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What are Human Factors and Ergonomics (HFE)?

Definition:
• Scientific discipline
• Concerned with understanding the interactions among humans and 

other elements of a system
• Applies theoretical principles, data and methods

Range of HFE:
• Physical, cognitive and organizational (macro) ergonomics

Goal of HFE Method:
• Fit the system to the people instead of fitting people to the system

International Ergonomics Association  www.iea.cc

Purpose: 
To optimize human well-being and overall system performance. 
• Patient safety is one component of system performance.

http://www.iea.cc/


Ergonomics

1. Physical ergonomics- deals with human body’s 
responses to physical and physiological work loads

2. (Neuro)Cognitive ergonomics- deals with brain and 
mental processes and capacities of humans when at 
work.

3. Organizational ergonomics- deals with 
organizational structures, polices and processes in 
work environment; 



Phases of awareness of human factors influence on healthcare workers*…..    
………and therefore their patients.

*From current organizational /systemic contributions



1. Increasing prevalence of Burnout- Up 9% in 3 years 

– Costly effects on clinicians, patients, hospital operations. 

2. Costs of personnel (especially benefits) have increased.

3.  Costs of technology has decreased.

4. Leads to: “Disintermediation”- removing the  (supportive) 

intermediary who used to help with processes

(increases shadow work).   

Increasing Stress at Work- Nationally



“Shadow work”: “All the unpaid, 

unseen tasks we do on behalf of

businesses and organizations 

that fill your day *”

Shadow Work

• Credentialing duties 

“Paperwork” MSO staff help 

online, software is strict,

requires precisely typed input

done by clinician  alone .

• “Education mandates expand 

—multiple authorities. To be completed

by means of individual

Computer Based Training (CBT)

on own time.

• Gas Attendant-> pump your own gas

Costs get offloaded 

from businesses

to the consumer’s time

• Cashier-> Scan & bag your own items 

• Parking attendant-> Kiosk and hope it 

works to get in and out

• Travel agent-> book own flights

• Bank Teller-> Online banking, ATMs

• IKEA effect: pre-assembled furniture 

assemble your own furniture

• Dictation service (human typists)

-> “Dragon” multiple errors 

to correct 

-> Or type all notes yourself 

(How  well do you type?) .

Job Metrics: only pick up “productivity” units: 

• RVUs, patients per day

• Grant $ brought in

• Publications  per year, etc.

• Computer operational issues, orders-must 

guess precise wording of build to get correct

order, no synonyms. Time on phone with

IT support.

• EMR not intuitive: training

adapt to the vendor’s terminology

and design.

*Adapted from:  Lambert C. Shadow Work: The unpaid Unseen jobs that fill your day.  Counterpoint Press 2015
McKay B, McKay K. Shadow Work and the Rise of Middle-Class Serfdom The Art of Manliness. August 31, 2015.

Real Life ExamplesWork Life Examples



Healthcare Failure Mode and Effect Analysis (HFMEA)  Real work -- Prescribed work= Shadow work 

(Prescribed work)

(Real work)

Shadow Work Exercise:
“The unseen, unpaid jobs  that fill your day.”

Count off by number 1-10.  Think of possible shadow 
work at your work phase #. Report back to group.

Shadow
Work

Shadow
Work

https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/QAPI/downloads/GuidanceForFMEA.pdf

https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/QAPI/downloads/GuidanceForFMEA.pdf


*Adapted from Teller E. and Moore G. in  Friedman T. Thank you for being Late. Farrar, Straus Giroux Publishers 2016

Moore’s Law*: 
Computer power of microchips 

will double every two years

Technology outpaces     
human adaptability

Currently

Technology

Human Adaptability

Smarter ways of
education, leadership, 
resources to help 

Human Adaptability

Technology: Exponential Growth of Processing Power.

• Increased connectivity, expectations beyond work hours

• What is the impact of work increasingly invading down time, 
recuperation, family time?

• Incrementalism- gradual and persistent job creep

• Normalization of deviance 

• Group think environment perpetuates process

Examples ?   Group A

Examples?  Group B

“The gradual process through 
which unacceptable practice or 
standards become acceptable”.

“A pattern of thought 
characterized by self-deception
forced manufacture of consent
and conformity to group values.”

