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AUTOMATED SEMANTIC ALIGNMENT ASSESSMENT FOR WEB ACCESSIBILITY
USING LARGE LANGUAGE MODELS

Automated verification of web content accessibility remains an acute problem, as traditional tools are capable of fully
testing only approximately 4 out of 50 Web Content Accessibility Guidelines (WCAG) criteria. One of the criteria that is difficult to
verify is WCAG 2.5.3, which requires semantic correspondence between the visible text of an element and its accessible name for
users of assistive technologies. The objective of this study is to verify the feasibility of using large language models for automated
assessment of semantic correspondence according to WCAG 2.5.3 criterion and to determine optimal models by price-quality ratio.
A comparative analysis of 17 large language models across different price categories was conducted on a specially created dataset
in English and Ukrainian languages. To measure model quality relative to the consensus of leading models, a statistical framework
based on consensus assessment was employed with metrics including bias, deviation variance, and coefficient of determination The
leading models demonstrated a high level of consistency in semantic similarity assessments (R? = 0.85-0.91). Mid-range price
segment models showed the best quality-to-cost ratio, notably gemini-2.5-flash-preview achieved the highest consistency (R’ = 0.91)
with minimal noise. The absence of direct correlation between syntactic correctness of responses and the quality of semantic analysis
was established. Large language models can be effectively utilized for assessment of WCAG 2.5.3 semantic correspondence. Optimal
models for practical application have been identified and directions for further research have been outlined, including knowledge
distillation into smaller specialized models to reduce computational costs.
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KY3IKOB BOPHUC, IIOBKOILJISIC CEPTTI

CyMCBKHI Jep)KaBHU YHIBEPCUTET

ABTOMATHU30BAHA OIIIHKA CEMAHTHYHOTI'O Y3IO/UKEHHS Y KOHTEKCTI
BEBJIOCTYIHOCTI 3 BAKOPUCTAHHSIM BEJIMKUX MOBHUX MOJIEJIENA

Asmomamu3zosana nepegipka 0OCMYNHOCHI 8eOKOHMENMY 3AIUWAEMBCA 20CMPOI0 NPOOAEMOI0, OCKITbKYU MPAouyitini iHCMpyMeHmu
30amui nosHicmio nepegipumu auute 6auzvko 4 i3 50 kpumepiie cmandapmy oocmynnocmi WCAG 2.1. OOnum i3 CKIaOHUx 015 nepesipku € Kpumepiti
WCAG 2.5.3, akuu eumazac ceManmuunoi 8iOnoGiOHOCHI MIdiC GUOUMUM MEKCHOM eleMeHma ma 1020 0oCmynuum iMenem O KOpUCHyeadie
acucmueHux mexonozii. Memoio 0ocniodceHHs € nepesipka MONCIUBOCIHI] BUKOPUCTIAHHSA 6EUKUX MOSHUX MoOenell 05l ABMOMAmu306aHoi OYiHKu
cemanmuyHoi 8ionogionocmi 32i0Ho 3 kpumepiem WCAG 2.5.3 ma eusHauumu onmumanvhi Mooeni 3a cnig8ioHOuweHHAM yina-akicmo. [Iposedero
nopignanbHull ananiz 17 eenuxux MogHux mMooenell pisnux YiHo8ux Kame2opiii Ha CReYianbHO CMEOPEHOMY HADOPI OAHUX AHSNIICLKOIO MA YKPATHCLKOIO
mogamu. Buxopucmano cmamucmuynuil Qpeimeopx KOHCEHCYCHOI OYiHKU 3 MempuKkamu 3miwjenns, Oucnepcii gioxunenv ma Koegpiyienma
Oemepminayii 01 BUMIPIOBAHHS AKOCMI MoOelell 8IOHOCHO KOHCEHCYCYy NpogioHux mooeneil. IIpogioni mooeni npooemMoHcmpysanu UCOKuUll pieeHb
y32002cenocmi 6 oyinkax cemanmuunoi cxoococmi (R? = 0.85-0.91). Moodeni cepednvozo yino6o2o cezmenmy nokasanu HauKpawe cniégioHouens
saxocmi ma eapmocmi, 30kpema gemini-2.5-flash-preview docsena naiisuwoi yzeooducenocmi (R? = 0.91) 3 minimanvnoro wymnicmio. Bcmanoeneno
8i0CYymHIiCmMb NPAMOI KOpenayii MidC CUHMAKCUYHOI KOPEKMHICMIO 8i0n0gioell ma AKIiCmIo CeMAnmuyHo20 aHanisy. Benuxki mosui mooeni moxcymo
egpexmugno suxopucmosgysamucsi 01 oyinku cemanmuynoi eionogionocmi WCAG 2.5.3. Busnaueno onmumanvhi Mooeni 015l NPAKMUYHO20
3aCcmocy8ants ma OKPecieHo HanpamKy ROOAILUIUX OOCTIOJNCEHb, GKIIOUAIONY OUCUNAYIIO 3HAHb Y MEHWT CReyiani308ani MOOeni sl SHUICCHHS
06UUCTIOBATLHUX BUMPAT.

