
PROACTIVE PCA MODEL

As with most facets of the medical device 
design process, human factors (HF) 
usability engineering starts with outlining 
the prospective risks associated with the 
device. When designing a prefilled syringe 
(PFS) or autoinjector (AI), they are likely 
going to be used by lay-users and therefore 
usability engineering will be a necessary 
part of the submission to regulators. There 
is a model – perhaps better described as a 
frame of mind – that will help any member 
of the design team to put themselves in the 
user’s shoes from a HF perspective. This 
is PCA – Perception, Cognition, Action. 
But first, a little insight into the usability  
engineering risk process.

Risk, in relation to usability, covers 
the risk of a hazardous situation arising 
that exposes one or more people (users or 
otherwise) or the environment to sources 
of potential harm (a hazard) where hazard, 
hazardous situation and harm are defined as 
stated in ISO14971:2007.1 These potential 
risks are collected into a risk assessment 

document called the “use-related risk 
assessment” (URRA). To populate the 
URRA, there are questions that should be 
answered first:

•	 Who are the intended users? 
•	 What are the intended use environments? 
•	� Are there any known use problems for 

this type of device? 

All of this information helps to envision 
the scene when populating the URRA, 
meaning the risks considered come from a 
rational, justified place.

The URRA should be a living document 
that originates in the early stages of device 
development. This way the URRA can be 
utilised to inform designers of user interface 
design inputs that may reduce use-associated 
risk as far as reasonably possible, early 
in the process. This proactive approach 
means that, when it comes to validating 
the usability of the user interface, there are 
less likely to be inadequate risk mitigation. 
Inadequate risk mitigation by design usually 
leads to data that strongly suggests the need 
for better mitigation by design, which is 
more costly at the late design development 
stages than the early stages.

A URRA outlines potential use errors 
associated with using a device, but it is 
also necessary to explain the possible 
causes of each use error. These causes are 
used to outline and justify suggested risk 
mitigations. However, what is often seen is 
that the stated causes are either unrealistic 
(e.g. Use error: user holds syringe upside 
down. Cause: user is blind – it seems 
unlikely that they would ever be prescribed 
a self-injected medication in the first place) 
or under analysed (e.g. Use error: user does 
not remove cap. Cause: user does not read 
the instructions – too much assumption that 
problems can only arise from not reading 
the instructions). A probable cause of this 
is that the mentality of the author(s) is not 

	 Expert View

In this article, Natalie Shortt, Human Factors Specialist, Medical Device Usability (MDU), 

covers the topic of the “Perception, Cognition, Action” model of risk assessment of 

medical devices, from both a proactive, early-stage design and a reactive, late-stage 

validation testing perspective.

PERCEPTION, COGNITION, ACTION: 
APPLYING HUMAN FACTORS TO 
MEDICAL DEVICE DESIGN

“The URRA should 
be a living document 
that originates in the 

early stages of device 
development. This way the 

URRA can be utilised to 
inform designers of 

user interface design  
inputs that may reduce 

use-associated risk as  
far as reasonably possible, 

early in the process.”

Natalie Shortt
Human Factors Specialist 
T:	 +44 1223 214 044 
E:	 natalie@medical-device-usability.com

Medical Device Usability Ltd 
150, Cambridge Science Park
Milton Road
Cambridge 
United Kingdom

www.medical-device-usability.com

12 	 www.ondrugdelivery.com	 Copyright © 2018 Frederick Furness Publishing Ltd

mailto:natalie@medical-device-usability.com
http://www.medical-device-usability.com


coming from a place of empathy for the 
user and the situation they are in when  
using the device. 

One of the strongest methods of 
understanding the causes of use errors is the 
Perception, Cognition, Action (PCA) model, 
which serves as a lesson in empathy for the 
plight of the user. It sheds light on things 
that seem obvious in hindsight but, at the 
design stage you only realise they have been 
missed when PCA is applied. For example, 
you have not included some form of alert to 
let users know the device is on.

PCA could be argued to be the gold 
standard of URRA design, because it enables 
medical device developers (engineers, 
designers, researchers and HF specialists) 
to consider justified, rational use errors and 
know more easily where to stop. This is a 
proactive use of the PCA model.

Perception
Perception is the first stage in the process 
of human interaction with a user interface. 
In Figure 1, there are two potential  
causes of a hazardous situation. “Hazardous 
situation A – caused by a response of  
the medical device” and “Hazardous 
situation B – caused by user action or 
lack of action”.2 Perception is considered 
a contributing factor to, or a cause  
of, a use error, but a use error does 
not happen during perception of the  
user interface.

There is no formal definition of 
Perception error in relation to usability 
engineering, however we at MDU define it as: 
“A failure to correctly perceive the output 
from the device interface.”

