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Abstract
The objective of this paper is to present the research carried out as part of the HCAI4AGEND
project, which focuses on the development of a linguistic model aimed at creating an artificial
intelligence-based tool to detect, interpret and generate linguistic solutions related to sensitive
language in institutional texts in Italian, English and German.

The designed tool ensures effective user engagement through a feature-rich text editor, real-
time highlighting and interactive suggestion features. The continuous learning mechanism built
into the artificial intelligence back-end enables the system to adapt to evolving language norms
and user preferences, ensuring long-term effectiveness and cultural relevance.

To achieve these goals, the use of high-quality language resources is critical. These resources
are developed following hybrid approaches that integrate contrastive typological studies with
varietistic analyses, ensuring a nuanced understanding of grammatical and social usage of gen-
der.

1 Introduction

The term gender-inclusive language or gender-sensitive language refers to a linguistic ap-
proach that acknowledges and respects individuals from typically marginalized or invisible
gender groups, such as women and non-conforming genders. This approach extends to the lin-
guistic complexities that arise from such inclusivity (cf. Taisija 2024). It is well known that this
issue has been the subject of intense debate in Europe and worldwide over the past two decades
(cf. Boskovic Markovic 2014).

Research has been conducted on linguistic sensitivity to gender perspectives, with particular
albeit varying attention to German, English, and Italian (cf. Formato 2019; Comandini 2021;
Cameron 2021). Psycholinguistic experiments have examined, for instance, the use of mascu-
line forms in German (cf. Braun et al. 2007; Gygax et al. 2008; De Backer/De Cuypere 2012),
English (cf. Ng 1990) and Italian (cf. Cacciari/Padovani 2007), as well as the role of nouns in
shaping gender representation (cf. Steiger-Loerbroks/von Stockhausen 2014). These studies
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highlight how gendered language frequently positions the masculine form as the default stand-
ard, reinforcing societal power imbalances and contributing to the perpetuation of gender ine-
qualities.

Consequently, addressing these biases has become a crucial challenge in fostering gender equal-
ity and promoting more inclusive social environments (cf. Handoyo/Darmahusn/Sulisty-
aningrum 2023).

Among the institutions that have demonstrated a significant commitment to adopting more in-
clusive language (cf. Vellutino 2018), universities have played a particularly prominent role.
The European Union, in fact, has urged its member states to implement gender-sensitive lin-
guistic practices within their national languages. This has led to the production of multiple in-
stitutional communication guidelines and the recommendation that institutions develop their
own writing guidelines as part of the implementation of Gender Equality Plans (GEPs). These
plans are considered essential documents for accessing EU research funding. However, institu-
tional texts frequently fail to adhere to the recommendations outlined in these guidelines, leav-
ing them largely unimplemented.

Our research proposes an architecture for an open-source tool based on artificial intelligence,
specifically designed to detect and analyze gender usage in institutional texts written in Italian,
German, and English. The objective is to generate linguistic solutions that enable gender-sen-
sitive institutional communication. To achieve this goal, we have identified a specific linguistic
variety for training purposes: institutional language, which is the variety used by institutions
for diverse pragmatic functions. The chosen domain of use is university institutional commu-
nication, and the linguistic phenomena under investigation concern the use of grammatical and
social gender. This research is of interest to multiple scientific communities and, most im-
portantly, holds practical relevance for linguistic communities seeking to promote inclusiveness
in official communication.

2 Related work

In recent years, Large Language Models (LLMs) have significantly reshaped the field of Natu-
ral Language Processing (NLP), achieving remarkable performance in previously explored do-
mains while also unlocking new avenues for research and application.

Currently, to develop tools capable of detecting and mitigating gender bias in textual data, as
well as assisting users in producing gender-inclusive texts, various NLP-based rewriting sys-
tems have been proposed. These systems are designed to automatically rephrase input text to
ensure gender inclusivity, leveraging advanced language modeling techniques to promote more
equitable and bias-aware linguistic outputs.

Vanmassenhove/Emmery/Shterionov (2021) propose a hybrid approach to gender-neutral re-
writing for the English language, combining a rule-based method with a neural model. Specif-
ically, they utilize both manually curated synthetic data i. e. WinoBias+ and natural data from
OpenSubtitles and Reddit. The approach is developed in two main stages. Initially, a rule-based
rewriter is implemented using handcrafted rules, supported by an automatic error correction
tool, to generate gender-neutral versions of sentences. Subsequently, the output from the rule-
based rewriter is used to train a neural rewriting model. This approach overcomes some
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limitations of rule-based processing by reducing the need for extensive pre-processing and de-
creasing the dependency on computationally expensive tools.

