
Copyright MauroNewMedia, Inc. 2019 all rights reserved. 

A Critical Analysis of FDA Guidance for User Percentile Device 
Design Criteria Versus Currently Available Human Factors 

Engineering Data Sources and Industry Best Practices
 

Charles L. Mauro, CHFP, Peter Pirolli, Ph.D., and Chris Morley, MSc. 
Please direct any questions or comments to Charles L. Mauro, CHFP. 

Email: cmauro@mauronewmedia.com.  
Any and all feedback is welcome.  

 

A staggering report was recently released by the International Consortium of Investigative Journalists 

(ICIJ) indicating that 83,000 deaths and 1.7 million injuries were linked to medical device adverse events 

reported over the last decade (Díaz-Struck, 2018). Furthermore, a 2013 report by McKinsey & Company 

suggested that such adverse events and associated quality issues cost the medical device industry between 

$2.5 billion and $5 billion per year on average (Fuhr, George, & Pai, 2013). There is also indication that 

some aspects of both medical device human factors engineering (HFE) design and Food and Drug 

Administration (FDA) HFE validation criteria may not provide proper methodologies for selecting and 

testing patient populations. This may lead medical devices that pass FDA HFE validation to still exhibit 

significant use errors when utilized by actual patients in the real world. This paper explores the possible 

sources of HFE performance problems with medical devices and links potential problems to HFE 

validation methodologies within the FDA HFE guidance framework. The paper also examines device 

design teams’ failure to utilize HFE best practices in the design and testing of medical devices. 

Critical conclusions drawn from this analysis suggest that, currently, medical devices may not be designed 

and validated according to the full percentile range recommended by FDA guidance and HFE best practice. 

The analysis also indicates that both the FDA and medical device design teams have failed to understand 

that designing devices to meet a specific range of user needs includes not only physical attributes, but also a 

wide range of percentile-based cognitive and physiological HFE performance variables. This problem is 

potentially causing patients who reside at the extremes of percentile distributions (i.e., those with extreme, 

but acceptable degrees of functional and/or cognitive limitations) to not be able to use devices 

successfully, which may significantly impact clinical outcomes. The analysis additionally indicates that 

such failure to design for proper percentile extremes is related to respondent recruiting methods and, more 

generally, a lack of awareness regarding HFE theory and best practice. Furthermore, for certain categories 

of modern medical devices, including drug delivery devices, little to no validated HFE percentile-based 

device design data exists to facilitate medical device development. These issues are not limited to the 

design of medical devices, but also apply to the design of secondary components of the device system, 

including device packaging, labeling and instructions for use. To resolve such issues, the authors propose 

generation of an HFE medical device design criteria dataset for use by development teams during design 

and testing. The FDA may also reference the proposed dataset during HFE review and validation. 
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INTRODUCTION 

Background 

The following technical paper is based in part on a panel 

discussion at the 2019 International Symposium on Human 

Factors and Ergonomics in Health Care in Chicago, IL from 

March 24 to 27, 2019. The panel session was produced by 

Charles L. Mauro CHFP, based on extensive industry 

experience with design and human factors engineering (HFE) 

optimization of medical devices. The production and 

publication of this paper is underwritten by Mauro Usability 

Science.  

 

Statement of Problem 

The medical device industry has exhibited substantial 

growth over the last 20 years (Fuhr, George, & Pai, 2013; 

Kelly, 2018). However, with this substantial growth has come 

an increase in the occurrence of adverse events related to 

medical device use. For example, a recent report by the 

International Consortium of Investigative Journalists (ICIJ) 

indicated that 83,000 deaths and 1.7 million injuries were 

linked to medical device adverse events reported over the last 

decade (Díaz-Struck, 2018; Note that the ICIJ report covered a 

wide range of medical device types, including implantable 

devices, injection devices, and others). Furthermore, a 2013 

report by McKinsey & Company suggested that such adverse 

events and associated quality issues cost the medical device 

industry between $2.5 billion and $5 billion per year on 

average (Fuhr, George, & Pai, 2013). 

The primary objective of the FDA HFE divisions (i.e., 

Center for Drug Evaluation and Research [CDER] and Center 

for Devices and Radiological Health [CDRH]) and related 

FDA HFE guidance is to ensure that medical devices and 

related hardware and software exhibit suitable levels of 

professional HFE performance. The ultimate objective of FDA 

HFE guidance is to promote positive clinical outcomes for 

patients utilizing medical devices and other medical products 

regulated under FDA direction. The FDA provides detailed 

HFE guidance, review and approval for a wide range of drug 

delivery devices, medical products and applications to assist 

industry in generating products that meet acceptable levels of 

HFE performance. This includes review of physical drug 

delivery devices, all related labeling affixed to or integrated 

with the device, packaging and instructions for use.  

 

CRITICAL ANALYSIS OF FDA HFE GUIDANCE 

The Two Critical Aspects of FDA HFE Guidance 

FDA guidance presents numerous HFE design criteria to 

produce devices that exhibit adequate HFE performance in 

terms of user capabilities and expectations. However, two 

criteria put forth by the FDA guidance are most critical to 

creating medical devices and products that successfully 

accommodate user capabilities. These two criteria should 

drive all design decision-making related to optimizing HFE 

performance.  

