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Abstract: This study aimed to develop and validate a STEM-based stoichiometry 
assessment instrument aligned with the Minimum Competency Assessment (AKM) 
framework to measure students’ reading literacy and numeracy skills. STEM aspects 
were integrated into the items through science, technology, engineering, and 
mathematics contexts embedded in stoichiometry problems. The study employed a 
development and validation research method. Initially, 50 items were developed, and 
content validation results showed that 48 items met the validity criteria with a Content 
Validity Ratio (CVR) value of 1.00. From the validated items, 30 items were selected for 
empirical testing, consisting of 16 numeracy items and 14 reading literacy items 
distributed across 11 reading texts. The empirical testing results indicated that 23 out of 
30 items were valid and reliable. Most items were categorized as having a moderate 
difficulty level and acceptable discriminative power. Furthermore, students’ reading 
literacy and numeracy competencies were categorized as basic. Therefore, the developed 
instrument is feasible as an alternative assessment tool to support AKM-oriented 
chemistry learning and evaluation. 
 
Keywords: Minimum Competency Assessment; Numeracy; Reading Literacy; STEM 

Education; Stoichiometry 

  

Introduction  
 

The rapid development of science and technology 
in the 21st century has created new challenges in various 
sectors, including education (Valiandes, 2015). This era 
is characterized by the rapid flow of information, 
advances in digital technology, and globalization, which 
make the world increasingly interconnected. These 
challenges encourage the need for curriculum 
innovation to prepare students with competencies 
relevant to current educational demands. Curriculum 
innovation refers to new ideas, concepts, or actions in 
curriculum and learning intended to address 
educational problems (Hapidin et al., 2024). In response 
to these challenges, the Indonesian government 
implemented the Merdeka Curriculum through 
Permendikbudristek No. 12 Tahun 2024 concerning the 

curriculum for primary and secondary education. This 
curriculum aims to provide students with opportunities 
to actively participate in learning and optimally develop 
their potential (Safitri et al., 2024). 

One of the important transformations in the 
Merdeka Curriculum is the replacement of the National 
Examination with the National Assessment, which 
consists of the Minimum Competency Assessment 
(AKM), character surveys, and learning environment 
surveys. AKM is designed to prepare students with 21st-
century competencies, particularly the 4Cs: critical 
thinking, creativity, communication, and collaboration 
(Davis et al., 2014; Hidayah et al., 2021; Khairi & Desnita, 
2023; Thornhill-Miller et al., 2023), which reach beyond 
academic settings and individual needs and have impact 
on society as a whole (Jones et al., 2022). As part of the 
National Assessment, AKM measures students’ 
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fundamental competencies in reading literacy and 
numeracy, which emphasize logical and systematic 
thinking as well as the ability to apply knowledge in 
various contexts (Pusat Asesmen Pendidikan 
(Pusmenjar, 2022). Therefore, AKM is intended to 
encourage innovative learning and critical reasoning 
rather than memorization-oriented learning 
(Ayuningtyas et al., 2023; Nuri et al., 2025; Rohim, 2021; 
Shidiq et al., 2022). 

However, the results of the Programme for 
International Student Assessment PISA(2022) indicate 
that Indonesian students’ reading literacy and numeracy 
skills remain relatively low. Only about 25% of 
Indonesian students achieved Level 2 or higher in 
reading literacy, compared to the OECD average of 74%. 
Similarly, only 18% of students achieved Level 2 or 
higher in numeracy, while the OECD average reached 
69%. These findings indicate that many students still 
experience difficulties in interpreting information from 
texts and applying mathematical concepts to solve 
contextual problems encountered in everyday life. This 
condition highlights the urgent need for contextual 
assessment instruments that are aligned with students’ 
needs and current educational demands. 

