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Abstract

This study evaluates whether open-source large language models (LLMs)
can support automated essay scoring (AES) of reflective writing in higher ed-
ucation. Forty-nine reflective essays from a foundation entrepreneurship and
innovation course were scored by lecturers and independently graded by seven
open-source LLMs (Llama 3 8B, DeepSeek R1 32B, Ministral 3 8B, Qwen
3 8B, GPT-0OSS 20B, Gemma 3 27B, and Phi 3 14B) using the same rubric.
Model performance was assessed via exact match, mean absolute error (MAE),
Pearson and Spearman correlations, and paired t-tests/Wilcoxon tests against
human scores. Ministral produced complete outputs and demonstrated the most
balanced alignment with human grading, showing no significant difference in
mean or median scores. Other models exhibited larger deviations, conservative
bias, or missing outputs, raising scalability concerns. Results suggest that LLMs
may serve as decision-support tools but do not yet replace human judgement for
reflective assessment.

Keywords: Automated Essay Scoring (AES), reflective essay scoring, open-
source LLM, higher education assessment, Al grading

1. Introduction

Recent advances in artificia intelligence are reshaping education by au-
tomating routine tasks, thereby allowing educators to focus on mentoring and
curriculum design (Awidi, 2024). Essay grading is one of the most time-inten-
sive tasks; in large classes, it may invite fatigue and inconsistent ratings (Awidi,
2024). In our undergraduate management courses, summative assessment relies
on reflective essays. With cohorts numbering in the thousands, this creates a sub-
stantial marking load. If Al could assist scoring at scale while preserving vaidity
and fairness, it could alleviate stress and release time for formative feedback.
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Automated Essay Scoring (AES) has long promised rapid, consistent scor-
ing; however, most evidence stems from K—12 settings or standardized English
tests (e.g., TOEFL/IELTS), rather than discipline-specific university writing.
Where higher education is concerned, research often emphasises surface lan-
guage accuracy rather than higher-order thinking and reflective integration (Uyar
& Biiyiikahiska, 2025; Ouyang et al., 2022). Large Language Models (LLMs)
such as ChatGPT have renewed interest in AES because they can interpret con-
text-rich text and produce human-like rationales. Yet, whether they can validly
and reliably evaluate reflective essays—requiring meaning-making, disciplinary
alignment, and critical self-assessment—remains uncertain (Awidi, 2024; Yeung
et al., 2025).

Automated Essay Scoring (AES) and ChatGPT

ChatGPT is arguably the most widely discussed LLM since its introduc-
tion, and its application to AES has attracted considerable attention. Numer-
ous studies have explored ChatGPT’s ability to score essays and compared its
outputs with human raters. Findings, however, are mixed. For instance, Awidi
(2024) examined ChatGPT’s performance in grading short reflective essays
in a first-year engineering course at an Australian university. Significant dis-
crepancies persisted between Al-generated and human scores, leading Awidi
(2024) to recommend human moderation and to position Al as a supplementary
tool rather than a replacement. Similarly, Uyar and Biiyiikahiska (2025), using
IELTS Writing Task 2 descriptors in an EFL context, reported substantial dif-
ferences between ChatGPT and human ratings across genres, with correlations
ranging from weak to moderate—insufficient for practical deployment. While
some studies echo these limitations (e.g., Liu et al., 2023; Yoon et al., 2023),
others suggest potential improvements under certain conditions (e.g., Tate et al.,
2023), creating a contradictory evidence base that underscores the need for new
approachesto AES.

A Multiple LLMsApproach

Recent research has shifted from evaluating a single proprietary model to
benchmarking multiple LLMs against human graders to assess AES feasibility
across diverse contexts. For example, Abujadallah et a. (2025) analysed alarge
dataset of grade 6—12 argumentative essays to evaluate five open-source LLMs.
Their findings indicate that rubric-aligned prompting significantly enhances
performance, with models achieving correlations above 0.83 and F1 scores near
0.93. In contrast, Gaggioli et a. (2025), studying psychology essays written in
Italian in higher education, found that LLMs struggle to assess tasks requiring
“disciplinary insight and contextual sensitivity” (p. 1). These contexts differ
substantially from ours: a higher education setting where English is the primary
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language of instruction and reflective essays serve as evidence of learning. This
scenario offers high transferability to similar global contexts. However, no ex-
isting research compares multiple LLMs’ performance in evaluating reflective
essays within higher education.