Sun et al. (2021), on the other hand, focus on the use of the singular pronoun they and propose
a rewriting task aimed at producing gender-neutral English texts. In contrast to Vanmassen-
hove/Emmery/Shterionov (2021) approach, Sun et al.’s model does not rely on manually la-
belled data, yet it achieves a word error rate of less than 1%. Their approach is characterized
by using lightweight and scalable techniques, to extend this methodology in the future to ac-
commodate various identity markers across different languages.

Unlike previous approaches, Amrhein et al. (2023) present a rewriting model trained for both
English and German, designed to transform gender-biased texts into more equitable versions
without relying on complex linguistic rules. This makes the method suitable for languages with
complex morphology, such as German. Specifically, they utilize backward augmentation tech-
niques, which involve generating fair versions from biased texts, and round-trip augmentation,
where machine translation models are used to create biased versions of fair texts through back-
and-forth translations using a pivot language (e. g., English).

Focusing on the German language, Diesner-Mayer/Seidel (2022) introduce a rule-based natural
language processing system capable of handling a wide range of texts and topics in German.
The system takes user input; highlights words formulated as generic masculine and generates
two correction suggestions from which the user can choose. The corpus used for this study is
part of the open-access TIGER corpus, consisting of newspaper articles that were manually
annotated to identify and verify whether nouns and pronouns represented instances of generic
masculine usage.

Italian, as a language with a highly gender-marked grammatical structure, presents several chal-
lenges in adopting gender-fair language. Frenda et al. (2024) identify three primary challenges
in this regard: (1) the detection of gender-marked expressions within Italian sentences, (2) the
gender-fair reformulation of these expressions by rewriting gendered terms into neutral alter-
natives, and (3) gender-fair text generation in the context of translation, specifically ensuring
the production of gender-inclusive texts when translating from English to Italian.

To address these challenges, the authors utilize three annotated datasets. The first dataset is
derived from administrative documents of the University of Brescia, the second is based on a
subset of the Europarl corpus, and the third consists of data from the Neo-GATE corpus, a
parallel corpus designed for gender-fair English to Italian Machine Translation evaluation.

Cerabolini/Pasi/Viviani (2024) address the challenge of automating the detection of non-inclu-
sive language in administrative documents of Italian universities through a comprehensive and
innovative approach. Firstly, they develop a dictionary of keywords that, depending on their
usage, may inadvertently perpetuate gender biases or reinforce stereotypes within academic
documents. To complement this, they provide two correspondence lists of masculine and fem-
inine terms to facilitate the identification and replacement of non-inclusive expressions. Addi-
tionally, they construct a dataset consisting of examples of Italian sentences extracted from
academic documents that exhibit gender inclusivity issues, paired with their corresponding re-
written versions in a gender-neutral form.
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3 High level tool architecture design

The tool proposed in our research project constitutes an advanced text processing system de-
signed to support inclusive and gender-sensitive writing through an interactive plug-in inter-
face. This system is specifically developed to assist users in text composition and revision by
providing linguistic guidance based on well-defined principles. Its primary function is to ana-
lyze user-input text, identifying expressions that do not align with the prescribed guidelines and
recommendations established in the linguistic instruction repository.

This system is specifically developed to assist users in text composition and revision by provid-
ing linguistic guidance based on well-defined principles. Its primary function is to analyze user-
input text, identifying expressions that do not align with the prescribed guidelines and recom-
mendations established in the linguistic instruction repository. By doing so, the tool plays a
crucial role in enhancing language inclusivity and adherence to gender-equitable communica-
tion norms. The system offers appropriate solutions by leveraging two fundamental communi-
cative strategies:

* Lexical Substitution: The tool extracts neutralized or feminized terms from a predefined the-
saurus, ensuring that word choices align with inclusive language standards.

» Parallel Expressions: It suggests alternative phrasings that enhance female visibility and pro-
mote neutralization strategies, by best linguistic practices.

Additionally, through a structured repository of institutional text models, the editor provides
concrete rewriting examples that adhere to inclusivity guidelines as shown in 1 and 2. This
feature facilitates text improvement either automatically or semi-automatically, allowing users
to refine their writing with greater ease and consistency.

