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The Power of User-Centered Design:
Usability Engineering in Medical

Technology
Usability engineering, also referred to as Human Factors Engineering, is a crucial

aspect of medical device design and development, aimed at creating safe, effective, and
user-friendly products for healthcare professionals and patients. When devices are poorly
designed or overly complex, they can lead to use errors and patient harm.

By prioritizing users, usability engineering addresses these issues, optimizing devices
for safe and effective use. Medical device manufacturers gain numerous advantages by
incorporating usability engineering into their product development, such as improved
adoption, enhanced safety, reduced risk, and increased user loyalty.

This white paper explores the paramount importance of usability engineering for
Medical Device Manufacturers, considering the ever-evolving landscape of medical
technology and the continuous drive for innovation to improve healthcare outcomes.

What is Usability Engineering?

Usability engineering is a systematic approach that focuses on designing medical
devices with user needs and human factors in mind. It involves identifying, assessing, and
mitigating potential use-related hazards throughout the product lifecycle. The goal is to
create medical devices that are intuitive, efficient, and minimize the risk of use errors,
ultimately enhancing patient safety and user satisfaction.

https://psnet.ahrq.gov/primer/human-factors-engineering
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Why is Usability Engineering Important in Medical Device Design?

1. Improved Patient Safety:

The central focus of regulatory authorities is to protect patient safety and well-being.
Medical devices that lack proper usability design can pose significant risks, leading to use
errors, adverse events, and even patient harm. Incorporating usability engineering in the
design process enables manufacturers to identify potential use-related hazards, assess
risks, and implement appropriate mitigations. By emphasizing user-centered design,
usability engineering reduces the likelihood of unintended use errors, ultimately enhancing
patient safety.

2. Adherence to Regulatory Guidelines:

Compliance with regulatory guidelines and standards is critical for the successful
approval and marketing of medical devices. Regulatory agencies, such as the FDA, have
issued specific guidance documents that outline the expectations for incorporating human
factors and usability engineering into the medical device development process. Failure to
meet these requirements can lead to delays in regulatory approvals or even rejection of the
device submission. By embracing usability engineering practices, manufacturers
demonstrate their commitment to meeting regulatory expectations and ensuring that their
devices are designed with user safety in mind.

3. Facilitating FDA Submissions:

For medical device manufacturers seeking FDA clearance or approval, incorporating
usability engineering into their design process is not just recommended; it is a prerequisite.
The FDA's guidance (HE75) on human factors and usability engineering provides clear
expectations for premarket submissions, necessitating the inclusion of comprehensive
human factors data, usability testing results, and a use-related risk assessment.
Demonstrating adherence to these guidelines significantly streamlines the regulatory review
process, increasing the likelihood of successful FDA submissions.
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4. Global Harmonization:

The focus on usability engineering is not limited to the United States. Regulatory agencies
worldwide are increasingly aligning their expectations regarding human factors and usability
engineering. The International Medical Device Regulators Forum (IMDRF) has been working
to harmonize human factors guidance across different jurisdictions, emphasizing the
importance of incorporating usability engineering in medical device development. As a
result, manufacturers aiming for global market access must consider the regulatory
requirements of multiple countries, making usability engineering a fundamental aspect of
their product development strategy.

What are the benefits of applying Usability Engineering early in the development
process?

Applying usability engineering to medical device design and development offers numerous
benefits that positively impact both healthcare professionals and patients. These benefits
include:

Healthcare Professional +
Patient Benefits

Applying Usability Engineering to
Medical Device Design and Development

Improved Patient Safety

Usability engineering focuses on identifying and mitigating
use-related hazards early in the design process. By considering
human factors and user interactions, potential use errors are
minimized, leading to safer devices and reduced risks of adverse
events or patient harm.

Enhanced User Experience Usability engineering ensures that medical devices are designed
with user needs and preferences in mind. Devices that are intuitive,
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Healthcare Professional +
Patient Benefits

Applying Usability Engineering to
Medical Device Design and Development

and easy to learn and operate lead to a positive user experience,
increasing user satisfaction and confidence.

Reduced Use Errors

A well-designed medical device with clear instructions and intuitive
user interfaces reduces the likelihood of use errors. By addressing
potential design flaws and usability issues, usability engineering
helps prevent critical errors during device operation.