Criterion 1 - Design for Specific Limitations Caused by 

Disease State. The first critical criterion is the need to design 

the device according to the specific limitations of the patient 

population who will use the device for treatment. For example, 

if an autoinjector will be used to deliver medication for 

osteoporosis, the autoinjector must be designed to meet the 

functional and cognitive limitations related to the osteoporosis 

disease state, such as degraded strength, hand coordination, 

and cognitive (due to advanced age) performance. 

Criterion 2 - Design for Specific Percentile Range of 

Limitations Related to Disease State of Patients. The second 

critical criterion is that a given medical device must be 

designed to accommodate the functional and cognitive 

limitations of a predefined range of patients for the disease 

state that the drug delivery device is used to treat. 

Accordingly, design criteria for a particular device are 

determined by the percentile distributions of functional and 

cognitive capabilities for the patient population(s) that will use 

the device for treatment. It is well-understood that patient 

populations exhibit ranges of capability for any particular 

functional or cognitive dimension. Thus, medical products 

must be designed to accommodate such ranges of capability 
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for the given population of patient users. For example, if an 

autoinjector will be used to deliver medication for 

osteoporosis, the autoinjector must accommodate the range of 

capabilities related to strength, hand coordination, cognitive 

performance, and other use-related dimensions characteristic 

of the osteoporosis disease state. 

 

How Prescribed Percentile Ranges Are Used to Make 

Design Decisions  

Based on well-established HFE science, designing 

medical devices based on prescribed percentile ranges 

involves creating product design solutions that are acceptable 

by the lower and higher ends of the percentile distribution. 

This requires understanding the needs and limitations of users 

at the ends of the percentile distribution, designing according 

to their capabilities, and testing the device with users who 

actually reside at the lower and higher ends of the distributions 

(e.g., 5th percentile female and 95th percentile male). Returning 

to the osteoporosis example, this means that a device must be 

designed for the specific limitations related to the osteoporosis 

disease state, as well as osteoporosis patients who reside at the 

ends of the population distribution in terms of use-related 

capabilities. This requires testing patients with the actual 

medical condition addressed by the drug delivery device, but 

specifically, patients with the most extreme limitations, as 

determined by where they lie on the percentile distribution in 

terms of a particular functional or cognitive capability.  

A deeper analysis of FDA guidance and industry best 

practice regarding the use of percentile distributions in 

medical device design is highly informative when determining 

whether or not current FDA HFE guidance on medical device 

design and requirements for FDA HFE validation submissions 

adhere to these cornerstone concepts of proper HFE theory 

and practice. There is clear evidence that current medical 

devices may not be designed to meet the stated FDA guidance 

or industry best practice when measured against the two 

primary guidance variables of disease states and percentile 

distributions. This is cause for serious concern. 

Analysis of FDA Guidance on User Percentile Device 

Design Criteria  

The following is the actual text from FDA-recognized 

standard AAMI/ANSI HE75 (AAMI, 2013) related to 

designing according to percentile ranges. AAMI/ANSI HE75 

states specifically:  

“Good anthropometric design of medical devices should 

accommodate as wide a range of human physical 

dimensions as is possible. In most cases, the design of 

medical tools, equipment, and workstations ought to 

accommodate adults ranging in size from 5th percentile 

female to a 95th percentile male.”  

Figure 1A depicts the suggested 5th percentile female to 

95th percentile male range plotted on a normal distribution. 

Human performance variables are typically normally 

distributed as seen here.  

 

 
Figure 1. (A) Minimum acceptable percentile range recommended by 

AAMI/ANSI HE75 guidance vs. (B) wider percentile range recommended by 

HFE industry best practice. Red highlighting indicates suggested percentile 

range. The shape and range of such distributions may vary depending on 

disease state or user group.  
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It is important to note that designing for the 5th percentile 

female to 95th percentile male is widely regarded as the 

absolute minimum acceptable percentile range. In this regard, 

AAMI/ANSI HE75 goes on to further clarify:  

“Designing a medical device to accommodate users from 

a 5th percentile female to a 95th percentile male 

theoretically covers 90% of the user population for that 

dimension…However, specific medical devices or tasks 

could require accommodating more than the central 90% 

of potential users. In these instances, data representing 

larger ranges of the population could be used, such as 

the 1st to 99th percentiles.”  

 

Industry Best Practice for User Percentile Design Criteria 

Aside from the percentile ranges proffered in FDA 

guidance, it is clear that current industry best practice suggests 

designing for a wider percentile range of at least the 2.5th 

percentile to the 97.5th percentile. Many products that are 

utilized by a range of individuals (e.g., automobiles, industrial 

equipment, agricultural equipment, sports products) are 

designed to accommodate the 2.5th percentile to the 97.5th 

percentile, which covers 95% of the expected user population 

(See Figure 1B). The actual statistical range for industry best 

practice is generally regarded as three standard deviations 

above and below the mean for a particular functional or 

cognitive capability.  

 

Deeper Analysis of FDA Guidance Related to User 

Percentile Device Design Criteria  

A careful parsing of the published FDA HFE guidance 

on percentile design criteria, as described above, indicates that 

the FDA does not explicitly define the percentile range that 

device design teams should apply in their device design 

solutions. This is a serious weakness in FDA guidance, 

because it leaves the decision of which percentile range to 

design for up to the team tasked with design and HFE testing 

of the medical device. The AAMI/ANSI HE75 text “[design] 

to accommodate as wide a range of human physical 

dimensions as is possible” allows a device design team to 

proffer a device that meets the narrower percentile range (i.e., 

5th percentile to 95% percentile), based on the justification that 

meeting a wider percentile range is not “possible”. It is hard to 

imagine another industry in which such an option would be 

allowed, as it clearly can lead to serious dilution of HFE 

performance when applied to a given design problem.  

