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Appendix A. The LICA Analytic Assessment Rubric (Standard Operational Definitions)
The LICA scoring framework operationalizes writing performance across a 6-band ordinal descriptor scale ( to ):
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+-------------------------------------------------------------------------------------------------------------+
| Band | Language (L)            | Ideas (I)               | Cohesion (C)            | Appropriateness (A)    |
+------+-------------------------+-------------------------+-------------------------+------------------------+
|  6   | Sophisticated academic  | Thoroughly developed    | Seamless transitions;   | Flawless academic tone;|
|      | lexicon; complex syntax;| thesis; nuanced stance; | impeccable discourse    | mature hedging; exact  |
|      | virtually error-free.   | compelling evidence.    | architecture & unity.   | genre awareness.       |
+------+-------------------------+-------------------------+-------------------------+------------------------+
|  5   | Broad vocabulary;       | Clear, well-supported   | Logical progression;    | Formal register kept;  |
|      | varied syntax; rare,    | arguments; sound        | effective transitional  | appropriate hedging;   |
|      | non-systematic slips.   | analytical depth.       | devices throughout.     | strong audience fit.   |
+------+-------------------------+-------------------------+-------------------------+------------------------+
|  4   | Adequate range; minor   | Relevant arguments with | Understandable flow;    | Mostly formal; sporadic|
|      | grammatical or lexical  | acceptable elaboration; | occasional mechanical or| conversational tone or |
|      | inaccuracies.           | clear central focus.    | repetitive linkers.     | minor stance slips.    |
+------+-------------------------+-------------------------+-------------------------+------------------------+
|  3   | Limited complexity;     | Superficially developed;| Abrupt transitions;     | Inconsistent register; |
|      | recurring errors that   | repetitive claims; weak | weak paragraphing; some | informal lexical choices|
|      | obscure minor nuances.  | evidentiary support.    | organizational strain.  | or overgeneralized tone|
+------+-------------------------+-------------------------+-------------------------+------------------------+
|  2   | Frequent basic errors;  | Fragmented ideas; lacks | Disjointed discourse;   | Marked colloquialism;  |
|      | restricted lexical      | clear thesis or logical | pervasive lack of       | inappropriate register;|
|      | repertoire; impedes flow| line of reasoning.      | logical flow.           | missing academic voice.|
+------+-------------------------+-------------------------+-------------------------+------------------------+
|  1   | Severe linguistic       | Incoherent or off-topic;| Complete absence of     | Utterly non-academic;  |
|      | deficiencies; prevents  | minimal discernible     | cohesive ties or        | communicative failure  |
|      | basic comprehension.    | content.                | organizational unity.   | in genre expectations. |
+-------------------------------------------------------------------------------------------------------------+

Appendix B. Benchmark Essay Corpus and Item-Level Score Breakdown
The benchmark corpus consists of five authentic L2 argumentative essays representing diverse proficiency levels, rated against the human Gold Benchmark and evaluated by GPT-4o, Claude 3.5 Sonnet, and Gemini 1.5 Pro.
Essay E001 — The Role of Artificial Intelligence in Higher Education
· Gold Human Benchmark: L: 4 | I: 4 | C: 3 | A: 4
· Model Ratings: 
· GPT-4o: L: 4 | I: 4 | C: 3 | A: 4 ()
· Claude 3.5 Sonnet: L: 4 | I: 4 | C: 3 | A: 4 ()
· Gemini 1.5 Pro: L: 4 | I: 4 | C: 3 | A: 3 (Appropriateness Drift: )
· Exemplar Excerpt: 
“Artificial intelligence has become a major topic in universities today. While some professors worry about students using automated tools to write assignments, AI also provides personalized learning experiences. However, the ethical challenges cannot be ignored. We must regulate its use rather than banning it completely, because future careers will demand technical adaptability.”

Essay E002 — Sustainable Urban Planning and Public Transit
· Gold Human Benchmark: L: 5 | I: 5 | C: 5 | A: 5
· Model Ratings: 
· GPT-4o: L: 5 | I: 5 | C: 5 | A: 5 ()
· Claude 3.5 Sonnet: L: 5 | I: 5 | C: 5 | A: 5 ()
· Gemini 1.5 Pro: L: 5 | I: 5 | C: 5 | A: 5 ()
· Exemplar Excerpt: 
“Rapid urbanization presents pressing environmental challenges that necessitate transformative public transport solutions. Integrating high-speed municipal rail networks significantly diminishes carbon emissions while enhancing socioeconomic mobility. Consequently, municipal policy must prioritize sustainable transit infrastructure to foster resilient metropolitan ecosystems.”

Essay E003 — Impact of Social Media on Adolescent Mental Health
· Gold Human Benchmark: L: 3 | I: 3 | C: 3 | A: 2
· Model Ratings: 
· GPT-4o: L: 3 | I: 3 | C: 3 | A: 2 ()
· Claude 3.5 Sonnet: L: 3 | I: 3 | C: 3 | A: 3 (Appropriateness Drift: )
· Gemini 1.5 Pro: L: 3 | I: 2 | C: 3 | A: 2 (Ideas Drift: )
· Exemplar Excerpt: 
“Nowadays teenagers spend too much time on Instagram and TikTok. It makes them feel depressed and bad about their bodies because everyone looks perfect online. I think parents should definitely take away their smartphones at night so they can sleep better.”

