
Title Express yourself simply: Mobile AI for bridging communication
gaps

Authors Kramar, Anna;Salim, Kinza;Nguyen, Hoang D.

Publication date 2024

Original Citation Kramar, A., Salim, K. and Nguyen, H. D. (2024) 'Express yourself
simply: Mobile AI for bridging communication gaps', MOBILEHCI
Adjunct ’24, 30 September - 3 October, Melbourne, VIC, Australia.
https://doi.org/10.1145/3640471.3680456

Type of publication Conference item

Link to publisher's
version

10.1145/3640471.3680456

Rights © 2024, the Authors. Permission to make digital or hard copies of
all or part of this work for personal or classroom use is granted
without fee provided that copies are not made or distributed for
profit or commercial advantage and that copies bear this notice
and the full citation on the first page. Copyrights for third-party
components of this work must be honored. For all other uses,
contact the owner/author(s).

Download date 2026-09-21 13:23:03

Item downloaded
from

https://hdl.handle.net/10468/16193

https://hdl.handle.net/10468/16193


Express Yourself Simply: Mobile AI for Bridging Communication
Gaps

Anna Kramar
University College Cork

Cork, Ireland
122121663@umail.ucc.ie

Kinza Salim
University College Cork

Cork, Ireland
124106946@umail.ucc.ie

Hoang D. Nguyen
University College Cork

Cork, Ireland
hn@cs.ucc.ie

ABSTRACT
Doodle Me is an AI mobile application designed to bridge communi-
cation gaps and barriers. This tool is beneficial for individuals with
articulation and phonological speech disorders. By using advanced
machine learning algorithms, particularly a Convolutional Neural
Network (CNN), the application interprets user-created drawings
in real-time. This app provides a universal mode of expression that
transcends traditional language barriers. The CNN model is trained
on the QuickDraw dataset which achieves an accuracy of 92.6%.

The application is accessible and practical, functioning seam-
lessly across all smartphones. Doodle Me enhances communication
by recognizing and categorizing doodles, and provides visual and
auditory feedback to users. This tool provides a holistic approach
by aiding at rehabilitation of numerous medical conditions. It deals
with multilinguistics of different age groups and is also eco-friendly.

The application serves as an assistive tool in the healthcare sys-
tem. It can support a wide range of medical conditions, including
post-ischemic stroke aphasia, facial paralysis, stuttering/stammering,
Autism Spectrum Disorder (ASD), post-operative laryngectomy or
vocal cord paralysis, Alzheimer’s disease, and rehabilitation for
post-cochlear implant patients (where children are taught about
speech recognition by giving visual cues) and elderly with presby-
cusis (hearing loss at high frequencies).

Doodle Me addresses communication barriers and promotes
biosustainability by reducing the need for unnecessary stationary
items. It is a practical application aimed at making a positive societal
impact by facilitating seamless integration.

CCS CONCEPTS
• Computing methodologies→ Neural networks; • Human-
centered computing→ Natural language interfaces; Ubiquitous
and mobile computing systems and tools.

KEYWORDS
Convolutional Neural Network, Mobile AI, Doodle Recognition,
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1 INTRODUCTION
Communication is a fundamental human right for every individual
worldwide [13]. However, some people face significant barriers due
to speech-related disabilities or disorders. These conditions affect
a wide range of individuals, including those with congenital or
developmental disorders, brain injuries, stroke survivors, and older
adults with degenerative diseases. Such conditions can severely hin-
der an individual’s ability to communicate and express themselves,
often leading to social isolation and hence a decreased quality of
life [3]. However, with the right support and intervention, these
communication barriers can be reduced.

Globally, over 1 billion people live with some form of disability,
with many experiencing communication impairments. For instance,
Broca’s aphasia affects many stroke or brain tumor survivors, lead-
ing to speech disorders [10]. Similarly, individuals with stuttering,
autism, facial paralysis, Alzheimer’s disease, and those who have
undergone post-laryngectomy or cochlear implant surgeries strug-
gle with effective communication [4, 5]. Traditional aids often fail
to meet the diverse needs of these individuals due to high costs,
complexity, or limited functionality.