Text Type Original text Rewritten text
It. Bando di concorso per funzio- It. Bando di concorso per funzionari e
nari funzionarie

Call for appli- En. Call for applications for En. Call for applications for

cation officers officers (female/male)
De.  Stellenausschreibung fiir De. Stellenausschreibung fiir Be-
Beamte amt*innen

Table 1: Examples of gender female for the visibility of women

Text Original text Rewritten text
Type
It. Professori di prima e seconda fascia It. Docenti di prima e seconda fascia
[] [...]
En. Full and associate professors En. Full and associate professor
Form
De. Ordentliche und aufserordentliche De. Ordentliche und auf3enordentliche
Professoren Professuren

Table 2: Examples of gender-neutral language
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The high-level architecture, as illustrated in 1 consists of several interconnected modules, each
with specific functionalities, as explained in the subsections below.
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Figure 1: High-level architecture of the proposed tool

3.1 Text Editor

The Text Editor serves as the primary interface through which users interact with the tool. Ra-
ther than functioning as a simple text input field, it is a feature-rich platform specifically de-
signed to optimize user experience, ensuring a seamless and productive workflow. Its key func-
tionalities include:

» Real-time text composition and editing: users can type or paste text directly into the editor,
allowing for immediate interaction and revision.

* Automated highlighting of gender-nonconforming terms and phrases: the system automati-
cally detects and marks words that do not adhere to inclusive language criteria. For instance,
if a user types “Gli studenti devono svolgere”, the editor will underline studenti, flagging it
as a term requiring revision in Italian.
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» Contextual suggestions: a pop-up window adjacent to the highlighted text provides alterna-
tive wordings or restructured phrases to improve inclusivity. These suggestions can be ac-
cepted with a single click, streamlining the revision process.

3.2  Highlighting Service

The Highlighting Service is responsible for identifying instances of non-gender-sensitive lan-
guage by highlighting textual elements that require attention and forwarding them to the sub-
sequent processing component. Specifically, its primary function is to scan the entire text in
real time, analyze it for potential inclusivity issues, and visually flag problematic expressions
for user review. The highlighting service leverages advanced NLP algorithms to perform both
syntactic and semantic analysis.

This means that it goes beyond simple keyword detection, instead considering the broader lin-
guistic and contextual framework in which terms are used, thereby identifying potentially prob-
lematic language patterns.

For example, if words such as dotfore (‘doctor’) or insegnante (‘teacher’) appear in a generic
context, the algorithm can recognize that, although these terms are grammatically correct, they
may implicitly convey a stereotypical androcentric perspective. In such cases, the system flags
them for revision, prompting the user to consider more inclusive alternatives.

33 Suggestion Service

The Suggestion Service provides users with tailored modifications, offering multiple options to
enhance the inclusivity of their text. Once the Highlighting Service has identified non-gender-
sensitive expressions, the Suggestion Service is activated.

Unlike the highlighting component, which merely flags linguistic issues, this service actively
proposes specific modifications aimed at improving gender inclusivity. Rather than offering
simple word-for-word replacements, the Suggestion Service employs advanced semantic and
syntactic analysis to generate contextually appropriate revisions. This approach is particularly
crucial in gendered language structures, where a direct substitution may not suffice to ensure
inclusive and natural phrasing.

34 Al Back-Ends Service

The Al Back-End Service represents the core intelligence of the entire Al-driven system. It is
the component where advanced processing takes place, encompassing analysis, linguistic pro-
cessing, and suggestion generation through machine learning models and linguistic resources.
As such, it serves as the fundamental infrastructure ensuring the system’s effectiveness in de-
tecting and correcting non-inclusive language.

Its primary functions include:

* NLP fine-tuned models: this capability enables the system to analyze and comprehend user-
written text, not only at the word level but also within the broader context of phrases and
entire paragraphs.
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* Machine Learning and Deep Learning Models: these models are trained on annotated da-
tasets and linguistic corpora containing examples of both inclusive and non-inclusive lan-
guage, allowing the system to learn nuanced patterns of gender-sensitive writing.

Additionally, the back end incorporates a continuous learning mechanism. Each time users in-
teract with the system; by accepting or rejecting suggestions, the machine learning models are
updated to reflect user preferences and refine the accuracy of future corrections. This adaptive
learning process occurs automatically, ensuring that the system becomes increasingly effective
over time as it is used.

3.5 Platform Back-Ends

The Back-End Platform serves as the foundational infrastructure that provides computational
and linguistic resources powering the system’s Al capabilities.

At its core lies the lingware, developed through previous and ongoing research projects focus-
ing on institutional Italian, German, and English. This linguistic framework has been exten-
sively analyzed about diverse pragmatic uses and communicative purposes, considering spe-
cific domains and specialized terminologies. These studies have refined an empirical research
methodology, establishing a structured protocol for the development of linguistic resources fol-
lowing the FAIR principles (Findable, Accessible, Interoperable, and Reusable). This ensures
that all resources are manually curated using standardized data and metadata formats that are
machine-readable, allowing seamless integration with other software and digital services.

