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Abstract: The low level of chemical literacy in Indonesia, reflected in PISA 2022 scores below the average, is driven by the 

limited use of literacy-based assessments and restricted access to proper evaluation instruments. This study aims to develop 

and validate a chemical literacy test instrument specifically designed for atomic structure material for Senior high School 

students, utilizing the Rasch model for rigorous psychometric analysis. Unlike previous studies that often integrate multiple 

chemistry topics, this research provides a specialized focus exclusively on atomic structure, featuring five contextual 

narratives and one infographic across seven essay items to capture deep conceptual understanding. This Research and 

Development (R&D) employed purposive sampling of students at SMA N 7 Padang. Data were analyzed using Content 

Validity Ratio (CVR) for logical validity and Rasch modelling via Ministep software for empirical validation. The Rasch 

model was selected over classical test theory to ensure linear measurement of both item difficulty and student ability. SME 

evaluations confirmed the logical validity of all items. Empirical analysis showed that although some items exhibited higher 

outfit values, they were retained because of strong point-measure correlations with the measured construct. Item reliability 

was categorized as good, person reliability as fair, and Cronbach’s alpha was categorized as good. The instrument effectively 

categorized item difficulty and student discrimination power into three ability levels (high, medium, and low). The resulting 

seven-item instrument is valid, reliable, and practically feasible for educators to integrate into formative assessments to 

measure students' chemical literacy in atomic structure. 
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Introduction  

 
Chemical literacy is an essential component of 

scientific literacy, vital in today's educational landscape due 

to the close relationship between chemistry and daily life. It 

is imperative that chemical literacy be taught to students in 

the 21st century, where science and technology are 

advancing rapidly [1]. Chemical literacy encompasses facts 

and phenomena occurring globally, such as global warming, 

energy crises, and environmental degradation [2]. Despite its 

paramount importance, not all students effectively 

comprehend chemical literacy. One of the current challenges 

in Indonesian education is the low level of general literacy, 

which includes chemical literacy. 

This low level of chemical literacy is evident in PISA 

(Programme for International Student Assessment) scores. 

PISA evaluates scientific literacy outcomes (including 

chemical literacy) among 15-year-old students every three 

years, organized by the Organization for Economic 

Cooperation and Development (OECD) [3]. Indonesia has 

participated in this program since 2000. From 2000 to 2022, 

Indonesia has consistently recorded PISA scores below the 

international average. In the 2022 PISA results, Indonesia 

ranked 68th in scientific literacy out of 81 participating 

countries, earning a score of 383, while the OECD average 

score reached 485 [4]. 

Measuring a student's comprehensive level of 

chemical literacy is no simple task. One cause for the low 

chemical literacy outcomes is the insufficient use of 

chemical literacy-based questions in the learning process [5]. 

Assessment instruments commonly used in schools often 

emphasize low-level cognitive aspects, such as rote 

memorization of concepts, definitions, or routine 

calculations. Consequently, these instruments are less 

capable of exploring and measuring students' abilities to 

apply chemical knowledge to daily life, evaluate 

information, or integrate various concepts to solve complex 

problems[6]. The difficulty in finding chemical literacy 

instruments means that many teachers have not yet utilized 

literacy-type questions to measure their students' abilities, 

and are looking for guides or instrument examples [7]. 

The lack of use and the difficulty in accessing 

chemical literacy questions directly affect students' literacy 

skills. Strong chemical literacy is a foundational requirement 

for students to understand fundamental concepts, including 

atomic structure. Chemical literacy is not limited to 

memorizing formulas and definitions; it includes the ability 

to interpret information, think critically, and apply chemical 

concepts across various contexts[8]. In the study of atomic 

structure, chemical literacy enables students to analyze 

atomic models over time, understand how the discovery of 

subatomic particles changed the perspective on atoms, and 

link electron configurations to elemental properties [9], [10], 

[11]. Without chemical literacy, students may struggle to 

visualize atoms, understand the abstract concept of quantum 

numbers, or relate atomic structure to the formation of 
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chemical bonds [12]. Therefore, developing students' 

chemical literacy is crucial to fostering a deep understanding 

of atomic structure, which, in turn, supports their future 

success in learning more complex chemical concepts. 

