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Abstract

This study investigates the accessibility of open-source electronic health record (EHR) systems for individuals who are
visually impaired or blind. Ensuring the accessibility of EHRs to visually impaired users is critical for the diversity,
equity, and inclusion of all users. The study used a combination of automated and manual accessibility testing with
screen readers to evaluate the accessibility of three widely used open-source EHR systems. We used three popular
screen readers - JAWS (Windows), NVDA (Windows), and Apple VoiceOver (OSX) to evaluate accessibility. The eval-
uation revealed that although each of the three EHR systems was partially accessible, there is room for improvement,
particularly regarding keyboard navigation and screen reader compatibility. The study concludes with recommenda-
tions for making EHR systems more inclusive for all users and more accessible.

1 Introduction

Open source Electronic Health Records (EHRs) have revolutionized healthcare delivery by providing efficient access
and management of patient information, resulting in improved decision-making, reduced medical errors, and enhanced
quality of care [1]. Their increased popularity is attributed to their cost-effectiveness and community-driven devel-
opment [2]. Even though EHRs have become ubiquitous in healthcare delivery, there has been a lack of attention to
ensuring these systems are accessible to all users, including visually impaired individuals [3]. There are an estimated
8 million visually impaired people in the USA, and many providers who need access to EHRs might be denied access
due to visual impairment. Many of them face challenges when using EHRs due to their inability to read text, distin-
guish colors, or navigate complex interfaces [4]. The American Disability Act requires that anyone with disabilities
should have equal opportunity, but EHR systems may be denying this opportunity due to accessibility problems. This
can compromise the quality of healthcare that visually impaired users might give or receive and potentially worsen
healthcare outcomes [5]. Therefore, it is critical to ensure that EHR systems are designed with accessibility in mind so
that all patients can benefit from the advancements in digital healthcare technology [6]. Despite the significant popu-
lation of visually impaired individuals, many open-source EHR systems have not been developed with their usability
in mind [7]. To provide inclusive and accessible healthcare delivery, EHR developers must prioritize accessibility in
their designs.

OpenEMR, OpenMRS, and OSHERA VistA are three open-source EHRs that are widely used in healthcare delivery
[8]. OpenEMR is primarily used in small to medium-sized practices due to its cost-effectiveness and community-
driven development [9]. OpenMRS, on the other hand, is designed to manage patient information in resource-limited
settings and is widely used in developing countries [10]. Although the VA is replacing it, OSHERA VistA, which
was initially developed by the US Department of Veterans Affairs (VA), still has a robust user base in the US and
outside. Moreover, it is widely recognized as some of the most user-friendly and usable EHR systems in the US [11].
There have been several studies examining the features and capabilities of open-source EHRs. However, a significant
research gap exists in evaluating their accessibility for visually impaired users.

This study aims to evaluate the accessibility of three open-source EHR systems, namely OpenEMR, OpenMRS,
and OSHERA VistA, for blind and low-vision users through the use of screen readers. JAWS, NVDA, and Apple
VoiceOver are examples of popular screen readers used by visually impaired individuals to access digital content, in-
cluding EHRs. In our research, we utilized these screen readers to evaluate the accessibility of OpenEMR, OpenMRS,
and OSHERA VistA for blind and low-vision users. These screen readers provide audio feedback, allowing users
to navigate interfaces and access content through keyboard commands [12]. By using these screen readers to assess
the accessibility of the EHR systems, we identified specific challenges faced by visually impaired users and provided
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recommendations for improving accessibility in EHR design. Our research findings can guide the creation of EHR
systems that are more inclusive and accessible for visually impaired patients, ultimately leading to better healthcare
delivery.

2 Literature Review

Open-source Electronic Health Record (EHR) systems have been widely adopted by healthcare systems globally be-
cause they offer cost-effective solutions for managing patient data, which are crucial components of modern healthcare
systems. However, despite their increasing popularity, making these systems accessible to visually impaired users re-
mains a significant challenge. Back in 2014, the ONC Health IT curriculum had clear learning outcomes to train
informaticians to assess EHR systems with accessibility in mind [13]. However, the lack of published research and
the lack of robust, large-scale accessibility evaluation of EHR systems makes us question the scale-up and reach of the
curricular guidance.