Specifically, these resources are:

* Findable: designed with structured metadata that enables efficient data retrieval.

* Accessible: optimized for open access and usability.

* Interoperable: compatible with diverse computational environments, ensuring adaptability
and transformation across platforms.

* Reusable: exportable and importable across various software applications, facilitating inte-
gration into machine learning algorithms.

The lingware is structured into five interconnected linguistic modules, each playing a crucial
role in the system’s ability to process and enhance inclusive language:

a) Repository of linguistic guidelines, detailing different communicative strategies for gender-
inclusive writing.

b) Parallel corpora of institutional texts, annotated both manually and semi-automatically, en-
riched with socio-pragmatic metadata.

¢) Thesaurus of role nouns, covering institutional titles and professional designations across
the three languages.

d) Repository of parallel expressions, restructured to enhance female visibility and promote
linguistic neutralization.

e) Collection of modified institutional text models, aligned with strategies for gender visibility
and neutralization.
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This structured framework enables the Al system to offer precise, context-aware suggestions
while maintaining linguistic coherence and adaptability across different institutional and pro-
fessional domains.

3.6 Suggestion Repository

The Suggestion Repository is a key component of the system, responsible for storing generated
suggestions, tracking user selections, and ensuring that the system delivers fast and context-
aware responses. These responses are based not only on previously stored data but also on on-
going real time analyses. Additionally, this repository plays a crucial role in optimizing system
performance and response speed.

In essence, whenever the system analyzes a text and generates a suggestion, the Suggestion
Repository records it along with the contextual information in which it was produced. However,
this storage process is dynamic rather than static: each time a user interacts with a suggestion,
whether by accepting, rejecting, or modifying it, this feedback is stored in the repository. As a
result, the system continuously learns from user preferences and adapts accordingly.

Over time, this iterative learning process enhances the system’s efficiency, enabling it to pro-
vide increasingly accurate and user-specific recommendations, thereby improving the overall
user experience.

3.7  Interface Manager

The Interface Manager is a central component of the system, acting as an intermediary and
coordinator for communication between the various services and modules within the Al-driven
platform. Its role is critical in ensuring seamless integration between different system compo-
nents, ranging from the text editor to the Al-powered back end, while enabling the rapid and
precise transfer of data.

Functioning as a centralized hub, the Interface Manager orchestrates the flow of information
across the system.

Specifically, it performs the following key tasks:

* Request coordination: when a user inputs text, the Interface Manager dispatches it to the
relevant services for analysis and correction. It manages incoming requests based on prior-
ity, ensuring that critical operations-such as text analysis and suggestion generation exe-
cuted first.

+ Data flow management: it regulates the exchange of data between the various system com-
ponents, optimizing efficiency and minimizing latency.

+ Bidirectional communication between front-end and back-end: it facilitates seamless inter-
action between the user interface and the Al-powered processing infrastructure, ensuring a
smooth user experience.

By effectively managing system interactions, the Interface Manager enhances responsiveness,
maintains processing efficiency, and guarantees a cohesive operation across all integrated mod-
ules.
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4 Conclusion

This study has highlighted the pivotal role of gender-inclusive language in fostering equitable
and respectful communication, particularly within academic institutions. By proposing the ar-
chitecture of an Al-based tool to detect and mitigate gender biases in institutional texts written
in Italian, German, and English, this research addresses a significant gap in existing linguistic
practices.

The proposed system not only enhances gender visibility but also promotes neutralization strat-
egies, contributing to a more inclusive and balanced representation in official communication.
The advanced architecture of the tool integrates NLP techniques, such as lexical substitution
and parallel expressions, to provide contextually appropriate gender-inclusive alternatives (cf.
Comandini 2021).

Its design ensures effective user engagement through a feature-rich text editor, real-time high-
lighting, and interactive suggestion functionalities. The continuous learning mechanism em-
bedded in the Al back end enables the system to adapt to evolving linguistic norms and user
preferences, ensuring long-term effectiveness and cultural relevance.

To achieve these goals, the use of high-quality linguistic resources is crucial. These resources
are developed following hybrid approaches that integrate contrastive typological studies with
varietistic analyses, ensuring a nuanced understanding of grammatical and social gender usage.
In subsequent phases of the project, these resources will be tested through psycholinguistic
experiments using eye-tracking systems, which will contribute to validating the text editor plug-
in before developing the web-based platform. This interdisciplinary approach not only enhances
the accuracy and effectiveness of the tool but also ensures its adaptability across different cul-
tural and linguistic contexts. As gender-inclusive language continues to evolve, this research
lays the groundwork for future advancements in gender-sensitive NLP systems, supporting
more inclusive and equitable communication practices.
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