DOI: https://doi.org/10.21580/jieed.v6i1.30802

LN \ Journal of Integrated
v I@' Elementary Education
N

.V
S\ '/ elSSN 2776-1657 | pISSN 2828-223X | Vol. 6 No. 1 (2026) | pp. 173-193 |

The effect of Al-assisted authentic assessment on students’
learning growth in a primary school science classroom
Ari Hasan Ansori'*(P<), Ghina Siti Fitria Heriyanti?, M. Arie Firdaus Heriansyah?®

SKT2/RIKPTIZ024

Sekolah Tinggi Agama Islam Syekh Manshur Pandeglang, Indonesia
2Universitas Sultan Ageng Tirtayasa, Indonesia
3Universitas Islam Negeri Sultan Maulana Hasanudin Banten, Indonesia

*Corresponding author’s email: cep.arie@gmail.com

Abstract

This study examines the implementation of artificial intelligence
(Al)-assisted authentic assessment and its effect on the learning
growth of elementary school students. The study employed a
nonequivalent control-group quasi-experimental design involving
72 fifth-grade students. The experimental group received Al-
assisted authentic assessment through performance tasks,
inquiry-based projects, and open-ended activities, whereas the
control group used conventional assessment methods. The
findings indicate that the Al-assisted assessment system
operated effectively. The natural language processing (NLP)-
based system mapped students’ levels of conceptual mastery,
identified dominant errors, and generated diagnostic information
that teachers used to provide rapid, specific, and adaptive
feedback. The system also accelerated response analysis,
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monitored students’ individual understanding, and promoted

active cognitive engagement, enabling students to explain,
connect, and reflect on their observational findings related to @.
scientific concepts. The results further show that the experimental
group achieved a high N-Gain score (0.72), whereas the control
group obtained a moderate N-Gain score (0.43), with t (70) =
11.704, p < 0.001, and Cohen’s d = 2.76, indicating a very large
practical effect of Al-assisted authentic assessment on students’
learning growth. These findings confirm that Al-assisted authentic
assessment is effective in enhancing learning growth,
strengthening the formative function of assessment, and
supporting more personalized, reflective, and evidence-based
science learning.
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1. Introduction

Authentic assessment constitutes an important component of science
learning at the Madrasah Ibtidaiyah level because it not only measures learning
outcomes but also supports meaningful, reflective, and sustainable learning
processes (Agir et al., 2023; Herianingtyas et al., 2023). At the primary education
level, students need to engage in learning tasks that integrate conceptual
understanding, scientific reasoning, and the ability to apply knowledge in real-

Copyright to the author (s). Open Access. This article is licensed under a Creative
Commons Attribution-ShareAlike 4.0 International License.



https://doi.org/10.21580/jieed.v6i1.30802
https://journal.walisongo.ac.id/index.php/jieed
https://journal.walisongo.ac.id/index.php/jieed
https://portal.issn.org/resource/ISSN/2776-1657
https://portal.issn.org/resource/ISSN/2828-223X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

174 | Journal of Integrated Elementary Education

world contexts (Galanti & Holincheck, 2022; Salsabila et al., 2024; Wibawa et al.,
2024). However, traditional assessment approaches that rely mainly on
memorization or multiple-choice tests are often insufficient to capture the
complexity of students’ competencies and reasoning processes (Kasmi &
Anasse, 2023; Poernomo et al., 2018). Consequently, the implementation of
authentic assessment has become increasingly important in science instruction
because it enables teachers to evaluate students’ understanding through
contextualized and performance-based tasks.

The theoretical foundation of authentic assessment is closely related to
constructivist learning theory, which posits that knowledge is actively constructed
through learners’ interactions with meaningful experiences and contextual
learning activities. In science education, constructivism emphasizes observation,
inquiry, analysis, and reflection as fundamental processes through which
students develop conceptual understanding and scientific reasoning. Authentic
assessment reflects this perspective by engaging students in tasks that resemble
real scientific practices, such as conducting observations, analyzing data, and
explaining natural phenomena. Through these processes, assessment functions
not merely as a measurement tool but as an integral component of the learning
process that supports conceptual development and meaningful understanding.

