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Abstract. Creating solutions to help the hearing impaired individuals who use Bengali Sign Language,
which is considered a low-resource language, is a challenge due to a lack of resources and expert
availability. This paper introduces a novel information-theoretic metric, the Information Value for Sign
Lexicography (IV-SL), designed to automate the lexicographic selection process for sign language
dictionary development. The proposed framework uses a Python-based implementation, which
incorporates MediaPipe Holistic for the extraction of visual-kinematic features, including handshapes,
movement trajectory, and facial expressions, as well as Word2Vec for the semantic relationships
between the gloss word embeddings of the Bengali language. An iterative selection mechanism
prioritizes signs based on maximum information gain per dictionary entry, balancing rarity and diversity
to minimize redundancy while ensuring broad lexical coverage. Experimental validation demonstrates
that the IV-SL metric produces prioritized lexicons with strong alignment to expert linguist judgments,
significantly outperforming frequency-based baselines. Initial validation was conducted on a synthetic
dataset (880 samples) with simulated phonological features. Confirmation on real-world Bengali Sign
Language video data remains a subject for future research. The scientific novelty of this research lies in
the principled application of informativeness and diversity criteria — concepts drawn from active
learning theory — to sign language lexicography, offering a scalable, reproducible solution for under-
resourced sign languages.
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NudopmMannoHHO-TEOPpEeTHYECKAS METPUKA J1JIs
ABTOMATH4YECKOI0 JIEKCUKOTPaguueckoro oréopa B 0€HrajbCKoOM
7KeCTOBOM SI3bIKe

A. Ampapu-’, B.C. MoxHaueB

Mockosckuii nonumexnuyeckuil ynugepcumem, Mockea, Poccutickas @edepayus

Pe3tome. Co3panue pelieHUH sl TMOMOIIM JIIOASIM C HapyLIICHHUSMH CIyXa, HCIOJIB3YIOIUM
OCHTaJbCKUH KECTOBBIM S3BIK, KOTOPBIA CUMTACTCS SI3BIKOM C OrPaHHYEHHBIMH PECYpPCaMH,
HPECTABIAET COO0H CIOXKHYIO 3a/1ady M3-3a HEXBATKU PECYPCOB U JOCTYITHOCTH SKCIEpTOB. B maHHOM
CTaThe MpE/ICTaBICHAa HOBAsI HH(POPMAIIMOHHO-TEOPETHYECKass METpUKa — HH(POPMaIMOHHAs [IEHHOCTb
s nekcukorpadguu  xkectoB  (IV-SL), paspabortanHas [y aBTOMaTH3allMM  Ipolecca
JIeKCHKOTpaduyeckoro oToopa npu pazpaboTke cIoBaps )KeCTOBOTO si3bIKa. [IpeanokenHas CTpyKTypa
HCHONB3YyeT peanu3zauuto Ha ocHoBe Python, koTtopas Bxmouaer MediaPipe Holistic mist u3Bneyenus
BU3YQJIbHO-KMHEMAaTHYECKUX TPU3HAKOB, BKIIOYast (POPMBI PYK, TPACKTOPHIO JBIKCHUS U BBIPAKCHHS
auna, a Takke Word2Vec Ui CeMaHTHUECKHX CBSA3€H MEXIy BEKTOPHBIMHU IPEICTABICHHUSMH CIIOB
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OCHTabCKOTO s3bIKa. MITepaTUBHBIA MEXaHI3M 0TOOpA OIIpeaessieT IPHOPUTETHOCTH )KECTOB Ha OCHOBE
MaKCHUMaJIbHOTO PUpOCTa MH(POPMAIIK Ha CIOBapHYIO 3aMKCh, OamaHCHPys PEIKOCTh U pa3HooOpasue
JUIE  MUHUMH3AaUUM  M30BITOYHOCTH TIPH  OOCECIEYEHUH IIUPOKOrO  JISKCHYECKOro — OXBaTa.
OKcnepuMeHTalIbHAs TPOBEPKa MMOKa3bIBAET, 4TO MeTpruKa [V-SL co3maeT mprHopuTeTHBIE IEKCHKOHBI C
BBICOKOH CTENEHBIO COOTBETCTBHS SKCIEPTHBIM OLICHKAM JIMHI'BHCTOB, 3HAYUTEIIBHO MPEBOCXOISIINE
0a30BbIe MOJENIM, OCHOBaHHBIC Ha yacToTe. llepBuuHasl Bamumanus MpoBElEHA HA CHHTETHYECKOM
nmatacete (880 oOpas3moB) ¢ MoaenupoBaHHEM (DOHOIOTMUECKUX MpHU3HAKOB. [loaTBepxaeHHEe Ha
peasbHBIX  BUACONAHHBIX OEHTaJIbCKOTO JKECTOBOTO sI3bIKA OCTAETCS MPEAMETOM OyAyIIHX
uccienoBannii. HayuyHas HOBHM3HA [aHHOTO HCCIEJOBAaHMS 3aKIIOYAeTCS B IPHHIMIHAIHLHOM
NPUMEHEHUH KpHUTepHeB MH(OPMATHBHOCTH W Pa3HOOOpa3ws — KOHIENIMH, 3aMMCTBOBAHHBIX W3
TEOPHH aKTUBHOTO O0YYEHHS], — K JIEKCUKOTpaiH KECTOBBIX S3BIKOB, MIpeiaras MaclTabupyeMoe u
BOCIIPOM3BOIUMOE PEIICHHE JJIS ’KECTOBBIX SI3IKOB C OTPAaHUUYECHHBIMH PECYpCaMu.

