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Abstract
This study aims to develop a Minimum Competency Assessment (AKM) instru-
ment for science literacy on the topic of  elements, compounds, and mixtures us-
ing the Rasch Model. The research followed the 4D development model (Define, 
Design, Development, and Disseminate). The instrument initially consisted of  25 
AKM-format items validated by five junior high school science teachers through 
expert appraisal using Aiken’s V. The content validity results indicated that 22 items 
were valid, while three were eliminated for not aligning with the science literacy in-
dicators. Empirical testing was conducted with 175 eighth-grade students from SMP 
Negeri 1 Juwana. The Rasch analysis showed high reliability (item reliability = .94; 
model reliability = .95), and all items met the model fit criteria based on the Infit 
and Outfit MNSQ values. The item difficulty ranged from very easy to very difficult 
(-1.28 to +1.60 logit), demonstrating a balanced distribution. The developed AKM-
based science literacy instrument is valid, reliable, and pedagogically applicable. It 
can serve as both an evaluation tool and a learning support instrument that fosters 
critical thinking and scientific reasoning skills, aligning with the AKM and PISA 
2025 frameworks. 
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These topics are rarely assessed through contex-
tualized literacy questions, leading students to 
memorize symbols and definitions rather than 
understanding their real-world applications (Al-
walya & Rendy, 2024). Furthermore, science 
learning outcomes require students to explain 
concepts, identify types, and analyze separation 
methods of  mixtures, which are essential compo-
nents of  science literacy relevant to environmen-
tal issues (Eralita & Setiawan, 2022).

This condition suggests the science litera-
cy measurement tools currently used are not yet 
aligned with the characteristics of  AKM and the 
PISA 2025 indicators. The available instruments 
still rely on conventional formats make it difficult 
for students to engage in complex and contextual 
reasoning (Dwiwulandari et al., 2024; Susongko 
et al., 2022; Tabacholly et al., 2025). Multiple-
choice and essay question formats alone cannot 
sufficiently promote critical thinking or scientific 
problem-solving in real contexts (Pujana et al., 
2022; Rahmati et al., 2024; Subali et al., 2023).

Furthermore, the analysis of  science edu-
cation assessment tools still relies mainly on Clas-
sical Test Theory (CTT), which focuses only on 
total scores without considering the character-
istics of  each item or the individual differences 
among students (Fakhriyah et al., 2022; Tora-
man & Korkmaz, 2023; Luo & Jia, 2022). As 
a result, the interpretation of  students’ literacy 
performance becomes less diagnostic and fails to 
represent their actual competencies. The study by 
Darmawati et al. (2025) also revealed that science 
literacy instruments for elements, compounds, 
and mixtures remain conventional, lacking con-
textual relevance and psychometric precision.

This situation highlights a clear gap in pre-
vious studies, as existing instruments have not 
yet integrated the AKM framework or employed 
modern measurement models such as the Rasch 
approach. Consequently, they are limited in ac-
curately assessing students’ literacy levels, espe-
cially for abstract topics requiring a higher level 
of  conceptual understanding. Therefore, there is 
a need to develop a contextual, valid, and psycho-
metrically sound science literacy instrument that 
aligns with AKM characteristics and the updated 
PISA 2025 indicators. In response to this gap, the 
present study develops a digital-based AKM sci-
ence literacy instrument using the Rasch Model 
to ensure both empirical accuracy and practical 
applicability in classroom assessment.

Building on this need, advancements in 
educational technology and psychometric model-
ing have positioned Rasch Model as alternative 
to limitations of  Classical Test Theory (CTT) 
(Sunni et al., 2024). This approach measures 

INTRODUCTION

The transformation of  education system 
in Indonesia emphasizes strengthening students’ 
fundamental competencies through flexible and 
contextual learning approaches (Lubis et al., 
2024; Mazidah & Suwarna, 2025). As part of  
its evaluative policy, the government has estab-
lished the Minimum Competency Assessment 
(Asesmen Kompetensi Minimum or AKM) to 
measure students’ proficiency in reading literacy, 
numeracy, and science literacy (Annisa et al., 
2024; Ayuningtyas et al., 2023; Hawariah et al., 
2024; Permatasari et al., 2023). The development 
of  AKM based on Program for International Stu-
dent Assessment (PISA) framework, objectively 
evaluates students’ skills, particularly in science 
literacy (Hudson et al., 2021); Kim & Kim, 2021).

