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Abstract: The implementation of Project-Based Learning (PjBL) in vocational high
schools requires authentic descriptive essay assessments, yet manual grading frequently
induces severe teacher fatigue and subjectivity. This study aims to analyze teachers'
assessment needs and design a conceptual model for automated PjBL essay grading
specifically for the Projek IPAS subject. Utilizing the initial phases of the ADDIE research
and development framework, this descriptive study employed preliminary teacher
interviews, field observations, and literature reviews. The needs analysis revealed a
critical demand for an efficient evaluation system to mitigate educators' cognitive load.
Consequently, a conceptual architecture integrating Word Count, Similarity Index, and
Keyword Matching was designed strictly as an administrative and technical pre-
screening mechanism, while the Timestamp parameter was relegated solely to task
management. Ultimately, this automated conceptual model is projected to serve as a
cognitive offloading mechanism to substantially reduce administrative burdens and
potentially mitigate grading bias, empowering science educators to reallocate their
energy toward authentic substantive assessment.
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Introduction

The implementation of the Merdeka Curriculum in
Indonesian vocational high schools (SMK) has
fundamentally transformed the pedagogical paradigm,
shifting from rigid summative testing to authentic,
project-based assessments (Sari et al., 2025; Yunita &
Widodo, 2023). This transformation is highly evident in
the Projek IPAS (Applied Natural and Social Sciences
Project) subject (BSKAP Kemendikdasmen, 2025). As a
core component of vocational education, Projek IPAS
demands students to integrate scientific literacy,
empirical observation, and social perspectives to solve
real-world problems (Alfiah et al., 2025; Arthur et al,,
2021; Nadir et al, 2022; Pratama et al, 2025). To
accurately measure students' conceptual understanding,
critical thinking, and scientific reasoning, educators rely
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heavily on authentic assessments, primarily through
descriptive essays and reflective project narratives
(Rustam & Priyanto, 2022). In science education, these
written reflections are paramount as they capture the
nuances of a student's scientific inquiry process elements
often entirely missed by standardized multiple-choice
questions. Effective assessment instruments within the
PjBL framework are crucial not only for evaluation but
also for continuously stimulating students' critical and
creative thinking skills during scientific inquiries (Asiah
& Festiyed, 2024, 2024; Rosidin et al., 2023).

In the context of science education, descriptive
essays serve as a window into a student’s cognitive
structure (Irdalisa et al., 2024; Nisah et al., 2024; Sidiki et
al., 2024; Yildirir & Kizmaz, 2025; Zakiyah et al., 2024).
Unlike multiple-choice questions that often promote
rote memorization, essays require students to synthesize
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scientific concepts, demonstrate causal reasoning, and
apply theoretical knowledge to practical project
phenomena (Maryani et al., 2021). For instance, in Projek
IPAS, when a student describes the process of energy
transformation in a project, they are not just reporting
data; they are manifesting their level of scientific literacy
and conceptual mastery.

The pedagogical value of descriptive essays lies in
their ability to demand generative cognitive processing
(S. Kim et al., 2021; Liu et al.,, 2024). While seminal
research by Mueller and Oppenheimer (Mueller &
Oppenheimer, 2014) suggested that longhand writing
results in superior conceptual understanding due to
deeper information reframing, recent replications have
provided a more nuanced perspective. Findings by
Morehead et al. (2019) and Urry et al. (2021) indicate that
the performance gap between pen and keyboard may be
less significant than previously assumed, provided that
the writing task encourages generative synthesis rather
than passive transcription (J. Kim et al., 2026). This
suggests that digital assessment environments can
maintain cognitive integrity if they are specifically
designed to evaluate conceptual depth. Furthermore,
since motor-sensory engagement remains
fundamentally linked to literacy and conceptual
representations (Ibaibarriaga et al., 2025; Wiley & Rapp,
2021), the development of automated systems like
SAUM must bridge the gap between digital efficiency

and the preservation of high-level cognitive
engagement.
Despite its pedagogical advantages, the

