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Abstract: The Quiz App for Blind and Deaf Students is an innovative educational application that 

aims to promote accessibility, inclusivity and independent learning among students with visual 

and hearing impairments. The application allows students to take interactive quiz using gesture 

recognition and audio based interaction so that students have less dependence on conventional 

learning aids. CVZone is used in the system for accurate hand-gesture detection. Tkinter is used 

for a simple and user-friendly graphical interface and Pygame is used to provide real-time audio 

and voice feedback. The app is available in multiple languages like English, Tamil and Gujarati to 

cater to the needs of learners from different linguistic backgrounds. The proposed system creates a 

fully immersive learning environment that promotes engagement, critical thinking, cognitive 

development, and self-directed learning by integrating computer vision, audio interaction, and 

inclusive interface design. The application is built on low cost, open-source technologies making it 

suitable for educational institutions having limited resources. It also shows the potential of 

assistive technologies to lower the communication and accessibility barriers faced by differently 

abled students. The proposed Quiz App is an interactive, accessible and flexible platform which in 

general helps students with disabilities to learn more effectively and confidently and promotes 

equal opportunities in digital education. 
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1. Introduction  

Education is a basic right and a necessary foundation for personal development, social 

inclusion and economic growth [1]. However, despite the great progress made in 

educational infrastructure and digital learning technologies, students with visual and 

hearing impairments still face major barriers to access learning resources. Most 

traditional educational tools are designed primarily for students who can see, hear, read 

printed materials, and interact with computers using standard keyboards, mice, and touch-

based interfaces [2]. This means that students with disabilities may need extra support 

from teachers, interpreters, carers, or special equipment to engage in learning activities. 

This dependence can impact their confidence, independence, engagement and ability to 

learn at their own pace [3]. The growing availability of assistive technologies, computer 

vision, speech processing, and interactive software provides an opportunity to overcome 

these limitations and to develop more inclusive educational environments [4],[5]. 

Technology can support learners with disabilities by adapting the method of interaction 

according to their individual abilities rather than expecting every learner to use the same 

conventional interface [6]. The development of accessible educational applications is 

especially significant in the era of digital learning, where quizzes, assessments, 

interactive exercises, and multimedia are integrated into modern education [7]. Quizzes 

are beneficial because students can take a quiz to check their knowledge and receive 

immediate feedback on their areas for improvement and develop problem-solving and 

critical-thinking skills [8]. However, traditional quiz apps typically rely on visual text, 

buttons, keyboards, touchscreens or audio instructions and do not offer alternative ways 

of interaction. 
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Such limitations may prevent students with visual or hearing impairments from fully 

taking part in these activities [9]. This requires designing educational applications that 

are accessibility-aware from the beginning and provide flexible interaction means [10]. 

The proposed Quiz App for Blind and Deaf Students aims to address this need by 

incorporating gesture recognition, audio interaction, multilingual support and a simple 

graphical interface to make the learning experience more accessible [11]. 

The suggested application utilises computer vision to detect hand gestures and convert 

them into meaningful commands [12]. CVZone is incorporated to assist in hand 

detection and gesture recognition. The app uses a camera based interface to recognise 

predefined hand movements and use them as input to navigate through questions, select 

answers and interact with the quiz environment [13],[14],[15]. It can make us less 

dependent on traditional input devices like keyboards, mice or touchscreens. Interaction 

through gestures can be especially advantageous for learners with difficulties using 

conventional computer interfaces [16]. Users are offered a different way to interact with 

recognisable hand gestures instead of having to locate and manipulate small buttons or 

type in responses. The application of computer vision also illustrates how relatively 

inexpensive technologies can be adapted for educational access without the need for 

highly specialised hardware [17],[18]. Another important component of the proposed 

application is the audio interaction. Pygame is used for audio feedback and for 

interactive communication between the system and [19]. Audio guidance can help 

students who have trouble getting text-based information by offering spoken 

instructions, questions, responses and feedback. Audio feedback, in combination with 

gestures, creates a two-way interaction mechanism, where users can send commands 

using gestures and receive information through sound [20]. These updates can make the 

quiz experience more dynamic and less dependent on constant support from teachers or 

carers [21],[22]. It should not, at the same time, be treated as a single-feature 

requirement [23]. Students have different abilities, preferences, and levels of 

technological familiarit [24]. Therefore, the application is developed on the principle of 

providing alternative interaction modes that can cater to different learning needs [25]. 