Science literacy represents the ability to 
think critically, solve problems, and make deci-
sions based on scientific evidence relevant to 
daily life (Broderick, 2025; Valentini et al., 2022; 
Valladares, 2021). Following global develop-
ments, PISA 2025 updates the science literacy 
indicators by incorporating digital competencies 
and a deeper understanding of  science (Agnesa et 
al., 2023; Deta et al., 2025; Pratama et al., 2024). 
These updates emphasize three key competen-
cies: (1) explaining scientific phenomena, (2) 
evaluating and designing scientific investigations 
and interpreting data and evidence scientifically, 
and (3) using scientific information for decision-
making and action (OECD, 2025).

However, Indonesian students’ achieve-
ment in science literacy remains relatively low. 
The PISA 2023 score was 383, which is below 
the international average, indicating limitations 
in contextual understanding and the application 
of  scientific concepts (OECD, 2023). This under-
achievement is influenced by students’ limited 
reading habits and lack of  practice with real-life-
based questions (Ducha & Husna, 2025); Waini 
et al., 2024). Teachers have also not fully inte-
grated science literacy indicators into assessment 
instruments, as questions still emphasize memo-
rization rather than application of  concepts to au-
thentic problems (Faisal et al., 2023). Indonesia’s 
low performance in science literacy underscores 
the urgent need for contextual and valid assess-
ment instruments that align with AKM and the 
updated PISA framework.

Observations at SMP Negeri 1 Juwana 
indicate that teachers often use multiple-choice 
questions for practicality. Consequently, students 
are less familiar with AKM-based question for-
mats, particularly those addressing abstract top-
ics such as elements, compounds, and mixtures. 
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difficulty level of  each item while providing an 
objective and individual estimate student ability 
(Chen et al., 2022; Salamah et al., 2022; Susong-
ko et al., 2019). Unlike traditional methods, the 
Rasch Model provides a diagnostic, scalable, and 
adaptive framework for assessing science literacy. 
Developed by George Rasch of  Denmark as part 
of  Item Response Theory, this model efficiently 
calibrates measurement scales, ensuring both psy-
chometric quality of  instruments and accuracy of  
student skill profiles (Olsen, 2003; Wilson, 2023).

Based on this rationale, the present study 
focuses on developing a Minimum Competency 
Assessment (AKM) instrument for science lit-
eracy on elements, compounds, and mixtures us-
ing the Rasch Model for junior high school stu-
dents. The novelty of  this researchin developing 
a digital-based AKM instrument that integrates 
Rasch analysis to ensure psychometric precision, 
contextual relevance, and adaptability. This in-
novation bridges digital technology and modern 
psychometrics, producing an instrument that not 
only measures conceptual knowledge but also 
evaluates students’ ability to apply scientific rea-
soning and solve real-life problems in accordance 
with the PISA 2025 framework. Furthermore, 
this study contributes to competency-based learn-
ing and improvement of  science education qual-
ity by providing valid, adaptive, and technology-

integrated tool for assessing students’ science 
literacy in authentic and evidence-based manner.

METHOD

This study focused on developing a science 
literacy assessment instrument in AKM format 
on the subject matter of  elements, compounds, 
and mixtures. The research subjects were 175 
eighth-grade students at SMP Negeri 1 Juwana 
who had studied the subject matter of  elements, 
compounds, and mixtures. The researchers used 
cluster random sampling to select six classes. The 
study was conducted in May 2024/2025.

The instrument was developed based on the 
4D model (Define, Design, Development, Disse-
minate) presented by Thiagarajan (1974). The 
Define stage involved a needs analysis through a 
literature review, interviews with science teachers, 
and the identification of  student characteristics 
to ensure content’s suitability to the learning con-
text. The Design stage included the preparation 
of  question grids based on science literacy indica-
tors, the selection of  E-Ujian CBT-based digital 
media, and the design of  instruments in AKM 
format, which combined objective and subjective 
questions. Thus, the instruments not only measu-
red knowledge of  science concepts, but also the 
skills to overcome problems in real life.

