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Section S1. Open Science, Code Availability, and Reproducibility Architecture
All empirical materials, raw score matrices, statistical scripts (Python and R), notebooks, prompt templates, and figure generation routines are openly archived under the MIT / CC-BY 4.0 licenses.
S1.1. Repository Structure
The repository is systematically organized to ensure independent computational verification:
LICA-LLM-Benchmark/
├── data/
│   ├── essays_dataset.csv                   # Raw L2 academic essays with metadata
│   ├── essays_dataset_with_gold.csv         # Essays with expert gold benchmark scores
│   └── lica_raw_score_matrix.csv            # Complete 20x4 item-level rating matrix
├── notebooks/                               # 10 Jupyter Notebooks (Ingestion to Inference)
│   ├── 01_data_ingestion_validation.ipynb
│   ├── 02_compute_descriptive_stats.ipynb
│   ├── 03_compute_mae_metrics.ipynb
│   ├── 04_compute_qwk.ipynb
│   ├── 05_compute_icc_2_1.ipynb
│   ├── 06_compute_fleiss_kappa.ipynb
│   ├── 07_bland_altman_analysis.ipynb
│   ├── 08_paired_ttest_inference.ipynb
│   ├── 09_wilcoxon_signed_rank.ipynb
│   └── 10_bootstrap_ci_mae.ipynb
├── scripts_py/                              # 20 Standalone executable Python scripts
├── scripts_r/                               # 20 Fully documented R statistical scripts
├── Figures/                                 # High-resolution vector/raster graphics (300 DPI)
├── configs/
│   ├── config.yml                           # Benchmark hyperparameters and seed definitions
│   └── prompt_templates.yml                 # Zero-shot / Few-shot system evaluation prompts
├── .github/workflows/
│   ├── ci.yml                               # Continuous Integration workflow
│   └── reproducibility.yml                  # End-to-end automated pipeline validation
├── CITATION.cff                             # Machine-readable academic citation metadata
└── README.md                                # Master documentation and execution guide

Section S2. LICA Analytic Rubric and Rating Scale
The LICA analytic assessment framework evaluates second language (L2) academic essays across four distinct constructs on an integer scale from 1 (Emerging/Deficient) to 6 (Exemplary/Mastery):

	Dimension
	Construct Definition
	Focal Evaluation Criteria

	Language (L)
	Grammatical accuracy, syntactic complexity, and lexical sophistication.
	Range of academic vocabulary, morphological accuracy, syntactic variation, error frequency and gravity.

	Ideas (I)
	Rhetorical development, argumentative depth, and topical focus.
	Thesis clarity, logical elaboration of supporting claims, substantive depth, evidence integration.

	Cohesion ©
	Structural organization, discourse flow, and transitional mechanics.
	Paragraph unity, thematic progression, explicit and implicit cohesive devices, coherence across transitions.

	Academic Appropriateness (A)
	Sociopragmatic competence, epistemic stance, and genre conventions.
	Academic register, hedging/boosting balance, objective stance, audience awareness, absence of colloquialism.



Section S3. Zero-Shot Prompting Protocol and Model Hyperparameters
All LLM rating inferences were executed under standardized zero-shot system prompts with temperature fixed at to ensure deterministic reproducibility.
S3.1. Master System Prompt Template
system_prompt: |
  You are an expert, certified human rater in Second Language (L2) Academic Writing Assessment.
  Your task is to analytically evaluate the provided L2 academic essay using the multidimensional
  LICA Framework across exactly four criteria on an integer scale from 1 (Lowest) to 6 (Highest):
    - Language (L): Grammatical accuracy, syntactic variety, lexical precision.
    - Ideas (I): Topic development, argument strength, supporting evidence.
    - Cohesion (C): Flow of discourse, paragraph structure, cohesive ties.
    - Academic Appropriateness (A): Formal register, academic stance, hedging, tone.

