of empirical validity was carried out using the Pearson's Product Moment Correlation
Coefficient technique with the help of Microsoft Excel to obtain the calculated r value with the equation
referring to (Riduwan, 2013) as follows.

I ny Xy —(QXY)QY)
xy —
J((ZXZ) -EXH)nTY?-(X)?)

2)

Where 7y is the correlation coefficient between variable X and variable Y, n is the number of samples,
Y. X is the sum of item scores, and ), Y is the sum of total item scores. Empirical validity in this study used a
significance level of 0.05 with a total of 21 students as respondents, so the critical r value used was 0.433. The
test item is declared valid if the calculated r value is greater than the critical r value. Interpretation of the validity
correlation coefficient value refers to the categories according to (Arikunto, 2018).

Reliability

In this study, the reliability calculation of the test items used the Kuder-Richardson 20 (KR-20) and
Cronbach's Alpha techniques with the help of Microsoft Excel according to the form of the test and the type of
scoring. According to Ramadhan et al. (2024), the KR-20 technique is used to measure the reliability of test items
that have a maximum score of one or are dichotomous, such as in the form of multiple-choice questions. The
Cronbach's Alpha technique is used to measure the reliability of test items with a maximum score of more than
one or are polytomous, such as in the form of essay questions, matching, and complex multiple-choice questions.
For the Kuder-Richardson 20 (KR-20) technique, the equation used refers to (Sugiyono, 2023) as follows.

k(S -Xpa
C(k—-1) 5?2

T 3)
Where 7; is the instrument reliability coefficient, k is the number of test items, p; is the proportion of

correct answers, q; is 1 - p;, dan S? is the test variance. For the Cronbach's Alpha technique, the equation used
refers to (Slamet & Wahyuningsih, 2022) as follows.

http://ejournal.tsb.ac.id/index.php/jpm/index 1636



https://doi.org/10.37630/jpm.v16i4.4958
http://ejournal.tsb.ac.id/index.php/jpm/index

Jurnal Pendidikan MIPA ISSN: 2088-0294 | eISSN: 26219166
Vol. 16, No. 4, Tahun 2026 https://doi.org/10.37630/jpm.v16i4.4958

r = n <1 _ ZU;2> (4)

n—1 Ot

Where 7y is item reliability, 7 is the number of items, . 0;2 is the score variance for each item, and 6,2 is
the total score variance. The interpretation of the KR-20 reliability coefficient refers to the criteria according to Djaali
& Muljono (2008), while the interpretation of the Cronbach's Alpha coefficient refers to the criteria according to Gliem
& Gliem (2003).

Difficulty Level

In this study, the difficulty index was calculated using Microsoft Excel. To calculate the difficulty index of
a question item with a maximum score of one, the equation used refers to (Fatimah & Alfath, 2019) as follows.

B
P = 15 5)
Where P is the difficulty index, B is the number of students who answered the question correctly, and JS is the
total number of students who took the test. To calculate the difficulty level of a question with a maximum score

of more than one, the equation used refers to (Arifin, 2012) as follows.

X

pP= (6)

Xmax

Where P is the difficulty index, X is the average score, and Xpqy is the maximum score for the item. The
classification of difficulty levels refers to the categories according to (Arikunto, 2018).

Distinguishing Power

In this study, the discrimination index was calculated using Microsoft Excel. Before calculating the
discrimination index, the students were divided into two groups: an upper group and a lower group. Based on a
total of 21 students, the 10 students with the highest total scores were grouped into the upper group, and the 10
students with the lowest total scores were grouped into the lower group. One other student was in the middle
group and was not included in the discrimination index calculation. This division was carried out to identify
differences in answers between students with high and low abilities on each question. This way, the
discrimination index value for each question could be analyzed more accurately. To calculate the discrimination
index for a question item with a maximum score of one, the equation used refers to Arikunto (2018) as follows.

B, Bg

A (7

Where D is the discrimination index, /4 is the number of participants in the upper group, Jg is the number of
participants in the lower group, By is the number of participants in the upper group who answered correctly,
and By is the number of participants in the lower group who answered correctly. To calculate the discrimination
index for an item with a maximum score of more than one, the equation used refers to Arifin (2012) as follows.

average score of the upper group — average score of the lower group

®)

maximum score of the question

Where D is the discrimination index. The classification of the discrimination index range refers to the
categories according to (Arikunto, 2018).