Figure 1. Instrument Development Procedure
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The Development stage involved content 
validation by five science teachers, who served 
as expert validators. The assessment was analy-
zed using Aiken’s V index (Aiken, 1985) to en-
sure the relevance, clarity, and appropriateness 
of  the items. The validated instruments were 
then tested on a limited basis to obtain empiri-
cal data. Data analysis was conducted using the 
Rasch Model approach with the assistance of  the 
Winsteps program. This analysis included item 
fit tests (infit and outfit MNSQ), item reliability, 
estimation of  question difficulty levels on a logit 
scale (very easy, easy, difficult, and very difficult), 
and the preparation of  an Item-Person Map to 
map the distribution of  student abilities and the 
appropriateness of  question difficulty levels. The 
results of  this analysis form the basis for determi-
ning the suitability of  the instrument in measu-
ring science literacy skills comprehensively and 
objectively. 

The Disseminate stage was carried out 
through the implementation of  instruments by 
science teachers in the classroom learning pro-
cess. Hence, the developed instruments were not 
only evaluated through academic testing but also 
implemented in classroom practices as assess-
ment tools and feedback sources to enhance the 
quality of  learning. The instrument development 
process based on the 4D model is presented in 
Figure 1. 

RESULT AND DISCUSSION

The results of  this study are based on the 
4D model development stages (Thiagarajan, 
1974), which include Define, Design, Develop-
ment, and Disseminate. Each stage contributes 
significantly to the development of  the instru-
ments, from needs analysis to classroom imple-
mentation. The Define stage is the initial foun-
dation for developing science literacy AKM 
instruments. The main focus of  this stage is to 
analyze problems and determine the scope and 
specifications of  the product to be developed sys-
tematically (Arvianto et al., 2023). The Define 
stage in this study consists of  five components of  
analysis according to  Thiagarajan (1974): initial 
analysis, student analysis, task analysis, concept 
analysis, and analysis of  instructional objectives.

The initial analysis was conducted through 
interviews and observations of  six science teach-
ers at SMP Negeri 1 Juwana. The results showed 
that the assessment instruments were used for 
memorization. Most questions were simple mul-

tiple-choice, which could not measure contextual 
science literacy skills. Analysis of  the students re-
vealed that they were unfamiliar with AKM-based 
question formats, particularly objective-subjective 
variations that utilize stimuli from real-life con-
cepts. This finding is consistent with Zhang et al. 
(2023), who emphasized the need for contextual 
instruments to solve learning needs. The task 
analysis focused on mapping the material on ele-
ments, compounds, and mixtures relevant to the 
Learning Outcomes of  Phase D of  the Merdeka 
Curriculum. The study by Crowe & Bradshaw 
(2021) confirmed that this material is abstract but 
has high potential for contextualization. Concept 
analysis is used to design the structure of  ques-
tions in the AKM format, considering aspects of  
science literacy and the context of  using personal, 
socio-cultural, and scientific texts (Guerrero & 
Torres-Olave, 2022). The Define stage also estab-
lishes specific instructional objectives to limit the 
scope of  development and ensure that the item 
indicators align with the measured science liter-
acy competencies. This formulation refers to the 
PISA 2025 framework, as suggested by Ulumiyah 
et al. (2022). Thus, the results of  the Define stage 
confirm the need for an AKM instrument that 
can comprehensively measure students’ science 
literacy skills.

The design stage serves as a connection be-
tween the results of  the needs analysis and the in-
strument construction process in the development 
stage. According to Streiner et al. (2024), this 
stage involves four main steps: test standard de-
velopment, instructional media selection, format 
selection, and preliminary design. Test standards 
are developed based on science literacy indicators 
and learning outcomes for elements, compounds, 
and mixtures in Phase D of  the Merdeka Curricu-
lum. The draft instrument is validated by five sci-
ence teachers from SMP Negeri 1 Juwana as ex-
pert appraisers, using a questionnaire containing 
item lattices and science literacy skill indicators 
integrated with the PISA 2025 framework. The 
instrument was designed in digital format using 
the E-Ujian CBT platform because it is capable of  
presenting stimulus-based questions interactively 
and supports administrative efficiency and data 
analysis for assessment. This statement is aligned 
with  Istyadji & Sauqina (2023), who emphasized 
the importance of  digital instruments in learning 
evaluation and the development of  educational 
technology. The AKM format of  the science lit-
eracy instrument, utilizing the E-Ujian CBT plat-
form, is illustrated in Figure 2.
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The instrument format developed in this 
study consisted of  a combination of  objective 
and subjective tests. The objective tests included 
multiple-choice, complex multiple-choice, and 
matching questions, while the subjective tests 
consisted of  short-answer and essay questions. 
This variety of  question formats was designed to 
measure students’ skills in understanding context, 
organizing ideas, and reasoning scientifically. 
The result of  the design stage was a preliminary 
instrument consisting of  25 AKM-format science 
literacy items, which were compiled based on a 
structured grid and visualized in the form of  digi-
tal questions. This design became the basis for the 
development and validity testing in the next stage.