One approach that can support the development of 
contextual assessment instruments is STEM (Science, 
Technology, Engineering, and Mathematics) education 
(Adams, 2021; Shahat et al., 2025). STEM is considered 
effective not only in improving learning outcomes but 
also in integrating multiple disciplines into meaningful 
real-world contexts (Lestari et al., 2025; Ramadhani et 
al., 2025; Sakti & Defianti, 2022). STEM literacy involves 
cross-cutting concepts, core disciplinary ideas, and 
scientific and engineering practices that support 
students’ competencies (Candra et al., 2020). Through 
STEM, students are encouraged to connect scientific, 
technological, engineering, and mathematical 
knowledge to solve contextual problems in daily life and 
applied situations. However, despite its potential, 
STEM-based AKM items that strengthen reading literacy 
and numeracy are still rarely implemented in schools. 
Existing AKM items generally emphasize information 
processing and logical reasoning but tend to rely on text-
based stimuli and lack integrated STEM contexts that 
explicitly engage students in scientific and engineering 
problem solving (Pusmenjar, 2022). 

Teachers play an essential role in preparing 
students for AKM implementation, including through 
the development of AKM-oriented learning and 
assessment activities (Yamtinah et al., 2022). However, 
in practice, teachers tend to use procedural and formula-
oriented questions that emphasize memorization and 
basic understanding rather than encouraging students to 
develop conceptual understanding, critical thinking, 

and contextual problem-solving skills (Ramadhani et al., 
2025; Sariningsih et al., 2022). This condition is not fully 
aligned with the nature of chemistry learning, in which 
students are expected to understand concepts through 
scientific processes rather than merely memorizing facts 
(Komisia et al., 2025). In addition, many teachers still 
face difficulties in designing AKM-oriented questions, 
including distinguishing AKM items from conventional 
questions, developing appropriate stimuli, using 
suitable language, and selecting appropriate question 
formats (Astuti et al., 2022). Nevertheless, both students 
and teachers acknowledge that AKM-oriented questions 
can improve learning independence, critical thinking, 
literacy, and numeracy skills (Rokhim et al., 2022). 

Stoichiometry, a fundamental area of chemistry 
concerned with the quantitative ratios of substances in 
chemical reactions and the composition of chemical 
compounds and mixtures (Krause et al., 2026), deals 
with the quantitative relationships between reactants 
and products in chemical reactions (Borchers et al., 
2025). It involves proportional reasoning, quantitative 
problem-solving, and chemical reaction analysis 
through concepts such as moles, empirical formulas, 
limiting reactants, and percentage composition. These 
concepts are often difficult for students due to their 
abstract and symbolic nature (Afif et al., 2025; Nilawati 
et al., 2016; Ningsih & Kamaludin, 2023). Therefore, 
students are required not only to perform mathematical 
calculations but also to apply scientific understanding to 
solve contextual problems in daily life and industrial 
processes. Stoichiometry is also closely related to STEM 
principles as it integrates science, mathematics, and 
technological applications in real-world contexts. The 
Decree of the Head of BSKAP No. 032/H/KR/2024 
further emphasizes that students at the end of Phase F 
are expected to understand mole and stoichiometric 
concepts to solve chemical problems. 

Previous studies have generally focused on AKM-
oriented questions or STEM-based learning separately, 
while the development of integrated STEM-based AKM 
assessment instruments for chemistry, particularly on 
stoichiometry topics, remains limited. Therefore, this 
study offers novelty by integrating STEM contexts into 
AKM-oriented reading literacy and numeracy 
assessment instruments on stoichiometry topics. Based 
on this gap, this study aims to develop STEM-based 
reading literacy and numeracy assessment instruments 
on stoichiometry topics to support the development of 
students’ competencies in accordance with current 
educational demands. 
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Method  
 
Research Design and Participants 

A development and validation research design was 
employed in this study, adapted from the instrument 
development framework proposed by Adams & 
Wieman (2011). The research was conducted through 
four stages: planning, development, field testing and 
data analysis, and conclusion drawing. The developed 
STEM-based Minimum Competency Assessment 
(AKM) instrument on stoichiometry was designed to 

measure students’ reading literacy and numeracy 
competencies. 