Knrwouosi cnoga: docmynuicme 6eOkoHmMeHNy, 6enUKI MOGHI MOO€NT, CEMAHMUYHA CXOMNCICINb, ABMOMAMU306AHE MECHYBAHHA, ACUCUBHI
mexnonoaii
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Introduction

Website accessibility is critically important for ensuring equal opportunities of access to information and
services for all users, including people with disabilities. Web content must be designed in such a way that it can be
perceived and used by people with various visual, auditory, speech, cognitive, and motor impairments. There are sets of
rules, such as the WCAG [1], that define accessibility standards which websites must meet.

Existing methods of automated accessibility testing of websites according to WCAG have significant
limitations regarding criteria coverage. According to the UsableNet Audit Team, automated tools are capable of fully
testing only approximately 4 out of 50 WCAG 2.1 Level A and AA criteria [2]. Although the developers of Axe Core
claim coverage of up to 57% of criteria [3], this primarily concerns technical aspects, whereas criteria requiring semantic
understanding remain problematic [4].
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Automated verification of web content accessibility, specifically WCAG 2.5.3 criterion (Label in Name),
remains a complex task [4]. This criterion requires semantic correspondence between the visible text of an element and
its "accessible name," which is critical for users of assistive technologies [1]. Traditional algorithms are unable to
correctly assess semantic nuances, missing dangerous changes ("Delete" — "Delete All") or erroneously blocking
appropriate ones ("Save" — "Save Document") [5].

Recent advances in natural language processing have presented large language models (LLM) as a promising
solution for semantic analysis in the context of accessibility. LLMs demonstrate the capability to generate image
descriptions [6], detect problems in subtitles and assess label quality[7]. Their ability to consider context allows them
to evaluate semantic proximity with high accuracy [8].

However, real-time LLM deployment faces challenges: high computational requirements, high latency [8], risk
of vendor lock-in, and unstable provider operation. Figure 1 presents an example of the uptime indicator for the Google
Gemini 2.0 Flash Lite model on May 9, 2025, according to Open Router data, which illustrates stability problems even
among leading providers.
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Fig.1. Uptime of Google Model: Gemini 2.0 Flash Lite

The objective of this article is to investigate the possibilities of using large language models for automated
assessment of semantic correspondence according to WCAG 2.5.3 criterion, utilizing a specially developed dataset for
their verification [9].

Semantic Similarity Analysis Using LLM

To evaluate semantic similarity, LLMs received annotating tasks for "visible text — accessible name" pairs
through a specialized prompt framework. The prompt instructed models to apply a scoring scale from -1.0 (semantically
opposite or contradictory) to 1.0 (perfect semantic match), enabling clear separation between hazardous semantic
divergences and harmless contextual expansions. For cost reduction purposes, input strings were aggregated into 100-
pair batches, which substantially degraded results from less capable models. Processing inputs individually in sequential
order would have enhanced these models' performance, as batching increases the cognitive load related to contextual
analysis and information overload tolerance. Processing incorporated all available pair scores, even when models
returned incomplete outputs (including auxiliary comments or partial pair coverage). Temperature was set to 0.1
throughout the experiment to maintain response determinism.

When selecting models among the multitude of available options, we were guided by the following key criteria:

e estimated response quality according to standardized test sets (GPQA, MMLU, DROP);

e number of parameters (which often correlates with quality and performance);

e processing cost;

e latency and time to first token (TTFT).