The development stage is a continuous 
process of  instrument design. The primary focus 
of  this stage is to ensure the validity of  the instru-
ment’s content prior to empirical testing. Validity 
in this context relates to the extent to which the 
instrument measures the intended attributes and 
produces score interpretations appropriate to the 
measurement objectives, thus requiring adequate 
scientific evidence (Sumintono & Widhiarso, 
2015). Content validity is the first component 
to be tested, ensuring that each item is relevant 
to science literacy indicators and learning out-
comes. The validation process was performed 
through expert appraisal by five science teachers 
from SMP Negeri 1 Juwana. The assessment was 
conducted using a validation form containing the 
instrument lattice, science literacy indicators, and 
assessment aspects covering material suitability, 
construction accuracy, and language clarity. Con-
tent validity analysis was performed using Aiken’s 
V index (Aiken, 1985). Five validators appraised 
25 items on a 1–5 Likert scale. Based on Aiken’s 
criteria, the value of  V was .87, indicating a high 
level of  suitability; therefore, the instrument was 
considered suitable for use as a science literacy 

measurement tool.
According to the results of  content valid-

ity analysis, 22 of  the 25 items were considered 
valid with an average of  .87. Three items (num-
bers 3, 4, and 5) obtained an Aiken’s V score of  
.80, below the minimum criteria (.87) considered 
invalid. Further analysis revealed that items 3, 4, 
and 5 did not fully represent the measured com-
petencies regarding context clarity, stimulus ap-
propriateness, and answer choice accuracy. This 
item indicated incompatibility with the targeted 
science literacy indicators. Research by Nurjanah 
et al. (2023) and Roebianto et al. (2023) empha-
sizes that items that fail to meet content validity 
criteria should be eliminated to avoid compromis-
ing measurement accuracy and the instrument’s 
effectiveness. Based on these considerations, the 
three items were found inappropriate for use and 
were removed from the final instrument. Hence, 
the instrument contained only 22 items (88%) 
that were valid and ready for empirical testing. 
The proportion indicates good content quality 
and consistency of  the instrument in measuring 
AKM-format science literacy in terms of  ele-
ments, compounds, and mixtures.

The Development stage is a continuation 
of  the content validation process, which aims to 
test the instrument directly on the target subjects. 
The trial was conducted on 175 eighth-grade stu-
dents at SMP Negeri 1 Juwana, who were select-
ed using a cluster random sampling method. The 
sample size met the minimum requirements for 
Rasch Model analysis and the recommendations 
of  Krejcie & Morgan (1970). Science teachers 
provided additional considerations to ensure the 
representation of  relevant learning contexts. The 
test data were analyzed using the Rasch Model as 
part of  Item Response Theory. The Rasch Model 
provides an objective, accurate, and consistent 
evaluation and refinement of  instruments for 

Figure 2. AKM-based science literacy instrument using the E-Ujian CBT platform
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measuring student ability (Sumintono & Widhi-
arso, 2015). The analysis focused on four main 
parameters: item reliability, item fit, item diffi-
culty, and item-person map. The analysis results 
showed that the item reliability value indicated a 
high category, which signified the instrument’s 
internal consistency in distinguishing student 
abilities. This study is aligned with the findings 
of  Avinç & Dogan (2024) who stated that item 
reliability reflects the stability and consistency of  
the instrument in assessing abilities. Thus, the de-
veloped instrument is deemed to have adequate 
psychometric characteristics. A summary of  the 
reliability estimation results is shown in Figure 3. 

Figure 3. Reliability Summary based on the 
Rasch Model

The results of  the estimation (see Figure 
3) show that the real item reliability value is .94, 
while the model item reliability value is  .95. The 
reliability value of  .94 is included in the ”very 
good” category (.94 < r ≤ 1.00) according to the 
criteria of  Sumintono & Widhiarso (2015). This 
result analysis confirms that the measurement 
consistency between items is very high, so the 
instrument can consistently distinguish students’ 
abilities in science literacy with a proportional 
distribution of  difficulty levels. This result is con-
sistent with Dzin & Lay (2021), who emphasized 
that item reliability is a crucial parameter to en-
sure the consistency of  instruments in measuring 
students’ competencies.