Graphical interface is built on Tkinter, which provides the basic framework to build an 

accessible and user-friendly application environment [26]. This is because an easy 

interface is important as complicated menus, too many visuals or difficult navigation 

can create barriers for the learners. The proposed application is designed with simple 

navigation and clear interaction methods, so that students can focus on the educational 

material without having to learn a complicated software system [27],[28]. The interface 

can be structured with quiz questions, answer choices, score information, navigation 

controls and feedback elements. The application has visual components, but in its 

interaction model it supports gestural and audio features to achieve better accessibility 

[29]. The combination shows how assistive technologies can supplement conventional 

graphical interfaces. The other important feature of the proposed system is the support 

of multilingualism [30]. The app will support languages such as English, Tamil, 

Gujarati etc. This will make the students from different linguistic backgrounds more 

comfortable using the platform [31],[32]. This is especially true in schools where 

students may not share the same level of proficiency in a common language of 

instruction. Content in familiar languages can enhance understanding, engagement and 

self-assurance [33]. Multilingual support further enhances the potential applicability of 

the system in different regions and educational institutions. Rather than constrain the 

application to a single language, the design being proposed acknowledges that 

accessibility includes both physical interaction and language accessibility [34]. Thus, 

the disability-oriented features along with the multilingual capabilities of the system 

make it more inclusive [35],[36],[37].  

The main problem that the project addresses is the small number of interactive 

educational programs created for visually and hearing-impaired students [38]. There are 



309 

Central Asian Journal of Medical and Natural Science 2026, 7(4), 307-319. https://cajmns.centralasianstudies.org/index.php/CAJMNS 

 

 

assistive technologies and specialised educational resources, but they are not always 

affordable, readily available, or appropriate for interactive classroom activities. Some 

solutions require expensive specialised devices, and some support only one type of 

disability or one kind of interaction [39]. Also, traditional educational software may not 

offer enough alternatives for students who are unable to use standard input and output 

mechanisms [40]. These limitations can cause a gap between students with disabilities 

and their peers, especially when learning activities involve fast interaction, assessment, 

or digital quizzes [41]. An accessible quiz application can help to bridge this gap by 

providing an alternative platform where students can perform educational activities 

more independently. The problem is not just access to information, but participation 

and engagement [42],[43]. Students learn better if they are fully involved in the 

learning process [44]. Those students who are unable to interact with a quiz 

independently might need assistance from another person to read the questions, choose 

the answers, operate the software, or understand the feedback [45]. This dependence 

may limit the opportunities for independent practice and can affect the student's 

motivation. The objective of the proposed system is to provide more control to the 

learners over the learning process by providing gesture-based control and audio-

assisted interaction [46]. The aim is not to replace teachers or interpreters or other 

forms of support but to provide an additional technological resource that enables 

students to undertake some learning activities with greater independence. The primary 

goal of this project is to create a gesture recognition based user friendly quiz app for 

students with visual and hearing disabilities with audio feedback [47],[48]. The system 

is designed to offer an interactive environment where learners can answer questions, 

browse quiz content and receive appropriate feedback with accessible interaction 

methods. The application is intended to show that educational software can be designed 

within the bounds of the capabilities of the learners rather than within the bounds of the 

limitations of traditional interfaces [49]. The combination of CVZone, Tkinter and 

Pygame combines computer vision, graphical user-interface development and audio 

interaction into one educational platform. Another objective is to promote independent 

learning [50]. Independence is an essential component of inclusive education because 

students should have the opportunity to discover educational content, practise skills, 

and test their knowledge without relying too much on others. The proposed application 

provides a space where students can interact with quiz content by gestures and obtain 

feedback through audio or other accessible means [51]. This can encourage learners to 

take an active role in their learning [52]. Furthermore, independent interaction can help 

to build confidence and familiarity with digital technologies, which are increasingly 

important in educational and professional settings. 

