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Applying Human Factors Engineering to Produce Safe and Effective Products

Human Factors Engineering (HFE) is a well-established discipline that 

concentrates on optimizing interactions between people and products. A 

discipline that practitioners consider to be part art and larger part science, 

HFE is akin to architecture, requiring both technical expertise and creativity. 

Formalized in 1957 with the formation of the Human Factors Society of 

America, the discipline has maintained a relatively low profile until recently.  
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Today, HFE enjoys its highest visibility to date, largely because the public has come 

to expect products to be “user friendly.” In addition, many industries now have 

regulatory requirements for performing HFE in the course of new product development. 

Accordingly, product manufacturers rightly view HFE as an essential step toward 

producing a certified and commercially successful product.

In this paper, the term “product” describes the myriad of items with which people 

interact, as opposed to systems that function “behind the scenes.” Such products include 

tools, devices, machines, software applications, printed and electronic documents, and 

multi-component systems. HFE specialists work mostly on the human touchpoints 

associated with such products, including their controls, displays, labels, and instruction 

manuals.

What exactly does an HFE specialist do? Fundamentally, the specialist applies 

knowledge and data about human characteristics and capabilities (mental and physical) 

to make products safe, effective, usable, and appealing, such as:

• Data regarding the human body’s size, strength, and range of motion.

• Facts about how people sense the world (e.g., how well we see, hear, feel).

• Models of how people process information, make decisions, and emote.

• Myriad user interface design principles.



Specific HFE activities include:

• Conducting observations and interviews 

to identify users’ needs and preferences 

for a given product.

• Analyzing tasks in terms of the demands 

placed on a person’s body and mind.

• Designing user interfaces that are suited 

to how people work.

• Engaging product users in product 

evaluations to identify opportunities for 

design enhancement or to validate that 

the product is ready for general use.

Among the basic objectives of making 

products safe, effective, usable, and 

appealing, safety and effectiveness take 

priority. Clearly, products should not place 

the people who use them at significant 

risk. Equally clear is the need for products 

to enable people to perform tasks 

correctly. Therefore, a product’s safety and 

effectiveness are design mandates. 

Now, let’s consider the secondary 

objectives. Usability and appeal are 

“value adds,” meaning that these 

attributes are less essential than safety 

and effectiveness. But, they can make the 

difference between a product’s success 

and failure in a competitive market. Users 

(i.e., customers) are prone to regard safety 

and effectiveness as givens because 

regulators in certain industries (e.g., the 

medical industry) require proof of it, and 

consider usability and appeal as earmarks 

of high-quality, desirable products. 

Fortunately, HFE specialists working 

collaboratively with other design and 

engineering professionals can infuse 

products with all four attributes. An 

investment in HFE intended to ensure 

safety and effectiveness is also likely to 

boost usability and appeal. The key is to 

involve HFE specialists early in the design 

process.

As suggested earlier, HFE is comparable 

to architectural design. The first step 

toward building a fine home is retaining 

an architect. The architect conducts the 

research and design work necessary to 

produce a home that suits its owners’ 

needs and preferences. Similarly, 

manufacturers engage HFE specialists to 

conduct the research and design work 

leading toward “user friendly” products. 

Be mindful that a user-friendly product 

is rarely an unplanned, lucky outcome. 

Positive outcomes reflect an investment in 

HFE, following a structured user interface 

design approach that includes the 

definition of user interface requirements 

and the eventual validation that those 

requirements have been met. 
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Figure 2 - A usability specialist interviews users to gather product requirements.

Figure 1 - Sample ergonomic data.
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BRIEF HISTORY 

HFE emerged in the 1950s as a bona fide 

discipline because of the need to optimize 

increasingly complex technologies, such as 

multi-engine aircraft and multi-function 

industrial machines, and prevent accidents 

resulting from user interface design flaws. 

For example, pilots of complex aircraft 

started to become overwhelmed by all 

of the controls and displays in cockpits, 

which led to control selection errors, 

such as mistakenly pulling the flap lever 

instead of the adjacent landing gear lever 

during an airplane landing. Today, landing 

gear levers have small wheels at their 

ends to make them easy to distinguish 

from others by sight and feel – a simple 

and elegant example of shape coding to 

make the user’s job easier and reduce the 

chance of potentially harmful mistakes.

Over the past 60 years, HFE specialists 

have substantially enhanced the quality 

of interaction between people and the 

products produced by many industries. 

These products range in size and 

complexity from toothbrushes to  

space shuttles.  