Furthermore, the model reliability value of  
.95 indicates that the item structure, as defined 
by the Rasch Model, has been well established. 
The item parameter estimates are reliable and are 
not significantly affected by fluctuations in the 
sample data. Thus, this instrument is declared 
to have excellent measurement quality in terms 
of  item consistency and stability, making it sui-
table for the accurate and reliable assessment of  
junior high school students’ science literacy. Ras-
ch analysis of  the AKM-based science literacy 
instrument reveals that all 22 items that passed 
content validation have Infit Mean Square and 
Outfit Mean Square values within the range of  
.5–1.5 (see Table 1). This range is in accordance 
with the criteria of  Bond & Fox (2015) and  Chiu 
et al. (2025), which confirms that participants’ 

responses to the items are consistent with the 
model predictions. Thus, from the item fit aspect, 
the instrument is empirically valid and capable of  
measuring science literacy competencies stably.

Table 1. Item Analysis Summary Based on the 
Rasch Model

Item Item Fit MNSQ (logit) Item Difficulty 
(logit)

Infit Outfit Category Value Category

1 .96 .90 Fit -.64  Easy

2 1.14 1.13 Fit .31 Difficult

3 .90 .89 Fit -.56 Easy

4 1.05 1.04 Fit .24 Difficult

5 .99 1.03 Fit .60 Difficult

6 1.00 .99 Fit -.09 Easy

7 .95 .94 Fit -.35 Easy

8 1.06 1.05 Fit .54 Difficult

9 .92 .92 Fit .08 Difficult

10 1.08 1.03 Fit 1.60 Very 
Difficult

11 .98 .90 Fit 1.60 Very Dif-
ficult

12 1.00 .98 Fit .82 Very 
Difficult

13 .87 .84 Fit -.56 Easy

14 1.03 1.03 Fit -.61 Easy

15 1.02 1.04 Fit -.64 Easy

16 1.04 1.03 Fit -.42 Easy

17 1.04 1.03 Fit -1.28 Very 
Easy

18 .90 .85 Fit -.75 Very 
Easy

19 1.07 1.10 Fit .16 Difficult

20 1.02 1.03 Fit -.02 Easy

21 .98 .99 Fit -.61 Easy

22 1.02 1.00 Fit .57 Difficult

The analysis results show a varied distri-
bution of  item difficulty levels in logit units (Met-
sämuuronen, 2023). The item difficulty level 
criteria are presented in Table 2. The standard 
deviation of  .73 indicates that the distribution of  
questions is proportional, as stated by  Suminto-
no & Widhiarso (2015), so that the instrument 
can accommodate the abilities of  students at va-
rious levels. However, several extreme items were 
found that presented challenges. Two items fell 
into the very difficult category, with high logit 
values, so they could only be answered by par-
ticipants with exceptionally high abilities. This 
condition risks reducing validity because it is 
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not accessible to most participants, as suggested 
by Rasyid et al. (2025). On the other hand, there 
were items with very low difficulty levels that al-
most all participants answered correctly, so their 
discrimination capacity was minimal. Following  
Tennant & Küçükdeveci (2023), items that are 
too easy do not provide sufficient information to 
distinguish between participants’ abilities.

Table 2. Item Difficulty Level Criteria 

Measure the logit item Category

Measure logit > .73 Very Difficulty

.00 ≤ Measure logit ≤ .73 Difficulty

-.73 ≤ Measure logit ≤  .00 Easy

Measure logit < -.73 Very Easy
(Sumintono & Widhiarso, 2015)

Considering these findings, the instrument 
is generally of  good quality. However, items at 
the extremes require revision to achieve a more 
balanced difficulty distribution. This revision is 
important to ensure that the instrument is not 
only empirically consistent but also fair, accu-
rate, and capable of  providing a comprehensive 
picture of  students’ science literacy skills. Thus, 
items 11 (very difficult) and 17 (very easy) are re-

commended for revision to ensure the instrument 
has a more balanced and accurate measurement 
quality. Details of  the items that need revision are 
shown in Table 3.