  Rating Constraints:
  1. Assign an exact integer score between 1 and 6 for each of the four dimensions.
  2. Base your evaluation strictly on the text provided; do not extrapolate beyond the rubric.
  3. Output your final scores strictly in valid JSON format with keys: "L", "I", "C", "A".
S3.2. Model Inference Hyperparameter Specifications

	Parameter
	GPT-4o (gpt-4o-2024-05-13)
	Claude 3.5 Sonnet (claude-3-5-sonnet-20240620)
	Gemini 1.5 Pro (gemini-1.5-pro-001)

	Temperature
	0.0
	0.0
	0.0

	Top-
	1.0
	1.0
	1.0

	Max Tokens
	500
	500
	500

	Response Format
	JSON Object
	Structured Text / JSON
	JSON Schema

	System Instruction
	Fixed (S3.1)
	Fixed (S3.1)
	Fixed (S3.1)



Section S4. Complete Item-Level Scoring Matrix ()
Table S1 displays the complete empirical score dataset across all 5 benchmark essays and 4 analytical dimensions ( item-level rating instances).
Table S1. Complete Item-by-Dimension Calibration Matrix across Evaluators.
content_copy 
	Essay ID
	Dimension
	Gold Human Benchmark
	GPT-4o
	Claude 3.5 Sonnet
	Gemini 1.5 Pro
	Claude Drift ()
	Gemini Drift ()

	E001
	Language
	4
	4
	4
	4
	0
	0

	E001
	Ideas
	4
	4
	4
	4
	0
	0

	E001
	Cohesion
	3
	3
	3
	3
	0
	0

	E001
	Appropriateness
	4
	4
	4
	3
	0
	

	E002
	Language
	5
	5
	5
	5
	0
	0

	E002
	Ideas
	5
	5
	5
	5
	0
	0

	E002
	Cohesion
	5
	5
	5
	5
	0
	0

	E002
	Appropriateness
	5
	5
	5
	5
	0
	0

	E003
	Language
	3
	3
	3
	3
	0
	0

	E003
	Ideas
	3
	3
	3
	2
	0
	

	E003
	Cohesion
	3
	3
	3
	3
	0
	0

	E003
	Appropriateness
	2
	2
	3
	2
	
	0

	E004
	Language
	4
	4
	4
	4
	0
	0

	E004
	Ideas
	4
	4
	4
	3
	0
	

	E004
	Cohesion
	4
	4
	4
	4
	0
	0

	E004
	Appropriateness
	4
	4
	4
	4
	0
	0

	E005
	Language
	3
	3
	3
	2
	0
	

	E005
	Ideas
	3
	3
	3
	3
	0
	0

	E005
	Cohesion
	2
	2
	3
	2
	
	0

	E005
	Appropriateness
	3
	3
	3
	2
	0
	


Note. Drift () is computed as . GPT-4o produced across all 20 evaluation instances.

Section S5. Detailed Statistical and Psychometric Metrics
S5.1. Dimension-Specific Mean Absolute Error (MAE)

 
	Evaluator
	Overall MAE
	Language MAE
	Ideas MAE
	Cohesion MAE
	Appropriateness MAE

	GPT-4o
	0.000
	0.000
	0.000
	0.000
	0.000

	Claude 3.5 Sonnet
	0.100
	0.000
	0.000
	0.200
	0.200

	Gemini 1.5 Pro
	0.250
	0.200
	0.400
	0.000
	0.400


S5.2. Systematic Directional Bias and Bland–Altman Parameters

content_copy 
	Evaluator Pair
	Mean Bias ()
	
	Lower 95% LoA ()
	Upper 95% LoA ()
	Paired Inference (-test / Wilcoxon)

	GPT-4o vs. Gold
	
	
	
	
	Identical ()

	Claude 3.5 Sonnet vs. Gold
	
	
	
	
	Leniency drift ()

	Gemini 1.5 Pro vs. Gold
	
	
	
	
	Severity drift ()


Note. . LoA = Limits of Agreement.
S5.3. Autonomous Consensus (Fleiss’ Multirater )
Calculated across the three frontier LLMs (GPT-4o, Claude 3.5 Sonnet, Gemini 1.5 Pro) in the absence of human arbitration:
· Ideas: (Substantial Agreement, )
· Cohesion: (Substantial Agreement, )
· Language: (Moderate Agreement, )
· Academic Appropriateness: (Fair Agreement, )
· Overall Composite Consensus: (Moderate Agreement, )

Section S6. Master Execution and Verification Command
To independently reproduce the entire statistical pipeline, figures, and tables from the terminal in one command:
# Clone the verified repository
git clone https://github.com/Pegi1727/LICA-LLM-Benchmark.git
cd LICA-LLM-Benchmark

# Set up dedicated Python environment
python -m venv venv
source venv/bin/activate   # On Windows: venv\Scripts\activate
pip install -r requirements.txt

# Execute Master Reproducibility Pipeline
python scripts_py/20_reproducibility_pipeline_runner.py