As stated above, if one looks at broader industry HFE 

best practices, it is clearly appropriate to design for a wider 

range of functional and cognitive capabilities than the 

minimum percentile range proffered in AAMI/ANSI HE75. 

Specifically, current HFE industry best practice suggests that 

technology solutions with a significant HFE component be 

designed for the 2.5th female to the 97.5th male percentile 

range, accommodating 95% of the total user population in 

terms of user needs and limitations. This is considered best 

practice from a product development perspective; however, it 

adds complexity to the design of medical products, as this 

wider range includes users with lesser functional and cognitive 

capabilities than that covered by the 5th to 95th percentile 

range.  

 

Total Range of Device Users May Include Patients, As 

Well As Caregivers and HCPs 

It is important to note that devices must be designed for 

all user profiles, which may include not only patients, but 

caregivers, and healthcare providers (HCPs) as well. For 

example, an autoinjector device designed to administer a 

particular medication may be used by doctors or nurses in a 

hospital environment, as well as caregivers or patients in the 

home environment. Caregivers and HCPs may exhibit some 

functional or cognitive limitations, but the majority are often 

healthy adults. Accommodating for caregivers and HCPs in 

addition to patients does not change the HFE problem 

discussed throughout this paper. Patients are likely the lowest 

performing user profile in terms of use-relevant capabilities 

due to their disease state. Thus, patients are the user group that 

requires the most attention when making design decisions, as 
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they will exhibit the most restricted functional and cognitive 

capabilities compared to caregivers and HCPs.  

 

HFE Design Criteria Covers All Aspects of HFE 

Performance…Not Just Physical Measures 

Current FDA guidance is commonly viewed as being 

related only to physical, anthropometric variables that impact 

medical device design. This, however, is not the proper view, 

as effective device use is affected by the following 6 critical 

HFE dimensions, which include:  

1. Physical body size anthropometric data 

2. Physical strength, manipulation/coordination and 

physiological data 

3. Cognitive capabilities, language profile, learning 

decay and decision-making data 

4. User prior experience with technology-based 

interfaces 

5. Environmental factors that impact medical 

device utilization 

6. User psychological state related to device 

utilization 

These 6 dimensions are required to produce highly 

usable products and related systems. The dimensions have 

been verified over decades of product development across a 

wide range of product categories in which risk and HFE 

performance must be managed in an objective and reliable 

manner.  

It is important to note that these dimensions are well-

understood to interact in a series of complex ways depending 

on the medical device design problem at hand. Actual HFE 

performance is objectively measured by how well a given 

medical product solution performs on these 6 variables. 

Ignoring any one of these variables in product design can 

result in users failing to use the device to successfully 

administer the drug and/or improve clinical outcomes.  

 

 

 

Critical Missing Statement in FDA HFE Guidance 

Current FDA HFE guidance does not explicitly state that 

medical devices should accommodate users based on 

percentile ranges for the 6 critical HFE dimensions described 

above. Rather, such guidance solely mentions designing 

according to physical body size anthropometric data. This is a 

major oversight, as it provides a very limited impression of the 

scope of HFE science and best practices available to facilitate 

the design of devices and related technology for the 

appropriate range of user capabilities. Accordingly, there is a 

clear need for more comprehensive guidance to aid 

development teams in producing medical products that 

perform well on all critical HFE dimensions. 

 

HFE Design Criteria Apply Equally to All Components of 

Device System 

Current FDA guidance also fails to provide design 

criteria for secondary components of the device system, such 

as device labeling. That is, there is no FDA HFE guidance for 

instructions for use (IFU), device labeling, package labeling 

and all other graphic and typographic content that are provided 

along with the device. Although there are well-understood 

HFE requirements in industry for instructions, warnings, and 

related content to accommodate certain user percentile ranges, 

FDA HFE review staff have no objective criteria on which to 

evaluate IFU validation data. One can assume that device 

labeling must accommodate the same relevant percentiles as 

the corresponding device; however, no such clarification is 

provided in any FDA guidance or related documentation.   

 

FDA HFE Guidance Should Address All Relevant Forms 

of Medical Technology 

FDA HFE guidance has for the most part focused on 

medical hardware devices, and to a lesser extent, on medical 

software-based products. However, with the recent onset of 

new digital medical products and services (Mathews et al., 

2019), it is clear that the 6 HFE performance dimensions 

above apply to digital health products and services, including 
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those delivered via web browser or smartphone application. 

Many of these new digital medical products and services are 

hybrid configurations, combining hardware medical devices 

with screen-based interfaces. Such combined medical product 

solutions are well-understood to exhibit significant operational 

complexity, unless subjected to professional HFE design 

development and testing, suggesting that FDA guidance 

should be provided for these product categories as well.  

 

Problems with FDA Guidance and The Real-World 

Impact on Usability 

Based on objective decomposition of the FDA guidance 

above and review of industry best practice, it is clear that the 

percentile design criteria proffered by the FDA is very broad 

and does not necessarily ensure that medical products are 

designed to meet baseline HFE user percentile requirements. 