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRxqFQoTCOmswKCR78cCFcnJPgod6X0K8w&url=http://www.illuminateded.com/new-home-study-courses/&psig=AFQjCNEqG-BxdpYedo7EDxmgDYTtZH-2hw&ust=1442066085509173


The Impact of Clinician Burnout
Multiple Dose-related Relationships

Institutional & Patient Toll
• Increased medical errors (200%)
• Increased malpractice claims
• Disruptive Behavior
• Reduced empathy for patients
• Decreased patient satisfaction
• Decreased career satisfaction
• Reduced patient adherence to treatment regimens



The Impact of Clinician Burnout Multiple Dose-related Relationships

Financial Toll:

• 27% drop in patient satisfaction scores 

• 40% of turnover costs attributed to work stress

• 114% increase of medical claims by employees. 

• 30% of short-term and long-term disability costs.

Low              Moderate           High
Physician Exhaustion

J Clin Psychol Med Settings (2012) 19:401–410

Burnout and Patient Satisfaction



The Impact of Clinician Burnout 
Multiple Dose-related Relationships

Personal Toll:

Higher Suicide Rate among physicians 400/year

Substance abuse

Divorce
Coronary Heart Disease:1.4 to 1.79 x 
Depression

Toker S . et al Psychosomatic Medicine 74:840-847)



“An unusual combination of events or things that produce an unusually bad or powerful result”

Health Care Reform + Culture of Medicine

Perfect Storm



Upstream Factors in Latent Conditions for Error and Burnout

“Blunt End”
of patient care*

“Sharp End” of 
patient care*

* From James Reason

External Environment- Legal but downstream effect on health: Tobacco, pharmaceutical, carbon emission-based industries, etc.  

Fifth Macro Level: Federal, State, Industry initiatives,
Tier Public Interest Groups, etc.

Fourth Meso Level: Healthcare Medical Center Leadership and

Tier Management Decisions

Third Physical Environment   Human-System Interfaces  Org/Social Environment
Tier

Second Nature of work: Workflows, individual vs teamwork, etc.

Tier

First Micro Level: Individual characteristics, interaction with staff, patients and families.

Tier knowledge, skills expertise, human factors at play.
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Eustress Distress

Fantasy

Multiple work stresses from uncoordinated sources
Each small alone  but incrementally accumulate.
1 + 2 + 3 + 4 + 5 + 6……………………….

Stress

Medical or 
Psychiatric
Breakdown 
Medical 
Death or
Suicide22

Point A

Boredom

Hypostress

Arousal stress, pressure, increased expectations on staff

Figure 1. Adapted from: Nixon PGF. The Practitioner. (217):765-770. 197623

Point A = even minimal

arousal can precipitate
breakdown

“Friendly Fire”
“Enemy Fire”

THE HUMP

∞

Hyperstress

Due to “Hidden Curriculum”
training,
clinicians think they
are pushing to “ The HUMP”
as if Eustress

…..not realizing 
they  are actually
pushing
into  Distress

Comfort
zone

Health

Ill Health

Exhaustion

Fatigue

Breakdown  

•Cognitive processing
capacity compromised
by excessive extraneous 
cognitive load1-7

•Less capacity available for
intrinsic and germane load8,9

• Degeneration of  cognitive
function and performance, 

•Increase risk of poor medical
decisions and error1-7,8,9.

•Patient safety is compromised Ibid.
•High occupational stress is
financially costly to institution10-14

•Less compassion, self effacement , empathy 
and ability to listen the patients
•Contribution to Workplace Violence toward staff
by patients15

•Poor patient satisfaction rating16

•Decreased quality of care17-19

•Irritability, incivility, reactive patient abuse
•Provider/staff burnout, leave medicine, 

Retire early20-21.

Human Function Curve in Average Clinician/Staff



Burnout Criteria Effect on Staff-Patient Interaction

• Emotional Exhaustion

• Depersonalization/
Callousness

• Decreased Efficacy

Perception of decreased efficacy   
becomes reality as burnout   
becomes worse

• Delay of needed interactions with patient
• Less tolerance, irritability
• Not much left to give
• Decreased Patient Satisfaction

• Withdrawal from patient
• Decreased compassion
• Decreased listening to patient
• Increased cynicism and sarcasm
• Increased risk of patient-on-staff workplace 

violence

• Poor occupational confidence
• Think making poor decisions
• Later, actually making poor decisions 
• Cognitive Flexible Memory (CFM) switches  to Habit 

Memory (HM) causes less differential diagnosis and 
poorer care plan 

• HM: Reflex responses to stimuli—survival mode
• Cognitive impairments of decreased executive 

function.

Burnout and Staff-Patient Interaction



Neural Resources (why patients see us)

• Neural Resources= brain power, synaptical currency, brain capital

• Brain comprised of living cells, that need to be recharged with use.