Processing cost and other operational characteristics largely depend on the model provider. For example,
according to Artificial Analysis, for the llama 4 Maverick model, options are available with context windows ranging
from 8 thousand to 1 million tokens, processing costs from $0.26 to $0.96 USD per million input tokens, and throughput
performance spanning 46 to 721 tokens per second [10].

When conducting the experiment, the context window size was not a decisive factor due to the small volumes
of generated results. OpenRouter platform was used as an intermediary for provider selection, which ensures dynamic
selection of a provider with optimal latency indicators. In the study, models were grouped by the blended price metric,
computed by applying a 3:1 weighting to input versus output token pricing

Table 1 [9] displays model performance data, including the success rate of batch-processed pairs across
different test datasets (synthetic EN, UA). This allows assessment of the formal suitability of models for the task, as
well as the influence of language on quantitative characteristics of results.

Results demonstrate that most of the mid-range and high-range models can process tasks with high formal
success rate (>95%), whereas models with fewer parameters show significantly lower performance, especially for
Ukrainian texts.
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Quantitative capability of models for semantic similarity assessment

Table 1

Model Cost, $? Model size, Success ratio, %
1x10° EN | UA
Processing cost* [0.928...3.59]
gpt-4.1 2.00/8.00 300 100 | 100
claude-3.5-haiku 0.80/4.00 ~10-20! 85.1 [ 91.9
deepseek-prover-v2 0.50/2.18 671 98.8 | 100
deepseek-rl 0.50/2.18 671/ 37> 100 | 100
Model Cost, $3 Model size, EN | UA
1x10°
Processing cost* (0.18...0.39)
llama-4-maverick 0.17/0.60 400/17> 100 | 99.3
gemini-2.5-flash-preview 0.15/0.60 80 100 | 99.8
gpt-4o0-mini 0.15/0.6 ~10-50! 98.9  99.3
qwen3-235b-a22b 0.15/0.60 235/ 222 99.8 | 99.3
gemini-2.0-flash-001 0.10/0.40 ~10-50! 100 | 100
gpt-4.1-nano 0.10/0.40 ~<10! 100 | 98.5
Processing cost* [0.018...0.13]
ministral-8b 0.10/0.10 8 89.2 1 90.9
nova-micro-vl 0.035/0.14 ~<10! 99.4 | 99.8
llama-3.1-8b-instruct 0.02/0.03 8 90.9 | 86.9
llama-3.2-3b-instruct 0.01/0.02 3 65.2 | 39.5
1fm-3b 0.02/0.02 3 47.2 110.3
gwen2.5-coder-7b-instruct 0.01/0.03 7 84.6 | 93.9
1fm-7b 0.01/0.01 7 52.7 | 34.1

! Estimated, actual number was not published.
2 Model built with the Mixture of Experts approach; total number of parameters and number of active

parameters are indicated.

3 Price according to OpenRouter per million input/generated tokens.
4 Blended processing cost based on 3:1 input-to-output token ratio.

consistency with consensus (R?).

Quality Metrics of Models

Below is an analysis of quality metrics of models with a focus on practical applicability for web accessibility
tasks. For statistical justification of metrics and validation of the consensus framework, see. A three-model consensus
core comprising gpt-4.1, claude-3.5-haiku, and deepseek-r1 served as the baseline for evaluating the relative quality of
remaining models. Table 2 [9] and Figure 2 demonstrate metrics of assessment bias (J]), "model noise" (ajz), and

Table 2
Quality metrics of models relative to the consensus core
¥ 4 | o
Processing cost* [0.928...3.59]
gpt-4.1 0,85 0,04 0,05
claude-3.5-haiku 0,90 0,04 0,04
deepseek-prover-v2 0,62 0,00 0,10
deepseek-rl 0,87 0,00 0,05
Processing cost* (0.18...0.39)
llama-4-maverick 0,75 -0,03 0,11
gemini-2.5-flash-preview 0,91 -0,05 0,03
gpt-40-mini 0,71 -0,06 0,10
qwen3-235b-a22b 0,78 0,01 0,09
gemini-2.0-flash-001 0,70 -0,08 0,11
gpt-4.1-nano -0,69 0,15 0,21
Processing cost* [0.018...0.19]
ministral-8b | 075 | 028 | 027
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Table 2
R? d, o’

nova-micro-vl 0,37 0,02 0,22
llama-3.1-8b-instruct 0,18 0,05 0,29
llama-3.2-3b-instruct 0,22 -0,07 0,41
1fm-3b 0,63 0,17 0,35
qwen2.5-coder-7b-instruct 0,07 0,16 0,29
Ifm-7b 0,76 0,11 0,18