The disconnect between FDA HFE guidance and industry best 

practice may certainly explain the sometimes surprisingly high 

levels of adverse events reported for medical devices that have 

passed through FDA HFE validation testing once the devices 

reach patients in real-life use scenarios (Díaz-Struck, 2018). 

Frequency of such adverse events has propagated throughout 

the medical community, leading Dr. Jack Resneck Jr., the 

Board Chair of the American Medical Association (AMA) to 

recently state, “I get tremendously excited…seeing all of the 

disruptive innovation…taking place that are going to help us 

take better care of some of our patients, and I also channel the 

frustrations of some of my peers about tools that are out there 

that don’t work, or don’t think of whether they affect a 

physician’s workflow or a patient’s health in a positive way” 

(Comstock, 2019). 

Typical problems found today with drug delivery devices 

in the actual use environment post-FDA approval include:  

• Inability to activate drug release mechanisms 

• Inability to grasp and maintain proper alignment 

of devices 

• Inability to hold down devices on the injection 

site until injection completion 

• Inability to read and comprehend instructions for 

use 

• Inability to understand the basic operational 

status of drug delivery devices 

• Inability to manage removal of safety features 

and parts prior to injection 

• Inability to remove device from packaging and 

return to safe storage 

• Inability to keep device affixed to body during 

use sequence (on-body injectors) 

Such problems should rarely surface if devices actually 

meet the performance requirements for each of the 6 critical 

HFE dimensions.  

 

Current Problems with Device Complaint Data Collection 

and Application 

Related to the high levels of user complaints reported for 

medical devices that have passed through FDA HFE 

validating testing, neither the FDA nor industry has a 

standardized structure for collecting user complaint data for 

effectively determining root cause of such issues in terms of 

HFE requirements. Pharmaceutical companies often have a 

product complaint reporting policy, which involves users 

and/or affiliates of the company reporting via a call line 

information regarding the patient who experienced the issue, 

the person who is reporting the complaint (if it is not the 

patient), and what the complaint is in regard to (e.g., product, 

outcome of complaint-related event, did it cause patient to 

miss dose, did the patient contact HCP, what does reporter 

believe led to complaint-related event). Critically, there is no 

requirement for such companies to share the data they collect 

with the FDA or industry at large. Furthermore, the procedures 

for reporting complaints often lack the structure necessary to 

derive root cause and HFE solution for the issues described, 

greatly minimizing the usefulness of data collected. 

Development of an industry standard or FDA-recommended 

structure for reporting and acting on product complaints may 

greatly improve the utility of reported issues.  
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The Larger Problem Regarding FDA HFE Validation and 

User Percentile Design  

Broadly defined FDA guidance on designing for user 

percentiles is only a portion of a much larger issue that both 

the FDA and medical device manufacturers have been 

ignoring for decades: The FDA does not require actual proof 

in HFE validation documentation and related filings that 

respondents sampled in HFE validation studies actually meet 

the stated percentile ranges recommended by FDA guidance. 

This critical conclusion is based on the primary author’s 

execution of over 30 FDA validation studies, as well as related 

reporting of HFE data for FDA validation submission. 

Designing devices according to user percentile ranges is a 

fundamental process of professional HFE theory. Furthermore, 

it is a fundamental aspect of user-centered design. It is 

surprising that many medical device teams responsible for 

HFE validation submissions lack even the most basic working 

knowledge of such an important HFE science principle.  

 

How Current FDA HFE Percentile Guidance Weakens 

HFE Device Performance 

In HFE validation submissions, the FDA receives a 

statement that sampled respondents represent actual potential 

users of the medical device. However, there is rarely, if ever, a 

statement that respondents cover the recommended user 

percentile range (e.g., 5th percentile to 95th percentile) on 

critical functional and cognitive dimensions related to device 

use. The reason such data is not reported is simply that HFE 

testing programs do not employ sampling strategies that 

involve recruiting according to specific percentile ranges for 

functional and cognitive dimensions critical to proper device 

use. For example, HFE validation submissions for an 

osteoporosis drug delivery device will verify that sampled 

respondents suffer from osteoporosis; however, data is not 

provided regarding where such respondents fall on the 

percentile distributions for functional and/or cognitive 

capabilities that have the greatest impact on successful drug 

delivery. 

Probability Suggests Bias of Data Reported to FDA  

Given well-understood statistical theory and practice, it 

is very likely that respondents sampled in most FDA HFE 

validation studies do not represent the percentile range of 

users recommended by FDA guidance or industry best 

practice. If recruitment for a patient group is not targeted for a 

specific percentile range of a critical capability, and instead, is 

based on simply recruiting patients with a certain disease state, 

recruited respondents are far more likely to cluster in the 

center of the percentile distribution for that particular patient 

group than the ends of the distribution. Consequently, it is 

possible that little to no data is collected from patients at the 

ends of the percentile distribution, as required for adequate 

HFE performance validation testing according to minimum 

guidelines from FDA guidance. This problem is exacerbated 

by the fact that FDA guidance suggests that a device be tested 

by 15 to 20 respondents per user group at the validation stage 

to allow for meaningful statistical evaluations of the 

acceptance criteria (AAMI, 2013). It is unlikely that such 

small samples will fully represent the recommended range of 

the percentile distribution (e.g., 5th percentile to 95th 

percentile) for a particular functional or cognitive capability, 

unless recruitment is targeted for a specific percentile range.  