implementation of descriptive essay assessments in
Projek IPAS has introduced a severe logistical and
administrative bottleneck (Daud et al., 2023; Rasyid et
al., 2024). Based on preliminary surveys and structured
interviews with vocational science teachers, educators
are confronted with an overwhelming evaluation
workload. A single educator typically handles four to six
classes, amounting to approximately 140 to 210 student
essays per week. When evaluated manually, requiring 5
to 7 minutes per essay to provide meaningful formative
feedback, the grading process consumes up to 24.5 hours
weekly. This labor-intensive reality inevitably triggers
severe teacher fatigue (human error). Cognitive
exhaustion during manual grading significantly elevates
the risk of subjectivity, inconsistency, and the halo effect
(Chen & Pan, 2022; Doyle et al., 2024; Gray et al., 2025;
Mahshanian & Shahnazari, 2020; Palermo, 2022), where
teachers may inadvertently award uniform grades or
abandon detailed feedback altogether due to sheer
mental exhaustion. Consequently, the formative goal of
the assessment fails, and the authenticity of students'
original reflections is often compromised by the
educator's fatigue.
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To mitigate this systemic inefficiency, the
integration of educational technology through
Automated Essay Scoring (AES) systems offers a
promising solution (Banihashem et al., 2025; Nie, 2025;
Plasencia-Calafia, 2025). Furthermore, the integration of
digital technology in science evaluation is no longer
optional; it is a necessity to accustom students to
technology-enhanced environments (Fajri et al., 2024;
Mellyzar et al., 2024) while utilizing efficient systems to
pre-screen their foundational concept mastery before
educators perform substantive evaluation (Hasnawati et
al., 2022; Yoo et al., 2024). While various AES models
have been developed globally, the majority are heavily
optimized for language arts or generic humanities
subjects, utilizing complex Natural Language
Processing (NLP) that is computationally expensive and
difficult to deploy in resource-constrained vocational
schools (Ayaan & Ng, 2025; Gao et al., 2024; Rumaisa et
al., 2021; Shaik et al., 2022; Sun & Wang, 2024). While
advanced Large Language Models (LLMs) and semantic
NLP models offer superior capabilities for assessing
critical thinking, their implementation is currently
unfeasible in resource-constrained vocational schools
due to high computational costs (Yan et al., 2024; Yigci
et al., 2025). Therefore, the SAUM model deliberately
employs foundational rule-based algorithms (such as
Keyword Matching and Word Thresholds). These are
utilized not because they are more accurate than LLMs,
but purely due to infrastructural limitations, serving
strictly as an initial eligibility pre-screening mechanism.
Furthermore, there is a notable research gap concerning
automated assessment models specifically tailored for
vocational science projects (Siregar et al., 2025), which
require multi-parametric evaluation criteria rather than
mere grammatical correctness. An ideal automated
support system for Projek IPAS must clearly distinguish
between the essay's cognitive pre-screening components
(such as comprehensiveness and concept relevance) and
its administrative management features (such as
originality checking and student punctuality) (Fitriani et
al.,, 2022; Hardison et al., 2025; Yolanda & Yohandri,
2025).

Addressing this critical gap, this study aims to
conduct an in-depth needs analysis and formulate a
conceptual design for a localized, highly efficient
Automated PjBL Essay Assessment Model (locally
termed as Sistem Analisis Uraian Murid or SAUM). By
acting as a cognitive offloading mechanism for science
educators, this model seeks to automate the most
exhausting aspects of narrative evaluation (Yang et al.,
2025; Yusuf et al, 2025). This research details the
theoretical architecture of the system, providing a robust
technological framework to restore assessment
objectivity, reduce teacher workload, and ultimately
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enhance the quality of science education in vocational
high schools.

The novelty of this research lies in its specific
adaptation of automated assessment technology to the
unique constraints of vocational science projects, acting
as a technical pre-screening tool rather than a generic
language evaluator. This research is critically important
as it offers a low-computational, practical solution to a
severe logistical bottleneck, ensuring the sustainability
of authentic assessment in the Merdeka Curriculum
without causing mass educator burnout.

