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Why should physicists care about cognitive bias? 

à Medical errors aren’t solely caused by bad/dumb people 



Cognitive biases have contributed to many sentinel 
events reported to The Joint Commission 

Cognitive Biases in Healthcare, Quick Safety, The Joint Commission, October 
2016 



Unintended retention of foreign objects  

satisfaction of search 
+ 

 inattentional 
blindness 

Lum et al. Misplaced Femoral Line Guidewire, Acad Emerg Med, July 2005 



Cognitive biases have contributed to many sentinel 
events reported to The Joint Commission* 

• Unintended retention of foreign objects (satisfaction of search, 
inattentional blindness) 

• Wrong site surgeries (confirmation bias) 

*Cognitive Biases in Healthcare, Quick Safety, The Joint Commission, October 
2016 

http://www.outpatientsurgery.net/issues/2014/02/zero-tolerance-for-never-
events 



Cognitive biases have contributed to many sentinel 
events reported to The Joint Commission* 

• Unintended retention of foreign objects (satisfaction of search, 
inattentional blindness) 

• Wrong site surgeries (confirmation bias) 
• Overexposures (automation bias, confirmation bias, 

ascertainment bias, etc.) 

*Cognitive Biases in Healthcare, Quick Safety, The Joint Commission, October 
2016 



Cognitive biases have contributed to many sentinel 
events reported to The Joint Commission* 

• Unintended retention of foreign objects (satisfaction of search, 
inattentional blindness) 

• Wrong site surgeries (confirmation bias) 
• Overexposures (automation bias, confirmation bias, 

ascertainment bias, etc.) 
• Patient falls, diagnostic errors, wrong-patient errors, etc.  

*Cognitive Biases in Healthcare, Quick Safety, The Joint Commission, October 
2016 



131I Contamination Event 

•  Administered 27 mCi by mouth in gel capsule form to 7-year-old patient 
with metastatic thyroid cancer 

 
•  Patient had severe dysphagia (trouble swallowing) post-thyroidectomy à 

fear of swallowing pills 
 
•  Patient was observed by four people (radiologist, nuclear medicine 

technologist, endocrine nurse, child life specialist) and “swallowed” the pill 

AAPM 2017 talk: Christina Sammet, Radioiodine Safety in Children: A Root Cause Analysis 
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•  After child “successfully” 
swallowed pill, RSO and 
parents entered treatment 
room  

•  Child used the restroom 

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 
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•  After child left the room, 
staff noticed that radiation 
was still present 

•  Thoughts: patient swallowed 
capsule or hid it 

•  Reality: patient crushed the 
capsule à contamination 

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 
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•  RSO performed a radiation 
measurement of child at 1m 
in hallway. Dose appeared 
to correspond with 
administered dose 

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 
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•  Patient moved to gamma 
camera to establish pill had 
been swallowed 

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 



13 

•  Moved to hot lab	

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 
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•  Moved items behind the 
PET/CT shield	

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 
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•  Staff finally recognized that 
they themselves were 
contaminated  

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 
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•  Staff moved into PET/CT to 
access sink and wash 
isotope from the skin 

•  Only at this time did the staff 
become aware that pill was 
dissolved and spread 
throughout the environment 

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 



•  Planar anterior and 
posterior gamma camera 
images show activity 
primarily in the right hand 

AAPM 2017 talk: Christina 
Sammet, Radioiodine Safety in 
Children:  
A Root Cause Analysis 



Consequences of Radioiodine Spill 

• Exposed 8 staff members who required daily bioassay for 
several weeks 

• Contaminated over 2,000 square feet of space 

• Lost the use of multiple rooms for 81 days 

• Damages and decontamination charges exceeding $50,000 

AAPM 2017 talk: Christina Sammet, Radioiodine Safety in Children: A Root Cause Analysis 



Biases Present in This Event 

• Anchoring bias: Remaining fixed to one’s initial 
impression 

  
• Confirmation bias: noticing/seeking evidence that 

confirms a specific hypothesis rather than seeking 
evidence that contradicts it 

 
 