Another important theoretical perspective underlying this study is
assessment for learning, which emphasizes the formative role of assessment in
supporting students’ learning processes. According to this perspective,
assessment should provide feedback that helps students recognize their
strengths and misconceptions while guiding teachers in adjusting instructional
strategies (Becerra & Cobos, 2025; Shen, 2025). Within this framework,
assessment serves as a mechanism for monitoring learning progress, diagnosing
conceptual difficulties, and facilitating continuous improvement in students’
understanding. Therefore, authentic assessment can function effectively when it
generates informative feedback that supports reflection, conceptual
reconstruction, and deeper learning.

The concept of deep learning further strengthens the theoretical foundation
of this study. Deep learning emphasizes profound conceptual understanding, the
ability to connect ideas, and the transfer of knowledge to new contexts (Rasheed
et al., 2023). In science learning, deep learning occurs when students actively
engage in analyzing phenomena, constructing explanations, and linking empirical
observations with scientific concepts. Authentic assessment is considered an
appropriate approach for fostering deep learning because it requires students to
demonstrate reasoning, interpretation, and conceptual integration rather than
merely recalling factual information (Khojasteh et al., 2025; Saputra et al., 2024).
As a result, authentic assessment not only measures students’ knowledge but
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also supports the development of higher-order thinking skills and meaningful
scientific understanding.

Despite its pedagogical advantages, the practical implementation of
authentic assessment in Madrasah Ibtidaiyah science classrooms remains
challenging. Teachers frequently encounter constraints related to limited time,
heavy administrative workloads, and difficulties in consistently evaluating
complex student tasks in heterogeneous classrooms (Melinda & Tanjung, 2022;
Xin & Nasri, 2024). Assessing open-ended responses, inquiry projects, and
performance tasks requires substantial effort and time, which often leads
teachers to rely on simpler forms of assessment. Consequently, although
authentic assessment is widely recommended in theory, its implementation in
practice has not yet been fully optimized to enhance students’ learning growth in
primary education (Ansori & Heriansyah, 2025b; Hamel & Lee, 2024; Ravi &
Besharat, 2026).

The integration of Artificial Intelligence (Al) into educational assessment
offers promising opportunities to address these practical challenges. Al
technologies, particularly those based on Natural Language Processing (NLP)
and machine learning, are capable of analyzing students’ open-ended responses,
identifying patterns of conceptual understanding, and generating diagnostic
feedback that can support teaching and learning processes (Arellanes et al.,
2025; Kamalov et al., 2023; Pacala, 2023). Through automated analysis of textual
responses, Al systems can map levels of conceptual mastery, detect common
misconceptions, and provide information that assists teachers in delivering more
targeted feedback. Such capabilities align closely with the principles of formative
assessment, in which feedback serves as a key mechanism for improving
learning outcomes.

In recent years, international studies have reported that Al-assisted
assessment systems can enhance the efficiency of assessment processes,
improve the quality of feedback, and support student engagement in complex
learning tasks (Karim et al., 2025; Nagaraj, 2023; Zhai et al., 2023). Al
technologies applied in STEM education are capable of analyzing learning data,
monitoring student progress, and generating insights that support data-driven
instructional decisions (Mahligawati et al., 2023; Nagaraj, 2023; Nuangchalerm,
2023). These systems enable teachers to process large volumes of student
responses more efficiently while maintaining the depth of analysis required for
authentic assessment practices.

However, most existing studies on Al-assisted assessment have focused
on secondary and higher education contexts as well as broader STEM
disciplines. Empirical evidence examining the implementation of Al-assisted
authentic assessment in primary education, particularly in Madrasah Ibtidaiyah
science classrooms, remains limited. Preliminary studies suggest that Al-based
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assessment systems can assist teachers in mapping students’ conceptual
understanding, identifying misconceptions, and accelerating automated scoring
processes (Hopfenbeck et al., 2023; Lee et al., 2023; Riantoni, 2024). Other
studies also highlight the potential of Al to provide adaptive feedback that
supports reflection and enhances critical thinking skills (Mosher et al., 2024;
Mulaudzi & Hamilton, 2025; N. Yu et al.,, 2025). Nevertheless, these studies
primarily emphasize technological capabilities and assessment efficiency, while
empirical investigations examining how Al-assisted authentic assessment
influences students’ learning growth in primary science education remain scarce.

