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Assessing large volumes of open-ended essays
one-by-one is cognitively demanding and time-
consuming, often resulting in subjective, inconsis-
tent, and difficult-to-audit grading. While automated
essay scoring approaches provide quantitative con-
sistency, black box models risk replacing human sub-
jectivity with outputs that lack traceability. We intro-
duce the ESS-MOTIFS (i.e., motifs in essays) frame-
work that shifts essay grading from isolated, instance-
level scoring to motif-based analysis for scalable, in-
terpretable, and auditable cohort-level assessment.
ESS-MOTIFS is motivated by the observation that,
despite superficial variations, student essays on a
given topic often share a limited set of conceptual
and argumentative patterns. The framework quan-
titatively identify prevalent similarity and variance
across essays through three stages: rubric-augmented
tokenization,motif discovery, and retrieval-augmented
synthesis. The process converts essays into seman-
tically coherent tokens aligned with rubric criteria,
clusters them to identify prevalent motifs, and gen-
erates motif- and essay-topic level summaries using
retrieval-augmented large languagemodels grounded
in student essays and task context. By summarizing
shared patterns and variations across the cohort, ESS-
MOTIFS provides an objective scaffold that supports
consistent, interpretable, auditable, and pedagogi-
cally meaningful assessment.

1. Introduction
Human judgment is essential for nuanced es-

say evaluations, however, grading large volumes in
limited time introduces significant cognitive load,
making evaluation vulnerable to inconsistency and
bias [1] . While rubrics provide guidance for consis-
tent assessment, grading essays in isolation hinders
recognition of overlapping patterns and recurring
forms of reasoning across students. As a result, es-
says of similar quality are prone to different scores de-
pending on when and how they are evaluated. These
challenges call for comparative, cohort-level evalua-
tion to support more consistent scoring [2].
Automated essay scoring (AES) systems provide

quantitative consistency and reduce instructor fa-
tigue [3] but treat essays grading on individual ba-
sis, failing to capture shared patterns across essays.
These systems typically utilize statistical models or
machine learning to predict holistic score or coarse
categories from surface linguistic and structural fea-
tures aligned with rubrics [4, 5]. However, they op-
timizes for scoring efficiency rather than modeling
student conceptual understanding or domain reason-
ing, resulting in scores that lack pedagogical justifica-

Fig. 1: ESS-MOTIFS framework transforms essays
into semantic embeddings through Rubric-
Augmented Tokenization. Motif Discovery clusters
these embeddings and identifies semantic motifs,
followed by Retrieval-Augmented Motif Synthesis,
where an LLM synthesizes representative essay
excerpts into cohort-level insights.

tion. More recent approaches using Large Language
Models (LLMs) enable semantically informed evalu-
ations and feedback [6, 7] but using them as end-to-
end graders risks replacing human subjectivity with
opaque algorithm judgment, leaving evaluative logic
hidden in ‘black box’ numerical models or flattened
by ‘grey box’ evaluation that lack traceability.
Student essays on a given topic typically draw from

a limited repertoire of conceptual understandings
and argumentative structures, even though theydiffer
in wording and style. These recurring structures can
be viewed as patterns of reasoning that appear with
varying levels of correctness, completeness, and co-
herence across students. From this perspective, writ-
ing assessment involves not only evaluating essays
against rubric criteria, but also recognizing and com-
paring these shared patterns across a cohort. Making
such patterns explicit can anchor evaluation in com-
mon reference structures, thereby supporting more
interpretable, consistent, and fair assessment.
This work introduces ESS-MOTIFS framework that

shifts essay grading from isolated, instance-level scor-
ing to motif-based analysis across the cohort. The
framework represents essays as collections of tokens,
where each token is a vector embeddings correspond-
ing to a semantically text unit associated with a par-
ticular rubric dimension. ESS-MOTIFS groups tokens
into thematic clusters to identify prevalent, rubric-
alignedmotifs, then leverages a Retrieval Augmented
Generation (RAG) approach to provide relevant con-
text to an LLM. The LLM summarizes these motifs,
producing syntheses that are both computationally
scalable and pedagogically auditable, augmenting hu-
man grading with cohort-level insights.
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2. ESS-MOTIFS Framework
Figure 1 outlines ESS-MOTIFS for identifying and