In this study, 40 questions were tested. However, five multiple-answer multiple-choice (MAMC) questions
were not included in the item quality analysis. This was due to technical constraints in the Moodle LMS during
the trial, such as the system being unable to process answers when students selected more than two options. As
a result, the answers obtained from these five questions did not fully represent students' responses and potentially
affected the accuracy of the item quality analysis. Therefore, these five questions were not included in the item
quality analysis.

RESULTS AND DISCUSSION

The development and evaluation stage of test specifications is carried out through an analysis of learning
outcomes in the electrolyte and non-electrolyte solution material by referring to the Decree of the Head of the
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Education Standards, Curriculum, and Assessment Agency of the Ministry of Primary and Secondary Education
Number 046/H/KR/2025 (BSKAP, 2025). This analysis aims to adjust the material to the applicable learning
outcomes, determine the scope of relevant material, and formulate the depth and breadth of the material. Based
on the results of the analysis, the sub-materials of electrolyte and non-electrolyte solutions used are: (1) electrolyte
solutions; (2) strong electrolyte solutions; (3) weak electrolyte solutions; (4) non-electrolyte solutions; (5)
ionization; and (6) dissociation. The electrolyte and non-electrolyte solution material is analyzed thoroughly by
referring to high school Chemistry textbooks and General Chemistry books so that the assessment instruments
developed remain aligned with the curriculum, have conceptual suitability, and avoid misconceptions or
inappropriate presentation of the material.

The development of test items is based on the analysis of the reading and numeracy literacy framework.
The content used in this reading and numeracy literacy assessment is informational text containing a scientific
context. In the reading literacy aspect, the competencies measured are: (1) access and retrieve; (2) interpret and
integrate; and (3) evaluate and reflect. In the numeracy literacy aspect, the domain used is data & uncertainty
with the subdomains of data & representation and uncertainty & opportunity. The cognitive levels used in the
numeracy literacy aspect are: (1) knowing; (2) applying; and (3) reasoning. This reading and numeracy literacy
aspect is also integrated with critical thinking skills so that the developed instrument can measure students'
critical thinking skills. The indicators of critical thinking skills used are based on Facione (2011), namely
interpretation, analysis, inference, evaluation, explanation, and self-regulation. A description of each critical
thinking indicator according to Facione (2011) is presented in Table 1 below.

Table 1. Description of Critical Thinking Indicators

Indicator Indikator Description

The ability to understand and express the meaning or significance of various experiences,

situations, data, events, assessments, rules, procedures, and so on

The ability to identify intended and actual inferential relationships among statements,

Analysis concepts, descriptions, or other forms of representation to express beliefs, judgments,
experiences, reasons, information, or opinions

Interpretation

The ability to identify the elements needed to draw reasonable conclusions, to form

Inference . . . .
conjectures and hypotheses to consider relevant information

The ability to assess the credibility of statements or other representations that are descriptions
Evaluation  or descriptions of a person's perceptions, experiences, situations, judgments, beliefs, or
opinions to assess the logical strength of actual inferential relationships

The ability to state and justify reasoning based on evidential, conceptual, methodological,
Explanation  criteria, and contextual considerations and to present such reasoning in the form of
convincing arguments

Self The ability to monitor one's cognitive activity by applying analytical and evaluation skills to
elr- . L1 . . .. X . . .
one's own inferential judgments with the aim of questioning, confirming, validating, or

Regulation . . .
correcting reasoning or results obtained

Thus, the developed instrument not only serves to measure students' reading literacy and numeracy skills,
but also their critical thinking skills.

Next, the characteristics of the assessment instrument to be developed are determined. This determination
is made with the aim of establishing the initial general design of the instrument. These characteristics include
the question format, test format, cognitive level, aspects to be measured, reading text approach, and expected
instrument quality criteria. The results of this characteristic determination are then used as the basis for
developing the test blueprint.