The project also focuses on enhancing student engagement and participation [53]. At 

times, traditional learning resources can be repetitive, especially if students have 

limited access to interactive materials. A quiz based app can add a layer of interaction, 

instant feedback and self assessment [54]. Students can try questions and see whether 

their answers are right or wrong and keep track of their progress. These features can 

promote continued practice and make the learning process more engaging [55]. In 

future, the system can be extended to include various other levels of difficulty, subject-

wise question banks, performance analysis and customised learning features. These 

features could also increase the educational value of the application [56]. Affordability 

and ease of implementation are additional reasons for this project. Many high-end 

assistive technologies may require special equipment and significant financial 

investment [57]. The proposed application uses off-the-shelf computing components, a 

camera and open source software technologies. CVZone, Tkinter and Pygame provide 

user-friendly development tools that can be incorporated into a comparatively low-cost 

system [58]. The use of open-source technologies makes the project also easier to 

modify, expand and adapt to different educational requirements. Therefore, schools 
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with limited resources may have more chances to implement similar systems compared 

to solutions based on expensive proprietary technologies [59]. The project is not limited 

to a simple quiz app. It has the potential to be used in special schools, inclusive 

classrooms, community learning centers, and educational institutions that serve 

students with disabilities [60]. The app can be used by teachers as an adjunct to 

classroom activities, revision, practice exercises or informal assessments. The system 

can also be used independently by students for self-learning and testing of knowledge 

[61]. The ability to manage multiple languages allows the application to be adapted to 

different regional contexts, while gesture recognition offers an alternative input method 

that may improve the accessibility of the interaction [62]. 

The project is also driven by the larger goal of fostering inclusive digital education 

[63]. The digital transformation has created many opportunities to learners but the 

benefits can only be fully realised when digital systems are designed to accommodate 

diverse users. Therefore, accessibility should be considered as an integral part of 

educational technology, not as an optional feature [64]. The project shows how 

assistive interaction mechanisms can be embedded in a learning application to help 

break down educational barriers with technology [65]. It emphasises the principle of 

giving opportunities to students with disabilities to take part in learning activities with 

dignity, independence and confidence [66]. To summarise, the Quiz App for Blind and 

Deaf Students aims to integrate computer vision, audio interaction, multilingual support 

and accessible interface design to establish a more inclusive educational setting [67]. 

The project overcomes the limitations of the conventional quiz applications by 

introducing gesture based interaction and audio assisted guidance in a simple and 

affordable way [68]. Its emphasis on independence, engagement, accessibility and 

multi-lingual learning makes it relevant to contemporary inclusive education [69]. 

Although the system is primarily built as a quiz platform, the underlying technologies 

can be extended to other educational applications such as interactive lessons, digital 

assessments, learning games, and personalised educational assistants [70]. Through 

practical use of low-cost, open-source technologies, the project demonstrates the 

potential of assistive computing to support students with disabilities and reduce barriers 

to educational participation [71]. Ultimately, these systems can help to create a more 

inclusive digital learning environment, where technology is used not only to deliver 

educational content, but also to enable learners with different abilities to effectively and 

independently access, interact with and benefit from that content [72]. 

 

2. Methodology  

The proposed application, App for Blind and Deaf Students, is developed and tested on 

a system with an Intel Pentium i3 processor, which is a well-known architecture family 

of Intel x86 . The Pentium i3 processor is a general purpose multi-core CPU that 

provides a good mix of performance, cost effectiveness and power consumption. It can 

run several processes at the same time and can do computational work efficiently, 

making it good for educational and experimental software applications. Multiple 

threads and cores of the processor ensure no lag when running Python scripts that use 

computer vision libraries like cv-zone, OpenCV and media pipe. The libraries are the 

core of the app, responsible for hand-gesture recognition and real-time video 

processing. The App for Blind and Deaf Students is not computationally intensive but 

Pentium i3 has enough processing power to run it without any issues while ensuring the 

latency in gesture recognition and audio output is low . Pentium i3 processors clock 

speeds range from 2.0 GHz to 3.6 GHz depending on the processor model and system 

configuration. The multi-threading feature helps it to process the video input from the 

webcam in real-time and also gives audio feedback simultaneously using the Py-game 

library . The Pentium i3 has an integrated graphics processor, so you do not need a 

separate GPU. This makes the system cheaper and more power efficient. The integrated 
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GPU can perform moderate visual rendering tasks such as GUI based applications and 

real time image capture from a webcam. The processor architecture supports advanced 

instruction sets that improve multimedia and image processing tasks that are important 

for gesture based applications. The low heat generation and power consumption of the 

Pentium i3 makes it the preferred choice for laptops and desktop computers in 

educational environments where energy efficiency and cost are an important 

consideration. 