OpenEMR is designed with accessibility in mind, but several studies have identified some accessibility issues that
must be addressed. A study by Dimauro et al. (2018) also reported that OpenEMR had usability issues. The study
identified problems with the system’s keyboard navigation and labeling of controls [14].

Although OpenMRS was not originally designed for visually impaired users, recent studies have shown that the system
has significantly enhanced accessibility. For instance, a study by Verma et al. (2021) found that OpenMRS had good
accessibility features, including keyboard navigation, focus management, labeling of controls, and color contrast [15].
Other studies highlight the potential of OpenMRS having good accessibility for visually impaired users [16]. However,
our findings with screen readers provide a different evaluation.

However, using EHRs has also introduced accessibility issues for individuals with disabilities, including visual, audi-
tory, physical, and cognitive impairments.

• Visual Accessibility: One of the primary accessibility issues with EHRs is related to visual impairments. EHRs
are typically designed with small fonts and low-contrast colors, making it difficult for individuals with visual
impairments to read the content. Additionally, EHRs often require users to navigate through multiple screens
and menus, which can be challenging for individuals with low vision or blindness.

• Auditory Accessibility: EHRs also pose accessibility issues for individuals with hearing impairments. Many
EHRs rely on auditory alerts and notifications, which can be missed by individuals with hearing impairments.

• Physical Accessibility: EHRs can also pose physical accessibility issues for individuals with mobility impair-
ments. Many EHRs require users to navigate through multiple screens and menus, which can be challenging for
individuals with limited dexterity or range of motion. Additionally, some EHRs require users to use a mouse or
trackpad, which can be difficult for individuals with physical disabilities to operate.

• Cognitive Accessibility: EHRs can also pose cognitive accessibility issues for individuals with cognitive im-
pairments, such as learning disabilities or dementia. Many EHRs use complex medical terminology and require
users to navigate through multiple screens and menus, which can be challenging for individuals with cognitive
impairments to understand.

The accessibility of websites for visually impaired users has been extensively studied, and the findings can be useful in
improving the accessibility of open-source EHRs [17]. Various methods have been identified to enhance the readability
of web pages for people with low vision, such as increased letter spacing and wider letters. Moreover, better layout and
design, consistent font usage, and color contrast are also considered important factors in improving accessibility [18].
Assistive technologies, such as screen readers that convert text into synthesized speech have been found to improve
the usability of websites for the blind significantly. While there are multiple approaches to improving accessibility,
screen readers are considered one of the easiest to implement. They offer a relatively simple and cost-effective way
to enhance the usability of websites for visually impaired users. By converting text into speech, screen readers allow
users to access and interact with web content without relying on visual cues [19]. Thus, ensuring EHR user interfaces
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work with screen readers can significantly improve accessibility and enable visually impaired individuals to benefit
from these systems.

Screen readers are essential tools for visually impaired individuals to access and interact with digital content. Popular
screen readers include JAWS, NVDA, and Apple VoiceOver. JAWS, a proprietary software developed by Freedom
Scientific, is widely used in Windows-based applications due to its compatibility and advanced features [20]. NVDA,
an open-source screen reader, has gained popularity due to its cost-free accessibility and compatibility with Windows-
based applications [21]. Apple VoiceOver, an integrated screen reader in Mac OS X, iOS, and iPad OS, provides
seamless accessibility for Apple device users. These screen readers enable visually impaired users to access and
interact with EHR systems, ensuring that the systems are inclusive and accessible to all users [22].

3 Methodology

Data Collection and Source of Information

We ensured that we covered all the relevant literature on the accessibility of EHR systems by conducting a robust litera-
ture review. We utilized PubMed and IEEE Xplore databases to gather information from diverse sources. Furthermore,
we examined the official websites of three open-source EHR systems to collect more details on their accessibility con-
siderations and found little to no evidence that accessibility was actively considered by the developer community of
these EHR systems. By incorporating these multiple sources of information, we aimed to provide a thorough and
reliable analysis of screen reader accessibility in various open-source EHR platforms.

