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This study aimed to develop a scientific literacy assessment instrument for stoichiometry integrated with Papuan
ethnochemistry and supported by Artificial Intelligence (AI) for preliminary scoring and feedback provision.
The study employed a Research and Development (R&D) method adapted from the ADDIE model and was
limited to the Development stage. The developed product consisted of 15 open-ended items equipped with
Papuan ethnochemistry stimuli, scientific literacy indicators, answer keys, an analytic scoring rubric, and a
structured prompt for Google Gemini. Content validation involved 10 validators, comprising seven chemistry
education lecturers and three high school chemistry teachers. Content validity was analyzed using Aiken’s V
index, with an operational cut-off value of 0.73. A limited trial involved 15 Grade 11 students representing high,
moderate, and low academic ability to obtain data on readability and initial responses. The results showed that
the Aiken’s V values for all items ranged from 0.85 to 0.97, with a mean value of 0.91, indicating that all 15
items met the content validity criteria. The limited trial showed that most students were able to understand the
instructions, stimuli, questions, and Papuan ethnochemistry contexts. Students also responded positively to the
use of cultural contexts and Al-based feedback. The identified difficulties mainly involved transforming
narrative information into calculation procedures, determining relevant data, converting mass to moles, applying
coefficient ratios, and interpreting calculation results. Therefore, the developed instrument demonstrated
preliminary evidence of good content validity and readability and has the potential to be used as a contextual
scientific literacy assessment for stoichiometry. However, the accuracy and consistency of Al scoring compared
with human raters, as well as the effectiveness of the instrument in improving students’ scientific literacy, require
further empirical investigation.
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This study aimed to develop a scientific literacy assessment instrument for stoichiometry integrated with
Papuan ethnochemistry and supported by Artificial Intelligence (AI) for preliminary scoring and feedback
provision. The study employed a Research and Development (R&D) method by adapting the ADDIE model
and was limited to the Development stage. The developed product comprised 15 open-ended items
equipped with Papuan ethnochemistry stimuli, scientific literacy indicators, answer keys, an analytic
scoring rubric, and a structured prompt for Google Gemini. Content validation involved 10 validators,
consisting of seven chemistry education lecturers and three high school chemistry teachers. Content
validity was analyzed using Aiken’s V index with an operational cut-off value of 0.73. A limited trial
involved 15 Grade 11 students representing high, moderate, and low academic ability to obtain data on
readability and initial responses. The results showed that the Aiken’s V values for all items ranged from
0.85 to 0.97, with a mean of 0.91; thus, all 15 items met the content validity criteria. The limited trial
showed that most students were able to understand the instructions, stimuli, questions, and Papuan
ethnochemistry contexts. Students also responded positively to the use of cultural contexts and Al-based
feedback. The difficulties identified mainly involved transforming narrative information into calculation
procedures, determining relevant data, converting mass to moles, applying coefficient ratios, and
interpreting calculation results. Therefore, the developed instrument demonstrated preliminary evidence
of good content validity and readability and has the potential to be used as a contextual scientific literacy
assessment for stoichiometry. However, the accuracy and consistency of Al scoring relative to human
raters, as well as the effectiveness of the instrument in improving students’ scientific literacy, still require
empirical testing in further research.
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1. Introduction

Scientific literacy is an essential competency in 21st-
century education, as it enables students to use scientific
knowledge to explain phenomena, evaluate information,
interpret evidence, and make responsible decisions. The
results of the Programme for International Student
Assessment (PISA) 2022 indicate that Indonesian students’
science performance remains below the OECD average [1].
This condition suggests that science teaching and assessment
have not yet fully prepared students to apply scientific
concepts to real-world problems. Fuadi et al. [2] emphasize
that low scientific literacy is influenced not only by students’
conceptual knowledge but also by limited opportunities to
engage with contextual problems, use evidence, and
communicate scientific reasoning. Similar findings have
been reported across different educational levels in
Indonesia, from junior to senior high school, consistently
indicating low levels of scientific literacy across various
science topics [16]-[19].