The topic of Atomic Structure is one of the chemistry 

subjects included in the Learning Outcome of SK BSKAP 

No. 32 of 2024. This topic is taught in Phase E of Senior 

High School. Atomic structure is the fundamental 

framework for understanding advanced chemical concepts 

such as stoichiometry, chemical reactions, equations, and 

bonding. The curriculum covers the formation of atoms from 

the beginning of the universe and their evolution into the 

physical structure of the atom, through the discovery of 

subatomic particles. Furthermore, atomic structure explains 

how macroscopic properties (those visible to the eye) are 

dependent on microscopic properties (molecular or atomic 

levels; not physically visible) [13].  

Regarding students' comprehension of atomic 

structure, the results were significantly low [14]. This 

outcome is influenced by several factors, notably that 

chemistry instruction on this subject in senior high schools is 

frequently dominated by conventional teacher-centered 

methods. Such approaches often fail to accommodate diverse 

student learning styles, leading to low learning motivation 

and a lack of active engagement. Consequently, this 

negatively impacts both academic performance and levels of 

chemical literacy. To address these challenges, there is a 

pressing need for innovation in pedagogical strategies and 

the development of relevant assessment instruments. 

Furthermore, many students encounter difficulties when 

solving problems related to atomic structure, particularly in 

distinguishing between various atomic theories [15]. As the 

subject matter primarily comprises theoretical and abstract 

concepts, it remains inherently difficult for students to grasp. 

Developed a chemical literacy instrument for atomic 

structure and nanotechnology in Phase E; the scope of that 

instrument remains broad. By covering both atomic structure 

and nanotechnology, the depth of exploration for each 

specific topic is somewhat limited. The novelty of the 

present study lies in its exclusive and intensive focus on 

atomic structure, encompassing the history of atomic 

models, subatomic particles, atomic classification, and 

electron configurations. This specialized approach is 

expected to provide a more comprehensive measurement of 

each sub-topic within the atomic structure material. 

Furthermore, by utilizing the Rasch model analysis, this 

research addresses the methodological gaps of previous 

studies, ensuring a more linear and objective evaluation of 

student literacy levels compared to broader, multi-topic 

assessments [16]. 

The designing of valid and reliable test instruments is 

vital for accurately measuring students’ chemical literacy 

levels [17]. These instruments are expected to provide a 

clearer picture of student performance. Furthermore, they 

serve not only as summative assessment tools but also as 

formative assessments to monitor student learning progress. 

Therefore, this study aims to bridge the existing literature 

gap by developing a chemical literacy test instrument with a 

deep, exclusive focus on atomic structure and validating it 

through Rasch modelling. By employing a specialized 

content approach and rigorous psychometric validation, this 

instrument is expected to provide educators with a more 

accurate and objective measurement tool to comprehensively 

map students’ chemical literacy profiles. 

 

Research Methods  
 

This study is a Research and Development (R&D) 

project, which examines the design and development of 

learning products, such as test instruments, and evaluates 

their effectiveness [18].  The design of this test instrument 

refers to the ten stages of instrument development proposed 

by Xiufeng Liu et al. (2020), utilizing the Rasch Model [19]. 

This analytical approach provides more precise 

measurements and accurate information regarding both the 

test instrument’s quality and the students’ abilities. The 

development and validation processes were conducted at the 

Chemistry Education Study Program, Faculty of 

Mathematics and Natural Sciences, Universitas Negeri 

Padang, while the field testing was carried out at SMA N 7 

Padang. The research instruments utilized in this study 

consist of validation sheets and the newly developed 

chemical literacy test instrument. The data collected are 

quantitative, derived from the validity assessment scores 

provided by expert validators and the results of the field trials 

conducted with students. 