Item number 11 has a logit value of  1.60 
according to the classification by  Sumintono & 
Widhiarso (2015), which is considered very dif-
ficult (logit > .73). A high logit value indicates 
that only a small number of  students were able 
to answer the question correctly. Based on its 
content, this item requires an understanding of  
the environmental impact of  ionic compounds, 
particularly NaCl, which is an advanced concept 
in chemistry and not necessarily explicitly cove-
red in the junior high school curriculum. Addi-
tionally, the true-false format, without adequate 
contextual stimuli, makes it difficult for students 
to relate the material to real-life experiences or 
scientific readings. Technical terms such as “pol-
luting ions” are also relatively unfamiliar to most 
students, adding to the level of  complexity. Ac-
cording to Metsämuuronen (2023), a high level 
of  difficulty is often related to the complexity of  
the content and the format of  the item. Conse-
quently, item 11 requires revision to maintain its 
assessment of  scientific literacy while making it 
more cognitively and contextually appropriate.

Table 3. Comparison of  Original Items and Revised Items

Item (Original) Item (Revised)

Item Number 11 (Very difficult)

Read the following information excerpt!

Disrupted Salt Cycle: A Global Threat

Development activities and increasing demand 
for salt are disrupting the stability of  the planet’s 
natural salt cycle, affecting the global distribution 
of  salt. The sustainability of  ecosystems could 
be seriously threatened if  global salt production 
and consumption are not regulated in accord-
ance with “The anthropogenic salt cycle.” Exces-
sive salt production can disrupt ecosystems. An 
accelerating salt cycle can release these ions in 
higher doses than usual. The release of  these ions 
can cause environmental problems. Source: na-
tionalgeographic. grid.id

Item Number 11 (Very difficult)

Read the following information excerpt!

Disrupted Salt Cycle: A Global Threat

Development activities and increasing demand 
for salt are disrupting the stability of  the planet’s 
natural salt cycle, affecting the global distribution 
of  salt. The sustainability of  ecosystems could 
be seriously threatened if  global salt production 
and consumption are not regulated in accord-
ance with “The anthropogenic salt cycle.” Exces-
sive salt production can disrupt ecosystems. An 
accelerating salt cycle can release these ions in 
higher doses than usual. The release of  these ions 
can cause environmental problems. 
Source: nationalgeographic. grid.id
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Item number 17 has a logit value of  -1.28, 
which falls into the very easy category (logit < 
.73). Almost all students were able to answer it 
correctly, so this item is ineffective in distinguis-
hing ability levels. Item formats that only require 
simple conclusions without the need for scientific 
analysis or reasoning tend to be less suitable for 
AKM-format science literacy instruments. Ac-
cording to Noviantini et al. (2023), items that are 
too simple need to be revised to require scientific 
reasoning skills, so that they remain relevant to 
the objectives of  science literacy assessment. The-

refore, revision of  item number 17 is necessary to 
enable the instrument to measure students’ abili-
ties more comprehensively.

Classification of  item difficulty levels 
based on logit values from the Rasch analysis to 
assess items that can differentiate student abili-
ties. The interpretation results are reinforced with 
the visualization of  the item-person map as found 
by  Aryadoust & Sayama (2021) to show the re-
lative distribution between student skills and item 
difficulty levels. Based on this map, the majori-
ty of  students are within the logit range of  0 to 

Choose True (T) or False (F) from the state-
ments

Statement T F

Salt consists of  cations and anions    

Salt can contain calcium, magne-
sium, potassium, and sulfate ions.    

Sodium and chloride ions are 
found in seawater.

Salt consists of  sodium and chlo-
ride ions.

Choose True (T) or False (F) from the state-
ment

Statement T F

Salt consists of  cations and anions    

Salt can contain calcium, magne-
sium, potassium, and sulfate ions.    

Sodium and chloride ions are found 
in seawater.

Salt consists of  sodium and chloride 
ions.

Item Number 17 (Very Easy)
Read the passage and examine the following ta-
ble to answer the question! 

The Effect of Alum on Clarifying Turbid Water

Andi is a researcher who wants to know the ef-
fectiveness of  alum in clarifying turbid water. To 
pursue his interest, he experimented by prepar-
ing three containers filled with the same volume 
of  turbid water. Andi experimented for 24 hours. 
After 24 hours, he observed and recorded the 
level of  turbidity in each container, as shown in 
the following table.