The test blueprint was developed as a systematic guideline for constructing test items. The test blueprint
was developed to ensure that the test items align with the reading literacy, numeracy, and critical thinking skill
indicators. The main components of the test blueprint are the information text title, learning outcomes, sub-
topics, reading literacy and numeracy components, critical thinking indicators, test item indicators, test format,
and test number.
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The next stage in this research was the preparation of reading and numeracy literacy instruments based
on the test specification stage that had been carried out previously. The process of preparing this instrument
began with the creation of reading texts in the form of informational texts relevant to the material of electrolyte
and non-electrolyte solutions, totaling five reading texts. Next, the preparation of questions was carried out, the
questions consisted of five types of questions, namely multiple choice, complex multiple choice, matching, short
answer, and essay. The total number of questions prepared was 50 items, consisting of 25 reading literacy
questions and 25 numeracy literacy questions. When viewed from the critical thinking indicators, there were 12
interpretation questions, 15 analysis questions, 7 inference questions, 5 evaluation questions, 7 explanation
questions, and 4 self-regulation questions. All questions were spread across the five reading texts that had been
prepared previously.

The developed instrument was then validated by five expert validators. Validation was conducted to assess
the alignment between the text and the test items, the alignment between the item indicators and the test items,
and the alignment between the critical thinking indicators and the test items. The validity used was content
validity. Content validity indicates the extent to which the test items in an instrument can describe the
competencies to be measured (Utami et al., 2024). At this stage, a content validation sheet was prepared as a
reference for the validators in assessing the instrument. This validation sheet contained several assessment
components, namely the reading text in the form of information text, test items, answer keys, and scoring
guidelines. Data analysis techniques for content validity were carried out using the Content Validity Ratio (CVR)
method according to Lawshe (1975). The summary of the results of this validity analysis is presented in Table 2
below.

Table 2. Summary of Content Validity Analysis Results

Py Number of CVR
Content Validity Category Texts/Quest tems ~ Value Remarks
Alignment between text and 49 0.992 49 valid questions with a note of 1 valid
test items ' question with revision and 1 invalid question
Alignment between item 50 1 50 valid questions with a note that 21
indicators and test items questions are valid with revisions
Alignment between critical 47 valid questions with a note that 24
thinking indicators and test 47 0.968  questions are valid with revision and 3
items questions are invalid

The minimum CVR limit value for declaring a test item valid in this study is 0.99. Table 2 shows that in
the category of alignment between text and test items, 49 test items were declared valid, with 1 test item declared
valid with revision and 1 test item declared invalid, so that the overall CVR value in this category is 0.992. In
the category of alignment between item indicators and test items, 50 test items were declared valid, but there
were 21 test items declared valid with revision, so that the overall CVR value in this category is 1. The * symbol
on this CVR value indicates that although all are valid, there are still some questions that need to be revised.
Input from these experts is important so that bias in the preparation of test items can be reduced and to minimize
significant errors, such as irrelevant statements that can affect the measurement results. In the category of
alignment between critical thinking indicators and test items, 47 test items were declared valid, but there were
24 test items declared valid with revision and 3 test items declared invalid, so that the overall CVR value in this
category is 0.968. The overall CVR value for the category of alignment between critical thinking indicators and
test items indicates that the CVR value is still below the minimum CVR limit for a test item to be declared valid.
This is because there are 3 test items that are declared invalid, which affects the overall CVR value. Therefore,
the test items that are declared invalid will not be included in the trial stage. This also applies to the category of
alignment between text and test items, namely 1 test item that is declared invalid will not be included in the trial
stage.

The reading literacy and numeracy assessment instruments that have been validated and declared suitable
by the validators are then converted into the Moodle LMS. The use of the Moodle LMS not only facilitates
online assessments but also supports the measurement of reading and numeracy literacy skills, as well as critical
thinking skills, by presenting various stimuli in a single platform. Stimuli in the form of reading texts, tables,
graphs, images, and videos can be presented in an integrated manner with test items, allowing students to analyze
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information, interpret data, and draw conclusions based on evidence before answering questions. Compared to
conventional paper-based assessments, the Moodle LMS also enables more systematic assessment management
through time management, automatic response recording, and real-time storage of assessment results. Using this
LMS allows students to access and work on questions online, making the assessment process more efficient,
organized, and easier to monitor. The Moodle LMS also supports automatic answer collection and result
checking. In addition to containing the assessment instruments, the Moodle LMS also includes learning
materials, allowing the assessment process to be integrated with learning activities. The assessment instruments
displayed in the Moodle LMS are shown in Figure 2 below.

