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Disclosure

� Within the past twelve months I have not had any 
financial relationships with the manufacturers of 
health care products, or any other products or 
publications mentioned in this presentation.
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Today’s objectives

� Review some key concepts of human cognitive 
processes

� Understand the role of human factors in medical 
errors

� Discuss strategies for prevention of errors caused 
by human factors
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What is human factors engineering?

� The science of understanding the properties of 
human capability*

� The application of this understanding to the design 
of systems and services*

� The art of insuring successful application of the 
system*

*From Wikipedia

5

Human Factors and Ergonomics

� Ergonomics focuses on human 
factors related to physical work.

� Human factors includes 
ergonomics but the term as 
currently used implies a focus on 
sensory and cognitive processes.
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Sensory Memory

� Sensory memory

– Holds lots of information (i.e. “scene”) for a short 
period of time (2-3 seconds)

� Example
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Working memory

� Memory workbench

– Stores information in forms

• Visuo-spatial sketchpad (pictures)

• Phonological loop (words)

– Stores information as “chunks”

– Capacity is 7 +/- 2 chunks

� More on Chunking

– Optimal size of chunk is 3-4 characters
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Long Term Memory

� Semantic memory (general knowledge)

� Event memory

– Episodic (event occurred in the past)

– Prospective (event will occur in the future)

� Memory mechanisms:

– Item strength

– Associations

� Memory structure

– Schemas

– Mental models
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How does this relate to
patient safety?
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Revised Cause and Effect diagram
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Causes and Effects Today

� Fewer errors from 
machines

– Designed with safety in 
mind

� Fewer errors from 
materials

– Extensive quality testing

� Fewer errors from 
methods

– Evidence-based practice
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Causes and Effects Today

� Most errors are the result of

– Human factors (people)

– Information (missing or incorrect)

– Environment (distractions, noise)

� There is seldom a single cause



6

16

Human Factors: Cause and Effect

� Focus on the

– People

– Information

– Environment

� Understand patient safety issues in the context of 
what we know about the human brain and human 
behavior

17

Revised Cause and Effect diagram

Machines Materials Methods

People

Problem

Information Environment

Slips Lapses Mistakes

TrainingFatigue Overload

Secondary Layer
Of Cause and Effect

Errors

Primary Layer
of Cause and Effect

18

Human Error Classification

� Slip: A failure in the execution of an action 
sequence

– Externally observable

� Lapse: A failure of memory

– Often covert, not observable

� Mistake: A failure in judgment or decision-making



7

19

Cognition and Memory

Sensory
Registry Perception

Thought &
Decision-making

Response
selection

Working 
memory

Response
Execution

Attention
Resources

Long term memory

Perceptual Encoding Central Processing Responding

Feedback

SLIPS occur 
here

MISTAKES 
occur here

LAPSES 
occur here

20

Cognition and Memory

Thought &
Decision-making

Response
Execution

Attention
Resources

Perceptual Encoding Central Processing Responding

Feedback

Smell: Smoke
Feel: Heat
See: Flames

Perception:

Fire!!!

Response Selection:
Rescue others!
Alarm (call 911)!
Close Door
Evacuate area

Fire safety 
“Chunks”

Long term memory:
Fire safety training

SLIP: Dial 
811 instead 

of 911

MISTAKE: 
Decide to fight 
fire instead of 

evacuate

LAPSE: 
Can’t 

remember 
where pull 
station is

21

Variances Clinical Pathology Apr. - Jun. 2008
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Example: Lab labeling errors in ER

Fail to label sample
Lapse

Put req into wrong slot
Slip

Match step not performed
Lapse or mistake?

Select wrong pt from list
Slip

75%
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Common slips in medicine

� Decimal point errors:  1.0 vs 10

� Unit errors: �� vs m�������� vs ����	

� Keyboard errors: 01-2345-1 vs 01-2346-1

– 7 digits = 9,999,999 unique MRNs

� Every transaction is an opportunity for an error

� Reducing transactions reduces errors

– Medicare incentive for electronic prescriptions
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Common lapses in medicine

� Failure to use or check appropriate patient 
identifiers

– Familiarity vs certainty

– “Pat in room 63” vs Mr. Patient, MRN 12-34567-8, 
DOB 2-3-45

� Failure to perform actions in sequence

– Preparing a sterile field for central line insertion
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It’s not quite that simple..