The data analysis techniques employed in this study 

include validity and reliability testing. Logical validity was 

assessed through validation instruments evaluated by 

Subject Matter Experts (SMEs). The resulting validity data 

were analyzed using the Content Validity Ratio (CVR) 

developed by Lawshe (1975) to quantify expert agreement 

regarding the essentiality of specific items [20]. According 

to Lawshe’s criteria, if more than half of the SMEs deem an 

item relevant, that item is considered to possess sufficient 

content validity.  

CVR =
𝑛𝑒 − (N/2)

N/2
 

Information: 

ne = the number of validators indicating an item is 

“essential” or relevant 

N = the total number of validators 

  

The assessment criteria for the acceptance of test 

instruments based on the CVR scale range from +1 to -1. A 

higher CVR value indicates that an item is more essential, 

reflecting greater validity. For a panel of five validators, the 

minimum threshold for a CVR value to be accepted and 

considered valid is 0.736 [20]. 

Once the instrument was declared valid through the 

expert validation process, the chemical literacy instrument 

was field-tested with students at SMA N 7 Padang during the 

2025/2026 academic year (specifically the July–December 

2025 semester). The resulting data were analyzed 

quantitatively, encompassing empirical validity, reliability, 

item difficulty, and discrimination power. Empirical 

validity, reliability, item difficulty, and discrimination power 

were analyzed using Rasch modelling facilitated by the 

Ministep software. The criteria for empirical validity were 

determined by assessing item fit using Outfit Mean Square 

(MNSQ), Outfit Z-Standard (ZSTD), and Point Measure 

Correlation (Pt Mean Corr). According to Rasch modelling 

standards, an item is categorized as 'fit' if it meets the 

following requirements: an Outfit MNSQ value between 0.5 
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and 1.5, an Outfit ZSTD value between -2.0 and +2.0, and a 

Pt Mean Corr value between 0.4 and 0.85 [21]. 

The results of the reliability analysis can be observed 

in the summary statistics section of the Ministep application, 

specifically focusing on person reliability, item reliability, 

and Cronbach’s alpha coefficients. The criteria for 

determining the quality of person and item reliability are 

categorized according to the standards presented in Table 1 

below [21]. 

 

Table 1. Criteria for reliability interpretation 

Value  Criteria 

< 0.67 Weak 

0.67 – 0.80 Fair 

0.80 – 0.90 Good 

0.90 – 0.94 Very good 

> 0.94 Excellent 

  

Furthermore, the overall reliability, which represents 

the interaction between items and individuals, is measured 

by Cronbach’s alpha. The criteria for this value are 

categorized as shown in Table 2 [21]. 

 

Table 2. Criteria of Alpha Cronbach 

Value Criteria 

< 0.5 Poor 

0.5 – 0.6 Bad 

0.6 – 0.7 Fair 

0.7 – 0.8 Good 

> 0.8 Very good 

 

The difficulty level of the test items is determined 

using the difficulty index. A high-quality instrument consists 

of items that are neither excessively easy nor overly difficult 

[22]. Within the Ministep output menu, item difficulty is 

determined by selecting Item Measure. The difficulty levels 

are classified into four categories based on logit values: items 

with a logit value exceeding +1SD are categorized as Very 

Difficult, values between 0.0 and +1SD are categorized as 

Difficult, values between 0.0 and -1SD are categorized as 

Easy, and values below -1SD are categorized as Very Easy 

[21]. 

Following the assessment of item difficulty, item 

discrimination can be evaluated through the separation 

value. Discrimination power refers to an item's ability to 

distinguish between groups based on the measured aspects, 

in accordance with the actual differences within those 

groups. This value can be found in the summary statistics 

within the Ministep Output Table menu. To evaluate 

discrimination, the individual ability levels are examined. 

Furthermore, a specific equation used to categorize these 

groups more precisely is referred to as strata separation [21]. 