Methods

The research methodology used in this study was developed in three distinct phases. The first phase involved deploying
the open-source EHR software on institutional servers, using the available documentation from their official websites.
This allowed us to create a controlled testing environment and ensured the EHR systems were tested similarly. In
the second phase, we established evaluation criteria by identifying eight parameters through a literature review and
qualitative content analysis, similar to our prior work comparing open-source EHR systems [8]. These parameters
were chosen to encompass common tasks that users might need to perform when using an EHR system, such as
logging in, finding a patient, creating a new password, logging out, entering and modifying demographics, entering
medication orders, scheduling an appointment, and ordering a lab. Using a comprehensive set of evaluation criteria,
we aimed to evaluate the EHR systems’ accessibility thoroughly. In the final phase, we utilized three different screen
readers - JAWS, NVDA, and Apple VoiceOver - to evaluate using the specified set of criteria. These screen readers
were chosen based on their popularity among visually impaired users and their availability across different platforms.
To better understand the functionality of these screen readers, we consulted various resources, including IEEE Xplore
and Google Scholar.

Comparison Criteria

Each open-source EHR system was evaluated using established criteria (see Table 1, ensuring the evaluation was
objective and consistent. We tested each system with multiple screen readers and noted accessibility issues. This
approach allowed for identifying any differences in accessibility between the three EHR systems and screen readers
for blind users.

The results of this study can inform developers and designers to make EHR systems more accessible and inclusive for
all users, including those with visual impairments. By doing so, EHR systems can better serve their intended purpose
of improving patient care and outcomes by ensuring that all users can easily and effectively use them, regardless of
their abilities.
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Table 1: A Comparative Table Evaluating Screen Reader Accessibility in Various Open-Source EHR Platforms

Open Source EHRs TASK CRITERIA JAWS NVDA AppleVoiceOver
Success Issues Success Issues Success Issues

OpenEMR Login Yes * Yes * Yes *
Find a patient Yes Yes Yes
Create a new patient Yes * Yes * Yes *
Logout No * No * No *
Enter and modify demographics Yes Yes Yes
Enter in medication order Yes * Yes * Yes *
Schedule an appointment Yes Yes Yes
Order a lab Yes * Yes * Yes *

OpenMRS Login Yes Yes * Yes *
Find a patient Yes * Yes * Yes *
Create a new patient Yes * Yes * Yes
Logout Yes Yes Yes
Enter and modify demographics Yes * Yes * Yes *
Enter in medication order Yes Yes Yes
Schedule an appointment Yes * Yes * Yes *
Order a lab Yes Yes Yes

OSHERA VistA Login Yes Yes
Find a patient Yes * Yes *
Create a new patient No * No *
Logout No * No *
Enter and modify demographics No * No *
Enter in medication order Yes * Yes *
Schedule an appointment Yes * Yes *
Order a lab Yes * Yes *

* - issue details are provided in the sections below

4 Results

As seen in Table 1, all 3 EHR systems have issues with one or more screen readers. Although these EHR systems may
perform well in terms of their intended functionality, there are still some accessibility issues that may hinder visually
impaired users from utilizing them fully. It is important to note that the experience of using these systems may vary
depending on the assistive technology being used, as different screen readers have varying features and functionalities.

We have identified Login, Find a patient, Create a new patient, Logout, Enter and modify demographics, Enter in
medication order, and Schedule an appointment as critical parameters to evaluate the compatibility of EHRs with
screen readers. These parameters are commonly used by healthcare professionals, and their compatibility with screen
readers is crucial to ensure that visually impaired professionals can use EHRs effectively and efficiently. For instance,
accurate reading of demographic fields and medication order fields is essential for healthcare professionals with visual
impairments to enter data or modify patient records. Similarly, accurate reading of the schedule an appointment field
is essential to enable visually impaired healthcare professionals to schedule appointments with patients. Therefore,
evaluating EHRs compatibility with screen readers while performing these tasks is critical to ensure that visually
impaired healthcare professionals can access and use EHRs effectively.
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OpenEMR

Figure 1: Dashboard of OpenEMR

Based on our considered parameters, OpenEMR appears to be mostly compatible with popular screen readers such as
JAWS, NVDA, and Apple Voiceover.