Smart physicists can make errors 

• Several specialists involved 

• Well-intentioned efforts 

• Rules were followed 

•  Influenced by cognitive biases 



Derek Brown, PhD
Associate Professor and Director of Education and Training
Radiation Medicine & Applied Sciences

Introduction to Cognitive Bias in Decision 
Making and the Impact on Patient Safety



Cognitive Errors in Healthcare

Why should we care about cognitive errors?
• They occur frequently in healthcare
• They can have significant negative impacts for our patients

Let’s take a closer look at:
• What we mean by cognitive error
• Some of the factors that predispose us to making cognitive 

errors

Derek Brown / AAPM COMP 2020 / #2



What is Cognitive Error?

Cognitive error is a thought process mistake that occurs 
during sensemaking
• Thought process – carefully considering something, or a 

series of conclusions 
• Sensemaking – figuring out what’s going on

Derek Brown / AAPM COMP 2020 / #3



Cognitive Error Example

Treat a lung 
tumor using 
respiratory 
gating

Derek Brown / AAPM COMP 2020 / #4

Treatment 
misadministration

• Multiple lesions
• Largest lesion identified as target (it is 

the easiest one to see)
• One of the smaller lesions is the 

intended target

Task Outcome



How do we think?

Type 1 thinking
• Fast and efficient
• Governed by heuristics
• Use very little mental effort

Type 2 thinking
• Deliberate and analytical
• Can be used to override type 1 

decisions

Derek Brown / AAPM COMP 2020 / #5

Marjorie Stiegler, MD.  “Understanding and 
Preventing Cognitive Errors in Healthcare.



Cognitive Error Example

Treat a lung 
tumor using 
respiratory 
gating

Derek Brown / AAPM COMP 2020 / #6

Treatment 
misadministration

• Multiple lesions
• Largest lesion identified as target (it is 

the easiest one to see)
• One of the smaller lesions is the 

intended target

Task Outcome



Predisposing Factors

What factor predispose us to cognitive error?
• Person Factors

• Cognitive loading/fatigue/stress/feelings towards 
patients/colleagues

• System Factors
• Workflow design/task complexity/time constraints
• Poorly designed/integrated or inaccessible IT
• Distractions, interruptions, noise, poor lighting

Derek Brown / AAPM COMP 2020 / #7



Rudeness

How does rudeness impact performance?
• Riskin et al (Pediactrics, Sep 2015) studied this

• Randomized 24 NICU teams
• Exposed to either rude or neutral comments
• Assessed based on diagnostic and procedural 

performance

Derek Brown / AAPM COMP 2020 / #8



Rudeness

How does rudeness impact performance?
• Results

• Composite diagnostic and procedural performance 
scores were lower for members of teams exposed to 
rudeness

• Rudeness alone explained nearly 12% of the variance in 
diagnostic and procedural performance

Derek Brown / AAPM COMP 2020 / #9



Fatigue

Name / AAPM COMP 2020 / #10

How does fatigue impact performance?
• Danziger et al. (PNAS 2011) studied this

• Retrospective review of 1,112 parole rulings over 10 
months

• Decisions made by 8 judges
• Deliberations are split into three sessions with two food 

breaks in between session



Fatigue

Name / AAPM COMP 2020 / #11

Proportion of rulings in favor of the prisoners by time of day



Attitude

How does attitude impact decision making?
• Kadzielski et al. (Clin Orthop Relat Res, 2015) studied 

this
• Prospective review of 31 orthopedic surgeon 

reoperation/readmission rates
• Surgeon’s attitudes assessed using validated aviation 

psychology tools
• Examined correlation between attitude and 

reoperation/readmission rate

Derek Brown / AAPM COMP 2020 / #12



Attitude

Derek Brown / AAPM COMP 2020 / #13
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Macho scale

• They found a 
correlation between 
macho attitudes and 
reoperation/ 
readmission rate

• Macho attitude alone 
accounted for 19% of 
variance



Attitude

What is a macho attitude?
• Authors define a macho attitude as:

• Being found in pilots who continually try to prove 
themselves better than others

• They tend to be overconfident and attempt difficult tasks 
for the admiration it gains them

Derek Brown / AAPM COMP 2020 / #14



How does this translate to rad onc?