 

H =  
[(4 × separation) + 1]

3
 

 

Results and Discussion  

 
Based on the research conducted, the product 

developed is a chemical literacy instrument comprising 7 

essay items on atomic structure for Senior High School 

students. Before the development process begins, it is 

essential to define the instrument's specific objectives. This 

step is crucial as it serves as a guide throughout the 

development phase. Specifically, this research seeks to 

develop a chemical literacy instrument capable of measuring 

students' chemical literacy skills within the topic of atomic 

structure. Furthermore, this instrument is intended to serve 

as an evaluative tool for teachers to assess students during 

the learning process. The target population for this study 

consists of senior high school students. 

In the subsequent stage, the Learning Outcomes were 

analysed to derive the Learning Objectives. Based on the 

results of the learning objectives analysis, a test blueprint 

was constructed, encompassing the item indicators and the 

designated test formats. The test instrument was then 

designed in accordance with this blueprint. The resulting 

design consists of six passages, each with seven sub-

questions. The finalized design of the chemical literacy items 

is presented in the table below. 

 

Table 3. Design of chemical literacy test items 

Passage 5: Cyanide 

Please read the following passage carefully! 

      Cyanide (Figure 6) is a chemical compound consisting 

of carbon and nitrogen atoms.(Context) Carbon atoms 

contain 6 protons and have three naturally occuring 

atomic masses: C12, C13, and C14. Nitrogen atoms, which 

contain 7 protons, also have two naturally occuring atomic 

masses: N14 and N15. (Content Knowledge) 

 
Figure 6. Cyanide   

      In their pure elemental form, Carbon (C) and Nitrogen 

(N) are not hazardous. However, when combined into a 

compound such as cyanide, they become a notorious and 

highly lethal poison. (HOLS) Cyanide is extremely toxic 

and potentially fatal due to its ability to interfere with the 

respiratory process. This damage occurs rapidly in organs 

that require high oxygen levels, such as the brain and 

heart, leading to severe symptoms like seizures, loss of 

conciousness, lungdamage, and in large doses, resulting in 

death within minutes. (Affective) 

Please answer the following question carefully! 

      Based on the passage above, identify which atoms are 

categorized as isotopes, isobars, and isotones from the 

elements composing the cyanide compound. Explain your 

answer by correlating them with the number of subatomic 

particles, atomic numbers, and mass numbers!  

 

Table 3 presents the design of the chemical literacy 

test instrument, which incorporates three to four aspects of 

chemical literacy (content, context, HOLS, and affective). 

The content aspect explains the chemical science in the 

passage, where chemistry provides knowledge to understand 

materials that encompass core chemical ideas [23]. In Table 

3, the content aspect concerns the atoms of the elements that 

compose the cyanide compound, including carbon (C) and 
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nitrogen (N). The context aspect involves applying chemical 

concepts to real-life situations. The context presented in 

Table 3 is cyanide, a naturally occurring chemical 

compound. The HOLS (Higher Order Learning Skills) 

aspect emphasizes students' thinking abilities to explain and 

identify questions based on the information provided; this is 

linked to the content and context aspects previously 

presented. The HOLS aspect in Table 3 provides information 

on the constituent elements of the cyanide compound, and 

students are expected to identify them using the given 

information. The affective aspect involves responding to the 

facts about cyanide presented in the information, enabling 

students to maintain a rational perspective on its use. 

 

Table 4. Chemical literacy grading criteria 
Answer Description Chemistry 

Literacy Level 

Score 

No answer/Incorrect answer Scientific 

illiteracy 

0 

Isotopes: Atoms possessing the same 

atomic number but differing in mass 

numbers.  

Isobars: Atoms from different elements 

sharing the same mass number.  

Isotones: Atoms from different elements 

sharing an identical number of neutrons 

Nominal 

scientific 

literacy 

1 

Isotopes: Atoms possessing the same 

atomic number but differing in mass 

numbers.  

Example: the atoms of C12, C13, C14 are 

isotopes 

The atoms of N14 and N15  are isotopes 

 

Isobars: Atoms from different elements 

sharing the same mass number.  