This research gap is particularly important because learning growth
provides a meaningful indicator of instructional effectiveness. Learning growth
reflects improvements in students’ understanding between the initial and final
stages of learning and is commonly measured using normalized gain scores
(Coletta & Steinert, 2020; Hake, 1998; Planinic et al., 2019). By integrating Al into
authentic assessment practices, it becomes possible to analyze learning
progress more efficiently while maintaining detailed diagnostic information
regarding students’ conceptual development. Such integration may enable
teachers to monitor learning growth more systematically and provide timely
interventions that support students’ conceptual improvement (Hong, 2025; Karim
et al., 2025; Lodzikowski et al., 2024).

Therefore, this study aims to examine the implementation of Al-assisted
authentic assessment in science learning at the Madrasah Ibtidaiyah level and to
analyze its effect on students’ learning growth. Specifically, the study investigates
how Al systems can process students’ open-ended responses, map levels of
conceptual mastery, and generate diagnostic feedback that supports instructional
decision-making. By integrating Al-based diagnostic analysis with authentic
assessment practices in primary science learning, this study provides empirical
evidence on how Al-supported assessment can enhance students’ learning
growth. Furthermore, the study evaluates the extent to which Al-assisted
authentic assessment contributes to students’ learning growth, as measured
through normalized gain (N-Gain) scores, and explores its implications for deep
learning and active cognitive engagement.

This study contributes theoretically, empirically, and practically to the field
of educational assessment. Theoretically, it strengthens the integration of
constructivist learning theory, assessment for learning, and authentic
assessment within the context of Al-supported assessment systems in primary
education. Empirically, the findings provide quantitative evidence regarding the
impact of Al-assisted authentic assessment on students’ learning growth in
science classrooms. Practically, the results offer guidance for teachers and
policymakers in designing innovative, efficient, and data-driven assessment
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practices that support meaningful and sustainable learning in Madrasah
Ibtidaiyah.

2. Methods

The study was conducted at Public Elementary School 1 (MIN1) in
Pandeglang, Indonesia. The participants consisted of two parallel fifth-grade
classes, each comprising 36 students. Class VA served as the experimental
group and received Al-assisted authentic assessment integrated into science
learning, whereas Class VB functioned as the control group and followed
conventional assessment practices. In total, 72 students participated in the study.
Initial equivalence between the two groups was confirmed using school academic
records and pretest results, which indicated comparable baseline abilities. All
procedures adhered to ethical research standards, including obtaining informed
consent from both parents and students and ensuring the confidentiality of
participants’ identities.

The treatment instrument consisted of an authentic assessment package
designed to measure students’ conceptual understanding, scientific reasoning,
and ability to present observational findings. The package included performance
tasks, inquiry-based projects, and open-ended worksheets. In the performance
tasks, students observed simple natural phenomena (e.g., changes in states of
matter or environmental events), recorded data, identified basic variables, and
related their observations to relevant scientific concepts. In the inquiry projects,
students produced written reports describing procedures, analyses, and
conclusions that connected empirical findings with theoretical explanations. The
open-ended worksheets were designed to assess students’ ability to explain
causal relationships between their observations and relevant scientific concepts.

All authentic tasks were evaluated using an analytic rubric that assessed
conceptual accuracy, procedural appropriateness, quality of reasoning, and
presentation skills. The instruments and rubrics were validated by two experts:
one specializing in educational evaluation and the other in science education.
The validation results confirmed that the assessment instruments were aligned
with the learning objectives and with the conceptual characteristics of the science
content.

Students’ learning growth was measured using a science achievement test
administered as both a pretest and a posttest. The test consisted of 14 items
developed based on science learning indicators. A pilot study conducted at Public
Elementary School 2 (MIN 2) in Pandeglang indicated that 11 items met the
validity criteria, while 3 were discarded. Iltem discrimination analysis showed that
10 items had high discrimination, 1 item had moderate discrimination, and 3 items
had low discrimination. The difficulty index indicated that 5 items were difficult, 7
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items were of moderate difficulty, and 2 items were easy. The reliability coefficient
was 0.78, indicating high reliability and confirming the suitability of the instrument
for calculating N-Gain scores (Ansori, 2025). In addition, a classroom observation
sheet was also used to monitor the fidelity of the Al-assisted authentic
assessment implementation, student engagement during learning activities, and
the consistency of the treatment throughout the instructional process.