The participants consisted of five chemistry 
education experts, including three university lecturers 
and two senior high school chemistry teachers, who 
served as validators. In addition, 32 eleventh-grade 
science students from one public senior high school in 
Bandung participated as respondents in the field trial. 
The students’ response data were analyzed to examine 
the empirical validity, reliability, item difficulty level, 
discriminative power, and students’ competency levels. 

 

 
Figure 1. Flowchart of the Research Procedure 

 
Research Procedure 

The research procedure was conducted through 
four stages: planning, development, field testing and 
data analysis, and conclusion drawing. In the planning 
stage, learning outcomes related to stoichiometry, 
relevant references, the Minimum Competency 
Assessment (AKM) framework, and STEM aspects were 
analyzed to determine the scope and indicators of the 
instrument. During the development stage, the test 
blueprint, item indicators, and scoring rubrics were 
developed, followed by the construction of STEM-based 
AKM items on stoichiometry. The developed instrument 
was then validated by experts to evaluate its content 
validity and appropriateness. 

Furthermore, the validated instrument was 
administered to eleventh-grade science students in the 
field testing stage. The field testing stage was conducted 
on a limited scale to obtain preliminary empirical 
evidence regarding the quality of the developed 
instrument. The collected data were analyzed to 
determine empirical validity, reliability, item difficulty 
level, discriminative power, and students’ reading 
literacy and numeracy competency levels. For 
discriminative power analysis, students were grouped 
into upper and lower groups using the 27% method. 
Finally, conclusions were drawn based on the overall 
analysis results to evaluate the quality and feasibility of 
the developed STEM-based AKM instrument. 
 
Data Collection 

Data were collected through expert validation and 
field testing. Content validity data were obtained using 
an expert validation sheet completed by five validators 
consisting of three chemistry education lecturers and 
two senior high school chemistry teachers. Empirical 

data were collected by administering the STEM-based 
Minimum Competency Assessment (AKM) instrument 
on stoichiometry to eleventh-grade science students. The 
students’ responses were used to analyze empirical 
validity, reliability, item difficulty level, discriminative 
power, and students’ reading literacy and numeracy 
competency levels. 
 
Data Analysis 

The collected data were analyzed to evaluate the 
quality of the developed STEM-based Minimum 
Competency Assessment (AKM) instrument on 
stoichiometry. Content validity was examined through 
expert judgment using the Content Validity Ratio (CVR) 
to determine the relevance and representativeness of 
each item (Bashooir & Supahar, 2018; Lawshe, 1975). The 
CVR was calculated using the Formula 1. 

 

CVR = 
𝑛𝑒 − 

𝑁

2
𝑁

2

    (1) 

Notation: 
CVR = Content Validity Ratio 
ne = number of experts who rated the item as  

essential 
N = total number of validators 
 

Empirical validity was analyzed based on students’ 
test responses. Point-biserial correlation was used for 
dichotomous items to measure the relationship between 
item scores and total test scores (Mira et al., 2021). The 
formula is as equation 1.  

 

𝑟𝑝𝑏 =  
𝑀1−𝑀0

𝑆𝑡
 √𝑝𝑞  (1) 
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Notation: 
M1 = mean total score of correct responses 
M0 = mean total score of incorrect responses 
St = standard deviation of total scores 
p = proportion who answered the item correct 
q = proportion who answered the item incorrect 

 
For polytomous items, Pearson Product Moment 

correlation was applied to measure the relationship 
between item scores and total test scores (Alwi, 2015; 
Arifin, 2017). The formula is as follows. 

 

r = 
𝑛(∑ 𝑋𝑌)−(∑ 𝑋)(∑ 𝑌)

√[𝑛∑𝑋2−(∑𝑋)2][𝑛∑𝑌2−(∑𝑌)2  (3) 

 
Notation: 
r = Pearson Correlation Coefficient 
n = number of samples 
X = value of the first variable 
Y = value of the second variable 

∑X = sum of scores of variable X 

∑Y = sum of scores of variable Y 

∑XY = sum of the product of X and Y scores 

∑X2 = sum of squared values of variable X 

∑Y2 = sum of squared values of variable Y 
 

Instrument reliability was analyzed using 
Cronbach’s Alpha to determine the internal consistency 
of the instrument (Gliem & Gliem, 2003). Item analysis 
included the examination of item difficulty levels and 
discriminative power to evaluate the quality of each test 
item (Ratnawulan & Rusdiana, 2014; Sudijono, 2017). 