• Login: The screen readers read out the selected fields for login, finding a patient, and creating a new patient,
which indicates that the EHR’s basic accessibility functions are in place. Although screen readers read the
login information accurately, they could not report error messages or provide feedback to users when incorrect
information was entered in the login fields.

• Create a new patient: While creating a patient in OpenEMR, the consecutive tabs such as demographics, contact
information, and so on were reliably reported by the three screen readers we tested (JAWS, NVDA, and Apple
VoiceOver). This allowed users to navigate through different fields and enter the appropriate information easily.
An exception is that the screen readers could not report which required field was left blank, making it challenging
for visually impaired users to complete the patient creation process.

• Logout : The process of logging out was found to be inefficient when using keyboard clicks, and it was dis-
covered that users couldn’t log out using the Tab key. Additionally, no audible confirmation was provided to
indicate that the user had successfully logged out when using the cursor.

• Enter and modify demographics: It’s noteworthy that the use of screen readers proved to be efficient in assisting
users with editing and updating patient demographics. This capability is particularly valuable when there is a
need to include any missing information for a patient.

• Enter in medication order: Entering medication details was a straightforward process. However, the medication
list was not read out, which could create difficulties for visually impaired users to input medication information
accurately.

• Order a lab: During the lab ordering process, it was discovered that certain required options could not be ac-
cessed using the Tab key and required using a mouse. This presents a significant challenge for visually impaired
users who rely on keyboard navigation to complete tasks.
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While OpenEMR has some accessibility concerns, it appears to be a generally functional and efficient system for users
who rely on screen readers. However, there may be room for further improvements to ensure all users can fully utilize
the software’s features.

OpenMRS

Figure 2: Dashboard of OpenMRS

OpenMRS is an accessible platform that meets all the parameters considered.

• Login: The login and log-out features were particularly efficient and user-friendly. However, we did observe
a difference in performance among the three screen readers we tested (JAWS, NVDA, and Apple Voiceover)
regarding the reporting of incorrect login information. While JAWS reported when incorrect information was
entered into the system, NVDA and Apple Voiceover did not. NVDA does not allow users to navigate the
department options and automatically selects the registration desk.

• Find a patient: We found it easy to navigate and find a patient in OpenMRS, although the feature to select from
a list of existing names is not compatible with the screen readers, making it difficult for users to find patients
efficiently.

• Create a new patient: Creating a new patient is relatively easy, although relationships cannot be entered using
the tab key, which can slow down the data entry process.

• Enter and modify demographics: Entering demographics in OpenMRS was relatively easy, as the screen readers
provided clear and concise navigation options. When modifying demographics, the screen readers provide clear
and concise navigation options, but entering conditions and allergies requires a mouse, which can be challenging
for keyboard-only users. Also, the ”Save form” and ”Exit form” options are inaccessible on Apple Voiceover,
which could confuse users who want to save or exit a form.

• Schedule an appointment: Scheduling appointments works well with all screen readers, but entering the date
and time using the keyboard is impossible, which could be a significant barrier for some users.

Overall, OpenMRS is an accessible platform that could benefit from further improvements, especially regarding key-
board navigation and screen reader compatibility for certain features.
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OSHERA VistA

Figure 3: Dashboard of VistA

OSHERA VistA has several accessibility features that work well, but there are also some areas where improvement is
needed. We evaluated using JAWS and NVDA, as the system is incompatible with Apple VoiceOver.

• Login: The login feature in OSHERA VistA worked efficiently with both JAWS and NVDA, without any sig-
nificant issues.

• Find a patient: When finding a patient, we found that NVDA performed better than JAWS as the latter could not
read out the names being scrolled through in the drop-down list.

• Create a new patient: We faced an issue creating a new patient with both JAWS and NVDA on OSHERA VistA.
These screen readers did not read out the respective feature despite accessing all the tabs on the interface.

• Logout: There was an issue with the logout feature in the EHR system. Specifically, there was no option to log
out and sign in with a different account, and the system directly exited from the entire EHR.