Other neural resources
(interact with executive function)

From other brain structures

 Memory
 Knowledge base
 Creativity
 Problem solving
 Experience
 Applied wisdom
 Depth perception
 Motor control, fine and gross.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPloeE7NLNAhUCND4KHZ7MCncQjRwIBw&url=http://betanews.com/2015/11/17/huaweis-new-smartphone-battery-charges-in-only-11-minutes/&psig=AFQjCNFQIFi3imJ74O4KYf9ytZNgx0HgnA&ust=1467482335525190


Executive Function
Neural Resource 

Used Up in These Processes:

• Focusing of attention
• Decision making ( no matter the size of decision) 
• Sorting, classifying
• Multitasking, getting back on track after interruption.
• Re-routing or switching from one mental task to another.
• Maintenance of goals
• Maintenance of information active in working memory
• Updating working memory
• Self-regulation: professionalism, self-effacement despite how treated, 

Maintaining “Aequinimitas” in setting of bleeding, injury, pain, etc. 
• Emotion work: dealing with bad outcomes,  distressed patients and families



Usual Human Factor Application:
Design Better to Avoid Confusion



6 Ps of Human Factors 
in Healthcare Delivery

Provider

Procedures

Products

Peripherals

Policy

Patient 

National
State
Industry 
Regulatory
Mandates
Laws

Add 7th P :
PRE –PROVIDER

Factors
External system and 
organization induced

E.g. different hose 
adaptors for different 
gases in OR

E.g. escalation in 
infusion pump 
features

E.g.  Other equipment
and factors in

healthcare setting

E.g. Hospital policies, 
hospital protocols

E.g., psychosis,
rigid belief
system

Adapted from 6 Ps: Lowe CM. Accidents waiting to happen: the contribution of latent conditions  to patient safety.  Qual Saf Health Care 2006; 15 (Supple 1):i72-i75. 

Croskerry P, Abbass A, Wu AW. Emotional Influences in Patient Safety 2010. J. Patient Saf. 6 (4): 199-205. 

Influences on 
Clinical Performance

Need Pre-Provider Application of Human Factors-
To Reduce Systemic/Organizational Contributions to Error & Burnout

Ambient Induced: Transitory emotional states, environmental, stress, fatigue, other.
Clinical Situation Induced: Counter-transference, Fundamental attribution error, specific emotional biases.
Endogenous: Circadian, infradian, seasonal mood variation, mood disorders, anxiety disorders, emotional dysregulatory states.

What  can be done to attenuate these?



1. Kohn, L.T., Corrigan, J., Donaldson, M.S. , To err is human: building a safer health system. 2000, National Academy of Sciences: Washington, D.C
2. Friedberg, M.W., et al., Factors Affecting Physician Professional Satisfaction and Their Implications for Patient Care, Health Systems, and Health Policy. RAND Corporation, 2013.
3. Sinsky, C., et al., Allocation of Physician Time in Ambulatory Practice: A Time and Motion Study in 4 Specialties. Ann Intern Med, 2016. 165(11): p. 753-760.
4. Atallah F, Privitera MR. Physician Burnout - The State of the State. MSSNY Talk Force on Physician Stress and Burnout Survey Findings. Medical Society of the State of New York’s News of New York. Vol 73 (8): 6-8.
5. Sinsky CA, Privitera MR. Creating a Manageable Cockpit: A Shared Responsibility. JAMA IM 2018 in press.

Parallel Stories: Missing the Systemic Issues 

The Paradox:
Past a certain point, accumulation of well-intended interventions
to improve quality, safety or value, contribute to health system dysfunction5 .

The Problem:
Majority of interventions for quality/safety as well as burnout have  been directed at the 

end actor, the clinician and not systemically5.

The Institute of Medicine (IOM) 1999 Report on Errors: Majority of errors are result of
systemic factors, rather than substandard performance by individual healthcare workers1

Clinician Burnout: Majority due to systemic factors rather than substandard effort or attitudinal
weakness of individual healthcare workers2,3,4



Individual 
clinician level

Systemic
Interventions.

Framework for Public Health Action

Increasing
Population
Impact

Increasing
Individual
Effort
Needed



Current Healthcare Ecosystem
Excessive Cognitive and Emotional Load



Mandatories:  Lists A and B.  Compiled from different sources, some overlap.

Attachment B Mandatory Requirements
(Derived from Learning and Development Team)

Organizational intervention to lessen impact on clinicians?



Cumulative Occupational Stressors 
Accelerate Risk of  Burnout

(Non linear relationship)
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Ji-Wei Sun et al. A non-linear relationship between the cumulative exposure to
Occupational stressors and Nurses Burnout and the potentially emotion regulation factors
Journal of Mental Health (2017) DOI:10.1080/09638237.1385740

Incrementalism

Increasing rate of expansion of expectations
but one added at a time, 
incrementally increasing the stress.
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NASA TLX on Workload
Demand Rating Question  Rating

0 (very low) to 
100 (very high)

X Weight = Product

Mental 
Demand

How mentally demanding was the 
task?