An example would be for a participant 
to listen out for the second click that 
tells them their dose has been successfully 
administered, but the ambient noise is too 
great, such that they don’t hear the click.  
The cause of error is that the user didn’t 
hear the click, so the solution would 
be to increase the volume of the click 
to allow for the regular noise level in a  
home environment.

Thinking proactively when considering 
the intended users and use environments, 
if the intended users have reduced physical 
capabilities then there is likely to be greater 
risk that tasks cannot be completed as 
intended. If it is intended or most likely that 
the PFS or AI is used for self-administration 
at a user’s home, then audible cues 
must meet ambient sound levels that are 
common in a home environment. Similarly,  
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“One of the strongest 
methods of understanding 
the causes of use errors is 
the Perception, Cognition, 

Action model, which serves 
as a lesson in empathy for 

the plight of the user.”

Figure 1: How a hazardous situation may arise from either the user or the medical 
device as depicted in ANSI/AAMI/IEC 62366-1:2015.
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if there are visual cues they must be 
visible at a light level that is common in a  
home environment. 

Cognition
Once someone has perceived an output 
from the device interface, they need to 
consider what that output means. This is 
the second stage in the process of human 
interaction (Figure 1). Like perception, 
cognition is considered a contributing factor 
or a cause but not a juncture where the use 
error occurs.

There is no formal definition of a use 
error caused by cognition, however MDU 
defines it as: “The participant correctly 
perceives the output, but makes an incorrect 
or unexpected decision, or misinterprets the 
information in the instructional materials.”

The distinction between perception and 
cognition can be blurred on occasion, but as 
long as the same rule is always applied when 
determining the root cause of a use error, it 
should be acceptable. In an instance where 
a participant sees the graphic indicating 
“20 seconds” on the instruction material 
for a PFS and assumes it to mean “wait  
20 seconds after you have administered the 
dose” but it actually means “depressing the 
plunger should take around 20 seconds” 
this would be classed as a cognitive use 
error. They saw the information, but they 
understood it incorrectly and the action that 
manifested was counter to the intended use 
of the product. 

In this instance it may be because the 
condition this hypothetical PFS is being 
used for is commonly treated with a 
medication delivered by an AI, therefore 
most potential users are used to using 
a product where you do need to wait 
for 20 seconds after actuating the device. 
A mitigation would be to draw more 
attention to the information or to present 
the information more explicitly in order to 
attempt to highlight to users that the correct 
procedure is different to what they are  
currently used to.

Action
Figure 1 describes how use errors can only 
manifest in actions or outputs, but this does 
not mean that use errors cannot also be 
caused by actions.

There is no formal definition of use error 
caused by action in relation to usability 
engineering, however MDU defines it as: 
“The participant knows what they intend to 
do, but perform an incorrect action or was 
unable to complete a correct action.”

An example of a use error caused 
by action follows: a PFS is intended for 
subcutaneous administration by a patient in 
their own home. The task analysis outlines 
that, to administer the dose, the user must 
depress the plunger. A use error may be 
that they can’t depress the plunger. The 
cause? The plunger is too far away from the 
flange of the syringe, and the other hand 
is being used to pinch the skin. Action –  
the user physically cannot complete the 
task, despite knowing what they need to 
do. The recommendation? Ensure that the 
plunger is no farther away from the flange 
than the 5th percentile of capability for 
intended users.

In a home environment, it is a real 
possibility that a user may not have any 
friends or family who can help them,  
and they may have to miss a dose until 
someone has time to help them. It may be 
days or weeks, and efficacy of treatment 
may be reduced.

REACTIVE PCA MODEL

When conducting formative or validation 
studies, the PCA model can be used in 
a post-test interview to understand use 
errors that have occurred in the main body 
of the test session. A thorough post-test 
interview with a patient can unveil the 
root cause, which can be categorised as a 
difficulty with the perception, cognition 
or action of interacting with the user 
interface. When conducting test sessions, 
use errors must be analysed in a post-test 
interview. It is our experience that the root 
causes outlined in some reports can be too 
superficial – meaning the cause outlined for 
a use error can’t be used to inform design 
inputs. If root causes of use errors can 
be categorised into perception, cognition 

or action then the moderator can judge 
at that point that the use error has been  
investigated enough.

The PCA model can then be used to 
write effective reports, it is a useful method 
for improving the readability of the causes 
of use errors. A readable results section 
will make it easier for the document author 
to then analyse the results and provide 
objective design outputs to contribute to 
design inputs for the next phase of design. 

PFS and AI design usually requires 
some HF input because, increasingly, these  
devices are designed for the lay-user. 
Using the PCA model even gets easier with 
practice, and can help non-HF specialists 
become champions for their team within 
their companies.
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“When conducting formative or validation studies, the PCA 
model can be used in a post-test interview to understand use 

errors that have occurred in the main body of the test session.”
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