Assessment plays a strategic role in strengthening
scientific literacy because the format of assessment
determines the types of abilities that are practiced and valued
in learning. Assessments that predominantly emphasize
memorization and routine calculations tend to provide
limited information about students’ ability to apply chemical
knowledge. The chemistry literacy taxonomy proposed by
Shwartz et al. [3] indicates that chemical literacy should
encompass conceptual understanding, the use of chemical
language, the application of knowledge to everyday life, and
the ability to critically evaluate information. Therefore,
assessment instruments in chemistry education need to be
designed to elicit scientific explanations, data interpretation,
evidence evaluation, and decision-making. The PISA
assessment framework further emphasizes that scientific
literacy includes the competencies of explaining phenomena
scientifically, evaluating and designing scientific
investigations, and interpreting data and evidence
scientifically, which serve as references for developing the
indicators used in this instrument [20].

Stoichiometry is a fundamental area of chemistry that
connects macroscopic, submicroscopic, and symbolic
representations. Students are required not only to understand
the concepts of moles, molar mass, chemical equations,
limiting reactants, and reaction yields but also to select
relevant information and establish quantitative relationships
among substances. Learning difficulties in basic chemical
laws and stoichiometry often arise when students memorize
algorithms without understanding the underlying concepts
and problem contexts [5]. Consequently, students may be
able to solve problems with patterns similar to those
presented in examples but experience difficulties when
information is presented through narratives, data, or
everyday phenomena. Diagnostic studies have also identified
various misconceptions in stoichiometry, particularly
concerning limiting reactants, the relationship between mass
and moles, and the interpretation of chemical equations [21]—
[25]. These findings indicate that difficulties in stoichiometry
are conceptual in nature and cannot be adequately addressed
through procedural practice alone.
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One approach to making assessment more contextual is
ethnochemistry. Ethnochemistry connects chemical concepts
with the knowledge, materials, processes, and cultural
practices of communities. The identification of local cultural
practices indicates that various community activities can be
explained through concepts involving substances, changes in
matter, chemical reactions, composition, and quantitative
relationships  [6]. Ethnochemistry-based learning can
increase the relevance of learning because students encounter
scientific concepts through cultural experiences that are
familiar to them [7]. In the Papuan context, sago processing,
traditional wood burning, fish smoking, and the use of slaked
lime (kapur sirih) have the potential to serve as stimuli for
stoichiometry assessment. Various ethnochemistry studies in
Indonesia have also demonstrated the potential of local
wisdom from different regions, including traditional food
processing and community cultural practices, as contextual
sources for chemistry learning [26]-[31].

The use of local culture in assessment must, however, be
implemented carefully. Cultural contexts should not merely
serve as narrative backgrounds that can be removed without
affecting the solution to the problem. Instead, the context
should provide information, data, and problems that students
genuinely need to analyze. Morales-Doyle et al. [13] explain
that the use of sociocultural contexts in science education
should maintain scientific accuracy while appropriately
representing community practices. Therefore, the integration
of ethnochemistry into assessment requires validation not
only of the chemical concepts but also of the clarity and
appropriateness of the cultural representation.

The development of Artificial Intelligence (AI) has
created new opportunities for assessment practices,
particularly for preliminary scoring and feedback provision.
Al can process students’ responses efficiently and generate
more specific comments when provided with answer keys,
indicators, and clear scoring rubrics. Dwivedi et al. [9]
position Al as a technology that can support decision-making
but requires governance, transparency, and human oversight.
In educational assessment, Al has the potential to support
adaptive feedback and improve evaluation efficiency [10].
However, Al-generated scores should not be treated as final
decisions before their consistency and agreement with
human raters have been examined. Several systematic
reviews have reported that generative Al-based feedback can
improve students’ motivation and the quality of their
revisions and can demonstrate relatively high agreement with
human assessment across various educational contexts [32]—
[36]. Nevertheless, other studies emphasize the need for
cthical frameworks and human oversight to prevent
excessive dependence on automated systems [37].

Several studies have developed scientific literacy
assessment instruments based on social and cultural contexts
[8], identified the potential of ethnochemistry for learning
[6], and examined the use of Al in assessment [9], [10].
Nevertheless, the integration of these three elements into an
open-ended stoichiometry assessment using Papuan cultural
contexts remains limited. This study addresses this gap by
developing 15 open-ended assessment items designed to
measure scientific literacy competencies, use Papuan
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ethnochemistry contexts as stimuli, and incorporate an
analytic scoring rubric and a structured Al prompt for
generating preliminary scores and feedback.