Addressing this gap, we pose the following research questions:

1. Which open-source LLMs demonstrate the strongest performance in
evaluating reflective essays?

2. How does their accuracy compare to human raters’ grades?

2.  Methodology

The primary aim of this research is to assess the effectiveness of LLMsin
scoring reflective essays within a higher education context. We evaluated seven
open-source LLMs available to us. We selected the latest versions: Llama 3
8B, DeepSeek R1 32B, Ministral 3 8B, Qwen 3 8B, GPT-OSS 20B, Gemma
3 27B, and Phi 3 14B. Models were selected for diverse representation, while
their open-source nature ensures transparency and reproducibility in AES re-
search.

Sample: The Reflective Essays

The dataset comprises 49 reflective essays written by students and pre-
viously graded by human raters. The essays were submitted as the summative
assessment for a foundation-level university course in Hong Kong introducing
concepts related to entrepreneurship and innovation. Students were instructed to
reflect on (1) what they learned from the course and (2) how that learning con-
nects to their academic pathway and/or career plans.

The grading rubric contains three components: (i) reflection, (ii) language,
and (iii) citation. Each LLM was prompted to assign a single overall score us-
ing the same rubric applied by human graders. Scores range from 1 to 12, corre-
sponding to letter grades from F to A+. Human grading was completed by two
course lecturers, who also designed the rubric and taught the course.

Data Analysis

All analyses were conducted using SPSS. Each model’s score distribution
is summarised using descriptive statistics such as mean, standard deviation,
minimum, maximum, median, and quartiles. To evaluate scoring accuracy rela-
tive to human grades, we calcul ated:

1. Exact Match: The proportion of essays where the model grade equaled

the human grade.
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2. Mean Absolute Error (MAE): To quantify the model’s average grad-
ing deviation relative to human scores; here, deviation refers to the dif-
ferences between model and human grades (ignoring whether the model
over- or under-estimated the score).

3. Pearson’s correlation coefficient (r) and Spearman’s rank correla-
tion (@): To examine linear association and rank-order consistency.

4. Paired sample t-test (p) and Wilcoxon signed-rank test (p): To test
whether the differences between the means and medians were statisti-
cally significant.

3. Resultsand Discussion

Table 1 summarises the descriptive statistics of grades assigned by the
human raters and the seven LLMs. Three models—DeepSeek, GPT-OSS, and
Phi—produced output errors and therefore graded fewer than the full 49 essays:
DeepSeek failed to score nine essays (18.37%), with smaller shortfalls for GPT-
OSS and Phi. Although these error rates appear modest in a small sample, they
could become a substantial reliability issue when grading thousands of essays.

In terms of score distributions, Ministral appears most aligned with hu-
man grading: it successfully graded all essays, and its mean and SD closely
match the human raters’, with identical quartiles, minimum, and maximum
values. Phi shows a comparable mean but a notably larger SD and wider range,
indicating greater variability than the human raters. LLaMa displays a com-
pressed distribution with a smaller SD and narrower range, suggesting limited
differentiation among essays relative to humans. Qwen, GPT-OSS, and Gemma
show lower average scores than humans, consistent with a tendency toward
more conservative grading. Finally, DeepSeek exhibits the greatest dispersion—
more than double the human SD—alongside missing outputs, indicating both
stability and reliability concerns for large-scale deployment.