A solution to address these communication gaps is to design an
AI application that is easy to use. Communication interventions
often include assistive technology, personalized training, and a
supportive environment, which enables users to express themselves
more easily. These interventions can reduce social isolation and
improve quality of life.

Doodle Me is designed to provide a solution that leverages AI
techniques to interpret user-created doodles in real-time, converting
them into recognizable outputs. The application uses a CNN for this
purpose, providing a mode of expression that can be understood
across different languages. The application is developed with a
focus on usability, ensuring it is accessible for users of various
ages and technical abilities. A key aspect of this project is the
development of a cross-platform mobile application that works on
both Android and iOS devices, thereby reaching a broad audience.
The implemented machine learning algorithm uses a dataset from
Google Quick, Draw! [8] to train the CNN model. Feedback from
initial users shows its design allows for quick learning, making it a
practical tool for everyday communication needs.

Inspired by real-world communication challenges, Doodle Me
targets people with speech disabilities/disorders and non-native
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language speakers. Doodles, simple user-made drawings that can
convey ideas or emotions, emerged as a potential solution because
of their universal understanding. By using doodles as a tool for
augmentative and alternative communication, Doodle Me provides
a practical and inclusive communication aid.

The objective of this project is to overcome cultural and linguis-
tic barriers that hinder effective communication. By combining an
easy-to-use interface with AI technology, Doodle Me facilitates
communication, fosters inclusivity, and enhances quality of life.
This paper discusses the development and implementation of Doo-
dle Me, highlighting its potential as an assistive communication
tool for individuals facing communication challenges worldwide.

2 RELATEDWORK
The rapid advancement of mobile technologies has significantly
improved assistive communication applications. Several existing
solutions have been helpful for individuals with disabilities. Prolo-
quo2Go, for instance, supports non-speaking individuals through
symbols and text-to-speech functionalities [12]. However, it re-
quires navigating numerous buttons to construct messages, which
can be time-consuming and may limit its effectiveness for quick
and simple communication. Similarly, applications like AutoDraw
and QuickDraw use AI for visual recognition [1, 11]. AutoDraw en-
hances sketches, while QuickDraw identifies doodles in a game-like
setting. Although these tools are primarily designed for entertain-
ment, they demonstrate AI’s potential in visual communication
but do not focus on accessibility for those with communication
disabilities. Research by Vaezipour et al. highlights a gap in previ-
ous mobile applications, noting a lack of interactive and engaging
elements for users [17]. Doodle Me aims to address this gap with
its user-friendly design and doodle recognition capabilities, aiming
to provide a more practical and accessible communication tool.

Technically, the efficacy of different machine learning models in
doodle recognition has been extensively explored. Studies by Guo,
WoMa, and Xu compared k-nearest neighbors (KNN) and CNN
for classifying doodles, finding that CNNs, with an accuracy of
60%, outperformed KNNs, which achieved only 35% [9]. Fortuna-
Cervantes’ research on CNN models with transfer learning for Art
Media Classification reached an accuracy of 86%, highlighting the
potential for further improvement [7].

The use of AI in assistive communication has also been explored
in various studies. Floriano, Brito, and Rocha’s work on Artificial
Neural Networks for severe neuromotor disorders emphasized the
importance of a user-centered approach [6]. Their findings on the
efficacy of facial recognition technology in Augmentative and Al-
ternative Communication (AAC) resonate with our aim to tailor
the app experience to user needs. This approach ensures that the
technology is accessible and effective for users with different types
of communication impairments. Sigafoos’ research on AAC for
individuals with intellectual and developmental disabilities under-
scores the pivotal role of computer-based AAC devices in enhancing
communication for those with severe impairments [16].

By integrating AI-based doodle recognition with a user-friendly
interface, Doodle Me aims to address the limitations of previous
applications and improve user interaction. This application sim-
plifies the user experience, making it accessible for people with

diverse communication needs and provides a practical solution that
previous applications have not deliver.

3 ANALYSIS OF DOODLE ME
This project falls within the realm of Human-Computer Interaction
(HCI), focusing on mobile solutions to enhance communication.
Doodle Me aims to bridge communication gaps for individuals with
speech disabilities/disorders and non-native language speakers by
leveraging mobile technology and advanced AI.