Method

This research represents the foundational stages of
a comprehensive Research and Development (R&D)
initiative, employing the highly structured ADDIE
(Analysis, Design, Development, Implementation, and
Evaluation) instructional design framework (Chotimah
et al, 2024; Darmansyah, 2023; Khairunnisa &
Darmansyah, 2022; Putri et al., 2025, Rahmadayani &
Darmansyah, 2023).
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Figure 1. Diagram Model ADDIE (Crawford: 2004 - Adopted
by Darmansyah)

This study utilizes the initial phases (Analysis and
Design) of the ADDIE research and development
framework, employing a qualitative approach
supported by quantitative descriptive data. Given the
limited sample size of three Science Project teachers at
SMK Negeri 1 Batam, the research refrains from broad
quantitative generalizations and instead relies on in-
depth qualitative interviews to explore teacher
workload and assessment needs, supported by
descriptive arithmetic calculations of their grading
duration.

During the Analysis phase, data were gathered
from 3 Projek IPAS educators at SMK Negeri 1 Batam
through structured interviews and workload
observation logs. The observation specifically tracked
the duration required to grade project-based essays for
420 students across various vocational majors.
Subsequently, in the Design phase, these data were
translated into a conceptual system architecture
(SAUM). These four computational parameters (Word
Count, Similarity Index, Timestamp, and Keyword
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Matching) were explicitly designed as an administrative
and technical pre-screening mechanism to filter
technical aspects of the essays before teachers conduct
the actual, substantive authentic assessments based on
the 2025 IPAS Project Guidelines Rubric. Data analysis
was performed using descriptive statistics for
quantitative workload data and thematic analysis for
qualitative teacher interviews to ensure the system
design directly addresses field-level bottlenecks
(Machado et al., 2025).

The research was contextually situated at SMK
Negeri 1 Batam, a prominent vocational high school in
Indonesia, focusing on educators who actively teach the
Projek IPAS subject. The data collection strategy during
the Analysis phase was multifaceted, integrating three
primary instruments into a cohesive methodology.
Initially, direct field observations and workload tracking
were conducted to map the conventional manual
grading workflow. This process involved quantifying
the average time required by teachers to evaluate a
single scientific narrative and calculating their total
weekly cognitive load. Subsequently, semi-structured
interviews were held with vocational science teachers to
identify specific pedagogical pain points. These
discussions focused on the challenges of maintaining
grading objectivity, the frequency of teacher fatigue, and
the specific parameters educators deem essential for
evaluating science project reflections. Finally, a
comprehensive systematic review of existing literature
on Automated Essay Scoring (AES) and text-mining
algorithms was conducted to select the most
computationally  efficient ~and  pedagogically
appropriate parameters for the proposed model.

Data acquired from the analysis phase underwent a
rigorous thematic and descriptive analysis. Qualitative
insights from interviews were coded to define the
system's functional requirements, while workload data
were descriptively analyzed to establish the urgency of
the automation. Subsequently, during the Design phase,
these synthesized needs were translated into a technical
blueprint. A conceptual matrix and a procedural system
architecture were developed, integrating four primary
algorithmic parameters (Word Count, Similarity Index,
Timestamp, and Keyword Matching) to address the
specific criteria of Projek IPAS assessments.

Result and Discussion

Analysis Phase: Mapping the Assessment Crisis
The Halo Effect and Cognitive Fatigue are silent
disruptors in science assessment. When a teacher
evaluates the 100th project report, their mental grading
rubric unconsciously shifts, leading to grading drift. By
implementing SAUM as a cognitive offloading tool, we
eliminate this physiological bias, ensuring that the first
293



Jurnal Penelitian Pendidikan IPA (JPPIPA)

student and the last student in a cohort are
administratively pre-screened with the same level of
algorithmic precision and objectivity (Kumar, 2025).

The SAUM model aligns with the Deep Learning
framework (Pembelajaran Mendalam) mandated by the
Indonesian Ministry of Basic and Secondary Education
(Kementerian Pendidikan Dasar dan Menengah
Republik Indonesia, 2025). By automating the technical
pre-screening of reflective essays, SAUM provides
educators the crucial pedagogical time required to
facilitate the substantive Reflecting (Merefleksi) phase of
the student experience, ensuring that students do not
just know scientific facts, but can internalize and connect
them to real-world project contexts through disciplined
narrative expression.