Observation Data of  the Effect of  Alum on the 
Clearing of  Cloudy Water

No Mass (gr) Result

1 1 Clear

2 2 Medium cloudy

3 0 Very cloudy

Explain the correct conclusion to answer Andi’s 
initial experiment objective based on the data ob-
tained from the experiment and the reason why 
alum can purify water.  Write your answer in the 
column below!

Item  Number 17 (Very Easy)
Read the passage and examine the following ta-
ble to answer the question! 

The Effect of Alum on Clarifying Turbid Water

Andi conducted an experiment to determine the 
effectiveness of  alum in purifying turbid water. 
He prepared three containers filled with turbid 
water of  equal volume. After 24 hours, he record-
ed the turbidity levels of  the water as follows.

Observation Data of  the Effect of  Alum on the 
Clearing of  Cloudy Water

No Mass (gr) Result

1 1 Clear

2 2 Medium cloudy

3 0 Very cloudy

Based on the data from Andi’s experiment, ex-
plain the conclusions. Compare the results in the 
three containers and provide a scientific explana-
tion of  why alum can affect the level of  turbidity 
in water. Include the reason why higher levels of  
alum do not always produce clearer water.  Write 
your answer in the column below!



Nirma Yuliana Saputri & Rizki Nor Amelia / Unnes Science Education Journal 15 (1) (2026) 1-12

9

Figure 4. Item-Person Map

+1, indicating that the ability of  students at SMP 
Negeri 1 Juwana to answer the item category is 
easy to difficult. Meanwhile, the items are equally 
distributed from logit –2 to +2, which represents a 
range of  difficulty from very easy to very difficult, 
as shown in Figure 4. The results of  this study 
confirm that the instrument strikes a good balan-
ce between the level of  difficulty of  the items and 
the students’ ability to demonstrate a variety of  
science literacy skills optimally. The map shown 
in Figure 4 provides an overview of  the compati-
bility of  the instruments with the science literacy 
profiles of  junior high school students.

Finally, the dissemination stage de-
monstrated that the 22 valid items were effecti-
vely implemented by science teachers at SMP 
Negeri 1 Juwana as learning instruments for the 
topic of  elements, compounds, and mixtures. The 
integration of  this AKM-based science literacy 
instrument into classroom practice strengthened 
students’ ability to connect scientific concepts 
with real-life contexts and encouraged teachers 
to apply more contextual, competency-oriented 
assessments. These findings highlight the poten-
tial of  the Rasch Model to enhance both measu-
rement accuracy and pedagogical relevance in 
science education.

This study [A5.1]contributes to educatio-
nal research by providing empirical evidence on 
the effectiveness of  the Rasch Model in develo-
ping valid and adaptive assessment instruments 
aligned with national (AKM) and international 
(PISA 2025) standards. The findings suggest that 
psychometric-based assessments can bridge the 
gap between curriculum policy and classroom 
practice by supporting evidence-based evaluation 
of  students’ science literacy competencies. Practi-
cally, this instrument serves as a model for teach-
ers to design contextual assessment tools that not 
only measure knowledge but also foster critical 
thinking and problem-solving skills in authentic 
learning situations.

However, this study is limited to the topic 
of  elements, compounds, and mixtures and was 
implemented within a single school context. The-
refore, future research is recommended to extend 
the development of  AKM-based science literacy 
instruments to other scientific domains and broa-
der educational settings. Such expansion will 
strengthen the generalizability and applicability 
of  the Rasch-based assessment model, providing 
deeper insights into how competency-oriented 
assessments can enhance the quality of  science 
learning and policy implementation in Indonesia.
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CONCLUSION

The study concluded that the AKM-based 
science literacy instrument, developed using the 
Rasch Model, demonstrated strong validity and 
reliability in assessing elements, compounds, and 
mixtures. The 22-item instrument effectively me-
asures junior high school students’ science litera-
cy skills with high accuracy and consistency. The 
Rasch-based approach offers a psychometrically 
sound framework for developing contextual and 
competency-oriented assessments that align with 
AKM and PISA 2025 standards. Overall, the 
instrument offers a meaningful contribution to st-
rengthening science education assessment practi-
ces and promoting students’ critical and scientific 
reasoning skills through authentic evaluation. 
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