Example: the atoms of C14 and N14 are 

isobars 

 

Isotones: Atoms from different elements 

sharing an identical number of neutrons 

Example: the atoms of C13 and N14 are 

isotones 

The atoms of C14 dan N15 are isotones 

Functional 

scientific 

literacy 

2 

Isotopes: Atoms possessing the same 

atomic number but differing in mass 

numbers.  

Example: the atoms of C12, C13, C14 are 

isotopes beacuse they have the same 

number of protons, which is 6. 

Atom Atomic 

number 

Mass 

number 

Proton 

C12 6 12 6 

C13 6 13 6 

C14 6 14 6 

The atoms of N14 and N15 are isotopes 

because they have the same number of 

protons, 7.  

Atom Atomic 

number 

Mass 

number 

Proton 

N14 7 14 7 

N15 7 15 7 

 

Isobars: Atoms from different elements 

sharing the same mass number.  

Example: the atoms of C14 and N14 are 

isobars beacuse they have the same mass 

numbers, which is 14. 

Atom Atomic 

number 

Mass 

number 

Proton 

C14 6 14 6 

N14 7 14 7 

 

Isotones: Atoms from different elements 

sharing an identical number of neutrons 

Conceptual 

scientific 

literacy 

3 

Answer Description Chemistry 

Literacy Level 

Score 

Example: the atoms of C13 and N14 are 

isotones because they have the same 

number of neutrons, 7. 

Atom Atomic 

number 

Mass 

number 

Neutron 

C13 6 13 7 

N14 7 14 7 

 

The atoms of C14 and N15 are isotones 

because they have the same number of 

neutrons, 8. 

Atom Atomic 

number 

Mass 

number 

Neutron 

C14 6 14 8 

N15 7 15 8 
 

 

Table 4 presents the assessment rubric derived from 

the passage in Table 3. There are four levels of chemical 

literacy that students can achieve when answering this 

question. The scientific illiteracy level indicates that students 

are unable to correlate with or respond to the questions; they 

fail to understand the material concepts and context, and they 

lack the cognitive ability to identify the questions provided. 

This level is assigned a score of 0 because no correct answers 

are obtained. The nominal scientific literacy level indicates 

that students recognize the concepts and context of the 

chemical material, but cannot provide a meaningful 

explanation, leading to misconceptions where students only 

memorize concepts or terminology. At this level, students 

only recognize the terms isotopes, isobars, and isotones but 

may experience misconceptions or errors in their 

classification, thus receiving a score of 1. The functional 

scientific literacy level indicates that students have the 

ability to define concepts correctly based on their 

understanding, although their comprehension remains 

limited, which is equivalent to the comprehension level (C2) 

of Bloom's Taxonomy [24]. At this level, students can 

explain the terms and categorize atoms into their respective 

groups, earning a score of 2. The final stage in this rubric is 

the conceptual scientific literacy level, which indicates that 

students understand scientific concepts conceptually and can 

integrate as well as organize the information provided in the 

passage rather than relying on rote memorization. At this 

level, students understand the classification of isotopes, 

isobars, and isotones within the atoms composing the 

cyanide compound. Beyond knowing the theory, students at 

this level also understand the underlying rules of these 

classifications, for instance, that isotopes are atoms with the 

same number of protons and are therefore awarded a score 

of 3. 

Validation of the test instrument was conducted to 

determine its accuracy in measuring the intended constructs 

[25]. Validity data were obtained through an analysis of the 

instrument validation conducted by Subject Matter Experts 

(SMEs), consisting of five validators, all chemistry lecturers 

from the Faculty of Mathematics and Natural Sciences, 

Universitas Negeri Padang (FMIPA UNP). The chemical 

literacy validation instrument encompasses four dimensions: 

content, construction, language, and graphics. The results of 

the item analysis are detailed in Table 5. 