This study aims to (1) describe the need for developing a
scientific literacy assessment instrument for stoichiometry;
(2) develop the characteristics of an Al-supported scientific
literacy assessment product integrated with Papuan
ethnochemistry; (3) analyze the content validity of the
instrument based on expert judgments; and (4) describe the
readability and initial student responses during a limited trial.
The findings are expected to provide a foundation for further
empirical testing and broader implementation of the
instrument.

2. Research Method

This study employed a Research and Development
(R&D) method adapted from the ADDIE model [14]. The
ADDIE model consists of five stages: Analysis, Design,
Development, Implementation, and Evaluation. The study
was limited to the Development stage because its primary
focus was to produce an initial assessment product, obtain
evidence of content validity, and describe the readability of
the instrument. Large-scale Implementation and Evaluation
stages were not conducted in this study.

The study was conducted at SMA YPPK Taruna
Dharma Jayapura. The data source for the needs analysis
stage was a Grade 11 chemistry teacher. Content validation
involved 10 wvalidators, comprising seven chemistry
education lecturers from different universities and three high
school chemistry teachers with experience teaching
stoichiometry. A limited trial involved 15 Grade 11 students
representing high, moderate, and low academic ability. The
students were purposively selected to ensure that the
readability assessment covered a range of academic abilities.

The choice of this development procedure is
consistent with the development of educational assessment
instruments, which generally involves needs analysis,
design, development, validation, and initial testing before
large-scale implementation [14]. In developing scientific
literacy assessment instruments, alignment among the
construct, indicators, content, language, and student
characteristics is an important aspect that should be
considered before the instrument is implemented more
broadly [8], [15].

2.1 Validator Characteristics and Qualifications

The validators were selected based on the relevance of
their backgrounds to the aspects being assessed. Seven
validators specialized in chemistry education, while three
were high school chemistry teachers with experience
teaching stoichiometry. The validation aspects included
alignment of the content with the learning outcomes, the
appropriateness of the scientific literacy indicators, the
accuracy of the integration of Papuan ethnochemistry, item
construction, language clarity, the appropriateness of the
scoring rubric, and the suitability of the AI system for
evaluating students’ responses.

Based on the available research documentation, the
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explicitly documented qualifications were a chemistry
education background for the seven lecturers and experience
teaching stoichiometry for the three high school chemistry
teachers. Individual information regarding years of
experience, specific expertise in scientific literacy
assessment, or research experience in stoichiometry for each
validator was not documented in the current research
manuscript. Therefore, these details were not estimated in
this study and should be added from the validators’
biographies or curricula vitae, if available.

More specifically, the relevant competencies for
instrument development included an understanding of
stoichiometric concepts, scientific literacy assessment, the
construction of open-ended items, the development of
scoring rubrics, and culturally contextualized learning. The
involvement of subject-matter experts and educational
practitioners was necessary because content validity requires
expert judgment regarding the alignment between the
substance of the items and the construct being measured [11].

Table 1. Characteristics of the Validators

Validator Group | Number | Relevant Qualification/Expertise

Chemistry 7 Chemistry education background;

Education affiliated with different universities

Lecturers

High School | 3 High school chemistry teachers with

Chemistry experience teaching stoichiometry

Teachers

Total 10 Content validation panel for the
assessment instrument

2.2 Content Validation Process

The validators evaluated each item in terms of
content, scientific literacy indicators, the Papuan
ethnochemistry context, item construction, language, answer
keys, scoring rubrics, and the Al-based scoring structure. The
assessment used four relevance categories: Not Relevant
(NR), scored 1; Less Relevant (LR), scored 2; Quite Relevant
(QR), scored 3; and Relevant (R), scored 4.

Validation was conducted in two rounds. The first
round was conducted to obtain evaluations of the initial draft
and suggestions for improvement. Based on the results, the
instrument was revised in terms of language, stimulus clarity,
symbols and units, ethnochemistry contexts, simplification
of numerical calculations, and rubric descriptors. The revised
draft was subsequently assessed in the second round to
confirm the improvements made. The validation process was
conducted from March to May 2026.