Figure 1: Theoretical Framework based on Activity Theory
for Doodle Me

3.1 Theoretical Framework
Communication is essential for everyone, especially for individuals
with speech-related disabilities and non-native language speakers.
To create a tool that meets their needs, it’s crucial to ground the
development process in a theoretical framework. Grounded in Ac-
tivity Theory, we analyzed Doodle Me as an activity system. In this
framework, mobile devices act as interactive tools that enable users
to communicate by interpreting doodles and converting them into
understandable words and images. The various use cases of Doodle
Me span everyday interactions at home, educational settings, health-
care environments, and social contexts. By supporting activities
such as learning, therapy, daily communication, and social integra-
tion, Doodle Me follows the principles of Activity Theory, which
focuses on the interaction between users, tools, and community to
achieve outcomes. The following components have been developed
based on this theoretical approach, as illustrated in Figure 1.

• Subject. The primary users of the Doodle Me app include in-
dividuals with speech-related disabilities and non-native lan-
guage speakers. Facilitators, such as caregivers and speech
therapists, assist users with the app.

• Object. The main objective is to provide a communication
aid that helps users express themselves through doodles,
addressing gaps caused by speech impairments or language
barriers.

• Tool. The Doodle Me app, integrating AI-driven doodle recog-
nition with an easy-to-use interface, serves as the essential
tool. It operates on both Android and iOS platforms.
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Figure 2: System Architecture of Doodle Me

• Rules. Users can personalize their experience through ad-
justable language settings and app themes.

• Community. The app is designed for various environments,
including homes, schools, hospitals, and rehabilitation cen-
ters.

• Division of Labour. The app supports effective communica-
tion through features like real-time doodle recognition, word
pronunciation, alternative predictions, and a history feature
for recalling past communications.

• Outcome. The expected outcome is an improved ability for
users to communicate their thoughts and needs, reducing
social isolation and improving the overall quality of life for
individuals with communication impairments.

3.2 Expert Feedback
Expert opinions have played a pivotal role in the development of
the Doodle Me app. We have had the privilege of collaborating with
Dr. Salim, a distinguished medical doctor with clinical experience
in Otolaryngology. She brought invaluable insights to our project
framework. During the initial phases, she meticulously identified
various gaps in existing communication tools and proposed that
additional features like incorporating a wider range of doodles that
could significantly benefit users across the globe. Speech disorders
may have variable presentations in patients. They range from mild
form of disability like slurred speech(Bell’s palsy), repetition of
sounds(stuttering), husky voice(vocal cord paresis) to a total inabil-
ity to speak(post-ischemic stroke) or a complete deafness(congenital
sensorineural hearing loss). These liguistic conditions can be dealt
by using Doodle Me. The application acts as a tool by providing
an easy and independent communicative ability where users can
interact any community member without any speech therapist or
facilitator. The users are facilitated with a key feature to listen to a
word’s pronunciation repetitively and can also save their search in
history for remembrance. The verbal and cultural gaps can be re-
duced by using this application as it helps the users to communicate
in a simple language despite of any region or ethnicity.

4 DESIGN AND DEVELOPMENT OF DOODLE
ME

Based on the development and implementation of Doodle Me, we
propose this app as a technological solution to bridge communica-
tion gaps. It aims to enhance ease of communication for individuals
with linguistic disabilities and non-native language speakers. It is an
assistive AI tool that leverages doodle recognition by smartphones.

The design process began with user research and feedback anal-
ysis to understand potential users’ needs and challenges. We used
the MoSCoW (Must have, Should have, Could have, Won’t have)
method to prioritize features and ensure critical functionalities were
developed first. This helped us create a Minimum Viable Product
(MVP) that could be tested and iterated upon. The UX design started
with prototypes developed in Miro, allowing us to visualize and
refine the user interface and interactions before implementation
[14].

4.1 System Architecture and Implementation
Details

Creating Doodle Me involved innovation and user-focused design.
Our aim was to develop a cross-platform mobile app with an AI
component to recognize doodles. Figure 2 demonstrates the system
architecture of Doodle Me.

We started by building the mobile app using Flutter, which al-
lowed us to create a single codebase that works on both Android and
iOS devices, giving users a consistent experience across different
platforms.