3

Physical 
Demand

How physically Demanding was the 
task?

0

Temporal 
Demand

How hurried or rushed was the pace of 
the task?

5

Performance How successful were you in 
accomplishing what your were asked to 
do?

1

Effort How hard did you have to work to 
accomplish your level of performance?

3

Frustration How insecure, discouraged, irritated, 
stressed and annoyed were you?

3

Total weights
= 15

Sum=

÷ 15

Mean Score= 25



Cognitive Load and Medical Error



Estimated time of wakening  is Circadian Time (CT) 0
CT 0≈ 5 AM CT 13 = 6 PM CT 16= 9 PM CT 19= MN

Human Impact: Example EMR Provider Efficiency Performance (PEP Data)

Unintended consequence- invasion into 
Home life, family life and recuperation.



EMR Work Bleeds into Home Life
Decreasing recharge time, family time.

• Physicians spend more than 10 hours per week interacting with the EHR after they go home from the office, on nights and 
weekends.

6 PM 9 PM

EHR Usage Courtesy of  Christine Sinsky MD, VP for Clinician Satisfaction, AMA &

Brian Arndt MD, University of Wisconsin.
# Levitin DJ. The Organized Mind. Plume Press 2014

* Privitera MR, Atallah F, et al.Journal of Hospital Administration. Vol. 7(4) 52-59. 2018
 Dyrbye LN, Sotile W, et al. J Gen Intern Med 2014 Jan;29(1):155-61

If working over 40 hrs. work/week: 
• Brain Efficacy= 35% #

Extension of workplace into  home life*: 
(EHR documentation, phone calls, e-mails) 
• ↓Job satisfaction (r = -0.155, p < 0.001)
• ↑Job stress (r = 0.252, p < 0.001)
• ↑Burnout (r = 0.230, p < 0.001).

Work Home Conflict (WHC): 
‘The need to perform both work and personal 
related tasks/ responsibilities simultaneously, 
resulting in  conflict  between work and home’.

Excessive/ moderately high time on the EHR at home*
• ↑ odds of burnout by 46% (p < 0. 05) 

If salaried, working at home=
no increased  short term 
cost to employer.
Clinicians keep showing up 
for work the next day.

So… no managerial pressure
to suppress excessive
work at home in “off time”.

Long term costs
due to burnout
will go up!



1. How would you make a case to  senior leadership to 
address reduction of  regular EMR work at home ?

2. What are some organizational interventions to reduce    

regular EMR use at home and increase efficiencies at your   

unit, department or division? 

• Some clinicians like the convenience of access to EMR from home if they need to leave to get home  to their children, 
family.

• Why can’t we help them get their workflows efficient and get done in work day-- so they don’t have to finish their work at 
home?



Key Quality and Safety Leadership New Material

1.  Optimal workloads: Cognitive load, emotional load and physical load.

2. Optimal use of brain power (neural resource) applied to job-- cognitive and organizational ergonomics

3. Look  beyond Time on (FTE) as below.

4. Firmly preserve Employee Time off / human needs / restoration / boundary between work and home
 Need policy & culture supportive. 
 Excessive “Free labor” will bite you later
 Must find better way to get all requirements of the job done at work, not bleeding into time off.

5. Be aware of “shadow work” (hidden work needing to be done that is off metrics) and work to reduce it

6. Be aware of pain points and affective (emotional) responses that can affect brain power
and quality of decisions.

8. Work at top of license- budget their executive function for best competency in decision making.

7. Apply neurocognitive/ ergonomic principles to IT interface design, workflows, and leadership



1. Bourne LE, Yaroush RA. Stress and Cognition: A Cognitive Psychological Perspective. National Aeronautics and Space Administration Grant Number NAG2-
1561 February 1, 2003

2. Haines, M. M., Stansfeld, S. A., Job, R. F. S., Berglund, B., & Head, J.  Chronic aircraft noise exposure, stress responses, mental health, and
cognitive performance in school children. Psychological Medicine 2001. 31, 265-277.

3. Hamilton, V., & D. M. Warburton (Eds.) Human stress and cognition: An  information processing approach.1979. New York: John Wiley & Sons.
4. Hammond, K. R. Judgments under stress. New York; Oxford University Press.2000
5. Hancock, P. A.& Vasmatzidis, I.(1998). Human occupational and performance limits under stress: The thermal environment as a prototypical example. 