Furthermore, students’ reading literacy and numeracy 
competency levels were classified into four categories, 
namely advanced, proficient, basic, and needs special 
intervention, based on national AKM standards and 
index-based classification (Haryani et al., 2023; 
Pusmenjar, 2022). 

 
Result and Discussion 
 
Content Validity 

The development of the STEM-based Minimum 
Competency Assessment (AKM) instrument resulted in 
a total of 50 test items distributed across 11 reading texts, 
which were subsequently subjected to content validity 
evaluation by experts. The evaluated aspects included 
the alignment between the reading texts and test items, 
the conformity of the items with their indicators, and the 
integration of STEM aspects. Based on the content 
validity analysis shown in Figure 2, 48 items were 
classified as valid with a Content Validity Ratio (CVR) 
value of 1, which exceeded the minimum critical value 
of 0.99 for five validators (Lawshe, 1975), and were 
therefore retained for the field testing stage. Meanwhile, 
two items obtained a CVR value of 0.6, which did not 
meet the required minimum threshold and were 
excluded from further testing. This finding is consistent 
with previous studies indicating that items are 
considered acceptable or revisable when they achieve a 
minimum CVR value of 0.99 for five validators (Nahadi 
et al., 2022). A CVR value of 1 indicates complete 
agreement among validators regarding the relevance of 
the developed items.

 

 
Figure 2. CVR Scores of Test Items Across Content Validity Aspects 
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From the 48 items that were declared content-valid, 
30 items were selected for field testing due to time 
limitations and students’ workload during the test 
administration process. The selected items were 
considered representative because they covered all 
indicators and subtopics of stoichiometry, including 
both reading literacy and numeracy competencies. 

Empirical Validity 

A total of 30 items that had been declared content-
valid were administered to students during the field 
testing stage to evaluate their empirical validity and 
determine the quality of the developed STEM-based 
AKM instrument on stoichiometry.

 
Table 1. Empirical Validity Results of the Developed Items 

Item Correlation Method r-value Decision Item Correlation Method r-value Decision 

1 Point-Biserial 0.317 Invalid 16 Pearson Product Moment 0.654 Valid 
2 Pearson Product Moment  0.389 Valid 17 Point-Biserial 0.290 Invalid 
3 Pearson Product Moment 0.805 Valid 18 Pearson Product Moment  0.657 Valid 
4 Point-Biserial 0.743 Valid 19 Pearson Product Moment  0.402 Valid 
5 Pearson Product Moment 0.475 Valid 20 Pearson Product Moment  0.749 Valid 
6 Point-Biserial 0.166 Invalid 21 Point-Biserial 0.190 Invalid 
7 Pearson Product Moment  0.592 Valid 22 Pearson Product Moment 0.761 Valid 
8 Pearson Product Moment  0.865 Valid 23 Point-Biserial 0.591 Valid 
9 Point-Biserial 0.553 Valid 24 Pearson Product Moment 0.263 Invalid 
10 Pearson Product Moment  0.385 Valid 25 Point-Biserial 0.460 Valid 
11 Pearson Product Moment  0.419 Valid 26 Pearson Product Moment 0.498 Valid 
12 Point-Biserial -0.052 Invalid 27 Point-Biserial 0.511 Valid 
13 Pearson Product Moment  0.039 Invalid 28 Pearson Product Moment  0.445 Valid 
14 Pearson Product Moment  0.539 Valid 29 Pearson Product Moment  0.435 Valid 
15 Pearson Product Moment  0.664 Valid 30 Pearson Product Moment  0.450 Valid 

Based on the Table 1, 23 items were declared 
empirically valid because their r-values exceeded the r-
table value of 0.349 at a significance level of 0.05, 
adjusted to the number of participants involved in the 
field testing. Meanwhile, seven items were categorized 
as invalid because their r-values were lower than the 
required threshold.  