The research procedure consisted of three stages. First, both groups
completed the pretest to determine their initial ability levels and to confirm group
equivalence. Second, the experimental group participated in science learning
integrated with Al-assisted authentic assessment, whereas the control group
followed conventional assessment practices. Classroom observations were
conducted during this stage to ensure the consistency and fidelity of the
instructional treatment. Third, both groups completed the posttest. The pretest
and posttest scores were subsequently used to calculate students’ N-Gain as an
indicator of learning growth.

Data analysis involved calculating N-Gain to measure students’ learning
growth. Descriptive statistics, including the mean and standard deviation, were
computed for both groups. Prior to hypothesis testing, the assumptions of
normality (Shapiro—Wilk test) and homogeneity of variance (Levene’s test) were
examined (Ansori, 2021). An independent-samples t-test was conducted to
compare the N-Gain scores between the experimental and control groups
(Ansori, 2021). Statistical significance was determined based on the results of the
t-test, and Cohen’s d was calculated to determine the magnitude of the practical
effect size.

3. Results

3.1 Implementation of Al-assisted authentic assessment in science
learning

Authentic assessment was implemented through performance tasks and
inquiry-based projects. The performance tasks involved observations of simple
natural phenomena, such as changes in the states of matter (melting,
evaporation, and freezing) and environmental events occurring around the
students. During these activities, students were required to record observational
data, identify basic variables (e.g., temperature and time), and relate their findings
to previously learned scientific concepts.

The second form of assessment consisted of inquiry-based projects that
required students to prepare written observational reports. These reports
included descriptions of the observation procedures, simple analyses of the
observed phenomena, and conclusions linking empirical findings with scientific
concepts. Through this format, the assessment did not merely evaluate final
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answers but also examined students’ reasoning processes in connecting
observational data with scientific explanations.

In addition, students completed open-ended worksheets that required them
to explain the relationships between their observations and relevant scientific
concepts. Analysis of the worksheets indicated that 87% of students were able to
accurately document their observations and appropriately relate them to the
concepts studied, whereas 13% still required additional guidance, particularly in
articulating scientifically grounded cause-and-effect relationships.

The distribution of conceptual mastery levels among students in the
experimental class is presented in Figure 1. The graph illustrates that the majority
of students fell into the high and moderate conceptual mastery categories. This
distribution pattern indicates that the varied forms of authentic assessment
revealed differences in students’ levels of understanding in greater detail than
conventional, closed-ended, test-based assessments.

56%
33%
1%

High Moderate Low

Fig. 1. Distribution of conceptual mastery levels of students in the experimental group

The distribution facilitated teachers in identifying students who had achieved
strong conceptual mastery and those who still required reinforcement. Thus, Al-
assisted authentic assessment did not merely generate scores but also mapped
levels of conceptual mastery both individually and collectively.

The Al system utilized in this study was a web-based application equipped
with Natural Language Processing (NLP) capabilities and learning analytics
features. The system was used to process students’ open-ended written
responses and map their levels of conceptual mastery using rubric indicators.

The analysis process involved extracting conceptual keywords relevant to
the instructional content, such as melting, evaporation, freezing, heat, and cold.
After identifying these keywords and analyzing the structure of the explanations,
the system categorized students’ responses into three levels of conceptual
mastery: high, moderate, and low.

In addition to categorical mapping, the Al system generated summaries of
dominant conceptual errors appearing in students’ responses. These summaries
served as a basis for teachers to determine focal points for conceptual
reinforcement in subsequent lessons. The mapping data indicated that the
majority of students in the experimental class were categorized as having high to
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moderate levels of conceptual mastery, while only a small proportion fell into the
low category.

The information generated by the Al system was used by teachers to adjust
instructional strategies, for example, by reinforcing concepts that were frequently
misunderstood and by developing additional examples tailored to students’
learning needs. In this way, Al functioned as an assessment support system that
provided rapid and structured diagnostic information.