Knowledge-based mistakesKnowledge level

Rule-based mistakesRule-based level

Slips and lapsesSkill-based level

Error Type

Performance level

(Rasmussen)
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Was the mind engaged in problem solving?

� Behavior at skill-based level is “automated” – once a 
decision is made, action occurs without conscious control

� If a problem occurs – rule-based and knowledge-based 
performance begins once the mind becomes aware of the 
problem
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Feedforward control

� Uses stored knowledge structures to control actions

� Rule-based and skill-based errors happen when this 
control mechanism is in use
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Examples of Feedforward control

� What do you do when your car starts to skid on an icy 
road?

– Rule: steer in the direction of the skid

– Skill: how quickly and tightly do you turn?

� What do you do when a patient’s airway becomes 
obstructed with secretions?

– Rule: Is patient conscious?

• Yes: have patient sit up and cough

• No: suction secretions from airway

– Skill: operation of suction device
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Feedback control

� Feedback control – stored problem-solving routines 
don’t work, brain needs to work “on-line” and 
consciously process additional information to find 
solution

� Knowledge-based errors happen when this control 
mode is in use
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Example of Feedback control

� Scenario: I’m late for an appointment in Cedar Rapids.  
What can I do to make up time?

� Observation: I’m driving 70mph and other cars are 
passing me

� Hypothesis: The State Patrol is not patrolling I-380 today

� Action: I can drive faster than 70 mph

� Observation: I see a car in the median

� Hypothesis: It could be a patrol car

� Feedback Action: I slow down to 70 mph

� What happens when I’m talking on my cell phone and 
don’t see the patrol car in the median?
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Error prevention

� What are some typical responses of management 
to discovery of an error?

� Do these error prevention mechanisms work?

Call for Vigilance!!Punish the Guilty

NO!
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Understanding some root causes of error

� Change

– Automated routine no longer relevant

– Old rules no longer apply

� Cognitive overload

– Distractions

– Sensory overload

– “Multitasking”

• Multitasking is not paying attention to what you 
are doing here and now

� Fatigue
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Human factors engineering at work
Prevention of slips and lapses

Mistake-proofing (poka-yoke)
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Human factors engineering at work
Prevention of slips and lapses

� Standardization of machines and materials

– Toyota research: Errors occur if a worker has more than 3 
items to choose from to complete a task

� How many different items do we have to select to 
complete a task?
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Human factors engineering at work
Prevention of slips and lapses

� Standardization of processes and procedures

– Policy: A deliberate plan of action to guide decisions and 
achieve rational outcomes

– Procedure: A process or series of acts involved in a 
particular form of work

– Standard work: work instructions that describe the work 
content, timing, sequence, and expected outcome of a task
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Implementation of standard work

� Know why the standard is there

– Understanding the associated risks

– Example: Cell phones and driving

� Training, training, training

– Train to the level where simple actions become 
‘automatic’ – Every, every, every

� Audits

– Periodically verify that the work is being done to 
standard
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Human factors engineering at work
Prevention of slips and lapses

� Slips: Forcing functions

� Lapses: Memory aids
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Human factors engineering at work
Prevention of lapses

� Bundles and checklists

– Bundle: a series of often interrelated actions needed 
to accomplish a task or objective

– Checklist: A list that prompts an activity and 
documents its completion

� Visual controls
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Visual Controls
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Example of a visual control
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Human factors engineering at work
Preventing rule-based mistakes

� Develop task flowsheets

– Incorporate decision points and decision rules

� Develop automated rule sequences

– Computers with rule engines 
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Human factors engineering at work
Rule Engine examples

� Pharmacy:

– Medication administration system checks for 
incompatibility of drugs

� Lab:

– Red blood cells contain high K+; hemolyzed samples 
give inaccurate K+ levels

– Lab analyzer measures “hemo index” and K+

– Rule: If Hemo Index > threshold, do not print K+ result
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Further reading

� Human Error (James Reason) Cambridge Press 
1990

� Introduction to Human Factors Engineering 
(Wickens, Lee, Liu, and Gordon-Becker), Prentice-
Hall 2003

� The Field Guide to Understanding Human Error 
(Sidney Dekker), Ashgate Publishing 2006
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Questions?

Contact Information

Tom Persoon

Office of Operations Excellence

University of Iowa Health Care

thomas-persoon@uiowa.edu

319-384-6426