The interpretation of the empirical validity values 
referred to the criteria proposed by Arifin (2017), 
indicating that the developed items ranged from very 
low to very high validity categories. Most items were 
categorized as moderate to high validity, indicating that 
the instrument generally demonstrated acceptable 
empirical validity.  
 
Reliability 

To ensure the consistency of the developed 
instrument, reliability analysis was conducted using 
Cronbach’s Alpha, which is appropriate for instruments 
consisting of mixed item formats and scoring types. The 
reliability analysis result showed that the developed 
STEM-based Minimum Competency Assessment 
(AKM) instrument obtained a Cronbach’s Alpha 
coefficient of 0.86, exceeding the minimum threshold of 
0.70 required for a reliable instrument (Maulana, 2022). 
This finding is also supported by the study conducted 
by Setyaedhi (2024), which reported a reliability 
coefficient of 0.82 for the developed assessment 
instrument, indicating good reliability and consistency 
in measuring students’ competencies.  

Similarly, a study conducted by Ariani et al. (2025) 
reported a Cronbach’s Alpha coefficient of 0.71, 
indicating that the developed instrument demonstrated 
acceptable reliability and was capable of producing 
consistent results when administered repeatedly. 

According to the reliability criteria proposed by 
Gliem & Gliem (2003), a reliability coefficient within the 
range of 0.80–0.90 is categorized as good reliability. 
Therefore, the obtained Cronbach’s Alpha value 
indicates that the developed instrument demonstrated 
good internal consistency in measuring students’ 
reading literacy and numeracy competencies. This result 
also shows that the instrument was capable of 
consistently assessing students across various item 
formats and scoring categories. 

The acceptable empirical validity and reliability 
results indicate that the developed instrument can 
provide meaningful information about students’ 
reading literacy and numeracy competencies and can be 
used to support the evaluation of learning outcomes 
(Kurnianto & Mundilarto, 2023), in line with the 
importance of validity and reliability evidence in 
educational assessment (Zhang et al., 2023). 

 
Item Difficulty 

The difficulty level analysis of the 30 developed 
items showed that 12 items were categorized as easy, 17 
items as moderate, and 1 item as difficult (Nubatonis et 
al., 2024). These findings indicate that most items were 
distributed within the moderate difficulty category, 
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suggesting that the developed instrument was generally 
appropriate for measuring students’ competencies. This 
finding is consistent with the study conducted by 
Nahadi et al. (2022), which also reported that the 
developed assessment items were predominantly 
categorized within the moderate difficulty level. 
However, the distribution of item difficulty had not fully 
met the ideal proportion criteria proposed by 
Ratnawulan & Rusdiana (2014), which recommend a 
balanced composition of easy, moderate, and difficult 
items. 

 

 
Figure 3. Proportion of Item Difficulty 

Discrimination Index 
To evaluate the quality of the items in 

distinguishing between high- and low-performing 
students, a discriminative power analysis was 
conducted. For the analysis, students were divided into 
upper and lower groups using the 27% method based on 
the ranking of their total test scores (Pradita et al., 2023). 
Based on the interpretation criteria proposed by 
(Sudijono, 2017), the analysis of the 30 developed items 
showed that 8 items were categorized as very good, 11 
items as good, 8 items as moderate, 2 items as poor, and 
1 item as very poor. These findings indicate that most 
items demonstrated acceptable discriminative power in 
differentiating students based on their competency 
levels. These results are consistent with previous 
research by Ariani et al. (2025), which also reported that 
most items had good discrimination power. 