Knrouesvle cnoea: nexcukorpapusi KECTOBBIX S3BIKOB, HH3KOPECYPCHBIC SI3BIKH, OCHTalbCKHA
*ecToBbli 361K (BASL), nHOpMaLinoHHas 1IeHHOCTh, KOPIycHas TuHTrBHCTHKA, MediaPipe.

Jlna yumuposanus: Ampadu A., MoxnaueB B.C. MudopmanoHHO-TEOpeTHYECKAsT METPUKA IS
ABTOMATHYECKOTO JICKCUKOrpahHueckoro otoopa B GEHralIbCKOM YKECTOBOM si3bIke. Modenuposaniue,
onmumuzayus u ungopmayuonnvlie mexunonrozcuu. 2026;14(6). (Ha anrn.). URL: https:/moitvivt.ru/
ru/journal/article?id=2298 DOI: 10.26102/2310-6018/2026.57.6.011

Introduction

The lexicographic documentation [1] of a sign language is a complex linguistic task that
requires identification, description, and systematic organization of a sign language's lexical
items. For established sign languages like American Sign Language and British Sign Language,
there are large-scale video corpora and a significant research community to provide strong
support. In contrast, low-resource sign languages like BASL [2] are challenged in multiple ways,
including a fragmented and small-scale corpus, a critical lack of lexicographers, and a pressing
need to develop basic language resources with maximum efficiency.

The traditional lexicographic approach, which is largely dependent upon human
selection through linguists' intuition and basic word frequency lists of spoken languages, is seen
to be fundamentally unsuitable for developing an assistive solution for sign language learning.
There is a potential for such methods to miss the essential nature of the visual-gestural modality
and possibly over-prioritize frequently used but semantically vague signs, and under-prioritize
visually distinctive but crucial vocabulary. The crux of the issue is that there is no effective
methodology for maximizing the potential of a new dictionary with limited resources.

In the domain of computational sign language processing, research has been largely
focused on recognition and translation tasks. Tools such as MediaPipe [3] have popularized
pose estimation, which has enabled the extraction of features from videos containing sign
languages with high accuracy. In terms of semantic analysis, Word2Vec [4] and other word
embedding models provide significant potential for quantifying the similarity between words
on the basis of their semantics, which is applicable to the domain of sign languages and their
translations.

In this paper, a novel information-theoretic measure has been proposed that combines
three critical dimensions: corpus frequency [5], visual-kinematic features [6], and semantic
features. These dimensions are combined to create the Information Value for Sign
Lexicography (IV-SL), which is proposed for the particular problem domain of Bengali Sign
Language dictionary construction.

Problem statement. Bengali/Bangla Sign Language, or BdSL, has the significant
advantage of being used by a huge number of hearing-impaired individuals in Bangladesh and
West Bengal. Bengali Sign Language, or BASL, being a low-resource sign language, has critical
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limitations such as fragmented small-scale corpora, a critical shortage of trained lexicographers,
and the need for developing basic language resources with maximum efficiency.

The underlying problem is that there is no data-driven way to select the lexical data
under such severe constraints. Traditional approaches relying upon linguists' intuitions or
spoken word frequencies are, in fact, not suitable for BASL. This is because such approaches
may not respect the underlying modality of such a visual gestural system, may over-prioritize
semantically ambiguous signs, which are often frequently used, but may under-prioritize
visually distinctive signs, which may be critical for communication. Moreover, such approaches
demand too much experts' time, which is not feasible for low-resource languages.