Let’s take a closer look at one success story 

from the medical industry. Anesthesia 

equipment is dramatically safer today 

than it was 30 years ago due to the 

application of HFE. Due to HFE-based user 

interface improvements, today's clinicians 

are far less likely to make design-induced 

mistakes, such as accidentally stopping 

oxygen supply to a patient, channeling 

fresh gas to the patient’s stomach 

rather than lungs, or failing to notice a 

detrimental change in the patient’s blood 

pressure. HFE-based design improvements 

have included:

• Implementation of industry-standard 

control knob characteristics that ensure 

clinicians recognize the means to increase 

versus decrease gas flow, thereby 

preventing incorrect settings.

• Display of the patient’s expired carbon 

dioxide level so that clinicians can quickly 

detect if the patient is in respiratory distress.

• Decreased number of component 

connections, thereby reducing the potential 

for misconnection.

• Addition of mode settings that account 

for differing treatment needs of infants, 

children, and adults.

HFE FUNDAMENTALS

To recap, HFE focuses on (1) how we sense 

the world (e.g., see, hear, feel, smell, taste), 

(2) how we think (i.e., cognitive processes), 

and (3) how we physically interact with the 

world. The end-goal is to design products 

that are optimized for the people who will 

use them.

For example, consider the human factors 

associated with an automated external 

defibrillator (AED). The user might be 

a layperson with no medical training, 

who is pressed to operate the AED for 

the first time in an emergency scenario: 

helping a victim experiencing a heart 

attack. The user must first recognize the 

defibrillator's purpose: a tool to save a 

victim whose heart is beating abnormally. 

He or she must recognize how to remove 

the AED from its case, read and correctly 

interpret the button labels, and hear and 

understand the electronically spoken 

instructions common to most AEDs. In the 

course of interacting with the AED, the 

user must mentally process many sensory 

inputs and correctly decide what to do 

next. Then, she or he must take action, 

such as applying adhesive pads to the 

victim’s bare chest and pressing the AED's 

“Shock” button (only if directed to do so 

by the device’s voice commands). The 

HFE specialist’s job is to make sure that 

the user can perform the task correctly. 

Serious mistakes (also termed use errors) 

are the enemy. And, across all types 

of medical devices, many of which are 

Figure 3 - Airplane lever designs, before and 

after the application of HFE.
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developed without the full application of 

HFE, mistakes are far too common. 

In 1999, the USA’s Institute of Medicine 

published “To Err is Human” - a report that 

estimated 44,000 to 98,000 USA residents 

are killed annually due to medical error. 

A significant proportion of the deaths 

were attributed to mistakes made during 

medical device use. This report led the 

Government and the U.S. Food and Drug 

Administration (FDA) in particular to place 

new emphasis on the proper application 

of HFE to reduce the number of injuries 

and deaths due to such mistakes.

How do HFE specialists help assure that 

everything goes right when someone 

uses a defibrillator, and hundreds of other 

types of medical devices for that matter? 

The answer is to take a methodical 

approach to user interface design that 

includes the following steps: 

1. Establish design requirements and goals 

based on research into the intended 

users’ needs and preferences.

2. Apply established user interface design 

principles to hardware, software, and 

documents (e.g., printed and electronic 

instructions).

3. Conduct tests to determine if users can 

perform tasks safely and effectively.

4. Develop design enhancements as 

needed to address shortcomings 

revealed by testing. 

Such collaboration should lead to a 

product that reflects good HFE. For 

instance, the development team 

working on the previously-mentioned 

ARD might produce a design with the 

following characteristics to make the AED 

compatible with its intended users:

• External package color that draws 

attention and is associated with 

medical care (or at least emergencies)

• Easy-to-read label indicating the 

device’s function

• Intuitive means to open the device and 

expose the electrode pads

• Spoken instructions (emitted by an 

integrated speaker) that guide the 

user through every step, spoken at a 

volume that is sure to stand out against 

background noise

• A strong, spoken warning to stand away 

from the device and victim when the 

defibrillator is about to deliver a shock

• A clearly labeled “Shock” button that 

cannot be mistaken for another control 

and protects against unintended 

actuation

The proof of good HFE comes from 

testing – usability testing to be specific. 

Usability testing is akin to road testing an 

automobile. 

Usability testing calls for representative 

users to perform realistic tasks using a 

product that might be in preliminary 

or final form. Depending on the test's 

particular goals, the test participants 

(i.e., subjects) perform designated tasks 

without discussion with researchers until 

after they complete the tasks, or they 

might provide extensive commentary 

while interacting with the product. In the 

latter approach, the researchers focus on 

the participant's thoughts and opinions 

throughout the task, applying what is 

often called a “think aloud” approach. 

After task completion, the discussion may 

Figure 4 - A usability test administrator interviews a usability test participant .
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shift to the participant's likes and dislikes 

about the product, impressions of task 

ease versus difficulty, and suggestions for 

product improvements.

Coming back to the case of an AED, the test 

participants would likely be laypeople, such 

as those who might rescue a victim who has 

collapsed in a shopping mall, on a soccer 

field, or at home. This is because laypeople 

are the intended users. By comparison, a 

test involving a defibrillator intended for 

use in a hospital might involve physicians, 

nurses, and technicians.