The implementation of Al-assisted authentic assessment was carried out
through systematic stages illustrated in Figure 2. The diagram depicts the
sequence of activities, beginning with the planning of authentic tasks, followed by
students’ observational activities, data collection, analysis of responses using the
Al system, and the provision of feedback by the teacher.

et —[ 1. Planning Authentic Tasks ]—
= 1
o= i

« Performance Tasks (Individu/Group)
» Inquiry-Based Projects
l « Structured Observation Reports

¢ Observing Natural Phenomena
« Recording Data
« Preparing Reports
¥
3. Submission of Responses to Al System

= + Teacher Uploads Students' Responses ——p Al System
= ' (NLP & Analitik)

,r 4. Response Analysis by Al 1,

E -
eyword Extraction ] { Concept Mastery Mapping}.l [ Summary of Common Mistakes)

o {
m,' Example: melt, [} <High/Medium/Low |} (=1=1=)

™ | evaparate, freeze, hot, cold i

¥ ¥
) —( 5. Verification & Validation by Teacher H 6. Providing Pedagogical Feedback )—

é\fg « Reviewing Al Output __, | + Individual/Group Feedback
.'ri « Ensuring Alignmentwith Class Observations  : « Reflection & Improvement @M

—— !« Reinforcement/Remedial

e »
7. Monitoring & Adjusting Teaching Strategies J— ﬂ[
« Al Data Analysis —» + Adjusting Teaching Strategies — Enhancing Student Understanding I J

-

Fig. 2. Flow of the Al-assisted authentic assessment implementation procedure.

The first stage involved students implementing authentic tasks. Students
conducted observations of natural phenomena according to the teacher’s
instructions, recorded their findings, and constructed explanations based on
scientific concepts. In the diagram, this stage is represented as the Student
Observation and Data Recording phase, which is directly connected to the
Submission to Al System phase.
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In the subsequent stage, students’ responses were uploaded to the Al
system and analyzed according to the assessment rubric encompassing
conceptual accuracy, procedural appropriateness, quality of reasoning, and
presentation skills. This stage is represented as the Al Assessment and Concept
Mapping phase. The analysis results were then verified by the teacher during the
Teacher Review and Feedback phase.

The final stage involved providing feedback to students. Teachers utilized
the summarized Al analysis results to deliver specific feedback, while students
engaged in reflection and revised their responses in subsequent tasks. The
diagram illustrates a feedback loop connecting teacher feedback with student
reflection, indicating that the assessment process operates continuously.

The synthesis of the findings indicates that Al-assisted authentic
assessment was implemented through a combination of performance tasks,
inquiry-based projects, and structured observational reports. The Al system,
based on Natural Language Processing (NLP) and learning analytics, was
capable of processing students’ open-ended responses, mapping levels of
conceptual mastery, and generating summaries of dominant errors.

The analysis data revealed that the majority of students were categorized
within high to moderate levels of conceptual mastery. This information enabled
teachers to target conceptual reinforcement more precisely. Furthermore, the use
of Al accelerated the processes of response analysis and feedback provision,
ensuring that the assessment not only generated scores but also functioned as a
formative source of information that supported science learning in a measurable
and evidence-based manner.

3.2 The effect of Al-assisted authentic assessment on students’ learning
growth

Students’ learning growth was analyzed using the N-Gain score, which
represents the normalized increase in scores from the pre-test to the post-test
relative to the maximum possible score. This analysis was conducted to examine
changes in students’ performance following instructional activities in the
experimental and control groups.

Pre-test and post-test scores were first examined to describe students’
baseline and final performance. As shown in Table 2, the pre-test results
indicated that the experimental group (M = 45.00, SD = 8.50) and the control
group (M = 44.50, SD = 8.70) had comparable initial scores.

Following the instructional treatment, post-test scores increased in both
groups. The experimental group obtained a mean score of 85.00 (SD = 7.20),
while the control group obtained a mean score of 69.50 (SD = 7.80).

To quantify learning growth, N-Gain scores were calculated for both groups.
The experimental group achieved a mean N-Gain of 0.72 (SD = 0.10; median =
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0.73), which falls within the high category. A total of 83% of students in this group
were categorized as having high learning growth, while the remaining students
were in the moderate category. No students were categorized in the low group.

In the control group, the mean N-Gain was 0.43 (SD = 0.11; median = 0.42),
corresponding to the moderate category. In this group, 28% of students were
categorized as having high learning growth, while the majority were in the
moderate category.

Table 2.
Students’ Pre-test, Post-test, and N-Gain by Group

Pre-test Post-test N-Gain
Group N Category
Mean SD Mean SD Mean SD
Experimental 36 45.00 8.50 85.00 7.20 0.72 0.10 High
Control 36 44.50 8.70 69.50 7.80 0.43 0.11 Moderate

The data presented in Table 2 show that the experimental group had smaller
standard deviations in post-test and N-Gain scores compared to the control
group. In addition, observational data showed differences in assessment time
between groups. The average time required for teachers to review students’ work
and provide feedback was approximately 20 minutes per session in the
experimental group and approximately 45 minutes in the control group,
representing a reduction of approximately 55%.