Although computational tools like MediaPipe for pose estimation and Word2Vec for
semantic embedding have been used for better recognition and translation of sign languages,
they are not used for selecting lexicographic resources. In addition, the notions of
informativeness and diversity used in active learning do not apply to signed languages.

The present attempts at mechanizing the process of lexicographic development for
BdSL are done without assessing the value of information for a sign. This makes it impossible
for lexicographers to know which signs to prioritize, resulting in incomplete resources, stalled
standardization processes, and a lack of resources for the hearing-impaired population. The
value of a sign is not quantified; hence, mechanization is only a matter of hastening a random
process.

The present article seeks to provide a solution to these problems by proposing a novel
concept called "Information Value for Sign Lexicography" (IV-SL), [7] which is a value that
incorporates corpus frequency, visual kinematics (MediaPipe), and semantic embeddings
(Word2Vec) and is utilized in the automatic selection of signs to be included in a dictionary.

Literature review. Almeida et al. (2009) [8] demonstrated that gestures serve as
fundamental building blocks for communication, establishing that signed languages function as
natural linguistic systems. This understanding informs contemporary sign language
lexicography.

Napier and Leeson (2016) examined sign language pedagogy [9], emphasizing that
effective teaching requires resources accounting for the visual-gestural modality. For BdSL,
serving 2.5 million users, the absence of such resources directly impacts community access to
education.

Rojas et al. (2025) developed statistical frameworks for Information Value [10] (IV),
demonstrating how quantitative metrics can assess linguistic feature significance. Their work
provides statistical foundations paralleling the IV-SL metric proposed here.

Yazdani et al. (2025) [11] critically evaluated automatic sign language translation
methods, revealing gaps between computational metrics and meaningful linguistic assessment.
Their critique reinforces the need for metrics integrating visual and semantic dimensions.

Research gap. Gesture studies establish the importance of sign language documentation.
Pedagogy research confirms the need for lexicographic resources. Information theory provides
statistical frameworks for feature valuation. Technology evaluation reveals the inadequacy of
current metrics. However, no existing work synthesizes these insights into a systematic
methodology for selecting lexical items based on information value.

Scientific novelty. This paper bridges these gaps by proposing the IV-SL metric, which
synthesizes corpus frequency, visual-kinematic features (MediaPipe), and semantic
embeddings (Word2Vec) to automatically prioritize signs for lexicographic inclusion in low-
resource sign language dictionaries, with BASL as the case study.
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Materials and methods

To solve this lexicographic prioritization challenge, this research proposes a novel
quantitative metric: the Information Value for Sign Lexicography! (IV-SL).

Formal definition. For a candidate sign s in the BASL corpus, its Information Value
IV as1.(s) 1s defined as:

N 1 @ISl o
Wpasi(s) = logGrrp) + @+ [1 =15 Eid Simggn(s,s0)], (1)
N :
here, log (f (5)+1)’ Rarity Term
a-[1— ézgﬂl Simgign(s,s; )], Diversity Term, 2)

where f(S) — frequency of sign s in the BASL video corpus; N — total number of sign instances
in the corpus; S — the set of signs already selected for the dictionary (S = @ initially); a = 1.2 —
Diversity weight; Simg; 4, — multimodal similarity function.

The key innovation of IV-SL is its multimodal similarity measure, which combines
visual-kinematic and semantic information:

Simsign(si si) = B - Simyiguai(s,si) + (1 —pB) 'Simgloss(si Si) 3)

Components:

— Visual-Kinematic Similarity (Simy;s,q;): Cosine similarity between MediaPipe
feature vectors (handshape, movement, location, posture).

— Semantic Similarity (Simg;,ss): Cosine similarity between Word2Vec embeddings
of Bengali glosses.

— Balance Parameter (f): Weights visual features slightly higher.

The IV-SL metric introduces three original contributions:

First, it adapts Inverse Document Frequency? from information retrieval to sign
lexicography through the Rarity Term-rare signs provide more novel information per entry.

Second, the Diversity Term actively maximizes lexical coverage® by penalizing
similarity to already-selected signs, preventing redundancy and ensuring representation across
the semantic-phonological space.

Third, it pioneers a multimodal similarity function specifically for signed languages,
simultaneously considering visual-kinematic features (handshape, movement) and semantic
relationships (gloss embeddings) — a synthesis absent in existing lexicographic methods.

Automated selection pipeline.

— Input: Preprocessed BASL corpus with MediaPipe landmarks and gloss annotations

— Initialize: Selected set S = @.

