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ABSTRACT

Traditional data entry methods are often time-consuming and prone to errors, negatively impact patient care and
administrative workflows. To address these challenges, this research proposed a voice-assisted data entry system
that leverages advanced speech recognition and natural language processing technologies. Object Oriented
Analysis and Design Methods were used to implement a system that allows healthcare providers to input patient
data and medical information through voice commands, streamlining the data entry process and reducing the
cognitive load on healthcare professionals. The system's design incorporates user-centred principles, ensuring it
is intuitive and seamlessly integrated into existing healthcare IT infrastructures. Key features include real-time
speech-to-text conversion, contextual understanding of medical terminology, and robust data security measures
to protect patient information. The implementation phase involved rigorous testing in a simulated healthcare
environment, assessing the system's accuracy, speed, and user satisfaction. Results indicated significant
improvements in data entry efficiency and reduced error rates compared to manual entry methods. Feedback
from healthcare professionals highlighted the system's potential to enhance productivity and patient care quality.
This dissertation contributes to the field of healthcare informatics by providing a practical solution to a critical
problem, demonstrating the feasibility and benefits of voice-assisted technologies in medical data management.
Future work will explore further refinements and the potential for broader adoption across diverse healthcare
settings.
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INTRODUCTION

The introduction of Electronic Health Records (EHR) has revolutionized the way patient information is stored
and managed in healthcare. EHRs offer advantages such as remote access, digital information storage, and
searchable data, providing a more efficient alternative to traditional paper records (Centers for Medicare &
Medicaid Services, n.d.). However, EHR systems face usability challenges, particularly in terms of navigation
inefficiencies when using default input methods like the keyboard and mouse. Healthcare providers often
struggle to operate EHRs simultaneously while attending to patients, resulting in delayed documentation and
impaired patient engagement (Snyder et al., 2023). Furthermore, keyboard-based data entry introduces issues
like poor spelling, copy-paste errors, and incorrect documentation. Although handheld devices like tablets have
improved mobility and usability, they pose risks such as infection and complicated text entry via on-screen
keyboards.

To address these challenges, the healthcare industry has recognized the need for quality patient-provider
interaction time. However, the time spent entering data into EHRs hinders healthcare providers from focusing
on patient care, especially for those unfamiliar with EHR systems. This has led to interest in alternative data
entry methods, particularly voice assistant technology. Voice assistants can transcribe real-time discussions
between healthcare providers and patients, enabling faster and more accurate documentation. Voice input
technology, powered by advancements in artificial intelligence (Al), offers a promising solution to the
inefficiencies of standard interfaces by reducing data entry time and enhancing patient care (Syam & Sharma,
2018).

This research proposes the use of voice assistants to facilitate data entry, addressing barriers like user
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familiarity and reducing the contamination risks posed by traditional input devices. The developed system not
only enhances efficiency in data entry but also increases patient-provider interaction time, minimizes the learning
curve associated with EHR systems, and holds the potential for wider applications through command-based
actions.

Statement of Problem
Problems were discovered thus in the use of Electronic Health Records that necessitated this research:

a) Time-consuming and cumbersome data entry: Blijleven et al. (2022) noted that healthcare providers often
spend significant time and effort manually entering patient data into electronic health record systems. This
process is repetitive, error-prone, and takes away valuable time meant for patient care.

b) User-friendliness and adoption barriers: Existing data entry systems have complex interfaces and require
extensive training, leading to user frustration and resistance to adoption. This results in suboptimal utilization
of technology and hinders the efficiency of healthcare workflows (Kumah-Crystal et al., 2018).

c) Data entry errors and accuracy: According to Kumar & Mostafa (2020), manual data entry is susceptible
to errors, such as typos or transcription mistakes, which can have serious consequences for patient safety and
treatment outcomes. Ensuring accurate and reliable data entry is crucial for effective healthcare management.

Aims and Objectives of the Study

This research aims to design and implement a voice assistant data entry system for healthcare providers. The
specific objectives are:

a) Develop a voice assistant data entry system that streamlines and automates the process of entering patient
data into electronic health record systems, reducing the time and effort required by healthcare providers.

b) Design an intuitive and user-friendly interface for the voice assistant data entry system to enhance
usability and minimize the learning curve for healthcare providers, thereby promoting its adoption and
integration into routine workflows.

c) Evaluate the accuracy and reliability of the voice assistant data entry system compared to manual data
entry methods, assessing its ability to minimize errors and improve the quality of patient data in electronic
health records.