In the medical industry, the final (i.e., validation) 

usability test should provide evidence that the 

product effectively protects against use errors 

that could cause significant harm. What kind of 

evidence is needed? Manufacturers need data 

showing that most, if not all, test participants 

completed key tasks and that the residual risk 

associated with any use errors (i.e., mistakes) 

that occurred is negligible.

THE REGULATORY IMPERATIVE

The application of HFE during product 

development is a regulatory imperative 

in many industries. For example, as a 

consequence of the nuclear accident at 

Three Mile Island in 1979, the U.S. Nuclear 

Regulatory Commission mandated that 

power plant designers apply HFE when 

designing user interfaces such as control 

room panels. The U.S. Department of 

Defense calls for military equipment 

contractors to meet its own HFE standards. 

And, the FDA mandates that medical 

product manufacturers also apply HFE. HFE 

is a prerequisite for obtaining a clearance to 

market Class II or III medical devices. Below, 

we provide more details about the FDA’s 

position on HFE, as well as the position 

taken by other countries that uphold the 

International Electrotechnical Commission’s 

(IEC) general medical product safety 

standard 60601 – 3rd Edition.

You could say that the USA “got the ball 

rolling” when it comes to applying HFE to 

medical product development. In the 1970s 

and 1980s, FDA-sponsored studies revealed 

that user interface design flaws, such as 

those present in anesthesia equipment of 

the day, were leading to patient injuries and 

deaths. In parallel, the Association for the 

Advancement of Medical Instrumentation 

(AAMI) adapted the military’s existing HFE 

standard (MIL-STD-1472, Department Of 

Defense Design Criteria Standard: Human 

Engineering) to address medical product 

concerns. This gave designers the first 

medical-device-focused HFE guidance 

document. As such, interest in how HFE 

could improve medical product safety was 

percolating. Things came to a boil when the 

FDA pressed forward with changes to the 

Quality System Regulation in 1996, stating:

Design input: Each manufacturer shall 

establish and maintain procedures to 

ensure that the design requirements 

relating to a device are appropriate and 

address the intended use of the device, 

including the needs of the users and 

patient.

Design verification: Each manufacturer 

shall establish and maintain 

procedures for verifying the design 

input. Design verification shall confirm 

that the design output meets the 

design input requirements.

Design validation: Design validation 

shall ensure that devices conform to 

defined user needs and intended uses, 

and shall include testing of production 

units under actual or simulated use 

conditions. 

In essence, the changes made the 

application of HFE in medical product 

development required by law. FDA and 

other organizations then undertook a 

multi-year effort to drive the medical 

product industry through an “awakening” 

during which manufacturers first learned 

about HFE and then slowly progressed to 

implementing HFE programs within their 

organizations.

During the awakening, AAMI published 

updated, voluntary standards on the HFE 

process (AAMI HE74:2001, "Human factors 

design process for medical devices") and on 

HFE techniques and design principles (AAMI 

HE75:2009, "Human Factors Engineering – 

Design of Medical Devices").

In the early 2000s, the IEC focused on HFE 

as well, producing a standard titled IEC 

60601-1-6, "Medical electrical equipment. 

Part 1-6: General requirements for safety 

- Collateral Standard: Usability". This 

standard promulgated a similar approach to 

applying HFE as described in the AAMI HFE 



page 7

Applying Human Factors Engineering to Produce Safe and Effective Products

process guide (AAMI HE74:2001). In fact, 

Appendix D of IEC 60601-1-6 is the core 

content from the AAMI standard. European 

Union Medical Directive 2007/47/EC, issued 

in 2007, made HFE the law in its member 

countries. As such, manufacturers now need 

to self declare that their medical products 

conform with IEC’s HFE standard to qualify 

for a CE Mark. Many other regulators 

worldwide also call for manufacturers to 

meet the IEC’s HFE standard. More recently, 

IEC essentially supplanted IEC 60601-1-6, 

which applied to medical electrical devices, 

with IEC 62366:2007, "Medical devices 

- Application of usability engineering to 

medical devices", which applied to all types 

of medical devices that are subject to risk 

control processes. IEC 60601-1-6 remains 

primary as a “pointer” to the broadly 

applicable IEC 62366:2007

For the sake of global harmonization, 

AAMI withdrew the aging AAMI HE74 

in 2010 because IEC 62366:2007 was 

equivalent and sufficient. Today, the IEC’s 

HFE Committee is working on an updated 

version of the standard. Notably, the IEC’s 

standard on home healthcare devices (IEC 

60601-1-11) calls for manufacturers to 

meet IEC 62366:2007. 