Increased Device Adoption and Compliance

User-friendly devices are more likely to be adopted and used
correctly by healthcare professionals and patients. Improved
compliance with device usage leads to better treatment outcomes
and patient care.

Faster Time-to-Market

By addressing usability concerns early in the development process,
usability engineering helps avoid costly design changes and delays.
A streamlined development process results in faster time-to-market
for medical devices.

Cost Savings

Identifying and addressing usability issues before commercialization
helps avoid costly post-market modifications and potential product
recalls. Usability engineering contributes to cost savings by reducing
the need for extensive redesigns or corrective actions.

Regulatory Compliance

Regulatory bodies, including the FDA and other international
agencies, require Usability Engineering as part of medical device
submissions. By meeting regulatory requirements, manufacturers
ensure smoother approvals and market access.

Risk Mitigation

Usability engineering incorporates risk analysis and risk management
strategies to address use-related hazards. This proactive approach
minimizes potential safety risks and strengthens the device's overall
risk profile.
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Healthcare Professional +
Patient Benefits

Applying Usability Engineering to
Medical Device Design and Development

Enhanced Device Differentiation

In a competitive medical device market, user-friendly and efficient
devices stand out from the competition. Usability Engineering
enables manufacturers to differentiate their products by offering
superior usability and safety features.

Positive Reputation and Brand Perception

Devices that consistently deliver a positive user experience gain trust
and confidence from healthcare providers, patients, and
stakeholders. A strong reputation for usability enhances a company's
brand perception and fosters long-term customer loyalty.

Human-Centered Design

Usability engineering promotes a human-centered design approach,
prioritizing the needs and preferences of users. This approach results
in devices that are not only effective but also considerate of user
comfort and efficiency.

The Usability Engineering Process

The usability engineering process is a vital and dynamic approach that extends throughout
the entire medical device development lifecycle. It goes beyond being a mere isolated
activity, instead serving as an ongoing and iterative method integrated into each stage of the
design process. Emphasizing user-centric principles, Usability engineering relies on two key
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pillars: cross-functional collaboration and usability-focused design iterations. By bringing
together diverse teams, including engineers, human factors specialists, designers, and
regulatory experts, cross-functional collaboration ensures a comprehensive understanding
of user needs and human factors considerations. This collaborative approach guarantees
that the device's design prioritizes user safety, efficiency, and overall user experience.
Moreover, through multiple design iterations based on continuous user feedback and
evaluations, usability engineering enables the consistent enhancement of the device's
usability, keeping user needs firmly at the forefront of the development process

A. User Research: User research is a foundational step in the usability engineering process,
focusing on understanding the needs, preferences, and characteristics of the intended user
population. By gaining insight into users' capabilities, limitations, and expectations, medical
device designers can create products that meet user needs effectively.

1. Identifying User Needs and Characteristics: During this phase, researchers engage
with potential users, healthcare
professionals, or patients to gather data
about their specific needs, challenges,
and goals. This information is crucial in
defining user requirements and ensuring
that the medical device addresses users'
most critical concerns.

2. Understanding Potential Use
Scenarios: By studying the typical use
scenarios, researchers can anticipate
how the medical device will be used in
real-world settings. This involves
observing the device's environment, the
context of use, and potential user
interactions. Understanding these
scenarios helps shape the device's
design and usability considerations.

B. Identifying Known Risks: It's imperative to identify known risks associated with similar
devices or use environments. These could be risks previously documented in literature,
adverse event databases, or from feedback of other similar products in the market.
Recognizing these risks early can provide a roadmap for what issues need special attention
during the research and design phases.

1. Historical Data Analysis: Reviewing past incidents, complaints, or challenges faced by
similar medical devices can provide insights into areas that need attention. This could
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involve looking at regulatory body databases (MAUDE) or feedback from healthcare
professionals.

2. Literature Review: Existing literature and research studies often document the risks
and challenges associated with certain types of medical devices. Regularly updating
knowledge based on academic and industry research can help in pre-empting
potential risks.

3. Stakeholder Feedback: Engaging with stakeholders like healthcare professionals who
have hands-on experience with similar devices can provide practical insights into
known risks and usability challenges

C. Use-Related Risk Analysis: This phase involves a systematic assessment of potential
use-related hazards associated with the medical device. The goal is to identify risks that
may arise from improper device use and implement strategies to mitigate those risks
effectively.