The system is based on the Windows 10 operating system, which is known for its 

reliability, compatibility and intuitive user interface. Running applications written in 

Python on Windows 10 is stable, with support for basic dependencies like Tkinter, 

cvzone, OpenCV and Pygame. The great driver support of the OS means that the 

hardware components (like webcams, microphones, speakers, etc.) that are important 

for the app to work, integrate well. The application has audio and visual input/output, 

so the Windows 10 multimedia framework would provide an efficient way to handle 

these resources. It supports DirectX and sound libraries that enhance the quality and 

response of real time audio feedback. The operating system is also good at 

multitasking, so background processes don't get in the way of the application's 

performance. Its support for Python 3.10 and above guarantees the smooth running of 

all the modules used in the system. Additionally, Windows 10 is Unicode and multi-

language interface compatible which is needed for the app to have multi lingual 

capability in English, Tamil and Gujarati. The App for Blind and Deaf Students is 

developed using the python programming language which is selected because of its 

simplicity, flexibility and robust library support. Python's readable syntax and dynamic 

nature are good candidates for developing educational and assistive applications. The 

language has abundant support for libraries like cvzone, Pygame and Tkinter which are 

the backbone of this project. cvzone is a high-level computer vision library that is built 

on OpenCV and MediaPipe. It allows developers to detect and recognise hand gestures 

with minimal coding. The library allows the use of machine learning algorithms for 

gesture recognition, which can be used to interpret the user's hand movements as quiz 

answers. gestures are mapped to specific actions such as selecting an answer, 

confirming a response, or moving to the next question. In contrast, the audio feedback 

mechanism is managed by the Pygame library. This allows the application to give the 

user visual impairment real-time audio feedback and sound cues to navigate the 

interface. The fact that Python can run these processes concurrently without complex 

threading code speaks volumes for the efficiency and suitability of Python for 

accessibility projects. 

 

3. Result and Discussions 

The graphical user interface (GUI) of the app is built with Tkinter, the standard GUI 

library for Python [72]. Tkinter is also a good choice for educational environments, as it 

is well suited to clean, simple and very responsive interfaces. The interface features 

large buttons, easily read text labels and visual cues that can be seen and heard by the 

hearing-impaired [73]. The GUI also includes audio cues to tell visually impaired users 

what options are available, and visual indicators and gesture-based selection for deaf 

users. The design is easy to use and doesn't require much navigating. Tkinter is 

lightweight, thus it can run even on apps that have low memory or processing power 

[74]. The GUI has been optimised for different screen sizes and resolutions, so the 

application will work well on desktop and laptop systems. The app has a consistent and 

friendly look through Tkinter and is fully functional for differently-abled users. The 

system also uses cvzone for gesture recognition which is based on MediaPipe, a 

framework developed by Google for real-time perception tasks [75]. cvzone has ready-

to-use modules for hand detection, face landmark detection and object tracking. All of 

these can be customised to the specific needs of the app. The app takes real-time video 
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feed from the system's webcam and processes each frame to identify user's hand 

gestures. These gestures are then used as commands to interact with the quiz without 

the need for a keyboard or mouse [76]. This gesture-based interaction is especially 

helpful for students with physical limitations or those who can't verbalise. The Pentium 

i3 processor is capable of doing these computations in real-time, and therefore there is 

no noticeable delay in the flow of interaction. cvzone's lean operations let it achieve 

high accuracy in gesture recognition without the need for a dedicated GPU. 

The sound part of the system is also an important aspect of pygame as well as cvzone 

[77]. Pygame supports real-time sound playback, so the app can provide immediate 

audio feedback such as correct/incorrect feedback, score announcements, and 

navigation prompts. This is especially important for blind users who rely on auditory 

feedback to navigate through the app [78]. The sound files are loaded into memory 

beforehand, to minimise latency and be instantly responsive to a gesture being detected. 