Analysis of students’ assignments showed that approximately 75% of
students in the experimental group revised their responses or observational
reports in subsequent tasks following feedback. These revisions included
changes in response structure, use of scientific terminology, and conceptual
explanations in follow-up tasks.

Prior to testing differences in mean N-Gain between groups, the data were
examined for normality and homogeneity of variance. The Shapiro—Wilk test
indicated that the N-Gain distributions in both groups were normal (p > 0.05),
while Levene’s test indicated that the assumption of homogeneity of variances
was met (p = 0.32). Based on these results, an independent-samples t-test was
conducted.

The comparison of mean N-Gain scores between the experimental group
(M=0.72, SD =0.10, n = 36) and the control group (M =0.43, SD =0.11, n = 36)
yielded t (70) = 11.704, p < 0.001. The mean difference between the two groups
was 0.29, with a 95% confidence interval ranging from 0.24 to 0.34.

The effect size for the difference in N-Gain scores between the experimental
and control groups, calculated using Cohen’s d, was 2.76, which falls within the
very large category, indicating that the magnitude of the difference substantially
exceeded the variability within each group.
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4. Discussion

The findings of this study indicate that implementing Al-assisted authentic
assessment in science learning at the Madrasah Ibtidaiyah level significantly
contributes to students’ learning growth. Authentic assessment was implemented
through performance tasks, inquiry-based projects, and open-ended worksheets
that required students to observe natural phenomena, analyze empirical data,
and formulate explanations connecting their observations with scientific
concepts. The integration of Al enabled the processing of students’ responses,
the mapping of conceptual mastery levels, and the generation of summaries of
dominant conceptual errors that served as the basis for teacher feedback. In this
context, Al functioned not merely as an assessment tool but also as a
pedagogical mediator that provided diagnostic information to support instructional
decision-making (Bond et al., 2024; Park & Doo, 2024; Wang et al., 2024).

These findings can be interpreted from the perspective of constructivist
learning theory, which emphasizes that knowledge is actively constructed through
learners’ engagement in meaningful learning experiences. In science education,
constructivism highlights the importance of observation, inquiry, and reflection in
the development of conceptual understanding. In the present study, authentic
assessment tasks required students to observe real phenomena, interpret data,
and construct explanations that linked empirical findings with theoretical
concepts. Such learning activities provided opportunities for students to actively
construct knowledge rather than passively receive information. This process
aligns with the constructivist perspective that meaningful learning occurs when
students engage directly with contextualized tasks and reflect on their
experiences (Akmam et al., 2025; Wodaj, 2020).

The results also support the principles of assessment for learning, which
emphasize the formative role of assessment in supporting learning processes.
According to this perspective, assessment should function not only as a tool for
measuring achievement but also as a mechanism for generating feedback that
helps students recognize misconceptions and improve their understanding. The
Al system utilized in this study strengthened the formative function of assessment
by analyzing students’ open-ended responses and identifying patterns of
conceptual understanding. Through Natural Language Processing (NLP)
techniques, the system extracted conceptual keywords, categorized responses
according to levels of conceptual mastery, and generated summaries of common
misconceptions (Gao et al., 2024; Maity & Deroy, 2024; Riantoni, 2024; Somers
et al., 2021).

The diagnostic information generated by the Al system enabled teachers to
provide more targeted and timely feedback. This mechanism reflects the
feedback model proposed by John Hattie and Helen Timperley (2007), which
highlights the importance of feedback in improving learning outcomes. By
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identifying dominant conceptual errors and patterns of misunderstanding,
teachers were able to focus instructional reinforcement on specific concepts that
required clarification. Consequently, assessment became an integral component
of the learning process rather than merely a tool for evaluating final performance.

The implementation of Al-assisted authentic assessment also contributed
to the development of deep learning. Deep learning refers to the development of
meaningful conceptual understanding through active engagement, analysis, and
the integration of knowledge across contexts (Rasheed et al., 2023). In the
present study, students were required to connect empirical observations with
scientific concepts, explain causal relationships, and construct written reports
based on their findings. These activities stimulated higher-order cognitive
processes such as analysis, evaluation, and synthesis, which are central
components of deep learning. The relatively high N-Gain observed in the
experimental group (0.72) suggests that the integration of authentic tasks with Al-
supported feedback strengthened students’ conceptual understanding and
promoted deeper engagement with scientific knowledge (Akolekar et al., 2025;
Joseph et al., 2025; Liu et al., 2025; Sukmawati & Wahjusaputri, 2024).