2.3 Aiken’s V Analysis and Decision Cutoff

Content validity data were analyzed using the Aiken’s V
index [11] according to the following formula:

V =Zs/[n(c-1)],

where s =r — lo; r is the score assigned by each validator,
lo is the lowest score on the rating scale, c is the highest score
on the rating scale, and n is the number of validators. Aiken’s
V values range from 0 to 1, with values closer to 1 indicating
higher content validity [11]. In this study, V > 0.73 was used
as the operational cut-off criterion for retaining an item,
whereas V < 0.73 was used as the basis for revision or
consideration of item elimination. The value of 0.73 was not
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treated as a universal Aiken’s V threshold. Instead, it was
defined as an operational decision criterion for this study
because the interpretation of Aiken’s V depends on the
number of validators, the number of response categories, and
the purpose of the measurement [11].

Table 2. Content Validity Decision Criteria

No. Aiken’s V Interval Decision
1 V>0,73 Valid/Accepted
2 V<0,73 Revised or eliminated

2.4 Instrument and Scoring Rubric

The research data consisted of quantitative and
qualitative data. Quantitative data comprised expert
validation scores, whereas qualitative data consisted of
teacher interview results, validator comments, observations
during the limited trial, and student responses. The research
instruments included a needs-analysis interview guide, an
expert validation sheet, a limited-trial observation sheet, and
an open-ended interview guide.

An analytic scoring rubric was used to assess four
aspects of students’ responses: conceptual accuracy,
completeness of the solution process, use of data or evidence,
and the connection between the response and the context.
Each aspect was scored from 0 to 3, resulting in a theoretical
maximum score of 12 points per item. The rubric was used
both for human assessment and as the basis for the Al scoring
instructions.

This approach is consistent with scientific literacy
assessment, which requires students to explain phenomena,
evaluate information, and use evidence [3], [15], [20]. To
ensure scoring reproducibility, four performance levels were
used as follows.

Table 3. Analytic Rubric for Scoring Students’ Responses

Aspect Score
3 2 1 0
Concept | Tpe The mai'n Demonst | Does not
ual stoichiometr | €Oncept is | rates demonstrat
Accurac | ;. concept is | correct, but | partial e arelevant
y correct, and th.ere is a | ypdersta | concept.
all minor error. nding of
relationships the
among concept
quantities but
are accurate. contains
a
substanti
Ve error.
Complet | The solution | Most steps | Some Does not
eness of | steps are | are correct, | solution demonstrat
the complete, but one step | steps are | earelevant
Solution | logical, and | is correct, solution
Process sequential. incomplete. but  the | process.
relationsh
ips
between
steps are
unclear.

Data/Evi | All relevant | The  main | Only Does not
dence data are | data are | some of | use
selected and | used, but | the data | relevant
used there is one | are wused | data/evide
appropriatel | omission or | appropriat | nce.
y. error. ely.
Connect | The result is | A connection | The Does not
ion to | appropriatel | to the | connectio | connectthe
Context y connected | context is | n to the | response to
to the given | present but | context is | the
ethnochemic | incomplete. general or | context.
al partially
phenomenon inappropr
iate.

Application of the rubric: A response receives a
score of 3 for conceptual accuracy when the student identifies
the appropriate stoichiometric concept, correctly applies the
relationship involving moles, and demonstrates no
conceptual errors. A score of 1 is assigned when the student
demonstrates partial understanding of the relevant concept
but makes a substantive error that affects the solution.
Anonymized examples of students’ responses would be more
appropriately presented in an appendix because the raw
student responses were not available in the research source
used for this revision.

The use of an explicit scoring rubric is important
because variations in response characteristics may influence
automated scoring outcomes. Research on machine-learning
scoring in science assessment indicates that construct
characteristics and response formats need to be considered
when developing automated scoring systems [36], [38], [39].

2.5 Implementation of AI-Based Assessment

The structure of the Artificial Intelligence (AI)-
based assessment prompt consisted of Role and Objective,
Learning Context, Question and Answer Key, Scientific
Literacy Indicator, Scoring Rubric, Evaluation Instructions,
Feedback Structure, and Final Comment. These components
were used to guide the system in evaluating students’
responses based on the ethnochemistry context, scientific
literacy indicators, answer key, and predetermined scoring
rubric.