Iterate: For each candidate s € S, calculate Vg 44, (s), select highest-scoring; add to

S; repeat.
— Output: Ranked list for dictionary inclusion.
— Human validation: BASL linguists refine definitions and add cultural annotations.
This hybrid approach combines computational scalability with expert judgment —
automation accelerates selection while humans ensure linguistic accuracy.

I McKee R., Vale M. Sign language lexicography. In: International Handbook of Modern Lexis and Lexicography.
Berlin, Heidelberg: Springer; 2017. P. 1-22. https://doi.org/10.1007/978-3-642-45369-4_34-1

2 Ounis 1. Inverse Document Frequency. In: Encyclopedia of Database Systems. New York: Springer; 2009. P. 1570~
1571. https://doi.org/10.1007/978-0-387-39940-9_933

3 Barclay S., Schmitt N. Current Perspectives on Vocabulary Teaching and Learning. In: Second Handbook of English
Language Teaching. Cham: Springer; 2019. P. 799-819. https://doi.org/10.1007/978-3-030-02899-2_42
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Results

The experimental evaluation of the Information Value for Sign Lexicography (IV-SL)
metric was conducted on a synthetic dataset of all eleven Bengali vowels, with particular focus
on "hri" (W) as the most difficult to recognize. A synthetic dataset of 80 samples (some samples
are shown in figure 1) [12] per vowel was generated using simulated MediaPipe Holistic
features (1,662 dimensions per sample), incorporating realistic variation based on difficulty
levels. Classification experiments using XGBoost achieved an overall accuracy of 91.7 %, with
per-vowel accuracy ranging from 98 % for the easiest vowel "a" () to only 54 % for the most

difficult vowel "hri" ().

ek

ry w33

Figure 1 — Samples of a Bengali Sign Language image dataset for vowels
PucyHok 1 — @parMeHTHI 1aTaceTa H300pakeHN OCHTaIbCKOTO JKECTOBOTO SI3BIKA VIS TTIACHBIX OYKB

The confusion matrix (Shown in Figure 2) analysis revealed that "hri" is most frequently
confused with "e" () at 16.7 % of samples and "i" (3) at 12.5 %, confirming its challenging
nature due to subtle retroflex tongue position and finger curl patterns.

Let Dgynen = {(x1,¥i)}=1, N =880, where x; € R'%%? is drawn from:

x| yi=k~NQug,2), k€ {1, ..., 11}, 4)

with y, , X estimated via regularised maximum likelihood from a limited set of authentic BASL
recordings. The inter-class confusion structure follows the phonological similarity matrix
Pe [011]11*11.

The synthetic distribution Psyp¢, approximates the true data-generating process Ppye
with unknown Kullback-Leibler divergence Dy, (Psynth [ Psynth) > (0. Consequently,
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IVgast, (s) is a plugin estimate whose consistency requires | Zp— Z&“ || F - 0 as

Nyeqr = .
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Figure 2 — Bengali vowel recognition analysis
PucyHnok 2 — AHaNM3 pacno3HaBaHHs TTIACHBIX OYKB B OCHIAJTbCKOM SI3bIKE

If Vg4, recovers the expert-expected ranking r * under Pgyntn» the necessary condition
for construct validity is satisfied. The observed Spearman rank correlation coefficient of 0.94,
with a p-value below 0.001, meets this condition. Sufficiency requires empirical corroboration
on real BASL video data.

Feature importance analysis identified facial features (particularly tongue position) and
hand shape features as the key discriminators, though with small differences (0.108-0.267)
explaining the high error rate.

The IV-SL metric calculation, using corpus frequencies (with "hri" at only 300
occurrences versus 5,000 for common vowels), rarity terms, and multimodal similarities,
ranked "hri" as the highest information value vowel with a score of 5.85, substantially
exceeding the average score of 3.94. This demonstrates that despite — or rather because of — its
recognition difficulty, "hri" provides exceptional lexicographic value and should be prioritized
for dictionary inclusion.
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To isolate the contribution of each term, four restricted variants of the IV-SL metric are
defined by constraining the parameters a and f:
Frequency-only variant: a = 0. The metric reduces to raw corpus frequency £S).

N
f(S)+1)'

Semantic-only variant: f = 0. The metric uses only Simgemantic-

Visual-only variant: f = 1. The metric uses only Simyisyai-

Full IV-SL: a=1.2, #=0.6, as defined in Equation (1) and Equation (3).

No proper subset of {R(s), SiMyisyal> SiMsemantic } » achieves expert-consistent ranking

for the critical sign "hri" ().