Based on the validity analysis of the chemical literacy 

test items presented above, all seven items are declared valid, 

as the obtained CVR values exceed the critical threshold 

(CVR > 0.736). Specifically, items 5 and 6 achieved a CVR 
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of 0.93, item 7 reached 0.86, and items 1, 2, 3, and 4 achieved 

a CVR of 0.81. Items are considered valid when their validity 

score exceeds the minimum CVR threshold, indicating they 

meet the requirements for content validity [26]. These results 

signify that the instrument is ready for the subsequent 

research stage, following minor revisions based on the 

validators' suggestions and feedback. 

 

Table 5. CVR analysis results for chemical literacy items 

Test item CVR value Interpretation 

1 0.81 Valid 

2 0.81 Valid 

3 0.81 Valid 

4 0.81 Valid 

5 0.93 Valid 

6 0.93 Valid 

7 0.86 Valid 

 

The designed test instrument was administered to a 

sample of students to collect data for Rasch analysis. The 

instrument was tested on 35 tenth-grade students at SMA N 

7 Padang who had completed the atomic structure topic. The 

resulting student response scores were analyzed using the 

Rasch model facilitated by the Ministep application. The 

evaluated item qualities included validity, reliability, 

difficulty level, and discrimination power. 

 

Item’s validity 

 

Following the field testing, the data were collected 

and analyzed. The next phase involved empirical validity 

testing. Empirical validity refers to item validity derived 

from actual student performance data [27]. In this study, item 

validity was assessed through the Item Fit Order, utilizing 

three fit criteria: Outfit Mean Square (MNSQ), Outfit Z-

Standard (ZSTD), and Point Measure Correlation (Pt 

Measure Corr). An item is considered valid if it meets at least 

two of these three fit criteria; it is not mandatory to satisfy 

all three [28]. The results of the item analysis are presented 

in the table below. 

  

Table 6. Analysis results of empirical validity 

Number 

of Items 

Outfit Pt 

Measure 

Corr 

Interpretation 

MNSQ ZSTD 

5 1.97 3.09 .61   Accepted 

2 1.13 .62 .66 Accepted  

7 .91 -.33 .59 Accepted 

6 .89 -.42 .77 Accepted 

1 .88 -.45 .58 Accepted 

3 .84 -.62 .71 Accepted 

4 .62 -.1.77 .57 Accepted 

 

As shown in Table 6, six of the seven items, 

specifically 2, 7, 6, 1, 3, and 4, met all three item-fit criteria, 

indicating they are feasible and effective for measurement. 

Meanwhile, one item (Item 5) satisfied only one of the fit 

criteria, while the other two fell outside the acceptable range. 

However, Item 5 remains acceptable because its Pt Mean 

Corr value still falls within the favorable category. Item 5 

only satisfied the Pt Mean Corr criterion, whereas the Outfit 

MNSQ and ZSTD values exceeded the required thresholds. 

The irregular response patterns from both high-ability and 

low-ability students (noise) caused the outfit results for Item 

5 to exceed the criteria. In Rasch modelling, a 'fit' item must 

exhibit a consistent response pattern, where students with 

high ability (high total scores) tend to score higher on that 

item, and students with low ability score lower [28]. 

Nevertheless, this item was retained in the test instrument. 

This decision was based on a PT Mean Corr value of 0.61, 

indicating that Item 5 has very strong discriminatory power 

and aligns with the measured construct. Items with high 

outfit values but strong Point Measure Correlation (0.61) are 

categorized as 'unproductive for measurement' but not 

'misleading.' This implies that although the item contains 

some unexpected data (noise), it still provides a functional 

contribution to ranking respondents based on their abilities 

[29]. Consequently, based on the empirical validity analysis, 

all items are deemed valid and suitable for measurement. 

 

Reliability 

 

In the context of Rasch measurement, reliability is 

assessed through Person Reliability and Item Reliability 

indices, which indicate the replicability of person and item 

orderings. Reliability refers to the extent to which an 

instrument provides consistent and stable results when the 

same measurement is conducted repeatedly (or under similar 

conditions) [30]. The reliability results of the chemical 

literacy test instrument on atomic structure, obtained from 

the analysis using Ministep, are presented in Figure 1. 