Derek Brown / AAPM COMP 2020 / #15

• Mazur et al. (2014) studied this
• Prospective – 9 physicians planned 3 cases each
• Perceived workload assessed using NASA-TLX tool
• Performance based on severity of errors
• Examines relationship between perceived workload and 

performance



How does this translate to rad onc?

where the physician’s willingness to approve the treatment
plan (a more subjective measure of performance) also
declined at NASA-TLX scores N50. This same approximate
threshold has been seen in other industries,8-11 and suggests
that workload may be an important factor contributing to
errors in treatment planning tasks.

The assessment of workload has several limitations, as
previously reported.16-18 The NASA-TLX tool might not
be ideal for this laboratory simulation-based setting. Using
other (more objective) measures of workload might
provide more robust results, and we are initiating studies
along these lines. Nevertheless, the NASA-TLX is
currently the most well-accepted subjective instrument to
perform workload assessments. Results also indicated that
the mental demand dimension was a major source of the
overall NASA-TLX score, where temporal demand and
frustration dimensions were the greatest sources if inter-
subject variation. Our research environment was intended
to emulate the real clinical environment to the degree
practical. However, it is likely that our experimental
design (eg, laboratory setting, time limitations for cases,
quantification of performance, embedded errors, etc)
might not sufficiently reproduce the real environmental
settings and procedures. Thus our conclusions must be
interpreted with caution. Nevertheless, our findings are
consistent with similar studies in other fields where
NASA-TLX scores have been linked to performance.14,15

Further, a simulation-based study with modest numbers of
cases and subjects is typical for this type research requiring
extensive in-depth human assessments. As the majority of
the higher NASA-TLX scores and the majority of the
performance errors were in the residents, our findings
might be most pertinent to centers with training programs.

Our results are based on the study of a limited number
of specific cases and participants from 1 department, and
use of specific EMRs in a simulated laboratory environ-
ment. Future studies should include a larger sample size
with a broader number and type of cases. Additionally,
each subject could review their own performance to
improve the accuracy of error identification and quantifi-
cations. This approach would provide a more “robust”
evaluation of individual performance.

It is reasonable and timely to quantify workload and
study the relationship between workload and performance
within radiation oncology. We suggest that workload be
considered as a metric for quality and safety as suboptimal
workload levels appear to be associated with reduced
performance. The results from these types of studies can
inform concerns such as work assignments, work-duty
hours, and the development of alternative procedures to
either reduce workload (eg, task redesign, usability
improvements, etc) or bolster quality assurance efforts
(eg, checklists, huddles, double-checks, hardware or
software supported “hard” stops, etc) for tasks with
particularly-high workloads. This study may have impli-
cations for other medical settings with similar tasks.
Additional studies with a larger number of subjects, an
increased diversity of tasks, and alternative measures of
both workload and performance, are planned.

Summary

We found that errors appear to increase at subjective
NASA-TLX scores≈ 50, which is consistent with findings
from other industries.
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to have a meaningful
treatment, but not likely
Altered the intended
Grade 2: Moderate:

NASA-TLX approx. 50
Reduced perfomance:

NASA TLX = 50

Figure 1 Marginal plot of National Aeronautics and Space Administration Task Load Index (NASA-TLX) scores versus severity grade
of errors. (x axis, NASA-TLX scores; y axis, severity grade errors). Top, box-plot of NASA-TLX scores; dashed-line at NASA-TLX
score of 50, workload score where errors appear to be more common.