In this study, Google Gemini was used as an Al
system to support the preliminary scoring and provision of
feedback on students’ open-ended responses. Each student
response was processed individually using the same
structured prompt. The prompt instructed Gemini to evaluate
the response based on the evidence explicitly provided by the
student and not to assume solution steps that were not written
in the response.

Gemini received the following inputs: (1) the
question text; (2) the ethnochemistry context presented in the
stimulus; (3) the scientific literacy indicator being assessed;
(4) the answer key or elements of an ideal response; (5) the
analytic scoring rubric; and (6) the student’s response. Based
on these inputs, the system was instructed to evaluate
conceptual accuracy, completeness of the solution process,
use of data or evidence, and connection to the context.

The system output was structured to include scores for each
rubric aspect, the total score, strengths of the response,
weaknesses of the response, and suggestions for
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improvement. This output structure was intended to assist
teachers in obtaining preliminary information about the
quality of students’ responses while providing feedback that
students could understand.

The use of Gemini as an assistive tool rather than a
replacement for teachers was based on the need for
transparency, human oversight, and evaluation of potential
bias in Al-based assessment [9], [10], [36], [37], [40].
Furthermore, automated scoring of scientific responses needs
to be evaluated against human scoring because construct
characteristics and response formats may influence
automated scoring outcomes [36], [38], [39]. The structure
of the Al-based assessment prompt is presented in Table 4.

Table 4. Specifications of the Gemini-Based Assessment
System

Component Specification

Al System Google Gemini

Function Preliminary scoring and provision of feedback
on open-ended responses

Input Questions,  stimuli, scientific literacy
indicators, answer keys, analytic scoring
rubric, and student responses

Prompt Structured prompt with Role and Objective,

Learning Context, Question and Answer Key,
Scientific Literacy Indicator, Scoring Rubric,
Evaluation Instructions, Feedback Structure,
and Final Comment

Processing Unit | One student response per scoring process

Scoring Basis Analytic scoring rubric predetermined by the

Category Chemistry Number Proportion
Score
Criterion
High >85 5 33,3%
Moderate 75-84 5 33,3%
Low <175 5 33,3%
Total 15 100%

The balanced composition of participants was
intended to ensure that the readability of the instrument could
be examined across different levels of academic ability.
Students with high academic ability were included to assess
readability among students who could relatively quickly
understand the relationships among the stimulus, concepts,
and calculation procedures. The moderate group represented
students with average academic ability, whereas the low-
ability group was included to identify parts of the instrument
that might cause comprehension difficulties.

2.7 Guidelines for Collecting Readability Data

Readability data were obtained through
observations during the assessment and open-ended
interviews conducted after students completed the
instrument. The observed aspects included the clarity of
instructions, comprehensibility of stimuli and questions,
understanding of chemical and cultural terms, presentation,
ease of access via mobile phones, and students’
understanding of Al-generated scores and feedback.

The readability instrument was developed based on
the principle that an assessment should be understandable to
students without imposing additional linguistic demands
unrelated to the construct being measured. This aspect is
particularly important because difficulties in chemistry may
arise when students encounter complex information and
representations, including in stoichiometry [21]-[24].

Table 6. Indicators of Instrument Readability

researchers
Score per | 0-3
Aspect
Assessed Conceptual accuracy, process completeness,
Aspects use of data/evidence, and connection to
context
Total Score 0-12
Qualitative Strengths, weaknesses, and suggestions for
Information improvement
Human Al results are positioned as preliminary scores
Oversight and require human verification

2.6 Selection of Subjects for the Limited Trial

The limited trial involved 15 Grade 11 students
representing high, moderate, and low academic ability levels.
Participants were purposively selected to obtain variation in
students’ abilities during the readability assessment.

In the current research manuscript, the classification
consisted of three groups, with five students in each group.
The basis for classification and the scores used should follow
the original research records. If the study used chemistry
report-card scores from the previous semester with the
classification presented in the manuscript, the following
criteria can be applied.

Table 5. Criteria for Selecting Students for the Limited
Trial
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Indicator Observation Focus

Instructions Students can follow the instructions without
repeated additional explanations.

Stimulus Students can identify the phenomena,
information, and important data.

Questions Students understand what is being asked

before beginning the calculation.