The Pentium i3 processor handles these audio tasks efficiently while doing the visual 

processing tasks [79]. Smooth synchronisation between gesture detection and audio 

feedback provides a natural and interactive experience for the user. The simplicity of 

Pygame also allows developers to modify or extend the range of sounds used in the 

application, providing them with the flexibility to add future upgrades such as 

personalised voices or localised language accent. The project uses MySQL as a 

database management system due to its reliability, scalability and ease of integration 

with Python. The quiz data, user profiles and performance statistics are stored in a 

MySQL database [80]. For students with visual and hearing impairments, the individual 

monitoring of progress is crucial to track learning outcomes and provide adaptive 

feedback. MySQL's relational database structure is a good way to store and retrieve this 

data efficiently. The database includes tables for quiz questions, answers, user details 

and performance. The app connects to the database seamlessly using the 

mysql.connector library in Python. Queries are optimised for fast data retrieval so that 

the app responds instantly when loading questions or saving user responses. As an 

open-source database, MySQL is a low-cost solution, perfect for educational projects 

and small institutions. Its compatibility with various operating systems including 

Windows 10 enables a smooth integration into the application environment (Figure 1). 

 

 
 

Figure 1: Block Diagram 

The system can manage front-end interaction and back-end data storage efficiently by 

using Python and MySQL together [81]. For example, if a user selects an answer by 

hand gesture, the app validates it in realtime and saves the result in the database. Such 

data can then be retrieved by subsequent educators to analyse performance trends and 
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learning progress [82]. It shows the well-rounded design of the system where user 

interactivity combines with educational assessment through gesture-based input, real-

time feedback, and data storage. The easy SQL integration with Python also means that 

even developers with little database experience can easily manage and maintain the app 

[83]. The overall software environment is designed to be light, fast and responsive. The 

app does not require heavy dependencies or special hardware other than a webcam and 

speakers. This setup has a solid base with the Pentium i3 processor and Windows 10, 

and should work on a wide variety of devices [84]. The system has a small memory 

footprint and the efficient CPU utilisation prevents lag or crashes, even during long 

sessions. Reliability and responsiveness are essential for an educational application 

because they prevent user frustration and encourage retention [85]. Python can do on 

moderate hardware specifications the compromise between computational efficiency 

and ease of use as shown by the implementation of cvzone and Pygame. Accessibility 

design is an important aspect of this app's development. The system is designed for 

both blind and deaf students to use with no additional hardware required [86]. Pygame 

generates audio descriptions for all visual elements to assist blind users. And for the 

deaf users, the hand gesture interface provides a completely visual interaction. The 

processor's efficiency allows these simultaneous modalities to function without delay, 

ensuring inclusivity in learning. Accessibility settings of the operating system, for 

example, high-contrast themes and speech recognition, improve the usability further. 

Windows 10's compatibility with accessibility tools like Microsoft Narrator and 

Magnifier also enriches the application's features, providing a complete assistive 

experience for users. The App for Blind and Deaf Students has been developed keeping 

scalability in mind [87]. The current implementation is limited to quiz-based 

interaction, but the underlying architecture could be extended to include other 

educational activities, like storytelling, spelling or maths games. Python's use makes it 

easy to add new modules and libraries, and the MySQL database can handle a growing 

amount of data without any performance degradation (Figure 2). 

 

 
 

Figure 2:  ER Diagram for Python Code 

Additionally, the app runs well with the Pentium i3 processor and can be installed in 

classrooms with normal computers without any hardware upgrades [88]. This is a good 

candidate for wide adoption in schools and inclusive learning centers, because it is 

affordable and scalable. Performance tests on the system showed that the application 

performs well even with a number of processes running in the background [89]. The 

gesture detection is precise and instantaneous, with a small delay in the audio feedback. 