The core functionality of the app is the AI component. We imple-
mented a CNN because of its ability to recognize patterns in images,
which is essential for identifying doodles. Using TensorFlow, we
built and trained our neural network models with the Google Quick,
Draw! dataset, which contains over 50 million drawings across 345
categories. To ensure our model was accurate, we split the dataset
into training, validation, and testing sets. We repeatedly adjusted
the model, tweaking parameters and layers based on the validation
set results. As shown in Figure 4, the training and validation loss
decreased consistently, and the accuracy improved with each epoch.
Finally, we achieved an accuracy of 92.6% on the test dataset.
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Figure 3: Screenshots of the Doodle Me app illustrating the doodle recognition process, from left to right: the drawing board
where users create their doodles, real-time prediction displayed as the user draws, the predicted word and image with a button
to listen to the pronunciation, and alternative predictions provided when the initial guess does not match the user’s intended
doodle

Figure 4: Training and validation loss and accuracy

To make the model work on mobile devices, we converted it
to TensorFlow Lite, a lighter version of TensorFlow designed for
mobile and embedded devices. This conversion was essential for
making real-time predictions in the app.

For consistency in the input data for our neural network models,
we developed a backend server using Flask and deployed it on
Heroku. The Flask backend preprocesses raw doodle data received
from the mobile app, converting raw vector data into 28x28 pixel
grayscale images.

We used Firebase Cloud Storage for data management to store
and retrieve visual representations of each class. AI-generated im-
ages corresponding to the 345 categories are stored in Firebase.
Once a doodle is classified, these images are retrieved from Firebase,
providing users with visual confirmation of the AI’s interpretation.

4.2 Key Features and Functionalities of Doodle
Me

Building on the design and functionality of Doodle Me, we have
developed key features that enhance user experience and communi-
cation capabilities. Each feature was designed with a focus on user

needs and usability, aligned with the principles of Activity Theory.
These features include:

Doodle Recognition.When users open the Doodle Me app, they
are presented with a drawing screen that includes a drawing board,
as illustrated in Figure 3. Here, users can freely create their doodles.
For example, a user might draw a simple umbrella. As they draw, the
app continuously analyzes the doodle and predicts the most likely
word that corresponds to the drawing, displaying this prediction
in real-time. In this case, it would display "Umbrella". After com-
pleting their doodle, users can press the "OK" button. This action
reveals an image of the predicted word alongside the word itself.
For instance, the image of an umbrella would appear along with
the word "umbrella". Additionally, users have the option to listen
to the pronunciation of the word, aiding in verbal communication.
The predicted image also includes detailed information, such as the
accuracy percent of the prediction (see Figure 4). If the visual and
verbal feedback aligns with what the user intended to convey, they
can confidently use it to communicate their message. In cases where
the initial prediction does not match the user’s intended doodle, the
app offers a solution. This feature acts as the primary tool within
the Activity Theory framework, which enables the interaction be-
tween the user and the app. For example, if the user intended to
draw a mushroom but the app predicted an umbrella, the user can
scroll to the right to view up to five alternative predictions, such as
"mushroom", ranked by their likelihood. This ensures that even if
the first guess is incorrect, users have multiple options to find the
correct match for their drawing.

Doodle Library. In addition to the drawing features, Doodle Me
includes a library of objects. This library acts as a reference guide,
showcasing the variety of objects that the AI can recognize (see
Figure 5). Users can browse through the library to see examples
of images that the system can identify. Users can easily search for
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Figure 5: Screenshots of the Doodle Me app illustrating additional features, from left to right: accuracy percentage of the
predicted doodle, settings for personalization, history of past predicted doodles, and the library of objects

any object within the library. This feature allows them to quickly
find and view specific examples of objects the app can identify. The
library contains 345 different objects, providing users with a view
of what the app is capable of recognizing and helping them create
doodles that are more likely to be accurately identified by the AI.

Personalization. For a personalized experience, Doodle Me in-
terface allows users to set their preferences, including language
settings and app themes. The app supports a variety of languages,
making it accessible to a global audience (see Figure 5). Users can
choose their preferred language to suit their linguistic needs. Ad-
ditionally, users can also select between dark and light themes to
customize the app’s appearance to their liking. This personaliza-
tion feature lets each user tailor the app to their specific needs and
preferences, which aligns with the Activity Theory concept of rules.