Ultimately, the analysis above suggests that drug 

delivery devices, for the most part, are being designed and 

validated according to the central range of functional and 

cognitive capability percentile distributions for intended 

patient groups, leaving patients who exist on the extremes of 

such percentile distributions with devices that they cannot use 

successfully. Critically, such devices may appear entirely 

acceptable when device manufacturers submit their error data 

from HFE validation testing to the FDA, as no data is required 

to verify that sampled respondents cover the entire range of 

the relevant percentile distributions(s). In sum, the FDA’s 

failure to regulate HFE validation submissions more 

rigorously according to the percentile design guidance they 

proffer likely has led medical devices to be approved based 

upon fundamentally limited and flawed datasets. This may 
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explain the significant number of complaints reported for 

some devices once they reach the actual patient use 

environment.  

It is safe to say that, currently, FDA validation studies 

provide no data regarding the range of the percentile 

distribution covered by sampled respondents. This is a major 

problem as proper application of HFE theory requires 

designing for a large range of the user population to achieve 

positive patient outcomes when utilizing drug delivery devices 

and other medical products and applications.  

 

How Did Industry and the FDA End Up Here?  

It is unclear exactly how this oversight has become 

accepted practice by both the FDA and industry at large. 

However, one can assume that a critical factor is a lack of 

understanding related to formal HFE theory and practice when 

designing for a given user population based on their relevant 

range of functional and cognitive capabilities.  

Specifically, many usability testing agencies tasked with 

device validation studies are trained only in traditional 

consumer research and have little or no formal training in 

professional HFE science. This leaves such testing agencies 

without the necessary knowledge of actual HFE population 

distribution science to properly recruit and test devices based 

on FDA percentile guidance or industry best practice. Rarely 

do device manufacturers ask contracted HFE testing agencies 

to prove specialized working knowledge of HFE science.  

This problem is further exacerbated by many managers 

of HFE testing agencies having little or no formal training in 

HFE science and related best practice. There seems to be a 

belief within industry that HFE science and best practice are 

matters of intuition and rule interpretation, which often leads 

to hiring staff with little or no formal HFE experience. It is a 

fact that professional HFE is a science, not an art. This is an 

issue that cannot be overlooked. However, the FDA plays a 

role in this critical problem as well.  

 

 

FDA HFE Staff Expertise  

Similar to in industry, many FDA HFE staff in positions 

of approving HFE validation submissions lack formal training 

in HFE science. This is well-known within the FDA and 

industry at large. Therefore, it makes sense that even on the 

regulatory side, there may be a general lack of understanding 

regarding appropriate criteria for approval based on user 

percentile device design guidance proffered by the agency. 

This is a curious problem for an industry with such high 

impact and focus on clinical outcomes.   

 

Why Automobiles and Not Medical Devices? 

No other product category that relies on HFE user 

percentile design criteria exhibits the same failure to design 

and verify according to a large range of the user population as 

does the medical products category. For example, if 

automobile seating and control systems were allowed to be 

pushed to market with the approach currently employed in 

FDA validation testing, there would likely be significant 

portions of the user population that would not be able to drive 

a new automobile. It is important to note, however, that the 

automobile industry has developed a large body of human 

percentile performance data that is used in the design of all 

production automobiles on a global basis. This dataset covers 

mostly whole-body dimensions, reach envelopes, strength and 

related factors. Unfortunately, such data is of almost no use in 

the design of hand-held drug delivery devices or other medical 

products, as the data is typically collected from healthy adults 

that do not exhibit the specific functional and cognitive 

limitations characteristic of certain disease states treated by 

such medical products.  

 

Where is the Design Criteria Data for Medical Devices?   

Although there is specific guidance emphasizing the 

need to design for patients that may fall below the 5th 

percentile for certain critical patient population variables, 

there is very sparse actual research data that device 

manufacturers can utilize to design for such patients that have 
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functional and cognitive limitations that place them in this 

range of the distribution, well below the lowest percentiles of 

the healthy U.S. population. It is important to note that even 

though the FDA proffers guidance with respect to the required 

user percentile design criteria, the FDA does not provide and 

has no mandated responsibility to provide formal medical 

device HFE percentile design data for the wide range of 

human performance variables related to the effective use of 

drug delivery devices. This raises the question, who is 

responsible for collection and verification of statistically 

reliable data that can be utilized to meet the stated FDA 

guidance with respect to HFE user performance?  

The following sections discuss categories within the 6 

critical HFE dimensions that exhibit missing or very sparse 

device design criteria data. 

 

Missing HFE Medical Device Design Criteria Data (e.g., 

for Autoinjector, Pre-filled Syringe, On-Body Injector use)  

The design of medical devices, especially those used by 

patients with degraded functional and cognitive capabilities, is 

a challenging and complex product development problem. The 

problem is made more complex by rapid changes in 

technology, new drug formulations and a user population 

which can vary widely based on the clinical manifestations 

brought about by disease states and disease progression. The 

development of design criteria for medical devices is more 

complex than developing design criteria for other products, 

such as automobiles, where product design decision-making is 

driven essentially by meeting the needs of the healthy adult 

population. Automobile HFE design criteria is well-

understood, widely researched and easily accessible.  