General nforn
B Teks | uatuk menjawab soal nomor 1 - 4
BAHANAJAR TEKS 1
Bahan Ajar /7 Larutan Elektrolit dan Non Elektrolit dalam Misuman Sehar.hart
Bahan Ajar Larutan Elekt. =D f. <
KEGIATAN PEMBELAJAR...

Gambar 1. Atlet Mengonsumsi Mimuman Isotonik
Sumber: b

Air adalah komponen penting dan meajadi kompanen wiama di dalam tubuh manusia. Air memiliki peran penting untuk melartkan
berbagai zat. Mapusia mengonsumsi berbagai macam minaman dalam kehidupan sebari-hari untuk memenuhi keburuban caican fubul.
Coatoh minuman yang dikoasumsi mapusia, yaitu air mineral, minuman berkarboaasi, teh manis, minuman isotonik, es jenuk danj
sebagainya. Berbagai macam minuman tersebut mengandung zat terlarut yang berbeda-beda sehingga kemampuan dalam menghant

Video Pembelajaran listrikisya pun berbeda-beda.
ASESMENLITERASIME. Lanutan yang mempunyai kemampuan dapat listrk discbut dengan Hal ini dischabkan karena
terdapat ion-ion bermuatan yang bergerak bebas di datam larutan. Larutan elekirolit terbagi menjadi dua jens yaitu larutan elektrolit
_ dan larutan elektrolit lemalr Larutan elekirolit kuat adalah ketika sust zat larut akan menghasilken baysk ion dalam larwtan yang d

bergerak bebas sehingen dapat menghantarkan listrik denzan sangat baik. seperti larutan natrium Klorida (NaC'l). Sedangkan larutan elektrolit

Figure 2. Assessment Instrument Display on Moodle LMS

Then, before the trial was conducted, students first participated in learning activities through the prepared
LMS. Next, the trial and data analysis were conducted. Forty questions were tested because four items were
declared invalid in the content validity test and several questions measured the same reading literacy, numeracy
literacy, and critical thinking indicators. This instrument trial and data analysis were conducted to obtain
empirical data related to the use of the instrument in the field and to assess the quality of the developed items.
The data from the trial were then analyzed comprehensively to determine the quality of the items, including
empirical validity, reliability, difficulty level, and discriminating power. The analysis of item quality will be
presented below.

Empirical Validity
The results of the empirical validity analysis of the instrument are presented in Table 3 below.

Table 3. Empirical Validity Analysis Results

Item Number Critical r Value Calculated r Value Validity Status Interpretation

1 0.433 0.251649 Invalid Low

2 0.433 0.187441 Invalid Very Low
3 0.433 0.21763 Invalid Very Low
4 0.433 0.494243 Valid Moderate
5 0.433 -0.21857 Invalid Very Low
6 0.433 0.449101 Valid Moderate
7 0.433 0.497347 Valid Moderate
8 0.433 0.464587 Valid Moderate
9 0.433 0.553147 Valid Moderate
10 0.433 0.491678 Valid Moderate
11 0.433 0.076131 Invalid Very Low
12 0.433 0.513018 Valid Moderate
13 0.433 0.337479 Invalid Low
14 0.433 0.197963 Invalid Very Low
16 0.433 0.559176 Valid Moderate
17 0.433 0.269871 Invalid Low
18 0.433 0.352691 Invalid Low
19 0.433 0.628621 Valid High
20 0.433 0.637333 Valid High
21 0.433 0.838041 Valid Very High
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[tem Number Critical r Value Calculated r Value Validity Status Interpretation
22 0.433 0.385564 Invalid Low

23 0.433 0.626911 Valid High
24 0.433 0.723867 Valid High
25 0.433 0.555433 Valid Moderate
26 0.433 0.702024 Valid High
27 0.433 0.503344 Valid Moderate
28 0.433 0.606906 Valid High
29 0.433 0.664769 Valid High
30 0.433 0.730731 Valid High
31 0.433 0.81244 Valid Very High
33 0.433 0.28674 Invalid Low
34 0.433 0.073221 Invalid Very Low
35 0.433 0.773585 Valid High
38 0.433 0.543155 Valid Moderate
40 0.433 0.719141 Valid High

Table 3 shows that 23 items were declared valid, with 11 items categorized as moderate, 10 as high, and 2
as very high. This indicates that most of the items adequately measured the intended construct. However, 12
items were declared invalid, with 6 items categorized as low and 6 as very low. This indicates that most of the
items met the empirical validity criteria. Items deemed empirically invalid require improvement in further
research.