US FDA HFE EXPECTATIONS

Can medical product manufacturers meet 

the FDA’s HFE expectations by conforming 

with IEC’s HFE standard? Not exactly, but 

close! FDA recognizes the IEC standard, 

suggesting that it provides useful HFE 

guidance. However, in June 2011, FDA 

published its own HFE guidance titled 

"Draft Guidance for Industry and Food 

and Drug Administration Staff - Applying 

Human Factors and Usability Engineering 

to Optimize Medical Device Design". 

This 37-page document describes a 

comprehensive set of HFE activities that 

manufacturers should perform before 

seeking clearance for a final product. The 

guidance, provided in a draft form that 

describes FDA’s current expectations and 

so should be considered to be in force, has 

much in common with the IEC guidance. 

As such, manufacturers can shape a single 

HFE program that includes only a few 

activities specifically tailored to the FDA’s 

expectations versus the standard of care 

upheld by Notified Bodies that follow IEC 

62366:2007. Arguably, the two sources of 

guidance have 90% overlap.

FDA has high expectations for how 

manufacturers perform validation usability 

tests. The agency requires the test to 

include 15 representatives of each distinct 

group of product users. As such, a device 

used in different ways by physicians, 

nurses, and technicians might involve 45 

test participants. A test of a device used by 

laypersons, including children, adolescents, 

adults, and seniors who bring to bear 

different capabilities, might involve 60 

participants. Moving in the other direction, 

a test of a device used only by a specific type 

of laboratory technician might involve 15 

participants. By comparison, IEC’s standard 

does not mandate a specific number of test 

participants, but does provide guidance on 

selecting an appropriate sample size.

FDA calls on manufacturers to submit an 

HFE Report that includes contents the 

agency considers essential to assess a given 

device’s safety and effectiveness from a user 

interaction perspective. Paraphrasing the 

FDA’s guidance, the report should describe:

• The product’s intended use, users, use 

environments, and potentially hazardous 

use scenarios and harms.

• The product’s user interface and how 

users interact with it. 

Figure 5 - A typical usability test participant sample.
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• Known problems with predecessor 

and comparable products and how the 

manufacturer designed the new product 

to protect against the same problems.

• Formative evaluations of the device as 

it progressed from an early concept to a 

final design; how HFE-related problems 

identified through such evaluations led 

to user interface design refinements 

that improved the product’s safety and 

effectiveness.

• The process by which the manufacturer 

identified use-related risks, mitigated 

those risks, and then planned a validation 

usability test that produced evidence 

proving the high risks were reduced to an 

acceptable level.

• The results of the validation test, 

including a description and root cause 

analysis of all use errors, close calls, and 

difficulties that occurred during the test, 

and why the residual risk associated 

with these findings should be deemed 

acceptable.

• A claim that the product is reasonably 

safe and effective for use by the intended 

users for the intended purposes and in 

the intended environments.

As suggested earlier, IEC 62366:2007 calls 

for the comprehensive application of HFE 

in new product development in the same 

general manner as the FDA’s guidance, even 

if the IEC standard uses somewhat different 

terminology. That said, manufacturers are 

well-served to review a Test Report Form 

developed by national certified testing 

laboratories to assess conformance with 

the standard. It will list the required 

HFE end-products (also described in the 

standard). 

MEETING THE STANDARD  
OF CARE

Today, HFE is a mature professional 

discipline. There is little mystery to how 

one ensures a product’s use-related 

safety, effectiveness, usability, and appeal. 

Regulators in many industries uphold a high 

standard of care for how manufacturers 

apply HFE, seeking strong evidence that a 

device is well-suited to the people who will 

operate it. As detailed earlier in this paper, 

product manufacturers in many industries 

face a regulatory mandate in a thorough, 

professional manner.

UL helps manufacturers meet the HFE 

mandate, as well as enhance products 

by increasing their usability and appeal. 

UL’s HFE team helps customers meet the 

following needs:

• Develop an HFE program that satisfies 

current regulations and standards

• Develop user interface requirements as a 

foundation for design and verification

• Design user interfaces that not 

only enable safe and effective user 

interactions, but also are perceived as 

usable and appealing 

• Conduct formative and summative (i.e., 

validation) usability tests according to 

best practices and informed by extensive 

experience 

• Produce a complete HFE design history 

file that includes end-products cited in 

applicable standards

• Produce an HFE report for submission (as 

needed) to regulators

Supplemental UL services include:

• Conduct gap analyses to determine if a 

manufacturer has performed all of the 

requisite HFE activities and produced the 

necessary end-products

• Develop and implement an HFE training 

program to increase a manufacturer’s 

in-house HFE awareness and capabilities

• Guide a manufacturer’s interactions with 

regulatory bodies, including attending 

meetings (e.g., Pre-IDE and Type C 

meetings with FDA)

Learn more – ul.com/ul-hfe
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