summarizing rubric-aligned motifs across essays.
Rubric-Augmented Tokenization. ESS-MOTIFS seg-
ments essays into hierarchical tokens: paragraph and
essay levels. Each token is associated with a rubric
and encoded as vector embeddings capturing seman-
tic meaning. This tokenization stage lays the founda-
tion for consistent evaluation and scalable analysis
while preserving rubric-relevant meaning for inter-
pretable and auditable assessment.
Motif Discovery. ESS-MOTIFS organizes the seman-
tic embedding space into clusters based on similar-
ity within each rubric dimension. By vector quan-
tizing these clusters, ESS-MOTIFS identifies preva-
lent patterns, or motifs, that represent typical stu-
dent approaches. To ensure a nuanced, auditable
assessment, the framework extracts both prototypes
(centroids) to define central behaviors and boundary
cases to delineate the outer limits of each motif.
Retrieval-AugmentedMotif Synthesis. ESS-MOTIFS
utilizes a retrieval-augmented generation approach
to stimulate LLM generating human-readable sum-
maries for rubric-aligned motifs. By providing
the LLM with rubric criteria and representative
paragraph-level tokens retrieved from all cluster
members, ESS-MOTIFS reduces the LLM’s hallucia-
tion and ensure that summaries are faithful to the
underlying evidence.

3. Results and Discussions
Cluster-Level Insights. Applying ESS-MOTIFS frame-
work to an essay corpus (𝑁 = 535) reveals their
dominant patterns (i.e., prototype cases) and devi-
ations (i.e., boundary cases) within each of rubric
dimensions: content, reasoning, structure, and clar-
ity. LLM-generated summaries allow instructors to
quickly identify which essays shared common pat-
terns, how these patterns diverge, and the sources of
arguments (see Box 1), thereby providing traceable,
rubric-aligned evidences.

Box 1: Cluster C1 (Q1) - Reasoning

Clustermembers (11): S0002, S0039, S0056, S0093, S0095,
S0042, S0047, S0010, S0104, S0105, S0009
Anchors: Prototype: S0002 | Boundary: S0009

Reasoning: The students in this cluster emphasize the
importance of provenance in ensuring the credibility
and trustworthiness of data used in AI projects. They
believe that establishing a clear chain of data collection,
processing, and transformation is crucial for mitigat-
ing risks and defining operational limitations. Student
S0002 prioritizes documenting every step in a repro-
ducible pipeline, while Student S0009 focuses on avoid-
ing provenance drift and ensuring consistency in high-
dimensional codes ...

Question-Level Synthesis. For each question and
rubric dimension, ESS-MOTIFS framework aggre-
gates syntheses across all clusters to characterize the

dominant reasoning patterns as well as minority per-
spectives (see Box 2), providing interpretable insights
while remaining auditable and traceable.

Box 2: Q1 - Reasoning

1. The majority of students employ causal reasoning
to explain the impact of technology on various aspects
of society, with some clusters emphasizing individual
agency, structure, or complex interplay of factors.
2. A few clusters exhibit descriptive reasoning (Clusters
7, 17, 25, 29, and 35), inductive reasoning (Clusters 11, 15,
26, 31, and 37), or a comparison and contrast approach
(Clusters 34 and 35) ...

Interpretability and Scalability. The results demon-
strate that rubric-aligned clustering combined with
nested retrieval and LLM synthesis can make large-
scale essay assessment interpretable and scalable.
By organizing essays into thematic clusters aligned
with rubric dimensions, ESS-MOTIFS preserves dom-
inant and minority reasoning patterns that are often
smoothed out by end-to-end LLM scoring.
Implications for Essay Assessment in the LLM Era.
As generative AI tools becomeprevalent, studentwrit-
ing increasingly resemble AI-generated text [8]. Even
when essays are different in wording and style, they
may share highly similar underlying reasoning struc-
tures. By operating in a semantic embedding space,
the framework can reveal this latent convergence, al-
lowing instructors to distinguish genuinely diverse
lines of thoughts frommerely paraphrased variants.
Room for Improvement. ESS-MOTIFS assumes that
essays exhibit recurring patterns that can be mean-
ingfully grouped by rubrics. The interpretability of
the discovered motifs and their summaries therefore
depends on rubric granularity and clarity. The frame-
work providesmotifs, prototypes, and boundaries but
interpreting them still require instructor judgment.

4. Conclusion
We introduce ESS-MOTIFS, a rubric-aligned motif

analysis framework that that shifts essay assessment
from instance-level evaluation to motif-based analy-
sis for scalable, consistent, and auditable cohort-level
assessment. By identifying and synthesizing preva-
lent, rubric-aligned reasoning motifs using retrieval-
augmented large language models, ESS-MOTIFS pro-
duces interpretable cluster- and question-level sum-
maries grounded in student writing. This approach
offers an objective scaffold that complements human
judgment, supporting consistent, auditable, and ped-
agogically meaningful essay assessment.
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