The initial phase of the ADDIE framework revealed
a significant discrepancy between the pedagogical ideal
of the Merdeka Curriculum and the practical reality of
assessment at SMK Negeri 1 Batam. Based on the
workload tracking, it was found that the authenticity of
PjBL projects in Projek IPAS has paradoxically created a
logistical nightmare for educators (Marentek, 2025;
Napitupulu et al., 2023; Arafah et al., 2026). The
quantitative data regarding this administrative burden
is detailed in Table 1.

Table 1. Workload and Time Allocation Analysis for
Manual PjBL Essay Grading

Assessment Variables Quantitative Data/ Value

Average classes handled by one
teacher

Average students per class
Total essay assignments per
week

Average manual grading time
per essay

Total grading time per week

4 - 6 Classes
35 Students
140 - 210 Essays

5 -7 Minutes
11.60 - 24.50 Hours

The fluctuation in the grading duration, specifically
the lower limit of 11.60 hours, reflects the condition of
educators assigned to fewer classes or smaller student
cohorts. However, even this minimum duration
represents a substantial administrative burden, while
the upper limit of up to 24.5 hours unequivocally
corroborates the severe fatigue crisis highlighted
initially.

The data in Table 1 suggests that a teacher may
spend nearly 60% of their weekly working hours solely
on grading if they adhere to the minimum feedback
standards. Interviews with educators identified that this
excessive workload leads to a plateau of subjectivity,
where after grading the 50th essay, the teacher's ability
to distinguish between Good and Excellent scientific
reasoning diminishes significantly due to cognitive
exhaustion. This fatigue-induced bias directly
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undermines the objectivity of the PjBL model,
confirming that the current manual system is no longer
sustainable for large-scale vocational classes.

Design Phase: The SAUM Conceptual Framework

In response to the identified needs, this study
proposes the Sistem Analisis Uraian Murid (SAUM), a
conceptual model designed to automate the evaluation
of project narratives. Unlike general-purpose AES
systems, SAUM is context-aware, focusing on the
specific requirements of science-based projects. The
system's architecture, as illustrated in Figure 1, operates
by decomposing a complex manual rubric into four
measurable algorithmic parameters.
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Figure 2. Conceptual architecture of the automated PjBL
essay assessment model

Technical Description of the SAUM Architecture

The procedural architecture of the Sistem Analisis
Uraian Murid (SAUM), as depicted in Figure 1,
represents a systematic filtering-and-scoring workflow
designed to digitize the teacher's cognitive process in
evaluation. The system operates through a sequential
analysis engine that processes raw student narratives
into structured performance data.

The workflow begins with the Input Phase, where
students submit their project narratives via a digital
interface. Once submitted, the SAUM Analysis Engine
initiates a four-layered technical pre-screening process.
First, the Temporal Filter (Timestamp) captures the
submission's temporal data purely as an administrative
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task management feature to log assignment punctuality.
Following this, the Elaboration Filter (Volume/Word
Count) screens the narrative for its quantitative volume.
Rather than serving as an absolute measure of cognitive
depth, a narrative that falls below a predetermined word
threshold is flagged to indicate a potential lack of
structural elaboration in the student's report. Next, the
Conceptual Presence Filter (Keyword Matching) scans
for pre-defined scientific anchor words related to the
specific Projek IPAS theme. This acts strictly as an early
technical indicator of foundational concept presence
before educators conduct substantive assessments.
Finally, the Authenticity Verification Filter (Similarity
Index) employs a detection algorithm to safeguard
academic integrity. Given the collaborative nature of
PjBL, this administrative filter ensures that the reflective
essay remains an individual expression of thought, free
from excessive unoriginal content.

The output of these four filters is synthesized into a
comprehensive  Analysis Result and Grading
Recommendation. Crucially, the SAUM architecture
maintains a Human in the Loop approach. The system
does not unilaterally decide the final grade; instead, it
presents the analyzed data on the Teacher Dashboard.
This allows the educator to perform a final verification,
exercising professional judgment based on the
algorithmic insights provided. This synergy between
algorithmic precision and human pedagogical wisdom
effectively mitigates the risk of grading bias while
significantly reducing the educator's cognitive load
(Werang et al., 2025).