Chemical Terms Terms, symbols, units, and notation can be

understood.

Cultural Terms The ethnochemistry context is recognized

and does not cause misinterpretation.

Presentation The arrangement of text, images, tables, and
answer-input fields is easy to read.

Access The instrument can be accessed and
completed using a mobile phone.

Al Feedback Students understand the scores, strengths,
weaknesses, and  suggestions for
improvement.

The open-ended interview guide focused on the
following questions: (1) which part of the instrument was
easiest to understand; (2) which part was confusing; (3)
whether the cultural context helped students understand the
problem; (4) whether the available data were sufficient to
begin the calculation; (5) whether the chemical terms were
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easy to understand; (6) whether the Al-generated scores and
feedback were understandable; and (7) which aspects of the
instrument needed improvement.

3. Results and Discussion

The needs analysis conducted through interviews
with a Grade 11 chemistry teacher indicated that
stoichiometry assessment was still primarily oriented toward
conceptual mastery and calculation skills. Assessment
formats were dominated by multiple-choice questions and
simple open-ended questions, whereas students’ abilities to
explain scientific phenomena, interpret data, use evidence,
and apply chemical concepts to real-world situations had not
been specifically assessed.

These findings indicate a need to develop an
assessment that goes beyond numerical answers and requires
students to explain the relationship between chemical
concepts and the phenomena presented in the problems. This
need is consistent with the characteristics of scientific
literacy, which require students to use knowledge to explain
phenomena, evaluate information, and use evidence [3], [8],
[15], [20]. The findings are also consistent with previous
studies indicating that Indonesian students’ scientific literacy
requires further strengthening [16]-[19].

This need is particularly important in stoichiometry
because students are required to connect chemical
representations with quantitative relationships. Previous
studies have reported difficulties and misconceptions
concerning the relationships among mass, moles, chemical
equations, and stoichiometric problem solving [21]-[24].
Therefore, assessment should integrate conceptual
understanding, data interpretation, procedural skills, and
scientific reasoning.

The development of the instrument was also based
on the need to integrate local Papuan culture. Teachers had
previously connected chemistry learning with sago,
traditional firewood burning, marine-product processing, and
other traditional activities; however, these contexts had not
yet been systematically incorporated into assessment
instruments.

These findings support the use of ethnochemistry
as an approach to connecting chemical concepts with
community practices and knowledge [6], [7], [26], [28], [29].
Studies of local wisdom have also demonstrated that food-
processing activities and cultural practices can be developed
as contextual resources for science and chemistry learning
[271, [30], [31].

Thus, the development needs identified in this
study encompass three main aspects: strengthening scientific
literacy assessment, integrating Papuan ethnochemistry
contexts, and utilizing technology to support scoring and
feedback processes.

3.1 Characteristics of the Developed Product

The developed product consisted of 15 open-ended
scientific literacy assessment items on stoichiometry. Each
item included scientific literacy indicators, Papuan
ethnochemistry stimuli, questions, answer keys, scoring
rubrics, and an Al feedback format.

The targeted competencies included the ability to
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explain phenomena scientifically, evaluate or design
scientific investigations, and interpret scientific data and
evidence [3], [15], [20].

The contexts used in the instrument included sago
processing, traditional wood burning, fish smoking, and the
use of slaked lime (kapur sirih). These contexts were selected
because they are closely related to students’ immediate
surroundings and can be connected to stoichiometric
concepts. The use of these local contexts is consistent with
ethnochemistry studies demonstrating the potential of
cultural practices as contextual resources for chemistry
learning [6], [7], [26], [28]-[31].

An open-ended format was employed to allow
students to demonstrate their reasoning, solution processes,
use of data, and connections between their responses and the
given phenomena. Thus, the instrument can provide richer
information about students’ reasoning than selected-response
formats alone [3], [8], [15].

3.2 Content Validity of the Instrument

Content validation involved 10 validators, consisting of
seven chemistry education lecturers and three high school
chemistry teachers. The three teachers had experience
teaching stoichiometry. The assessment covered content
relevance, scientific literacy indicators, integration of Papuan
ethnochemistry, item construction, language, scoring rubrics,
and the Al-based assessment system.