Essay E004 — Online Learning Versus Traditional Classrooms
· Gold Human Benchmark: L: 4 | I: 4 | C: 4 | A: 4
· Model Ratings: 
· GPT-4o: L: 4 | I: 4 | C: 4 | A: 4 ()
· Claude 3.5 Sonnet: L: 4 | I: 4 | C: 4 | A: 4 ()
· Gemini 1.5 Pro: L: 4 | I: 3 | C: 4 | A: 4 (Ideas Drift: )
· Exemplar Excerpt: 
“The transition toward virtual classrooms has fundamentally altered pedagogical delivery. Distance education offers unparalleled temporal flexibility for non-traditional students. Nevertheless, the absence of face-to-face affective interaction may impede collaborative learning outcomes.”

Essay E005 — Universal Basic Income and Economic Equality
· Gold Human Benchmark: L: 3 | I: 3 | C: 2 | A: 3
· Model Ratings: 
· GPT-4o: L: 3 | I: 3 | C: 2 | A: 3 ()
· Claude 3.5 Sonnet: L: 3 | I: 3 | C: 3 | A: 3 (Cohesion Drift: )
· Gemini 1.5 Pro: L: 2 | I: 3 | C: 2 | A: 2 (Language: , Appropriateness: )
· Exemplar Excerpt: 
“Giving free money to all citizens is called universal basic income. It can help poor people buy food and pay rent. Some rich people say it will make workers lazy. In my country many people need help so the government must try this policy soon.”

Appendix C. Statistical Software Environment and Reproducibility Specifications
C.1. Computational Environment
· Execution System: Linux Ubuntu 22.04 LTS / x86_64 Architecture
· Python Runtime: Python 3.10.12 (Dependencies: pandas==2.1.4, numpy==1.26.2, scipy==1.11.4, scikit-learn==1.3.2, statsmodels==0.14.0, seaborn==0.13.0, matplotlib==3.8.2)
· R Statistical Runtime: R version 4.3.2 (Packages: irr_0.84.1, blandr_0.5.1, ggplot2_3.4.4, dplyr_1.1.4, psych_2.3.9, stargazer_5.2.3)
C.2. Core Python Algorithmic Implementations
1. Quadratic Weighted Kappa () Calculation Routine
                                            content_copy                        pythonnote_addویرایش با Canvas
import numpy as np
from sklearn.metrics import cohen_kappa_score

def compute_qwk(gold_scores: np.ndarray, pred_scores: np.ndarray) -> float:
    """Computes Quadratic Weighted Kappa with strict ordinal penalties."""
    return float(cohen_kappa_score(gold_scores, pred_scores, weights='quadratic'))
2. Bland–Altman Agreement Limits
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import numpy as np
from typing import Tuple

def compute_bland_altman(rater: np.ndarray, gold: np.ndarray) -> Tuple[float, float, float]:
    """Computes Mean Bias and 95% Upper/Lower Limits of Agreement (LoA)."""
    diffs = rater - gold
    mean_bias = float(np.mean(diffs))
    sd_diff = float(np.std(diffs, ddof=1))
    lower_loa = mean_bias - 1.96 * sd_diff
    upper_loa = mean_bias + 1.96 * sd_diff
    return mean_bias, lower_loa, upper_loa
3. Fleiss’ Multirater Consensus ()
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import numpy as np
import statsmodels.stats.inter_rater as irr

def compute_fleiss_kappa(ratings_matrix: np.ndarray) -> float:
    """
    Computes Fleiss' Kappa for inter-model consensus across subjects.
    ratings_matrix shape: (n_subjects, n_categories_count)
    """
    kappa = irr.fleiss_kappa(ratings_matrix, method='fleiss')
    return float(kappa)

Appendix D. Standardized Prompt Engineering & API Configuration
All autonomous evaluations were queried through deterministic API requests using the following configuration:
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{
  "protocol": "Zero-Shot Direct Analytic Scoring",
  "temperature": 0.0,
  "top_p": 1.0,
  "max_tokens": 500,
  "seed": 42,
  "input_schema": {
    "essay_id": "string",
    "essay_text": "string"
  },
  "output_schema": {
    "type": "object",
    "properties": {
      "Language": { "type": "integer", "minimum": 1, "maximum": 6 },
      "Ideas": { "type": "integer", "minimum": 1, "maximum": 6 },
      "Cohesion": { "type": "integer", "minimum": 1, "maximum": 6 },
      "Academic_Appropriateness": { "type": "integer", "minimum": 1, "maximum": 6 }
    },
    "required": ["Language", "Ideas", "Cohesion", "Academic_Appropriateness"]
  }
}