Design criteria for medical devices is the exact opposite. 

There is almost no widely available and peer-reviewed HFE 

percentile-based device design criteria for medical device 

development. However, this lack of design criteria is no 

excuse for not designing to meet the specific needs of a 

designated patient population. It is the responsibility of 

medical device design teams to develop reliable design criteria 

with respect to the needs of users for a specific device and/or 

related product configuration. This practice is entirely 

common in industries that do not have existing data on the 

HFE performance of their specific user base. This form of 

research is done routinely in apparel, safety equipment, and 

child products. Each product category has a unique set of HFE 

design criteria that are required to meet professional HFE 

performance standards. Medical devices also have a core set 

of design criteria that may form the basis for design and 

production of highly usable devices and related labeling.  

 

Criticality of Medical Device Design Criteria Data Related 

to Cognitive Capabilities 

As touched on above, critical medical device HFE design 

criteria is not limited to physical anthropometry, but extends 

to perceptual and cognitive capabilities, language profile, prior 

experience with similar devices, and factors related to the use 

environment. Users’ ability to comprehend and apply 

instructions for use (IFU) to successful drug administration 

with a device is closely related to such factors.  

Cross-sectional comparisons of different age populations 

reveal substantial variation in perceptual capabilities related to 

IFU and device use.  For instance, visual acuity (20/10 – 

20/25) drops from 95.4% for 46 to 52-year-old adults to 

69.1% in 75 to 85-year-old adults, and this decline is 

particularly pronounced in low light conditions (the average 

65-year-old retina receives 1/3 the light of 25-year-old), that 

are characteristic of the average household (< 40 cd/m2). Color 

perception also changes with aging, as does the ability to read 

certain color fonts and backgrounds. The Japanese National 

Institute of Advanced Industrial Science and Technology 

(AIST) has collected several databases concerning age-related 

visual acuity that are useful for IFU design, such as the 

predicted minimum legible font size for a particular age group 

under expected lighting conditions. The AIST databases are 

limited, as they were developed for Japanese populations and 

Japanese characters, but they do illustrate the potential utility 

of such databases for the design of IFU for US populations. 
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Considerable variation in cognitive capabilities important 

to IFU and device use also occur across age populations 

(Czaja & Sharit, 2012), including working memory, attention, 

cognitive processing, spatial cognition, problem solving, and 

reasoning.  Figure 2 captures some of the changes with age in 

cognitive speed of processing, working memory capacity 

(WMC), and long-term memory. Working memory is used as 

a short-term store of information that is the focus of cognitive 

processing and WMC declines from younger to older adult 

populations (McNab et al., 2015). WMC is crucial to 

performing device operations that require holding information 

or subgoals—for instance reading a display and using that 

information in a subsequent action.  WMC is also crucial to 

reading and following instructions: Instruction that increases 

the use of working memory resources, which is exacerbated 

by reduced WMC, reduces learning (Sweller, 1999). 

Perceptual and cognitive capabilities are important to 

IFU comprehension and device use, but little to no data exists 

regarding percentile distributions for perceptual and cognitive 

capabilities. To develop such databases would also require 

standardization of instruments and metrics—for instance for 

WMC. 

 

 
Figure 2. Cognitive capabilities vary substantially across age populations 

(Park et al., 2002). 

 

Medical Device Design Criteria 

Table 1 summarizes the primary device design HFE 

criteria required to optimize a given medical device for robust 

user interactions, as well as the current state of accessible data 

for each criterion.   

 
Table 1  

Device Design HFE Criteria and Current State of Data 

Device Design HFE Criteria Current State of Data 

Device activation force (multiple 

dimensions) 
Very sparse data 

Grip biomechanics and manipulation 

variables 
Very sparse data 

Device spatial orientation and alignment No data 

Physiological effort vs. preferred 

activation forces 
No data 

Body part drug delivery HFE performance 

impact 
No data 

Visual signal detection vs. interactive 

elements 
No data 

Audio signal detection variables No data 

Package design device access forces No data 

Reading level vs. primary language (IFU) No data 

General cognitive performance (IFU) No data 

Learning and learning decay variables No data 

Environmental variables that impact 

device utilization 
No data 

Prior learning and learning transfer data No data 

Subjective response to visual design 

attributes of device 
No data 

 

A dataset gathered according to these device design HFE 

criteria could be utilized by device manufacturers to design 

according to a range of percentiles for each criterion, as well 

as by the FDA when approving device validation studies to 

verify that devices are in fact designed according to their 

percentile device design guidelines.  

Currently, medical device design teams are left to 

determine whether their solutions meet the functional and 

cognitive HFE performance requirements for the intended 

patient population. It is well-understood that many critical 

HFE design decisions that impact device HFE performance 

are made without reference to formal HFE percentile design 

criteria. Instead, most critical device design decisions are 

made by engineering team members based on “best-guess” 

heuristics, often involving analysis of device mockups by 
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young, healthy engineers. If such devices are then tested in 

FDA HFE validation studies by patients who do not 

adequately represent the range of functional and cognitive 

capabilities exhibited by actual users, issues with the device 

will not be revealed until patients are using the device in the 

actual use environment.  