 

 
Figure 4. Proportion of Item Discrimination 

Reading Literacy and Numeracy Competency Levels 
Following the validity, reliability, difficulty level, 

and discriminative power analyses, students’ reading 
literacy and numeracy competency levels were 
identified based on their test scores. The competency 
levels were classified into four categories, namely 
Advanced, Proficient, Basic, and Needs Special 
Intervention, according to the AKM classification 
proposed by Pusmenjar (2022). The intervals for the four 
competency levels were determined based on the mean 
score and standard deviation of the test results obtained 
from 32 students (Haryani et al., 2023). 

 
Table 2. Reading Literacy Competency Intervals of 
Students 

Interval 
Students’ Reading Literacy 

Competency Level 
Score > 22 Advanced 
17 < X ≤ 22 Proficient 
12 ≤ X ≤ 17 Basic 
Score < 12 Needs Special Intervention 

 
Furthermore, to provide a more detailed overview 

of students’ reading literacy competency levels, an 
analysis was conducted on the number and percentage 
of students in each category, along with the calculation 
of weights and indices representing the overall tendency 
of students’ reading literacy competencies, as presented 
in Table 3.  

 

Table 3. Distribution of Students by Reading Literacy Competency Level 

Reading Literacy Competency Level Frequency Percentage Weight Index 
Total 
Index 

Advanced 1 3% 3 0.09 

1.73 
Proficient 17 53% 2 1.06 
Basic 9 28% 1.5 0.42 
Needs Special Intervention 5 16% 1 0.16 

The total index of students’ reading literacy 
competency is 1.73, which falls into the “basic” category 
(Pusmenjar, 2022). This indicates that students have 

mastered the basic concepts but still face difficulties in 
applying them in relevant contexts. Overall, the results 
show that students’ reading literacy competency is 
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predominantly at the basic level, indicating the need for 
further improvement in higher-order reading literacy 
skills, particularly in interpreting and applying 
information from complex texts. In addition to reading 
literacy competency, students’ numeracy competency 
levels were also analyzed using the same classification 
procedure.  

Table 4. Numeracy Competency Intervals of Students 

Interval 
Students’ Numeracy Competency 

Level 

Score > 29 Advanced 
21 < X ≤ 29 Proficient 
13 ≤ X ≤ 21 Basic 
Score < 13 Needs Special Intervention 

Table 5. Distribution of Students by Numeracy Competency Level 

Numeracy Competency Level Frequency Percentage Weight Index 
Total 
Index 

Advanced 3 9% 3 0.281 

1.78 
Proficient 14 44% 2 0.875 
Basic 10 31% 1.5 0.468 
Needs Special Intervention 5 16% 1 0.156 

Table 4 presents the intervals for students’ 
numeracy competency levels, while Table 5 shows the 
distribution of students across each competency 
category, including the percentage, weight, and index 
values. The total index of students’ numeracy 
competency was 1.78, which falls into the “basic” 
category (Pusmenjar, 2022). This finding indicates that 
students have acquired fundamental mathematical 
skills, including basic computations and the ability to 
solve simple routine mathematical problems. 

 

Conclusion  
 

The STEM-based Minimum Competency 
Assessment (AKM) instrument for reading literacy and 
numeracy on stoichiometry developed in this study was 
demonstrated to be valid and reliable. Content validity 
analysis showed that 48 out of 50 developed items were 
declared valid, while empirical validity analysis 
indicated that 23 out of 30 tested items met the validity 
criteria. The developed instrument also demonstrated 
good internal consistency, with a Cronbach’s Alpha 
coefficient of 0.86. The item analysis revealed that most 
items were categorized at moderate and easy difficulty 
levels, while the discriminative power analysis showed 
that the majority of items had good to moderate ability 
in distinguishing students’ competency levels. Based on 
students’ performance, both reading literacy and 
numeracy competencies were classified at the basic 
level, indicating that students have acquired 
foundational skills but still require further development 
in applying them to contextual problems. Overall, the 
instrument can serve as an alternative assessment tool 
for measuring students’ reading literacy and numeracy 
competencies in chemistry learning, particularly in 
stoichiometry topics. Future research is recommended to 
improve the balance of item difficulty levels and involve 
larger and more diverse samples to enhance the 
robustness of the instrument. 
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