Results demonstrate a clear dependency between quality metrics of models and their characteristics:
1. High-quality models (premium segment, price >$0.5):

— claude-3.5-haiku shows the best consistency (R? = 0.90) with minimal noise (c? = 0.04);

— deepseek-rl demonstrates zero bias and high consistency (R? = 0.87);

— gpt-4.1 has stable performance (R? = 0.85) with low noise.

2. Mid-range price segment ($0.1-$0.3):

— gemini-2.5-flash-preview achieves the highest consistency among all models (R? = 0.91) with minimal
noise (o? = 0.03), making it the most effective in terms of price-to-quality ratio;

— most models show moderate consistency (R* = 0.70-0.78);

— gpt-4.1-nano demonstrates negative consistency (R? =-0.69), indicating systematic discrepancies with
consensus.

3. Budget segment (<$0.1):

— most models shows weak consistency (R? < 0.40);
— Ifm-7b stands out among budget models with R? = 0.76, but with elevated bias;
— ministral-8b has the worst performance (R? = -0.75) with high noise and significant bias.

Among other findings, the metrics demonstrate the absence of a direct relationship between syntactic
correctness and the quality of semantic analysis in models. Thus, the nova-micro-vl model with high formal success
rate (99.4% EN) shows low semantic consistency (R? = 0.37). More powerful models (>100B parameters) typically
demonstrate better consistency and lower noise. Exceptions exist — some smaller specialized models (Ifm-7b) show
results comparable to much larger models. However, practical application faces low operational stability indicators —
52.7% for the English-language dataset, 34.1% for the Ukrainian-language dataset (see Table 1).

Overall, the results confirm that for the task of semantic assessment according to WCAG 2.5.3, mid-range price
segment models are optimal, combining high consistency with acceptable processing cost.

Conclusions

The study demonstrated that large language models can be effectively utilized to solve the task of assessing
semantic similarity between visible text labels and their accessible names in the context of ensuring web interface
accessibility, specifically for WCAG 2.5.3 criterion.

The -1.0 to 1.0 scoring scale enabled LLMs not only to quantify similarity levels but also to identify
semantically contradictory texts, which is critical for detecting accessibility violations and potential malicious attacks
(Accessibility Cloaking Attacks [5]).

Leading LLMs demonstrated a high level of consistency in semantic similarity assessments: gemini-2.5-flash-
preview (R?>=0.91), claude-3.5-haiku (R?>=0.90), deepseek-rl (R?>=0.87). This validates the LLM-as-a-Judge
methodology as a dependable approach for annotating data when ground truth labels are unavailable. Mid-range price
segment models ($0.1-$0.3 per million tokens) showed the best quality-to-cost ratio, making them practically applicable
for assessing large volumes of data.

Results demonstrated that models' capacity to produce syntactically correct responses does not directly
correlate with their semantic analysis performance, underscoring the requirement for comprehensive evaluation
methodologies.

The obtained results confirm the feasibility of using LLMs for automated assessment of WCAG 2.5.3 semantic
correspondence, identify optimal models by price-to-quality ratio for practical application, and establish a foundation
for further development of effective accessibility testing tools.

Despite positive results, it is important to consider limitations associated with using LLMs in real-world
accessibility testing systems:

1. Even budget models require significant resources for processing large volumes of data.

2. For large projects, the cost of API calls can be substantial (from $0.01 to $8.00 per million tokens).

3. As shown in Figure 1 in the Introduction, even leading providers do not always ensure stable operational

performance.

4. Dependence on external APIs (vendor lock-in) creates risks for long-term system support.

5. Processing time can be critical for integration into CI/CD processes.
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These factors constitute significant barriers to widespread implementation of LLMs in real-time accessibility
testing systems. The results emphasize the necessity of seeking more resource-efficient solutions, such as knowledge
distillation into smaller specialized models.
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