The CPU utilisation is moderate, ensuring that the system does not overheat or slow 
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down during operation [90]. The graphical interface loads quickly, and MySQL queries 

are fast with no lag. These results validate the use of the Pentium i3 processor with 

Windows 10 and Python as an ideal setup for this application [91]. Additionally, the 

stability of the Windows platform ensures that the application will not experience 

compatibility problems during updates or with different hardware configurations. The 

development of this app illustrates the versatility of Python for building accessible, 

interactive and educational apps. Python offers an extensive library ecosystem that 

allows multimedia, artificial intelligence and database management to be combined on 

one platform. The use of Tkinter for GUI, cvzone for vision and Pygame for sound is 

an example of how open source tools can be used effectively to build assistive 

technologies. Each part complements the other: Tkinter ensures ease of use, cvzone 

ensures accessibility via gestures and Pygame improves communication through sound. 

These technologies offer the App for Blind and Deaf Students a full-featured and 

inclusive learning platform that can run efficiently on moderate hardware without 

requiring special equipment [92]. 

To summarise, the system used for the App for Blind and Deaf Students project which 

includes a Pentium i3 processor, Windows 10 operating system, Python programming 

environment, MySQL database and libraries like Tkinter, Pygame and cvzone provides 

the best combination of performance, efficiency and accessibility [93]. The processor's 

balance between power and multitasking means that real-time gesture and audio 

processing tasks can be run without a hitch. The platform windows 10 provides good 

compatibility and ease of operation. Python used gives flexibility to develop, expand 

and maintain the system easily. Together, these technologies provide a responsive and 

inclusive application that effectively bridges the educational gap for visually and 

hearing-impaired students, giving them the opportunity to learn and engage with digital 

content independently and confidently. To start off, the game defines the rules and the 

goals [94]. For example , the range of numbers, the number of attempts , winning or 

losing conditions, etc . Next, the development environment is prepared by installing 

Python and choosing an appropriate IDE or code editor. A Python script is written and 

variables initialised such as the secret number, the player score and the attempt counter. 

Python's random module is used to generate a random number within the given range 

[95]. A game loop is created so that the player can continue to enter guesses. The 

player's guess is compared to the secret number The system gives a suitable hint if the 

guess was too high or too low and reduces the number of attempts left. If the player 

guesses the correct number, a victory message is displayed and the game ends or lets 

you play again. If all the attempts are done without a right guess the player losses and 

the correct number is shown [96]. 

 

4. Conclusion  

The Java Quiz App showcases a hands-on application of OOP principles in building an 

interactive learning application. The project employs Java to implement classes, objects 

and methods for efficient data organization and structured question handling. The 

Question class is designed to have multiple attributes for each question including 

question text, options, correct answer, difficulty level and hint, which adds to the 

flexibility and scalability of the application. This modular structure allows for easy 

addition, modification, or removal of questions without affecting the overall 

functioning of the program. It also highlights user engagement via its interactive 

interface. The app customises the quiz experience according to the knowledge and skill 

of the user through the option of selecting the difficulty level by the user. Hints are 

included for further guidance, so the app is suitable for learners of different levels. The 

scoring system provides immediate feedback to the user and can be used to identify 

areas of strength and areas for improvement. Randomising questions provides every 

attempt with a dynamic experience, lowering the predictability and increasing the 
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replay value of the quiz. From a software development perspective, the project 

exemplifies good programming practices including input validation, proper use of loops 

and conditional statements, and well-organised data management through arrays and 

collections.  

The sequence of the game, from selecting the difficulty level, to presenting the 

question, providing a hint, verifying the answer and updating the score, makes the logic 

clear and the interaction with the user smooth. The program is also designed to be 

easily enhanced in the future, for example to add more questions or have multiple 

rounds of quizzes, keep a high score list or even build a graphical user interface (GUI) 

for a more interactive experience. This app has a great deal of educational value. It can 

be used as a learning tool for students to practise general knowledge or subject-based 

questions in an organised and engaging manner. It also enhances logical thinking, 

decision-making and rapid recall – crucial cognitive skills. For developers, the project 

is a great exercise on object orientated concepts, user input handling and program flow 

management. To conclude, the Java Quiz App is a successful mix of educational utility 

and interactive programming techniques. It sets the stage for more complex 

applications and shows that simple console-based programs can be both educational 

and fun. The project focuses on design, modularity and user-centred development in 

software projects, which is a significant contribution to both learning and programming 

practice. 
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