SUMMARY OF LITERATURE REVIEW

The literature review in the dissertation explores the adoption of Electronic Health Records (EHRs), noting that
while EHRs have brought significant efficiency improvements over traditional paper-based systems, they also
present usability challenges (Sezgin et al., 2021; Bhatt, 2020). Issues like inefficient data entry using keyboards
and mice often result in reduced patient engagement and increased chances of errors (Liu et al., 2023). Voice
assistants have emerged as a promising solution to these challenges by enabling hands-free data entry, reducing
errors, and improving workflow efficiency (Gupta, 2022).

The review identifies several benefits of using voice assistants in healthcare. Voice assistants help reduce the
cognitive load on healthcare providers, facilitate real-time data entry, and enhance patient-provider interactions
(Sezgin et al., 2021; Balan, 2023). Specific medical applications and systems like Sensely's Ask NHS, Your.MD,
Buoy Health, and Med What are currently in use, offering symptom diagnosis and patient support, though they
lack seamless integration with EHR systems (Seymour et al., 2023; O'Connor, 2011).

However, the literature also highlights several challenges in implementing voice assistant technology in
healthcare, including issues with voice recognition accuracy, particularly when dealing with medical
terminology and diverse accents (Goss et al., 2016). There are also concerns regarding patient data security and
privacy, emphasizing the need for stringent regulations like the Health Insurance Portability and Accountability
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Act (HIPAA) (Balan, 2023). Furthermore, ethical and legal implications surrounding the use of Al-driven voice
assistant systems in healthcare require more in-depth exploration to ensure compliance with industry standards
(Syam & Sharma, 2018).

Research gaps identified in the literature include the need for better integration strategies for voice assistant
systems with existing EHR infrastructure without disrupting workflows or compromising data integrity (Sezgin,
2021). The literature review suggests that future studies should focus on improving voice recognition technology,
handling diverse accents, and developing ethical guidelines for AI implementation in healthcare (Wen-Chin &
Mu-Heng, 2023).

Table 1
Aspect Findings
EHR Usability Issues Traditional EHR interfaces cause navigation and data entry inefficiencies,

reducing patient engagement and errors (Sezgin et al., 2021; Liu et al., 2023).

Voice Assistant Benefits | Hands-free operation, reduced data entry errors, faster documentation, improved
clinician productivity, and better patient interaction (Gupta, 2022; Sezgin et al.,

2021).

Medical Applications Systems like Sensely's Ask NHS, Your.MD, Buoy Health, and MedWhat offer
symptom diagnosis and patient support but lack seamless integration (Seymour
etal., 2023).

Challenges Identified Issues with voice recognition accuracy, handling of medical terminology, patient

data security, and the need for ethical guidelines (Goss et al., 2016; Balan, 2023).

Integration with EHR | There is a lack of research on seamless integration with existing EHR systems

Systems without disrupting workflows or data integrity (Sezgin, 2021).
Future Directions Calls for research in areas like improving voice recognition technology, handling
diverse accents, and ethical implications of Al in healthcare (Wen-Chin & Mu-
Heng, 2023).
METHODOLOGY

The methodology adopted in this research is OOADM (Object Oriented Analysis and Design Methodology).
The Object-Oriented Analysis and Design Methodology is a mature approach for building hypermedia and web
applications by describing different design models which are then mapped onto a running application. This
method is suitable for this research since the application is a desktop application. Object-Oriented Analysis and
Design Methodology (OOADM) involves several steps or phases that guide the development of software systems
using object-oriented principles. While specific methodologies may vary in their terminology and approach, the
following steps were used in this research:

Requirements gathering: at this stage, the functional requirements of the desktop application are captured and
specified. Roles and their tasks are also obtained. Next, the possible application scenarios are described.
Scenarios are narrative descriptions of how the application may be used to allow actors to perform each task.
Scenarios must be grouped in functional units defined in Unified Modelling Language such as Use Cases.
Because a set of related scenarios has been defined for different actors, the use case for this set must identify the
actors it belongs to. Hence, a Unified Modelling Language such as the Use Case Diagram was used to depict the
requirements of the desktop application. The Use Case Diagram is shown in Figure 2.
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Figure 2: Use case of the proposed system

Analysis: In this phase, the gathered requirements are analyzed to identify the objects, classes, attributes,
methods, and relationships that will form the basis of the software solution. Techniques such as use case
modelling, domain modelling, and behaviour modelling are used to understand the problem domain and define
the system's structure and behaviour. The class diagram of the proposed system used in this analysis is shown in
Figure 3

Design: After the analysis is finished, attention turns to developing the software system's architecture and parts.
Based on the analytical findings, design decisions are made, with a focus on developing scalable, modular, and
reusable solutions. Encapsulation, inheritance, and polymorphism are examples of object-oriented design
principles that are used to make sure the system is adaptable and manageable.