74 L.M. Mazur et al Practical Radiation Oncology: March-April 2014

Derek Brown / AAPM COMP 2020 / #16



Decision making is precarious at best

Hopefully we’ve convinced you that decision making is a 
precarious affair, at best!

• How can you recognize when you are making a bad 
decision?

• Remember, being wrong feels the same as being right
• Step 1 – know the more common cognitive biases

Derek Brown / AAPM COMP 2020 / #17
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Ashley Rubenstein, PhD
Todd Pawlicki, PhD



Todd Pawlicki, PhD
Professor and Vice Chair
Radiation Medicine & Applied Sciences

Cognitive biases you may have met before



Disclosures

Founding Partner
TreatSafely Foundation

Image Owl, LLC

Textbooks
Quality and Safety in Radiotherapy

Hendee’s Radiation Therapy Physics (4th Ed)

Todd Pawlicki / AAPM COMP 2020 / #2



The Human Condition

Todd Pawlicki / AAPM COMP 2020 / #3

Presenter
Presentation Notes
I hope to convince you that biases play a role in errors and near-misses and that biases are just part of being human.



Impact of the Human Condition

Todd Pawlicki / AAPM COMP 2020 / #4



Type 1 Thinking

Todd Pawlicki / AAPM COMP 2020 / #5

Presenter
Presentation Notes
Our brains are machines for jumping to conclusions.



Context is Everything

Todd Pawlicki / AAPM COMP 2020 / #6

Presenter
Presentation Notes
This is known as the Ebbinghaus illusion.  The circle on the left appears to be larger than the circle on the right because it's surrounded by smaller circles.This illusion happens because the brain uses context to judge size — like when the brain assumes something small is far away. 



Our Biases are Implied

Todd Pawlicki / AAPM COMP 2020 / #7

Presenter
Presentation Notes
This is known as the Ebbinghaus illusion.  The circle on the left appears to be larger than the circle on the right because it's surrounded by smaller circles.This illusion happens because the brain uses context to judge size — like when the brain assumes something small is far away. 



Implicit Bias

Todd Pawlicki / AAPM COMP 2020 / #8

A characteristic of Type 1 thinking that represents 
categories as norms and prototypical examples.

Associations outside conscious awareness that lead to a 
negative evaluation of a person on the basis of irrelevant 
characteristics such as race or gender.

Presenter
Presentation Notes
This is how we think of horses, refrigerators, police officers, etc.We hold in memory a representation of one or more “normal” members of each category.  When the categories are social, then the representations are called stereotypes.  



Implicit Bias

Todd Pawlicki / AAPM COMP 2020 / #9

Research supports a relationship between patient care and MD bias in 
ways that could perpetuate health care disparities.

Presenter
Presentation Notes
Physician training emphasizes group level information, like population risk factors, and may expose trainees to minorities in unfavorable circumstances of illness or addiction, reinforcing stereotypes.Implicit gender bias among physicians may also unknowingly sway treatment decisions – women are 3x less likely than men to receive knee arthroplasty when clinically appropriate.Implicit stereotype-based bias may also contribute to gender differences in the diagnosis of chronic obstructive pulmonary disease (COPD), even in the face of near comparable smoking rates between men and women and women’s increased susceptibility to the disease.



Anchoring Bias

Todd Pawlicki / AAPM COMP 2020 / #10

An overemphasis on early 
information that impacts 
subsequent decisions.



Forms of Anchoring Bias

Todd Pawlicki / AAPM COMP 2020 / #11

Priming effect – Type 1 Thinking

Deliberate process of adjustment – Type 2 Thinking

2.7 Gy/Fx

20.0 Gy/Fx

Presenter
Presentation Notes
For all patients under treatment in the typical radiation oncology department, is the average dose per fraction more or less than 2.7 Gy/fraction? For all Cranial SRS patient under treatment in the typical radiation oncology department, what is the average dose per fraction?  The actual answer is 20.0 Gy/fraction from my clinic.