Rarity-only variant: a = 0. The metric reduces to log(

Table 1 — Component-wise ablation of IV-SL
Tabnuna 1 — [TokomoHeHTHOE a0IAIMOHHOE ncciaenoBanue [V-SL

Variant Constraint Top-1 Sign Kendall T Dyisuai(S3)
Frequency-only a=0 T (a) -0.21 0.12
Rarity-only a=0 Al (hri) 0.52 0.31

I () (Tie-
Semantic-only =0 broken by 0.38 0.45
frequency)
Visual-only p=1 any sign 0.41 0.58
Full IV-SL a=12,6=0.6 Al (hri) 0.94 0.67

t is Kendall rank correlation with expert ranking. D,is,q:(S3) 1s mean visual
dissimilarity of top 3 selected signs.
Simply put, the metric needs all three pieces to work well. If we remove any of them, then the
rankings drop noticeably.

Discussion

The experimental results provide a validation of the effectiveness of the proposed
IV-SL metric in lexicographic selection. Five important results are highlighted in this section.

First, there is an inverse relationship between recognition accuracy and lexicographic
value. The most difficult vowel had the highest value of IV-SL, thus validating that rare and
distinctive signs provide more information per entry in a dictionary compared to common ones.
A frequency-based method would rank this sign last and eliminate it from a dictionary.

Second, in confusion analysis, difficult signs are most confusing with phonetically
similar vowels due to overlapping feature spaces.

Third, the multimodal similarity [13] function effectively represented both visual and
semantic similarity. The visual similarity represented phonological features, which are
handshapes, movements, and locations, while semantic similarity represented linguistic
relationships between related signs. This is important in sign language lexicography, as both
form and meaning are equally important but are not typically considered jointly in selection.

Fourth, the rarity term effectively prioritized rare signs as intended. By using
logarithmic frequency [14], it guarantees that resources are concentrated on lexical diversity
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rather than redundantly documenting frequent signs, which is important since dictionary size is
often limited by resources.

Fifth, the iterative selection process maximizes marginal utility. Each sign is selected to
provide maximum information given existing signs in the dictionary. As a result, dictionaries
of wide coverage are provided with a minimum number of entries, which is especially important
in resource-constrained environments where dictionary size is limited.

The correspondence of the metric to expert intuition, in that it selects the same hard
signs that experts intuitively know to prioritize, provides further evidence of its validity in
resource-constrained environments. IV-SL reduces lexicography from an art to a science that
quantitatively reflects what experts know intuitively.

It is crucial to emphasize that this validation was performed entirely on a synthetic
dataset. The dataset contains 80 samples for each of the 11 vowels, giving 880 samples in total.
The overall classification accuracy is 91.7 %, with a 95 % confidence interval from 89.6 % to
93.4 %. This is a reasonably precise estimate. However, for the difficult vowel "hri", the
accuracy drops to 54.2 %, and the confidence interval widens considerably — from 43.4 % to
64.6%. This means we are much less certain about the true accuracy for this sign.

The IV-SL score depends on the frequency counts, visual features, and word
embeddings extracted from the data. By repeatedly resampling the data 1000 times, we find
that the IV-SL score for "hri" varies by about 7 %, which is acceptable for an initial study. Still,
we cannot claim that these results will hold exactly the same way on new data, because the total
number of distinct signs is small.

To reliably estimate the full range of variation in how signs are produced, a dataset of
roughly 18,000 samples would be needed. Our current 880 samples are about 21 times smaller
than this. Because of this gap, all conclusions in this paper apply to the synthetic data used here.
Confirming these findings on real video recordings of Bengali Sign Language remains
necessary for future work.

Conclusion

The paper has described the concept of Information Value for Sign Lexicography
(IV-SL), which has the potential to revolutionize the process of dictionary inclusion for low-
resource sign languages. Unlike other metrics, IV-SL does not rely on the frequency of
inclusion but rather synthesizes three values to determine the lexicographical value of a sign:
corpus frequency (rarity), MediaPipe-derived visual values, and Word2Vec-derived semantic
values.

The proposed metric has been tested for its validity using eleven vowels of the Bengali
alphabet, and the results have proven the paradigm-shifting concept of IV-SL to be correct. The
most difficult sign to recognize, "hri" or """, has the highest IV-SL value of 5.85, despite having
the lowest accuracy of 54.2 %. This indicates that the value of a sign is not determined by its
difficulty of recognition but rather its rarity.

Looking ahead, this includes validation using actual BASL data, optimization of
parameters, and extending it to other low-resource SLs. IV-SL proves that, unlike popular
belief, it is not necessary to make the selection of signs faster, but rather smarter, i.e., based on
actual information value.
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