The analysis results show that the 12 items that did not meet empirical validity were characterized by
relatively complex cognitive demands, requiring students to integrate information from the reading stimulus
with the concepts of electrolytes and non-electrolytes to evaluate several statements simultaneously. In one item,
students were asked to determine whether four statements concerning the relationship between electrical
conductivity, dissolved ions, and water quality were true or false. This type of question requires the ability to
comprehend the reading, connect several concepts, and evaluate each statement, potentially increasing response
errors if there is information that is not understood or ambiguous wording. Therefore, the revision process can
be carried out by simplifying the wording of the statements and clarifying the relationship between the stimulus
and the question. These findings are in line with (Nahadi & Firman, 2019) regarding various factors that cause
low empirical validity, namely factors inherent in the test text itself, such as unclear sentence structure, overly
complex sentence structure, and difficult-to-understand reading material. Furthermore, factors influencing
empirical validity can also be observed in student responses, such as the large number of students who did not
answer or who answered randomly. This condition is due to a lack of understanding of the material, low accuracy
in reading questions, low motivation in doing the test, the physical condition of students when doing the test,
and errors in understanding the meaning of the questions.

Reliability
The results of the instrument reliability analysis are presented in Table 4 below.

Table 4. Reliability Analysis Results

. . Reliability . .
Item Format Analysis Technique Coefficient Reliability Status Interpretation
Multiple Choice (Maximum Kuder-Richardson 20 .
Score = 1) (KR-20) 0.75 Reliable Moderate
Essay (Maximum Score = 2) Cronbach’s Alpha 0.93 Reliable Very High
Complex Multiple Choice - , Reliable
True,/False (Maximum Score = 4) Cronbach’s Alpha 0.72 Acceptable
Matching (Maximum Score = 5) Cronbach’s Alpha 0.15 Not Reliable Unacceptable

Table 4 shows that three question types were found to be reliable: multiple choice (maximum score = 1),
with a reliability coefficient of 0.75, categorized as moderate; essay (maximum score = 2), with a reliability
coefficient of 0.93, categorized as very high; and complex multiple choice - true/false (maximum score = 4), with
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a reliability coefficient of 0.72, categorized as acceptable. However, one question type was deemed unreliable:
matching (maximum score = 5), with a reliability coefficient of 0.15, categorized as unacceptable. These analysis
results indicate that most of the items in the developed instrument had good internal consistency. However, the
matching item format still requires improvement.

The low reliability coefficient for the matching questions is thought to be influenced by the characteristics
of the items developed. Both matching items require students to connect several pairs of related concepts within
a single context. In one item, students are asked to match the concept of a weak electrolyte with its characteristics,
while in the other, students are asked to match the relationship between the working process of a battery with
its scientific reasoning. These characteristics lead to a single error in understanding the main concept, which can
influence several answer pairs simultaneously, resulting in low response consistency between students.
Furthermore, the matching questions in this study only consisted of two items, resulting in relatively limited
score variation. This condition is thought to contribute to the low reliability coefficient obtained. Therefore, the
matching questions need to be refined by increasing the number of items and arranging more varied concept
pairs to improve the instrument's internal consistency. These findings align with Muharromah et al. (2025)
regarding various factors that contribute to low reliability coefficients, namely too few items, unclear instructions,
and the physical condition of the students during the test. An instrument with too few items can potentially
provide unstable measurements and underrepresent true abilities. Unclear test instructions can lead to students'
inability to understand the meaning of the questions. Students who are not feeling well during the test can
potentially lead to inconsistent answers, which can reduce the stability of the measurement results.

Most of the questions in the developed instrument can be considered reliable because the reliability
coefficient is above the minimum limit of 0.70 for an instrument to be considered reliable (Fraenkel et al., 2012).