Algorithmic Synchronization and Parameterization

The core innovation of the SAUM model lies in its
synchronization between traditional pedagogical
workflows and computational parameters. Rather than
serving as direct proxies for scientific quality, these four
integrated algorithms function as a technical pre-
screening mechanism. First, Volume (Word Count) acts
as an indicator of structural elaboration. The system uses
a minimum word-threshold algorithm to flag overly
brief answers (e.g., responses with less than 20 words),
serving as an initial metric for text quantity rather than
an absolute measure of cognitive depth (Gong, 2022).
Second, the Similarity Index is employed to verify
authenticity. To preserve the integrity of PjBL, SAUM
incorporates a similarity detection algorithm to ensure
that reflections are not merely copied from external
sources or peers (Gabatin et al., 2023). Third, the
Timestamp parameter tracks project discipline. By
capturing submission latency (Wang et al., 2022), it
operates strictly as an administrative and behavioral
metric that is evaluated entirely separate from the
essay's scientific cognitive score. Finally, Keyword
Matching is utilized as a foundational text-search tool to
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detect the initial presence of scientific concepts.
Acknowledging its technological limitations, this
algorithm acts as an early indicator of thematic relevance
rather than a comprehensive measure of critical thinking
or deep conceptual accuracy (Novianti et al., 2023).
While the anchor words are derived from the 2025 IPAS
Guidelines to keep narratives grounded, the system
effectively delegates the deeper evaluation of scientific
reasoning, critical thinking, and communication
competencies back to the human educators (Musahrain
etal., 2024).

Restoring the Teacher’s Role as a Facilitator

The findings of this study suggest that the SAUM
model is projected to provide a vital cognitive offloading
mechanism (Peng & Yeh, 2025). By automating the
repetitive, data driven aspects of grading (word counts,
plagiarism checks, and deadline tracking), the system
restores the teacher's capacity to focus on high-level
pedagogical tasks (Gnanaprakasam & Lourdusamy,
2024). In the context of vocational science education, this
technological intervention is not intended to replace the
teacher and theoretically aims to cleanse the assessment
process from human error factors such as fatigue and
boredom. This alignment between technology and
pedagogy is essential for the successful long-term
implementation of the Merdeka Curriculum in
vocational science education.

This theoretical projection is strongly aligned with
recent empirical evidence demonstrating that grading
under a high cognitive load significantly exacerbates
grading subjectivity and triggers subconscious teacher
bias (Doyle et al., 2024). By offloading foundational
technical screening to an automated framework like
SAUM, educators can effectively mitigate the cognitive
fatigue that compromises assessment objectivity.
Furthermore, utilizing computational tools to handle
repetitive administrative evaluations creates the
necessary pedagogical space, allowing teachers to shift
their focus from time-consuming technical filtering
toward deeper, substantive formative feedback and
highly contextualized student interactions (Hopfenbeck
etal., 2023).

Conclusion

The implementation of authentic descriptive essay
assessments for the Projek IPAS subject in vocational
high schools currently induces severe teacher fatigue,
demanding between 11.60 and 24.50 hours per week
from a single educator. To address this crisis, this study
designed the conceptual architecture of the SAUM
model by synchronizing pedagogical assessment
workflows with four measurable pre-screening
parameters: Word Count for structural elaboration,
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Similarity Index for authenticity, Timestamp for
compliance, and Keyword Matching for foundational
concept presence. By automating these technical
evaluations, this conceptual model is projected to
mitigate human-error factors such as fatigue and bias.
Furthermore, the development of SAUM transcends
mere administrative efficiency; by automating technical
screening, it allows educators the cognitive space
required to implement the Deep Learning framework
established in KepMen 126/P/2025 and conduct
substantive assessments. For future research, it is highly
recommended to advance this conceptual model into the
practical development and implementation phases to
empirically test the system's efficacy, as well as to
explore the integration of more advanced semantic NLP
approaches to enhance cognitive evaluation.
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