1. Identifying and Assessing Use-Related Risks: A thorough analysis is conducted to
identify possible risks associated with device use. This may include potential errors in
device operation, challenges in device setup, or issues related to user interface
design. Each identified risk is assessed for severity and likelihood to prioritize the
most critical risks.

2. Implementing Risk Mitigation Strategies: Based on the risk assessment, risk
mitigation strategies are developed and incorporated into the device design. This
may involve redesigning certain features, adding safety mechanisms, or providing
clear instructions to users. The goal is to minimize the potential for use errors and
ensure the device's safety during operation.

D. Iterative Design: Iterative design involves developing prototypes and mock-ups of the
medical device to allow for multiple design evaluations and refinements. This iterative
approach ensures that user feedback is incorporated, leading to a user-centered and
optimized product.

1. Prototyping and Mock-ups: Prototyping involves creating low-fidelity versions of the
medical device to simulate user interactions and test initial design concepts.
Mock-ups enable designers to assess user feedback early in the development
process without investing significant resources.

2. Incorporating User Feedback and Iterative Refinements: Feedback from usability
evaluations and user testing is used to iteratively refine the device design. This
involves addressing usability issues, making design modifications, and continuously
improving the device based on real user experiences.
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E. Formative Evaluation: Formative evaluations focus on gathering user feedback early in the
design process to identify usability issues and make necessary improvements before
finalizing the device design.

1. Usability Testing with Representative Users: Representative users participate in
usability testing, where they interact with the prototypes or mock-ups in realistic
scenarios. The testing process is carefully observed, and user feedback is collected
to evaluate the device's usability and identify potential usability problems.

2. Gathering Feedback for Design Improvements: User feedback and observations from
the formative evaluations provide valuable insights for making design refinements.
Designers use this feedback to optimize the user interface, enhance device
performance, and ensure that the device is user-friendly and efficient.

F. Summative Evaluation: Summative evaluation is the final assessment of the medical
device's usability and safety before commercialization or regulatory submission. The primary
objective is to validate that the device meets usability objectives and is safe for its intended
use.

1. Validation of Usability and Safety: Usability testing is conducted with a larger group
of representative users in realistic scenarios to assess the overall performance of the
device. The summative evaluation aims to verify that the device is safe, effective, and
meets user needs.

2. Data Collection and Residual Risk Analysis: Data collected during the summative
evaluation is analyzed to assess user performance, error rates, and user satisfaction.
This data is used to validate risk mitigations, ensure that the device meets safety
requirements, supports regulatory submissions, and that the benefits of using the
device outweigh the residual risks.

The significance of Usability Engineering for Medical Device Manufacturers cannot
be overstated. This white paper has underscored the critical role that usability plays in
ensuring the success of medical devices, the safety of patients, and the overall reputation of
manufacturers. By placing user-centric design at the forefront of product development,
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medical device manufacturers can enhance user satisfaction, streamline workflows for
healthcare professionals, and minimize the occurrence of use-related errors.

The adoption of usability engineering principles and practices enables
manufacturers to adhere to regulatory requirements and standards, such as ISO 62366 and
FDA's Human Factors Engineering Guidance. By conducting rigorous usability testing and
iterative design improvements, manufacturers can effectively identify and rectify usability
issues early in the development process, reducing the risk of costly post-market recalls and
liability concerns.

Moreover, investing in usability engineering not only benefits manufacturers' bottom
lines but also contributes to the overall advancement of healthcare. Devices that are
intuitive, efficient, and error-resistant empower medical professionals to provide better
patient care, leading to improved clinical outcomes and patient experiences.

Embracing a user-centered approach fosters trust and loyalty among healthcare
providers and patients, giving medical device manufacturers a competitive edge in a
crowded marketplace. As technology continues to evolve, usability will remain a
cornerstone of success, serving as a guiding principle in the creation of innovative and
user-friendly medical devices.

In conclusion, Medical Device Manufacturers must recognize that usability is not
merely a checkbox on the regulatory checklist but a pivotal driver of success and safety. By
dedicating resources to usability engineering, manufacturers demonstrate their
commitment to excellence, responsibility, and the betterment of healthcare. Let us move
forward with a shared vision of enhancing the quality of medical devices through
human-centric design, thus creating a healthier, safer, and more compassionate world for all.