 

How to Obtain Reliable Medical Device Design Criteria 

Based on the explanation provided above, one can 

understand why the medical device industry was willing to 

entirely overlook submission of percentile-based data for FDA 

HFE validation studies. It is less clear why the FDA has not 

required such data, since adherence to fundamental HFE 

theory and practice seems to be consistent with the FDA’s 

mission. Although robust percentile data is for the most part 

currently unavailable for device manufacturers, there is well-

understood and validated research methodologies that medical 

device teams can employ to capture and exploit such data in 

their design decision-making.  

The following table lists the primary device design HFE 

criteria required to optimize a given medical device for robust 

user interactions, along with corresponding validated data 

capture methods.  
 

Table 2 

Device Design HFE Criteria and Corresponding Data Capture Method(s) 

Device Design HFE Criteria Data Capture Method 

Device activation force (multiple 

dimensions) 
• Newtonian Force Measurement  

Grip biomechanics and 

manipulation variables 

• Newtonian Force Measurement 

• Electromyography (EMG)  

• 3D Spatial Tracking 

Device spatial orientation and 

alignment 
• 3D Spatial Tracking 

Physiological effort vs. preferred 

activation forces 

• Newtonian Force Measurement  

• EMG 

Body part drug delivery HFE 

performance impact 
• Newtonian Force Measurement 

• EMG 

• 3D Spatial Tracking 

Visual signal detection vs. 

interactive elements 
• Vision Testing 

Audio signal detection variables • Hearing Testing 

Package design device access 

forces 
• Newtonian Force Measurement 

Reading level vs. primary 

language (IFU) 

• Reading Comprehension Test  

• Health Literacy  

General cognitive performance 

(IFU) 
• IQ Test 

Learning and learning decay 

variables 

• Eye-tracking 

• Cognitive workload  

• Task analysis 

Environmental variables that 

impact device utilization 
• Eye-tracking 

• Galvanic Skin Response (GSR) 

• Ethnographic video recording 

Prior learning and learning 

transfer data 
• Eye-tracking 

• Cognitive Workload 

• Task Analysis  

Subjective response to visual 

design attributes of device 

• Centrality of Visual Product 

Aesthetics (CVPA) 

 

Datasets developed using the data capture methods 

featured in Table 2 should be fully integrated into all device 

design programs. This same data, unique to each device type, 

should also be required in all FDA submissions for HFE 

validation.  

 

Applying Device Design Criteria Datasets to Design, 

Recruitment and Testing 

Such percentile design criteria datasets may be utilized to 

design and test devices for the range of user capabilities 

recommended by FDA guidance. Critically, however, 

recruiting respondents for FDA validation testing according to 

such percentiles is more complex than it may seem due to the 

Mythical Man Problem, which is well-known in HFE science. 

The Mythical Man Problem and how it relates to recruiting 

respondents for FDA validation testing to meet FDA guidance 

is discussed below.  

Much of the thinking in this paper is inspired in part by 

earlier work in physical anthropometry, in which percentiles 

were developed for body dimensions to inform the design of 

various products, such as automobiles and agricultural 

equipment operator cabs. Such data was often presented in 
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diagrams depicting a region of the human body with related 

dimensions provided for a certain percentile (e.g., in Henry 

Dreyfuss’ famous “The Measure of Man” series; See Figure 3 

below). It is important to understand that the diagrams and 

related percentiles presented in such standard anthropometric 

publications do not actually represent any actual, individual 

human. Rather, such diagrams are statistically synthesized to 

represent a theoretical person who exhibits the same percentile 

for each of the dimensions depicted (e.g., a diagram may show 

the human hand with all related dimensions drawn according 

to the 95th percentile for adult males). This compilation of 

common percentiles for all body dimensions depicted in a 

diagram is known in HFE science as the Mythical Man. In 

reality, no human exists that exhibits the same percentile for 

all body dimensions.  

 

 
Figure 3. Example of Diagram from Henry Dreyfuss’ “The Measure of Man” 

(Dreyfuss, 1993). 

 

This has large implications for recruiting participants to 

meet the specific percentile design criteria recommended by 

FDA guidance, because one cannot simply recruit individuals 

that are 2.5th percentile in terms of one dimension and assume 

that this means they will also be 2.5th percentile for other 

dimensions related to device use. For example, just because an 

individual is 2.5th percentile for arm strength does not mean 

that they will be 2.5th percentile for hand size. Furthermore, it 

cannot be assumed that 2.5th percentile for a functional 

capability predicts 2.5th percentile for a cognitive capability. 

Each critical HFE device design dimension stands alone when 

it comes to populations of actual users, meaning that there is 

more variation across dimensions than that suggested by the 

Mythical Man drawings.  

To recruit respondents for an FDA HFE validation study 

who represent the percentile capabilities prescribed by FDA 

guidance, one must first identify all critical HFE dimensions 

to successful drug administration with a particular product and 

then recruit participants who reflect the 2.5th percentile for 

each dimension. As noted above, it is highly unlikely that a 

single participant will fall in the 2.5th percentile for all critical 

HFE dimensions, so separate respondents will likely need to 

be recruited for each critical dimension. This approach, 

although complex and time-consuming, is the only way to 

objectively verify that a medical product accommodates the 

range of functional and cognitive capabilities required by FDA 

guidance and HFE industry best practice. Currently, no HFE 

study design properly utilizes this well-understood 

methodology.  