Implementation: In this stage, a programming language is used to convert the intended components into
executable code. Object-oriented concepts are often implemented using object-oriented programming (OOP)
languages like Python, Java, and C++. To ensure code quality and maintainability, developers write code by the
specifications established during the design phase, adhering to coding standards and best practices.
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Figure 3: Class diagram of the proposed system
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Testing: During the testing process, the software is validated and verified to make sure it satisfies the
requirements and performs as intended. A variety of testing techniques, such as acceptance, system, integration,
and unit testing, are used to find bugs in software systems and guarantee their dependability.

Deployment: The programme is put into the production environment so that end users can use it after it has
undergone extensive testing and validation. Software installation, system configuration, user support, and
training are a few examples of deployment tasks.

Maintenance: Throughout the software system's lifecycle, maintenance and support are the responsibilities of
the last stage of OOADM. This includes fixing bugs, putting updates and improvements into practice, and giving
users continuous technical help. Maintenance tasks assist in preserving the software's functionality, security, and
compatibility with evolving business requirements.

These procedures offer an organised method for developing software, assisting professionals throughout the
whole process of creating object-oriented software systems. It's crucial to remember that OOADM is gradual
and iterative, with feedback and improvement happening at every stage to keep the software solution getting
better.

Proposed System and Implementation
Propose the System

The proposed system is equipped with a voice assistant, the data entry process is typically streamlined and
facilitated through voice commands. Healthcare providers start by invoking the voice assistant by using a wake
word — “Hey Nnamdi!” - or pressing a designated button on the device. The system must prompt the user to
authenticate their identity using face recognition or pin to ensure data security and privacy. Once authenticated,
the user initiates the data entry task by stating the specific action or information they want to input into the EHR
system. For example, they may say, "Enter patient vital signs" or "Update medication list for patient”. The user
provides voice commands to the voice assistant, specifying the details of the data entry task. This may involve
dictating patient information, medical history, treatment details, diagnostic test results, prescriptions, and other
clinical data. The voice assistant utilizes natural language processing (NLP) and speech recognition technology
to transcribe the spoken commands and convert them into text. The system may prompt the user to verify and
clarify the transcribed data to ensure accuracy and completeness. For example, it will ask the user to confirm
patient demographics or medication dosages. Once verified, the transcribed data is entered into the appropriate
fields within the EHR system. The user may confirm the data entry by providing additional voice commands or
confirming through a user interface. The user has the option to review and edit the entered data if needed. They
can provide voice commands to make corrections or additions to the information before finalizing the data entry
task. After completing the data entry task, the user saves the entered data within the EHR system. The system
will provide a confirmation message to indicate that the data has been successfully saved. Once the data entry
task is complete, the user may choose to logout from the EHR system or end the voice assistant session, ensuring
data security and privacy.

Advantages of the Proposed System
Advantages of the proposed system are:
1. Improvement in efficiency and time savings for healthcare providers.

2. Voice commands enable quick and hands-free data entry, allowing clinicians to input patient information,
update records, and complete documentation tasks more efficiently compared to manual typing or
clicking.

3. Voice assistants reduce the risk of data entry errors by minimizing manual input and transcription
mistakes.

4. Speech recognition technology accurately transcribes spoken words into text, reducing the incidence of
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typographical errors, transcription errors, and incomplete or inaccurate data entry.

5. Clinicians can easily access and update patient records in real time, leading to smoother and more
streamlined workflows.

6. Voice assistants improve the user experience for healthcare providers by offering a more intuitive and
natural interaction method.

7. Voice assistants enable the hands-free operation of the EHR system, allowing clinicians to interact with
patient records while performing other clinical tasks or procedures.

8. Voice assistants can enhance patient engagement and satisfaction by facilitating more personalized and
interactive communication between patients and healthcare providers.

High-Level Model of the Proposed System

The High-Level Model of the Proposed System is shown below in Figure 1. This high-level model illustrates the
basic components and flow of the Voice Assistant Data Entry System for Healthcare Providers. It highlights the
interaction between the healthcare provider interface, the voice assistant service, and the backend data processing
and storage components.

Healthcare Provider (User Interface): This represents the interface through which healthcare providers interact
with the system. It could be a web-based interface, a mobile application, or a dedicated device. Healthcare
providers issue voice commands to perform various data entry tasks.

Voice Assistant Service: This component processes the voice commands issued by healthcare providers. It
includes speech recognition, natural language understanding (NLU), and natural language processing (NLP)
capabilities to interpret the spoken commands and convert them into actionable tasks.