Difficulty Level

The results of the analysis of the level of difficulty are presented in the form of a table of distribution of
the level of difficulty of the test items in Table 5 below.

Table 5. Distribution of Level of Difficulty of Question Items

Interpretation Number of Items Percentage (%)
Easy 8 23
Moderate 20 57
Difficult 7 20
Total Number of Item 35

Table 5 shows that there are 8 easy items, representing 23%, 20 moderate items, representing 57%, and 7 difficult
items, representing 20%. The percentage ratios of these distributions indicate that the difficulty levels of the
items are close to the recommended levels. Arifin (2012) explains that a good difficulty level is one that is evenly
distributed, consisting of 25% easy items, 50% moderate items, and 25% difficult items.

Overall, the developed instrument demonstrates a fairly balanced difficulty level. This indicates that the
instrument is of good quality because it is dominated by moderate items, allowing students' cognitive abilities to
be differentiated proportionally (Arikunto, 2018).

Distinguishing Power

The results of the discriminatory power analysis are presented in the form of a table of the distribution of
the discriminatory power of the test items in Table 6 below.

Table 6. Distribution of Distinguishing Power of Question Items

Interpretation Number of Items Percentage (%)
Good 10 29
Fair 9 26
Poor 13 37
Very Poor 3 9
Total Number of Items 35
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Table 6 shows that 10 items were categorized as good (29%), 9 items were categorized as fair (26%), 13
items were categorized as poor (37%), and 3 items were categorized as very poor (9%). This indicates that more
than half of the items in the developed instrument, totaling 55%, had fair to good discriminatory power and
met the criteria for discriminatory power, making them reliable for distinguishing between high-ability and low-
ability students. However, another 45% of the items had poor to very poor discriminatory power, making them
unable to effectively differentiate student abilities. Therefore, item improvements are needed in future research.

The average discrimination index value for all items was 0.25, categorized as fair, indicating that, in
general, the items in the developed instrument had fairly good discriminatory power. However, 45% of the items
still needed improvement. Analysis of several items with low discriminatory power indicates that question
characteristics also influence the item's ability to differentiate between high- and low-ability students. Some items
use a complex multiple choice - true/false format, requiring students to evaluate several statements based on a
single core concept. In this context, misunderstandings of the underlying concept lead to multiple statements
being answered incorrectly simultaneously, resulting in low score variation among students. Furthermore, several
essay questions require open-ended responses, resulting in more diverse student responses and an inability to
fully differentiate between student ability levels. There are also items that measure the basic concept of
electrolytes through relatively simple statements that can be answered correctly by most students. These
characteristics are thought to contribute to the low discriminatory power of some items. Therefore, revisions
were made through refining the item wording, improving the quality of distractors, and adjusting the level of
question complexity so that each item is more capable of differentiating students based on their ability levels.
These findings align with Warju et al. (2020) regarding various factors contributing to low discrimination index
scores, namely questions that are too easy or too difficult and distractors that are not functioning properly. If a
question is too easy, it will be answered correctly by both high-ability and low-ability students. Conversely, if a
question is too difficult, it will be answered correctly by both high-ability and low-ability students. A distractor
that is not functioning properly means that the wrong answer choices on a question are too easy to guess or are
not attractive to students. As a result, the question cannot differentiate between high-ability and low-ability
students.

CONCLUSION

This research successfully developed an LMS-based assessment instrument that integrates reading literacy,
numeracy, and critical thinking skills in the topic of electrolyte and non-electrolyte solutions. Overall, the
developed instrument demonstrated good quality based on content validity, empirical validity, reliability,
difficulty level, and discriminatory power. However, several items still require refinement to meet all instrument
quality criteria. Therefore, this instrument has the potential to be used as an alternative 2 Ist-century assessment
tool that supports the measurement of reading literacy, numeracy, and critical thinking skills in chemistry
learning.

This research has limitations because instrument development only covered the first two stages of the
Standards for Educational and Psychological Testing, namely (1) developing and evaluating test; and (2)
specifications and developing, testing, and evaluating test items. The stages of developing a new test format and
developing administration and scoring procedures have not yet been implemented. Therefore, further research
is recommended to continue these development stages, involve a larger number of respondents, and refine items
that do not meet the instrument quality criteria to obtain a more comprehensive instrument ready for wider
implementation.
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