 

Applying Device Design Criteria Datasets in FDA Reviews 

and Approvals  

The new device design HFE criteria dataset proposed 

above will provide FDA HFE teams with a robust HFE design 

criteria reference that can be used to streamline and enhance 

device and labeling reviews and approvals. It is important to 

note that MAURO Usability Science has executed over 110 

medical device studies in which we have often observed 

patients exhibit critical HFE variables such as strength, hand 

size, and cognitive capabilities below the 2.5th percentile for 

the healthy adult population. This observation strongly 
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suggests that device development teams cannot rely on 

available data from the healthy adult population to inform 

their device designs, unless that is the explicit user group for 

the device. Such an insight further demonstrates the need for 

development of device design criteria based on robust 

understanding and application of formal HFE theory and 

practice.  

 

Who Should Fund the Development of Suitable HFE 

Design Data for Medical Devices? 

1. FDA Funds Development of Device Design User 

Criteria Database. There is no legislative mandate for the 

FDA to develop such a dataset. However, several government 

agencies have funded similar anthropometric databases for 

nearly all the branches of the military. The federal government 

has also funded anthropometric data collection for non-

military government agencies, such as NASA, DOD, DOT, 

National Institute of Occupational Safety and Health and the 

National Center for Health Statistics (National Health and 

Nutrition Examination Survey – NHANES). Unfortunately, 

data from such anthropometric databases are typically based 

on the healthy adult population. In addition, anthropometric 

data alone are insufficient to gauge the HFE performance of 

medical devices utilized by populations that have both 

functional and cognitive limitations due to their disease states.  

Development of a nationally representative database 

covering HFE medical device design variables for patient 

populations is exactly aligned with current FDA regulatory 

science objectives. Such a database will fill in critical missing 

data that will have a direct and measurable impact on clinical 

outcomes by providing industry with scientifically valid and 

robust HFE design criteria to facilitate design decision-making 

and testing. Furthermore, an FDA-supported program will fill 

a major missing piece of research that will facilitate adherence 

to existing FDA HFE guidance.  

2. Medical Device Industry At Large Funds Development 

of Device Design User Criteria Database. There is some 

precedent for user design criteria research to be sponsored by 

industry (e.g., automotive and garment manufacturing 

industries). However, such research has not always been well-

orchestrated, regardless of funding and strength of industry 

associations. Unfortunately, the medical device industry at 

large is represented by one primary industry association 

(AAMI), which has shown no interest and does not have the 

capability to support a large-scale research program of this 

kind. The medical device industry is composed of a few very 

large pharmaceutical companies and many smaller companies 

who lack the financial resources to contribute to a large-scale, 

industry-funded design criteria development effort. Although 

the industry at large would benefit enormously from this type 

of research, there is little chance that such a program would 

gain traction. This is especially the case because FDA HFE 

validation studies do not currently require proof that a device 

is designed for the range of limitations present in the relevant 

patient profile, which leaves a gaping hole in the HFE 

validation process. 

3. Individual Medical Device Manufacturers Focusing 

on Their Own Design Problems Develop Device Design User 

Criteria Database. The most likely funding source for 

development of a device design user criteria database is 

individual medical device manufacturers that require such data 

to inform their immediate and future design decisions, as well 

as to better target their recruitment efforts in FDA validation 

studies. Device manufacturers may execute large-sample 

studies, recruiting representative users (e.g., patients with 

particular disease states) of the devices they produce and 

collect data according to the device design HFE criteria and 

corresponding data capture methods featured in Table 2. The 

studies would involve tasks designed to accurately and 

reliably measure the device design HFE criteria for each 

device type of interest.  

 

CONCLUSION 

As noted previously, the medical device industry has 

exhibited substantial growth over the last 20 years (Fuhr, 

George, & Pai, 2013; Kelly, 2018). With this growth has come 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3408117

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



 
Copyright MauroNewMedia, Inc. 2019 all rights reserved. 14 

an increase in the occurrence of adverse events related to 

medical device use, which can cause deaths and injuries for 

patients (Díaz-Struck, 2018), as well as massive costs for the 

medical device industry (Fuhr, George, & Pai, 2013). 

A thorough analysis of current FDA guidance revealed a 

number of challenges that likely impact clinical outcomes for 

medical device users, such as explicitly defining the user 

percentile range to design for and properly verifying that 

medical devices submitted for FDA HFE approval 

accommodate the FDA-recommended range of users. 

Additional challenges include FDA guidance providing 

adequate scope in terms of relevant HFE criteria to consider in 

medical device design, design criteria for secondary 

components of the device system (e.g., instructions for use, 

device and package labeling), and guidance for design of 

digital medical products and services.  

Critical conclusions drawn from this analysis suggest 

that medical devices may not be designed and validated 

according to the full percentile range recommended by FDA 

guidance and industry best practice, potentially causing 

patients who exist on the extremes of percentile distributions 

to not be able to use devices successfully. Furthermore, little 

to no HFE percentile-based device design data exists to 

facilitate medical device development. The proposed HFE 

medical device design criteria dataset may resolve such issues 

by aiding manufacturers in designing and testing according to 

a range of percentiles for critical HFE criteria, as well as 

aiding the FDA in verifying during HFE approval that devices 

are designed according to their percentile device design 

guidelines.  
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