History. Doodle Me includes a history feature where users can
view their past predicted doodles. This feature is especially helpful
for users who need to recall or show objects multiple times without
redrawing them (see Figure 4). By accessing their history, users can
easily find and use previous predictions. This is particularly benefi-
cial for patients with Alzheimer’s disease (memory loss/dementia),
as it helps them retain and recall memories through revisiting and
communicating their past doodles. It will also benefit patients with
Facial paralysis (Bell’s palsy) who have diminished speaking skills
due to weakness in facial muscles. Their speech is difficult to un-
derstand and recognize that leads to a communication barrier. This
application will provide help and ease the interactive ability.

5 EVALUATION AND DISCUSSION
The performance of Doodle Me was evaluated using quantitative
and qualitative methods. We analyzed collected data from various
analyses and user feedback surveys to provide insights into the
app’s capabilities.

The AI model achieved an accuracy rate of 92.6% when tested on
the QuickDraw! dataset. Table 1 illustrates a comparative analysis

of different models. This model’s accuracy signifies an improvement
over other models trained on the same dataset, where the highest
recorded accuracy was 86% for another CNN implementation. We
attribute this gain in performance to several factors, including the
larger and more complex structure of our CNN and more extensive
hyperparameter optimization.

Model Doodle Me CNN CNN [9] KNN [9] CNN [7]
Accuracy 92.6% 60% 35% 86%
Table 1: Performance Comparison of Different Models

Further performance metrics include the F1 Score (Macro), which
stood at 0.76, which indicates balanced precision and recall across
all categories. Additionally, the Area Under the Curve (AUC) from
the Receiver Operating Characteristic (ROC) curve was calculated
to be 0.99, which underscores the model’s capability to distinguish
between different classes accurately.

A user feedback survey was conducted with 26 participants
to gather insights into the app’s usability and user satisfaction.
The participants included individuals of different ages, non-native
language speakers, and people who work with individuals with
speech-related disabilities. The System Usability Scale (SUS) score
achieved was 91 (see Figure 6a), indicating a positive response to
the app’s design and functionality. The Mean Opinion Score (MOS)
was reported to be 4.65 (see Figure 6b), demonstrating generally
favorable feedback from users.

The study results provide empirical evidence on the effectiveness
of the Doodle Me application. The accuracy and performance met-
rics of the AI model with positive user feedback, indicate that the
app meets its objectives of interpreting and analyzing user-created
doodles and highlights the app’s potential as a valuable tool for
both general public use and for individuals with speech disorders.
This study not only validates the concept but also sets a foundation
for future enhancements and wider adoption of the application in
various settings which includes healthcare and education.
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(a) System Usability Scale Survey Results (b) Mean Opinion Score Survey Results

Figure 6: Survey Results

6 CONCLUSION
This paper presents the development and implementation of an
AI mobile app named Doodle Me. The application uses machine
learning algorithms, specifically a CNN, to transform user-created
doodles into recognizable communication outputs.

Doodle Me has demonstrated potential in enhancing communi-
cation and has been tested with various users, including the general
public and individuals with speech and linguistic disabilities. For
instance, postoperative cochlear implant patients in rehabilitation
centers can benefit from this application [2, 15]. It enables users to
express themselves easily, reducing emotions like fear and anxiety.
Doodle Me fosters social inclusion and interaction. User feedback
and engagement rates indicate the app’s practicality and relevance
in real-world scenarios, with potential to improve users’ quality of
life.

The implications extend beyond individual user benefits to broader
societal impacts. This application shows the potential for similar
tools to be developed in other areas where communication barri-
ers exists, such as education, healthcare and rehabilitative centres.
In the short term, Doodle Me may assist individuals in overcom-
ing daily communication challenges. Over the long term, the app
could contribute to improving communication skills and building
confidence.

However, this project is not without limitations. The app has not
yet been published on Android due to a lack of resources, which
restricts its reach to a broader audience. Additionally, the number
of doodle categories is limited to 345 due to the constraints of the
dataset used.While the app has shown high accuracy in recognizing
doodles, there is always room for improvement in the AI’s ability
to interpret more complex or abstract drawings. These limitations
highlight the potential for future work to ensure that Doodle Me
can serve a diverse and broad user base.
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