• Enter and modify demographics: Although it was possible to review the selected patient’s demographics, there
is no option to enter new information or modify the demographics that are reported by both the screen readers
(JAWS and NVDA).

• Enter in medication order: In the medication order feature, JAWS incorrectly guided the user to use the Ctrl
+ Page Up keys to shift pages, and neither JAWS nor NVDA read out the missing required fields when the
order failed to save. These issues can make it difficult for users to complete medication orders accurately and
efficiently.

• Schedule an appointment: Scheduling an appointment had pertinent accessibility issues, such as the inability to
move past the ”Reason for Request” box with the tab key and the lack of feedback from both screen readers
upon quitting. Also, JAWS and NVDA failed to read out the number being selected in the calendar when picking
a date, which could make it difficult for users to select the correct date for their appointment.

• Order a lab: The screen readers provided clear and concise navigation options, making it easy for users to fill
in the appropriate fields. However, both screen readers failed to read the message of an unsaved order dialogue

1171



box when quitting a window. Finally, the lack of feedback from both screen readers upon successfully adding a
lab test was another pertinent issue, as users may not know whether the test has been added successfully, which
could lead to confusion.

5 Discussion

Much effort has been spent making internet websites accessible to the blind or visually challenged [23]. While various
tools are available to improve accessibility, including screen readers, Braille displays, software for magnifying objects,
Windows Voice Recognition, Microsoft Narrator, and Dragon Naturally Speaking, not all individuals with visual
impairments are proficient in using computers [24]. To enhance the accessibility of websites for those with visual
impairments, it is necessary to modify the color contrast and font sizes, use informative headers, and ensure that the
content is straightforward to access with a keyboard [25]. However, choosing the right tools to improve accessibility
is crucial. Among the various tools available, we have chosen JAWS, NVDA, and Apple VoiceOver as they are widely
used and have proven to be effective in enhancing the accessibility of websites. They are effective, compatible, and
popular among blind users. By using these tools, we can enhance the accessibility of websites and other digital
content, making it easier for individuals with visual impairments to access the same information as those without such
impairments.

The small user base of blind healthcare providers may contribute to why vendors are not prioritizing accessibility
improvements for this particular user group. With a small user base, vendors may not see the potential return on
investment for developing more accessible tools and features. However, this mindset overlooks the significant impact
that such enhancements could have on the usability and productivity of blind providers who do exist. Therefore, while
developing and implementing EHR systems, accessibility is crucial. A wide variety of features are available in JAWS
and NVDA, including sophisticated navigation, customizability, and compatibility for several file formats and web
browsers. Although it supports certain accessibility functions, such as basic navigation and typing, Apple VoiceOver
was found to be not as advanced as JAWS and NVDA.

We have noticed that OpenMRS and OpenEMR both provide high levels of accessibility for individuals who are blind
or visually impaired. Both EHRs have user interfaces that enable visually impaired users to access the system’s content
and operate the interface, such as text-to-speech and keyboard navigation. The analysis demonstrates that designing
an EHR system with accessibility for users who are blind or visually impaired is essential. They have all the required
key components that blind users require, which can make it easier for them to access the system’s information.

When it comes to procedures like logging into the account, ordering a lab and medications, scheduling an appointment
for a patient, editing their demographics and contact details, taking vital signs, etc., they were all easily completed
consistently. By providing an audible description of the user interface and allowing users to navigate through menus,
links, and other elements, screen readers increase the usability of open-source EHRs for people with visual impair-
ments, ensuring they can interact with the system’s user interface and input data accurately. Additionally, screen
readers can help identify compatibility issues that may prevent users with visual impairments from using the system.