The assessment used four categories: Not Relevant (1),
Less Relevant (2), Quite Relevant (3), and Relevant (4). The
Aiken’s V index was used to analyze the content relevance
of each item [11].

The analysis showed that the Aiken’s V values for all
items ranged from 0.85 to 0.97, with a mean value of 0.91.
The lowest value was obtained for Item 1 (0.85), whereas the
highest was obtained for Item 11 (0.97). All values exceeded
the operational cut-off value of 0.73, indicating that all 15
items met the predetermined content validity criterion.

Table 7. Aiken’s V Analysis of the Scientific Literacy Assessment
Instrument

Item Aiken’s V Criterion Conclusion
1 0,85 >0,73 Valid
2 0,87 >0,73 Valid
3 0,89 >0,73 Valid
4 0,91 >0,73 Valid
5 0,88 >0,73 Valid
6 0,95 >0,73 Valid
7 0,92 >0,73 Valid
8 0,90 >0,73 Valid
9 0,89 >0,73 Valid
10 0,96 >0,73 Valid
11 0,97 >0,73 Valid
12 0,93 >0,73 Valid
13 0,91 >0,73 Valid
14 0,90 >0,73 Valid
15 0,95 >0,73 Valid

Readability in Stoichiometry 117




E-ISSN: 2986-3015
P-ISSN: 2986-3791

MJP Journal of Education and Teaching Learning
Vol. 4, No. 2, Oktober 2026: 112 — 121

Item Aiken’s V
Mean 0,91 >0,73

Criterion Conclusion
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Figure 1. Distribution of Aiken’s V Values for Each Assessment Item

The distribution indicates that none of the items approached
the operational cut-off value. The lowest value, observed for Item 1, was
0.85, which was 0.12 points above the decision criterion. Most items had
Aiken’s V index values of 0.90 or higher.

These findings provide preliminary evidence that the expert
panel considered the content of the instrument to be aligned with the
intended construct. This finding supports previous research on scientific
literacy assessment development, which emphasizes the importance of
alignment among indicators, content, language, and student
characteristics [8], [15].

3.3 Revisions Based on Validator Feedback

Although all items met the content validity
criterion, the validators provided several suggestions for
improvement. These included simplifying the language,
adjusting scientific terminology, incorporating more familiar
Papuan cultural contexts, improving illustrations,
simplifying numerical values in stoichiometric calculations,
standardizing symbols and units, refining the analytic scoring
rubric, and strengthening the Al feedback format.

These findings demonstrate that quantitative
evidence of content validity does not eliminate the need for
qualitative revision. Simplifying the language was necessary
to ensure that difficulties in understanding sentence
structures did not become sources of difficulty unrelated to
scientific literacy. Similarly, simplifying numerical data was
necessary to ensure that the assessment emphasized
reasoning and conceptual application rather than merely
mathematical operations. This consideration is relevant to
previous findings concerning students’ difficulties with
stoichiometry [21]-[24].

Regarding the ethnochemistry context, the
validators’ comments also indicate that the mere inclusion of
cultural terminology is insufficient. The context must be
scientifically accurate, relevant to the chemistry problem,
and genuinely necessary for students to solve the problem
[13].

3.4 Integration of Ethnochemistry into the Instrument

The integration of ethnochemistry was one of the
main characteristics of the developed instrument. Sago
processing, traditional wood burning, fish smoking, and the
use of slaked lime (kapur sirih) were selected because these
practices are connected to chemical concepts and familiar to
students.

The use of these contexts is consistent with
previous studies showing that cultural practices can be
developed as resources for chemistry learning [6], [26], [28],
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[29]. The ethnochemistry approach can also strengthen the
relationship between scientific concepts and students’ social
and cultural experiences [7].

In the Papuan context, the use of stimuli familiar to students
has additional relevance. Research on the scientific literacy
profiles of Papuan students highlights the importance of
considering local contexts in science learning and assessment
[4].

However, the integration of cultural contexts
should not be interpreted as evidence that such contexts
automatically improve scientific literacy. In this study,
ethnochemistry contexts functioned as stimuli and problem
situations. Their effectiveness in improving scientific
literacy has not yet been empirically tested.

3.5 Readability and Student Responses in the Limited
Trial

The limited trial involved 15 Grade 11 students
representing high, moderate, and low academic ability. Data
were collected through observations and open-ended
interviews conducted after the students completed the
instrument.