Table 1. Descriptive statistics of all seven models

Human LLaMa DeepSeek Ministral Qwen GPT Gemma Phi

n 49 49 40 49 49 46 49 48
Mean 95102 9.0612 9.175 9.6939 89796 83478 85714  9.3333
SD 07671 03168 15834 0.7693 12160 1.8405 0.7906  1.4192
Min 8 8 5 8 5 4 7 5

Q1 10 9 9 10 9 9 9 9
Median 10 9 10 10 10 9 9 10

Q3 12 10 12 12 12 12 10 12
Max 12 10 12 12 12 12 10 12
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Table 2 provides converging evidence that Ministral is the most promis-
ing model overall in this dataset. Ministral achieves the lowest Mean Absolute
Error (MAE = 0.6327), indicating the smallest average deviation from human
grades. Although both correlation coefficients indicate only moderate correla-
tion, Ministral shows the strongest linear alignment with human scores (Pear-
son'sr = 0.4114) and a comparatively high rank-order association (Spearman’s
0 = 0.3140). Importantly, both the paired-samples t-test (p = 0.130) and Wil-
coxon signed-rank test (p = 0.127) are non-significant for Ministral, implying
no statistically significant difference from human graders in terms of mean or
median scores.

Table 2. Performance metrics of all seven models

LLaMa  DeepSeek Ministral Qwen GPT Gemma  Phi
Exact Match 0.3265 0.4286 0.2653 0.3265 0.2653 0.3673 0.3061
MAE 0.6939 2.8367 0.6327 0.8980 2.0408 1.0612 1.2245

Pearson r 0.2975 0.2156 0.4114 0.2124 0.3905 0.2307 0.1101
Spearman ¢  0.2260 0.0600 0.3140 0.2440 0.3640 0.0970 0.0670
t-test p <0.001 0.2890 0.1300 0.006 <0.001 <0.001 0.4030
Wilcoxonp  <0.001 0.3350 0.1270 0.0080 <0.001 <0.001 0.6350

Although several models outperform Ministral on individual indicators,
these advantages do not translate into an overall profile consistent with a re-
liable and valid automated grader. For instance, DegpSeek and Gemma show
higher Exact Match rates than Ministral, and GPT-OSS exhibits a higher Spear-
man’s Q. However, these apparent strengths are offset by substantive limita-
tions in other metrics and in operational robustness. DeepSeek’s performance
is undermined by substantial missing outputs (reduced n), markedly poorer
error-based accuracy (high MAE), and agreement indices, raising concerns
about scalability and consistency in real-world, high-volume grading. GPT-
OSS, despite stronger rank correlation, shows large absolute deviations from
human scores (elevated MAE) and a statistically significant difference between
its mean and median compared with the human raters'. Therefore, they are less
likely to be considered to have sufficient reliability, consistency, and validity for
AES purposes.

4. Implications

The findings suggest that Ministral 3 8B is the most viable candidate
among the evaluated open-source models for supporting automated essay scor-
ing (AES) of reflective writing in a higher education context. Across the seven
models, Ministral demonstrated the most balanced performance profile. These
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results support the implication that Ministral can approximate human scoring
patterns more closely than the other models in this study, and therefore has
potential as an AES component for reflective essays when appropriately con-
strained and monitored.

However, the study also indicates clear boundaries on what the current ap-

proach can justify:

1. Moderate Correlation: The observed correlations remain moderate
rather than strong. While Ministral generally moves in the same direc-
tion as human grades, it does not reliably reproduce fine-grained dis-
tinctions between adjacent grade bands at the individual-essay level. As
aresult, Ministral cannot yet replace human grading but may serve as
a decision-support tool. Human graders should retain responsibility for
final decisions, while the model’s value lies in reducing routine work-
load and enabling instructors to redirect effort toward richer formative
feedback.

2. Need for Replication: The results underscore the need for replication
with a larger dataset before claiming generalisability. With 49 essays
from one foundation course, the estimates of accuracy and association
are necessarily sample-dependent and may shift with changes in co-
hort composition, topic prompts, or rater expectations. A larger dataset
would allow more stable evaluation of performance and would better
reflect the real operational environment where reflective essays vary
widely in content and citation practices.
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