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Abstract. Recent studies have shown that handwritten text recogni-
tion (HTR) systems perform worse on Arabic-script datasets than on
Latin-script data. However, the reasons for this gap are still not well
understood due to the lack of controlled comparisons. In this work, we
present a comprehensive study of Arabic- and Latin-script HTR using
a unified CRNN model for line-level HTR across nine datasets (includ-
ing KHATT (Arabic), Muharaf (Arabic), NUST-UHWR (Urdu), PHTD
(Persian), Ajami (Hausa and Fulfulde ), PHTT (pashto), IAM (English),
READ-2016 (German), and NorHAND (Norwegian)) and different train-
ing sizes (K € {100,500, 1000, 2000, ..., K¢m}). Our results show the
performance gap remains: it is large in low-resource settings, decreases
with more data, but remains even at full scale, with a consistent dif-
ference of 5-7 CER points. We show that annotation quality matters,
as many datasets contain labeling errors. Cleaning reduces error rates
and narrows the gap, but does not eliminate it. In addition, we find
that a fixed number of training samples provides less effective cover-
age in Arabic due to higher visual variability, requiring more data to
learn similar representations. We compare recognition across datasets in
terms of the number of text lines and the number of characters, showing
an equivalence trade-off. We compare character frequency distributions
across scripts and show that Arabic is significantly more heavy-tailed
than Latin. Our error analysis reveals that around 30% of substitution
errors in Arabic datasets (e.g., KHATT) are caused by confusion be-
tween visually similar characters, compared to about 15% in Latin-script
datasets such as TAM.
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1 Introduction

Handwritten Text Recognition (HTR) focuses on transforming textual content
from images into machine-readable representations. In practice, this enables doc-
uments to be stored, searched, and processed more effectively [10]. Beyond these
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practical applications, HTR can also aid in the preservation of culture and his-
tory. An accurate HTR system can help to digitize ancient manuscripts, making
these historical documents accessible to the general public and researchers.

Recent advances in HTR, have followed a clear progression, from early rule-
based and character-level approaches to statistical models such as Hidden Markov
Models, and more recently to deep learning architectures including CNNs, RNNs,
and Transformer-based models [10]. Much of this development has been reported
on Latin-script datasets [10], where early work focused on isolated character
recognition, later extending to word- and line-level transcription, and eventually
to end-to-end models operating on full text lines and documents [8].

HTR systems for Arabic-script languages have been studied in prior work,
with dedicated models and datasets developed for tasks such as word- and line-
level recognition. Still, HTR for languages that use the Arabic-script have not
received as much attention as those that use the Latin-script.

The Arabic script is one of the most widely used writing systems in the
world. Not only is it the writing system for the Arabic language with over 400
million people speaking Arabic [21, 18], the script is also used for other languages
with hundreds of millions of native speakers, including Urdu [16] with over 200
million speakers, Persian [25] with over 100 million speakers, as well as several
other languages, such as Pashto, Kurdish, Sindhi, Uyghur, and several African
languages written in Ajami. This has resulted in a large and diverse collection
of handwritten documents across regions and time periods.

Considering the scale and diversity of Arabic-script documents, robust HTR,
systems are needed to ensure reliable digitization and to improve access to both
historical and modern handwritten materials.

Arabic is written from right to left in a connected script, where characters
change shape depending on their position within a word, in contrast to Latin
scripts where such shape variation is more limited, mainly appearing as capital-
ization of initial characters. In addition, diacritics and dot patterns, which occur
more frequently than in Latin scripts and introduce further ambiguity, make
HTR for Arabic-script languages particularly challenging.

In this work, we focus on line-level HTR, which has become the state-of-the-
art (SoTA) in modern HTR systems. Despite recent progress in HTR, several
studies [1,2,5,7] have reported that Arabic-script recognition still lags behind
Latin-script performance. However, there are limited works that compare mul-
tiple datasets across different languages and scripts using a unified setting. [0
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To address this gap, we pose the following research questions:
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O0000I000I0000 This paper makes the following contributions:

O We present the first systematic comparison of Arabic-script and Latin-script
HTR using a unified model across multiple languages and training sizes.

0 We quantify the performance gap between Arabic-script and Latin-script
HTR, showing that it decreases with more data but persists at full scale.
We further compare recognition in terms of the number of text lines and
characters, revealing an equivalence trade-off in the data required to achieve
comparable CER across scripts.

0 We provide a character-level analysis of shape variability and error pat-
terns, showing that visually similar character confusions account for a larger
proportion of errors in Arabic-script datasets, and that character frequency
distributions are significantly more heavy-tailed than in Latin scripts.

2 Challenges in Arabic-Script HTR

Arabic-script HTR faces challenges due to script properties and data character-
istics (modern or historical), including cursive connectivity, contextual character
shapes, diacritics, and complex ligatures, which make segmentation and recog-
nition difficult [22].

An essential challenge in Arabic-script HTR lies in the 0000000CO0 000D
000000 00 000000000 DODOOO. Arabic scripts have different shapes for the same
character depending on its position within a word (isolated, initial, medial, and
final forms), for example Z & Y 0. This increases the number of visual classes
that a recognition system must distinguish, as each character can appear in mul-
tiple forms [3, 22]. While Latin scripts also show variations such as uppercase and
lowercase forms, these are more limited and do not wholly depend on character
position (see Section 5.4).

Another challenge is the presence of 0100000000 000 0000 00000 000 Do0OO000.
The Arabic script uses dots to distinguish between letters that share the same
base shape, and additional diacritical marks to indicate short vowels. These
marks are often small, faint, or omitted in handwritten text, making them dif-
ficult to detect. While Latin scripts also use diacritics, these are less frequent,
whereas in Arabic the dots are an integral part of distinguishing between char-
acters.

For example, the letters Z [ Y share the same base shape of the letter
Z but differ in the use of dots to indicate which specific characters are being
represented. These dots are often omitted or misplaced in handwritten text,
leading to frequent confusion.

In addition, the use of diacritics also presents ambiguity for the readers. For
example, the phrase without diacritics of (O ATWE  rA & A AT % T) becomes

(DYAS WH { FR §| LT d) when the vowels are added. These marks often

appear as small marks above or below the characters in the text, and are often
confused with dots or are entirely omitted. In this study, one of the Arabic
datasets we use, Ajami, contains many such diacritics, as illustrated in Figure 1.