The study found a few accessibility barriers, including the complex interfaces and screen readers’ sporadic partial
completion of recitations, which made them difficult for users to comprehend and perceive. The most accessible EHR
was determined to be OpenMRS, whereas OpenEMR and OSHERA VistA had some accessibility issues regarding
compatibility with Apple VoiceOver, which was later corrected and evaluated as a part of the study. EHRs frequently
have intricate user interfaces that may not be designed with screen readers in mind, making them challenging to navi-
gate and interact with. This was evident in OpenMRS, where we were unable to use the keyboard to mention a patient’s
relationship and were unable to exit the form while editing the patient’s demographics and contact information. For
example, in OpenEMR, the screen reader could not recite that the login password was incorrect for the user to under-
stand that they were typing the wrong password. This is because open-source EHRs are developed by a diverse range
of contributors, so there may be inconsistencies in the way that different components of the software are labeled and
organized. The patient finding was challenging in OpenMRS since we needed a mouse to scroll down. However, only
a limited number of tasks in each of the three EHRs required the usage of a mouse rather than the keyboard’s tab key.

Despite the valuable insights derived from this study, a key limitation lies in our inability to capture the perspectives
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of visually impaired individuals directly. This introduces potential bias in our understanding of screen reader use with
EHRs, as our findings may not entirely align with the actual user experiences. Future research endeavors should seek
to address this gap by actively incorporating the experiences and feedback of visually impaired individuals using EHRs
with screen readers. Incorporating their feedback will allow us to more accurately and empathetically design, test, and
improve EHR systems for those with visual impairments.

6 Conclusion

In conclusion, this study highlights the importance of accessibility in open-source EHR systems for users who are
blind or visually impaired. The findings suggest that developers can make EHR systems more inclusive and accessible
by incorporating text-to-speech and keyboard navigation features. Additionally, users and organizations should prior-
itize accessibility when selecting and implementing EHR systems to ensure all users can access and benefit from the
system’s content. Our next steps are to conduct wider functionality testing across these EHRs and include proprietary
EHRs like Epic, Meditech, eClinicalWorks, and Cerner.

The study shows that all three open-source EHR systems evaluated offer a respectable level of accessibility for visually
impaired users. However, there is still room for improvement in specific areas, such as the user interface of OSHERA
VistA and the forms and navigation of OpenEMR. Comparatively, OpenMRS was found to have the fewest accessi-
bility concerns among the three systems. Overall, this study provides valuable insights into how open-source EHR
systems can be made more accessible for individuals with visual impairments. It emphasizes the need to prioritize
accessibility in EHR system design and implementation to improve access to healthcare information and services for
individuals with disabilities. The findings presented in this research paper can serve as a valuable resource for devel-
opers, users, and organizations looking to design and implement accessible EHR systems that prioritize the needs of
visually impaired users.

Acknowledgments

We acknowledge the invaluable contributions of our teaching assistants, tech staff, and instructors supporting the
deployment of the Educational EHR for which we started the accessibility review. We acknowledge Pallavi Singh,
who helped review prior work on EHR accessibility. We acknowledge the support of the IUPUI STEM Education
Innovation & Research Institute’s 2022 seed grant.

References

1. Atasoy H, Greenwood BN, McCullough JS. The digitization of patient care: a review of the effects of electronic
health records on health care quality and utilization. Annual review of public health. 2019;40:487-500.

2. Shaikh M, Vayani AH, Akram S, Qamar N. Open-source electronic health record systems: A systematic review
of most recent advances. Health Informatics Journal. 2022;28(2):14604582221099828.

3. Tsai CH, Eghdam A, Davoody N, Wright G, Flowerday S, Koch S. Effects of electronic health record im-
plementation and barriers to adoption and use: a scoping review and qualitative analysis of the content. Life.
2020;10(12):327.

4. Killeen OJ, De Lott LB, Zhou Y, Hu M, Rein D, Reed N, et al. Population Prevalence of Vision Impairment in
US Adults 71 Years and Older: The National Health and Aging Trends Study. JAMA ophthalmology. 2023.

5. Lagu T, Haywood C, Reimold K, DeJong C, Walker Sterling R, Iezzoni LI. ‘I Am Not The Doctor For You’:
Physicians’ Attitudes About Caring For People With Disabilities: Study examines physician attitudes about caring
for people with disabilities. Health Affairs. 2022;41(10):1387-95.

6. Oswal SK, Oswal LM. Ideating for Co-designing with Blind and Visually Impaired Users: Exploring Possibilities
for Designing User-Centered Healthcare Information in Pandemic Conditions. In: International Conference on
Human-Computer Interaction. Springer; 2021. p. 47-55.