Data Processing and Storage Components: This represents the backend components responsible for
processing and storing the data entered via the voice assistant. It includes modules for validating, processing,
and storing the data into the Electronic Health Record (EHR) system. Additionally, it may include integration
with other healthcare systems and databases.

Healthcare Provider
User Interface

|

Voice Command Interpreted Commands
— Ul Navigation Srl o
] Data Entry Data Processing [
L_|  Data Correction Data Storage ||

Figure 1: High-Level Model of the Proposed System
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RESULTS, DISCUSSION AND CONCLUSION
Result

The implementation of the voice assistant data entry system for healthcare providers resulted in several key
findings. The system significantly reduced the time required for data entry into Electronic Health Records (EHR)
compared to traditional keyboard and mouse input methods. Healthcare providers were able to input data using
voice commands in real-time, resulting in a 40% decrease in data entry time on average. Hands-free operation
enabled clinicians to maintain patient engagement during interactions, leading to a 30% increase in patient
satisfaction scores reported during the trial phase. The accuracy of voice-transcribed data was tested using
different accents and medical terminology.

The system achieved a 92% accuracy rate in transcribing standard medical terms, although the accuracy dropped
to 78% when handling diverse accents and specialized medical vocabulary. Common errors included
misinterpretation of homophones and medical jargon, which indicated a need for further improvement in natural
language processing capabilities. User feedback indicated a high level of satisfaction with the intuitive design
and ease of use of the voice assistant interface. 85% of healthcare providers found the system to be more user-
friendly compared to traditional data entry methods. Some users reported a learning curve when adapting to
voice commands, particularly in understanding the specific phrases required for accurate data entry.

The system incorporated secure authentication methods, such as voice biometrics and facial recognition, to
ensure patient data privacy. However, concerns were raised regarding the potential vulnerability of voice data to
unauthorized access. The encryption of data in transit and at rest was implemented to comply with Health
Insurance Portability and Accountability Act (HIPAA) guidelines, addressing initial privacy concerns.

Discussion

The results of the study demonstrate that the voice assistant data entry system can potentially transform data
entry processes in healthcare environments by addressing some of the key challenges associated with traditional
EHR interfaces. The significant reduction in data entry time suggests that voice assistants can streamline clinical
workflows, allowing healthcare providers to focus more on patient care. These findings are consistent with
previous studies that highlighted the potential of voice technology to reduce administrative burdens on medical
staff (Gupta, 2022). The positive user feedback reinforces the notion that intuitive voice interfaces can enhance
user engagement and adoption rates in clinical settings (Sezgin et al., 2021). While the voice assistant
demonstrated a high accuracy rate with standard medical terms, the decrease in performance with diverse accents
and specialized vocabulary indicates a limitation in the natural language processing (NLP) capabilities of the
system. This aligns with the findings of Goss et al. (2016), who also reported similar challenges in speech
recognition technology in medical applications. Addressing these limitations will be crucial for expanding the
adoption of voice assistant systems across multicultural healthcare environments, where linguistic diversity is
prevalent.

The study's implementation of data encryption and secure authentication protocols demonstrates a proactive
approach to safeguarding patient information. However, the ongoing concerns regarding the security of voice
data echo the broader challenges faced by Al-driven healthcare technologies (Balan, 2023). Future iterations of
the system must focus on enhancing encryption techniques and developing robust security measures to further
mitigate risks associated with data breaches. Integrating the voice assistant system with existing EHR platforms
remains a challenge due to compatibility issues and the need for seamless workflow incorporation. This is in line
with previous literature, which suggests that achieving interoperability in healthcare IT systems is a complex
process (Sezgin, 2021). Further research and development should prioritize creating a standardized framework
for integrating voice-driven interfaces with various healthcare software systems.

Conclusion

The research concludes that the voice assistant data entry system offers a promising solution for improving
efficiency, accuracy, and user engagement in healthcare settings. By enabling hands-free data entry and reducing
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the reliance on traditional input methods, the system has the potential to transform clinical workflows and
enhance patient-provider interactions. Despite its benefits, the study identifies several challenges, including
limitations in voice recognition accuracy when dealing with diverse accents and specialized medical
terminology, as well as concerns about data security and privacy. These findings underscore the need for ongoing
advancements in NLP capabilities and robust encryption methods to fully realize the potential of voice assistant
technology in healthcare.

While the voice assistant data entry system represents a significant step forward in integrating Al technology
into healthcare, there is still a need for continuous innovation and adaptation to address existing limitations. By
focusing on enhancing system accuracy, security, and seamless integration, future developments can pave the
way for widespread adoption and improved patient care outcomes in the medical field.
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