The observation and interview results indicated that
most students were able to understand the instructions,
narratives, and ethnochemistry contexts. Students also
reported that the Papuan cultural contexts made the questions
feel more closely connected to their everyday lives and
different from the routine questions they usually
encountered.

These findings support the use of local contexts as
a means of increasing the meaningfulness of problem
situations [7], [26], [28]. The findings are also relevant to
scientific literacy assessment, which emphasizes the
application of knowledge in context [3], [8], [15].

Nevertheless, contextual familiarity did not
automatically make the entire problem-solving process easy.
Some students still experienced difficulties in transforming
narrative  information into calculation procedures,
determining relevant data, converting mass to moles,
applying coefficient ratios, and interpreting calculation
results.

These findings are consistent with previous
research on students’ difficulties and misconceptions in
stoichiometry [21]-[24]. A practical implication is that
assessment stimuli should remain contextual, while
quantitative information should be presented sufficiently
clearly to enable students to move from narrative
representations to chemical representations and quantitative
calculations.

3.7 Student Responses to Al-Based Feedback

Students responded positively to the Al-based
system because they received scores and feedback after
completing the questions. The feedback helped students
identify which parts of their responses were correct and
which aspects required improvement.

This finding is consistent with studies on the use of
generative Al to provide feedback on text-based assignments
[32]-[34]. Meyer et al. [35] also reported the potential of
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large language model-generated feedback to support
students’ revision processes and learning experiences.

However, students’ positive responses should not
be interpreted as evidence of the accuracy of Al-generated
scores. Research on machine-learning scoring indicates that
system performance can be influenced by construct
characteristics, response types, and scoring criteria [36],
[38], [39].

Therefore, Al in this study was positioned as a tool
for preliminary scoring and feedback rather than as a
replacement for teachers. This position is consistent with the
need for human oversight, transparency, and attention to
potential algorithmic bias [9], [10], [37], [40].

3.8 Scoring Consistency and Limitations of Al

This study did not examine inter-rater agreement
between Al-generated scores and scores assigned by teachers
or experts. Therefore, no conclusion can yet be drawn
regarding the level of agreement between Al scoring and
human raters.

This limitation is important because the content
validity of an instrument is distinct from the reliability of its
scoring system. An instrument may demonstrate high content
validity while its scoring process still requires separate
empirical evaluation. Research on the application of machine
learning in science assessment emphasizes the importance of
comparing automated scoring results with human raters’
performance [38], [39].

In future research, students’ responses should be
independently scored by at least two human raters using the
same rubric and subsequently compared with Al-generated
scores. For continuous scores, the Intraclass Correlation
Coefficient (ICC) could be used, whereas ordinal scores
could be analyzed using weighted kappa. The consistency of
Al outputs should also be examined through repeated scoring
of the same responses under controlled prompting
conditions.

In addition, potential algorithmic bias requires
attention because algorithm-based decisions may result in
differential treatment if the system is not evaluated across
diverse groups of students [40]. An ethical framework is also
necessary to ensure that Al functions as a support for
pedagogical decision-making rather than replacing teachers’
professional judgment [37].

3.9 Implications for Instrument Development

Overall, the findings indicate that the Al-supported
scientific literacy assessment
ethnochemistry demonstrated preliminary evidence of high
content validity and good readability. The product integrates
three main components: scientific literacy, Papuan
ethnochemistry contexts, and Al technology.

From an assessment perspective, the open-ended
questions provide opportunities for students to explain
phenomena, use data, and connect their responses to

contextual situations [3], [8], [15]. From a contextual

incorporating  Papuan

perspective, ethnochemistry provides stimuli that are closely
connected to students’ experiences [6], [7], [26], [28]-[31].
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From a technological perspective, Al has the potential to
facilitate more efficient feedback provision [32]-[35].

However, these three components require further
empirical investigation. High content validity does not
demonstrate the effectiveness of the instrument in improving
students’ scientific literacy. Similarly, positive student
responses to Al do not establish the accuracy of automated
scoring. Therefore, the findings should be interpreted as
preliminary evidence of the feasibility of the developed
product and as a basis for subsequent research involving
broader empirical testing and implementation.
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