 

 
Figure 1. Summary statistic 

 

Figure 1 presents the summary statistics for the 

reliability analysis and Cronbach’s alpha. Cronbach’s Alpha 

is utilized to measure the overall reliability by examining the 

interaction between items and individuals. A Cronbach’s 

Alpha value between 0.7 and 0.8 indicates that the 

interaction between items and respondents is reliable and 

falls into the 'good' category [30]. In this study, the 

Cronbach’s Alpha value was 0.76, which is categorized as 

good. The item reliability value of 0.88 indicates good item 

reliability. Furthermore, the person's reliability value was 

0.72, which falls into the 'fair' category. Thus, it can be 

concluded that the test items are appropriate for the students 

and that their response patterns are reasonably consistent, 

which aligns with the findings of [16]. 
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Difficulty level 

 

Item difficulty level indicates whether a test item falls 

into the easy, moderate, or difficult category. The output 

item measure in the ministep provides detailed information 

regarding the analysis of these difficulty levels. The results 

of the item difficulty analysis are presented in Figure 2. 

 

 
Figure 2. Item measure 

 

As shown in Figure 2, the mean logit value is 0.00 

with a standard deviation of 0.94. The obtained value of 0.94 

indicates that logit values greater than 0.94 categorize items 

as 'very difficult,' logit values between 0.0 and 0.94 are 

categorized as 'difficult,' logit values between 0.0 and -0.94 

represent 'easy' items, and logit values below -0.94 are 

categorized as 'very easy.' Based on the item measure 

analysis, it was found that Item 1 is categorized as very 

difficult. Items categorized as difficult include Items 2, 6, 3, 

and 7. The item categorized as easy is Item 4, while Item 5 

is categorized as very easy. 

 

Discrimination power 

 

Discrimination power in Rasch modelling explains 

how effectively a test item distinguishes between high-

ability and low-ability individuals [30]. The results of the 

discriminatory power analysis can be found in the Ministep 

application under the output table menu, specifically in the 

summary statistics section. The relevant data to observe is 

the separation value, as shown in Figure 3. 

 
Figure 3. Summary statistic (separation) 

 

The separation value in the Summary Statistics output 

can categorize the item's discriminatory power, where a 

higher separation value indicates better discriminatory 

power. The obtained person separation value is 1.59. The 

person separation index for the students is calculated as 

follows: 

H =  
[(4 × 1.59) + 1]

3
= 2.45 

 

With a person separation value of 2.45, the aforementioned 

equation yields a separation index of 2.50, which is rounded 

to 3. This indicates that the respondents can be categorized 

into three distinct groups: high-ability students, moderate-

ability students, and low-ability students. The results of this 

categorization also demonstrate that the designed questions 

are capable of grouping students into three distinct levels. 

Based on the results of the previous analysis, seven 

test items were declared valid through the empirical validity 

analysis. The reliability analysis yielded an item reliability 

of 0.88, which falls within the 'good' range. Furthermore, the 

item difficulty analysis indicates that one item is categorized 

as difficult, five items as moderate, and one item as very 

easy. The results for item discriminatory power show four 

distinct levels of discrimination, all of which are considered 

good according to the model. 

 

Conclusion 

 
This study successfully developed a chemical literacy 

instrument for high school students on atomic structure 

material using the Rasch model, incorporating content, 

context, HOTS, and affective aspects within a four-level 

literacy assessment rubric. The analysis results demonstrate 

that the seven developed essay items are both theoretically 

and empirically valid and highly reliable. Furthermore, the 

instrument exhibits effective item difficulty distribution and 

discriminatory power to categorize student abilities, 

confirming its feasibility as a tool for measuring chemical 

literacy in atomic structure. Based on the results of this 

study, it is suggested that chemistry teachers utilize this 

instrument as an alternative assessment to measure students' 

chemical literacy levels more comprehensively. 

Furthermore, future researchers are encouraged to expand 

the scope of this instrument to other chemical topics or to 

involve a larger, more diverse sample of students to further 

strengthen its empirical evidence. 
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