Another important aspect revealed in this study is the role of Al-assisted
assessment in supporting self-regulated learning. The conceptual mastery
mapping generated by the Al system provided students with information about
their learning progress, allowing them to reflect on their understanding and revise
their responses accordingly. Observational data indicated that approximately
75% of students in the experimental group revised their assignments after
receiving Al-based feedback. This process reflects metacognitive engagement,
in which students actively monitor their learning processes and adjust their
strategies to improve their understanding. Previous studies have reported that Al-
based learning systems can strengthen self-requlated learning by providing
personalized feedback and diagnostic information that help learners adapt their
learning strategies (Halkiopoulos & Gkintoni, 2024; Su et al., 2025; Wei, 2023).

The distribution of N-Gain scores in the experimental group was also more
concentrated in the high category compared with that of the control group. This
pattern suggests that Al-assisted authentic assessment contributed not only to
higher average learning gains but also to more equitable learning outcomes
among students. Adaptive feedback enabled teachers to provide additional
support to students who initially demonstrated lower levels of understanding,
thereby reducing learning disparities within the classroom. These findings are
consistent with previous research indicating that Al-supported assessment
systems can facilitate personalized learning and reduce variability in students’
academic achievement (Abrar et al., 2025; Ansori & Heriansyah, 2025a; Naseer
& Khawaja, 2025).
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The overall mechanism through which Al-assisted authentic assessment
supports learning growth can be understood as an interaction between authentic
learning tasks, Al-based diagnostic analysis, and teacher feedback. This
mechanism is illustrated in Figure 3, which presents the conceptual model of how
Al-assisted authentic assessment operates in science learning.

Learning Growth

E& Respanse Analysls |_> ﬁ Targeted Feedback |— q

| o
Cancept Mappin i it -
_ ‘%. pt Mapping Diagastic Data a‘hkeﬁecmnﬂmmm Comrection &> Q

Al-Assisted Assessment Feedback & Self-Regulation

L 3

] i T R@ﬂﬂﬁﬂﬂ
@ Error Identification L @Strategykdjmtmem +
“ . ‘ Ra
Al Processing »  Adaptive Learning »  Improved Performance

Al-Assisted Assessment = Feedback =+ Learning Growth

Fig 3. Conceptual mechanism of Al-assisted authentic assessment in promoting
students’ learning growth

As illustrated in Figure 3, the process begins with students’ engagement in
authentic tasks such as observation activities, inquiry-based projects, and open-
ended responses. These tasks encourage students to analyze natural
phenomena, interpret observational data, and construct explanations that
connect empirical findings to scientific concepts. Students’ responses are
subsequently processed by the Al system, which analyzes conceptual keywords,
evaluates the structure of explanations, and identifies patterns of conceptual
understanding.

The Al system then generates diagnostic information in the form of
conceptual mastery mapping and summaries of dominant misconceptions. This
information provides teachers with insights into students’ learning difficulties and
enables them to deliver targeted feedback and conceptual reinforcement.
Through this feedback loop, students are encouraged to reflect on their
understanding, revise their explanations, and improve subsequent learning tasks.
The interaction between authentic learning activities, Al-supported analysis, and
feedback-driven instruction creates a continuous learning cycle that fosters
conceptual reconstruction and deeper engagement with scientific knowledge.

The statistical results further confirm the effectiveness of this mechanism.
The independent-samples t-test indicated a significant difference between the
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experimental and control groups, t (70) = 11.704, p < 0.001, while the effect size
(Cohen’s d = 2.76) indicated a very large practical impact. Such a large effect
size suggests that Al-assisted authentic assessment substantially improved
students’ learning growth in science learning. These results are consistent with
previous studies reporting that Al-supported assessment systems can enhance
learning outcomes by providing rapid diagnostic feedback and enabling adaptive
instructional decisions (Abrar et al., 2025; Khan et al., 2024; Song & Song, 2023).