Ergonomics 1998. 41, 1169-1191
6. Hancock, P. A., & Desmond, P. A. (Eds.) (2001) Stress, workload, and fatigue. Lawrence Erlbaum 2001. Mahwah, NJ 
7. Hancock, P. A., & Warm, J S.  A dynamic model of stress and sustained attention. Human Factors 1989 31, 519-537
8. Sweller, J. Cognitive load theory, learning difficulty and instructional design. .Learning and Instruction.1994. 4, 295–312.
9. Paas F, Renkl A, Sweller J. Cognitive Load Theory: Instructional Implications of the Interaction between Information Structures and Cognitive Architecture. 

Instructional Science 2004 32: 1–8, 
10.  Wolfe IS. The Truth about Employee Stress: Bleeding at the Bottom Line. Business 2 Business, October 2004 (http://www.super-

solutions.com/Thetruthaboutworkplacestress.asp)
11.Collie D. Workplace Stress: Expensive Stuff.  http://www.emaxhealth.com/38/473.html  (2004, July7) Retrieved January 15, 2013
12.Cotton P, Hart PM. Occupational Wellbeing and Performance: A Review of Organisational Health Research. Australian Psychologist 2003, 38 (2):118-127
13. Bowen B; Privitera MR, Bowie V. "Reducing Workplace Violence by Creating Healthy Workplace Environments". Journal of Aggression, Conflict and Peace 

Research. 2011; 3. (4):185-198. 
14. Ordóñez LD, Schweitzer ME, Galinsky AD, Bazerman MH. Goals Gone Wild: The Systematic Side Effects of Over-Prescribing Goal Setting. Harvard Business 

School. Working Knowledge. February 11, 2009.
15.  www.designcouncil.org.uk 2011 Reducing Violence and Aggression in A & E through a better experience 

http://www.designcouncil.org.uk/Documents/Documents/OurWork/AandE/ReducingViolenceAndAggressionInAandE.pdf
16.  Stubbs SL, Husby B, Jensen L.Ten Common Misconceptions About Implementing Continuous Improvement Efforts in Health Care Organizations The Business 

Review, Cambridge  Vol. 17  Num. 2 Summer 2011. 21-27 
17.   Arnetz JE, Arnetz B. Violence towards health care staff and possible effects on the quality of care. Soc Sci Med 2001. 52:417–427.
18.  Privitera MR and Arnetz J. "Effect of Workplace Violence on Staff, Institution, and Quality of Patient Care". Workplace Violence in Mental and General 

Healthcare Settings. Privitera MR. Jones and Bartlett Publishers, Sudbury MA: 2011. 29-42. 
19. Bloom SL & Farragher B. “I Gotta Get Out of This Place”: Workplace Stress as a Threat to Public Health. (In) Bloom SL & Farragher B. Destroying Sanctuary. 

The Crisis in Human Service Delivery Systems. Oxford University Press. Inc.   NY NY .2011 pp 61-90
20.. Shanafelt TD, et al. Burnout and Satisfaction With Work-Life Balance  Among US Physicians Relative to the General US Population

Arch Intern Med. 2012; 172(18):1377-1385. 
21. A Tough Time for Physicians: 2012 Medical Practice & Attitude Report http://www.jacksonhealthcare.com/
22. 2012 Review of Physician Recruiting Incentives http://www.merritthawkins.com/uploadedFiles/MerrittHawkins/pdf/mha2012survpreview.pdf
23. Gold KJ, Sen A, Schwenk TL.  Details on suicide among US physicians: data from the National Violent Death Reporting System. Gen Hosp Psychiatry. 2012 Nov 

1. pii: S0163-8343(12)00268-X. doi: 10.1016/j.genhosppsych.2012.08.005. 

Human Function Curve--References

http://www.super-solutions.com/Thetruthaboutworkplacestress.asp
http://www.emaxhealth.com/38/473.html
http://www.designcouncil.org.uk/
http://www.designcouncil.org.uk/Documents/Documents/OurWork/AandE/ReducingViolenceAndAggressionInAandE.pdf
http://www.jacksonhealthcare.com/
http://www.merritthawkins.com/uploadedFiles/MerrittHawkins/pdf/mha2012survpreview.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Gold KJ[Author]&cauthor=true&cauthor_uid=23123101
http://www.ncbi.nlm.nih.gov/pubmed?term=Sen A[Author]&cauthor=true&cauthor_uid=23123101
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwenk TL[Author]&cauthor=true&cauthor_uid=23123101
http://www.ncbi.nlm.nih.gov/pubmed/23123101##