1173



7. Farhan W, Razmak J. Prototyping and testing an accessible e-health patient portal designed to include patients
with/without vision or hearing impairments. Health and Technology. 2023:1-20.

8. Purkayastha S, Allam R, Maity P, Gichoya JW. Comparison of open-source electronic health record systems based
on functional and user performance criteria. Healthcare informatics research. 2019;25(2):89-98.

9. Wang Y, Tran P, Wojtusiak J. From Wearable Device to OpenEMR: 5G Edge Centered Telemedicine and Decision
Support System. In: HEALTHINF; 2022. p. 491-8.

10. Mamlina B, Potma G, Antilla J. OpenMRS in 2021. In: in Africa Conference; 2021. p. 17.

11. Reisman M. EHRs: the challenge of making electronic data usable and interoperable. Pharmacy and Therapeutics.
2017;42(9):572.

12. Kuber R, Hastings A, Tretter M. Determining the accessibility of mobile screen readers for blind users. UMBC
Faculty Collection. 2020.

13. Mohan V, Abbott P, Acteson S, Berner ES, Devlin C, Hammond WE, et al. Design and evaluation of the
ONC health information technology curriculum. Journal of the American Medical Informatics Association.
2014;21(3):509-16.

14. Dimauro G, Girardi F, Caivano D, Colizzi L. Personal Health E-Record—Toward an enabling Ambient Assisted
Living Technology for communication and information sharing between patients and care providers. In: Ambient
Assisted Living: Italian Forum 2018 9. Springer; 2019. p. 487-99.

15. Verma N, Mamlin B, Flowers J, Acharya S, Labrique A, Cullen T. OpenMRS as a global good: Impact, oppor-
tunities, challenges, and lessons learned from fifteen years of implementation. International Journal of Medical
Informatics. 2021;149:104405.

16. Schaadhardt A, Hiniker A, Wobbrock JO. Understanding blind screen-reader users’ experiences of digital art-
boards. In: Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems; 2021. p. 1-19.

17. Beier S, Oderkerk CA, Bay B, Larsen M. Increased letter spacing and greater letter width improve reading acuity
in low vision readers. Information Design Journal. 2021;26(1):73-88.

18. Luy C, Law J, Ho L, Matheson R, Cai T, Madugalla A, et al. A Toolkit for Building More Adaptable User
Interfaces for Vision-Impaired Users. In: 2021 IEEE Symposium on Visual Languages and Human-Centric
Computing (VL/HCC). IEEE; 2021. p. 1-5.

19. Elmqvist N. Visualization for the Blind. Interactions. 2023;30(1):52-6.

20. Mulyati EN, Sabatini R, Nuraeni I, Fitriani N, et al. Development of Ict Learning Task Analysis about Microsoft
Office Word on Jaws (Job Access with Speech) Application for Visually Impaired Students Class X At Slbn
Pajajaran Bandung City. resmilitaris. 2023;13(2):2030-9.

21. Saha A, McHugh TB, Piper AM. Tutoria11y: Enhancing Accessible Interactive Tutorial Creation by Blind Audio
Producers. 2023.

22. Kumari N, Lenka U. Employment and Retention of Differently-abled People in the Workplace Through Assistive
Technologies. International Journal of Digital Technologies. 2023;2(1).

23. Kusumaningayu F, Ayu MA. A web accessing tool for blind and visually impaired people using Bahasa Indonesia.
In: 2017 Second International Conference on Informatics and Computing (ICIC). IEEE; 2017. p. 1-6.

24. Gaggi O, Quadrio G, Bujari A. Accessibility for the visually impaired: State of the art and open issues. In: 2019
16th IEEE Annual Consumer Communications & Networking Conference (CCNC). IEEE; 2019. p. 1-6.

25. Ara J, Sik-Lanyi C, Kelemen A. An Integrated Variable-Magnitude Approach for Accessibility Evaluation of
Healthcare Institute Web Pages. Applied Sciences. 2023;13(2):932.

1174


	Introduction
	Literature Review
	Methodology
	Results
	Discussion
	Conclusion