In addition to improving students’ learning growth, the use of Al-assisted
authentic assessment also increased the efficiency of teachers’ assessment
practices. The time required for teachers to analyze student responses and
provide feedback was reduced by approximately 55%, allowing teachers to
allocate more time to instructional interaction and conceptual reinforcement. This
efficiency highlights the dual role of Al as both an analytical tool and a
pedagogical facilitator that supports the implementation of authentic assessment
in classroom practice (Anaroua et al., 2025; Ifelebuegu, 2023; Karim et al., 2025).

From a broader pedagogical perspective, the findings of this study
demonstrate that Al-assisted authentic assessment can create a learning
ecosystem that integrates contextual learning tasks, diagnostic feedback, and
adaptive instructional support. Authentic tasks provide meaningful learning
contexts that stimulate inquiry and conceptual exploration, while Al technologies
facilitate the analysis of students’ responses and generate actionable information
for teachers. The interaction between these components supports continuous
improvement in students’ understanding and promotes deeper engagement with
scientific knowledge (Kotsis, 2024; Kusumawati et al., 2025; J. Yu, 2023).

The findings of this study suggest that Al-assisted authentic assessment
constitutes a promising pedagogical innovation in science learning at the
Madrasah Ibtidaiyah level. Situated within the expanding field of artificial
intelligence in education, this study contributes empirical evidence at the primary
education level by demonstrating how the integration of authentic assessment
with Al-based diagnostic feedback enhances learning processes. It extends prior
research by not only confirming improvements in learning outcomes but also
elucidating the mechanisms through which Al facilitates conceptual mapping,
accelerates feedback processes, and supports iterative student revision.

From a practical perspective, these findings highlight several actionable
implications for classroom assessment. The integration of Al enables teachers to
analyze students’ open-ended responses more efficiently while maintaining the
depth and quality of feedback. Al-generated diagnostic information supports more
targeted instructional interventions, particularly in addressing persistent
misconceptions. Moreover, the use of iterative feedback cycles encourages
students to revise their work, thereby fostering self-regulated learning and deeper
conceptual understanding. These findings indicate that Al-assisted authentic
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assessment can serve as a viable strategy for strengthening formative
assessment practices in primary science education.

However, several challenges and limitations should be acknowledged. The
effectiveness of Al-assisted assessment depends on the availability of adequate
technological infrastructure, which may be uneven across educational contexts.
In addition, teachers’ digital literacy and their ability to interpret and apply Al-
generated feedback are critical for successful implementation. The study is also
limited by its specific context and reliance on written response data, which may
not fully capture other dimensions of learning, such as oral communication,
collaboration, and affective engagement. Future research should therefore
explore multimodal assessment approaches and broader applications across
subjects and educational levels.

Despite these limitations, this study underscores the role of Al as a
pedagogical support system rather than a replacement for teachers. By
enhancing the provision of timely, data-informed, and adaptive feedback, Al-
assisted authentic assessment contributes to the development of a more
responsive and evidence-based learning environment, ultimately supporting
continuous improvement in students’ conceptual understanding and overall
learning growth.

5. Conclusion

This study indicates that implementing Al-assisted authentic assessment in
science learning at the elementary school level enhances students’ learning
growth and conceptual understanding. The integration of authentic tasks with Al-
supported diagnostic feedback facilitated learning processes in which students
actively constructed knowledge, engaged in higher-order thinking, and refined
their understanding through feedback-driven revision.

The findings suggest that Al functions as a pedagogical support system
rather than a replacement for teachers. By enabling rapid analysis of student
responses and generating structured diagnostic information, Al strengthened the
formative role of assessment and supported more targeted, timely, and adaptive
feedback. Assessment practices shifted from a predominantly summative
orientation toward a continuous, learning-centered process that fosters self-
regulated learning and cognitive development.

This study contributes empirical evidence to the field of artificial intelligence
in primary education. Its findings are limited by the specific research context and
focus on written responses, which may not capture broader dimensions of student
learning. Future research should examine Al-assisted authentic assessment
across diverse educational settings, integrate multimodal assessment
approaches, and investigate long-term effects through longitudinal studies.
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Al-assisted authentic assessment has potential as a viable and scalable
approach to improving formative assessment practices in primary education.
When implemented with adequate infrastructure and supported by teachers’
professional competence, Al can contribute to more responsive, data-informed
learning environments that support continuous improvement in students’ learning
outcomes.
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