Anchoring Bias

Todd Pawlicki / AAPM COMP 2020 / #12

Related to MD Decisions

Tendency to fixate on specific features of 
a presentation too early in the diagnostic 
process, and to base the likelihood of a 
particular event on information available 
at the outset.



A Simple Task

Todd Pawlicki / AAPM COMP 2020 / #13

Take 3 sec to review the poker hand, then calculate the sum by 
doubling the value of each card (aces are worth 11).

3
2
1



Answer

Todd Pawlicki / AAPM COMP 2020 / #14

Take 3 sec to review the poker hand, then calculate the sum by 
doubling the value of each card (aces are worth 11).

Answer:  50 = (2*5) + (2*4) + (2*3) + (2*2) + (2*11)



Follow-up “Safety Related” Question

Todd Pawlicki / AAPM COMP 2020 / #15

Did you find any anomalies with the poker hand?



Inattentional Blindness

Todd Pawlicki / AAPM COMP 2020 / #16

When your attention is otherwise engaged, 
you sometimes fail to notice a salient and 
fully visible, but unexpected object or event.

https://www.youtube.com/watch?v=qHUJ6seBoCg

Presenter
Presentation Notes
More than 80% of the radiologists missed a gorilla that was photo-shopped in the chest CT scan (even when looking directly at it).  This shows that even experts are subject to limitations of our attentional systems.

https://www.youtube.com/watch?v=qHUJ6seBoCg


Rad Onc Example

Todd Pawlicki / AAPM COMP 2020 / #17

IMRT Treatment

Patient is nauseous



Biases That Impact Causal Analysis

Todd Pawlicki / AAPM COMP 2020 / #18

Hindsight Bias
Tendency to view the event as being more predictable than it really was.

Confirmation Bias
Jump to a conclusion, then look for evidence to support it.



Error Detection/Recovery is a Skill

Todd Pawlicki / AAPM COMP 2020 / #19

We need to educate ourselves.

Biases can work in our favor.

When an accident is eminent, people 
can also make a miraculous recovery.

Presenter
Presentation Notes
Error detection and error recovery are acquired skills and must be practiced.



Summary

Todd Pawlicki / AAPM COMP 2020 / #20

Be aware of our biases
• Anchoring
• Implicit
• Inattentional
• Confirmation
• Hindsight
• and many (many) more

Human Biases 
Ahead



The Next Presentation

Todd Pawlicki / AAPM COMP 2020 / #21

Tools to mitigate 
human limitations 
(biases)



Collaborators
Suzanne Evans, MD
Ashley Rubenstein, PhD
Derek Brown, PhD



S L I D E  1 

Disclosure 

•  I have no financial disclosures relevant to this 
presentation 

•  Unrelated disclosures: 
•  Stipend for Executive Editor, Practical Radiation 

Oncology 
•  Stipend for membership Radiation Oncology 

Healthcare Advisory Council, analysis arm of 
Radiation Oncology Incident Learning System 

•  Both total <$3000 



S L I D E  2 



S L I D E  3 

Cognitive Debiasing 

•  Techniques to limit the impact of bias on your 
decision making 

•  Cognitive forcing strategies 



S L I D E  4 

How do we Address Bias? 

•  Limit predisposing conditions as discussed: 
•  optimize workflow/ health information 

technology 
•  Eat 
•  Avoid fatigue (sleep!) 
•  Avoid cognitive overload/repetitive decision 

making if possible 
•  Be aware when you are vulnerable (allostatic 

overload!) 



S L I D E  5 

G.I. Joe Fallacy 



S L I D E  6 



S L I D E  7 

•  https://implicit.harvard.edu/
implicit/takeatest.html 



S L I D E  8 



S L I D E  9 

•  Committees with a stronger science=male 
association exhibited the largest decrease 
in selecting women (a lower log-
transformed AI ratio) if those committees 
also had weaker beliefs that external 
barriers hold women back  

•  Implicit gender bias was unrelated to 
selection decisions in those committees 
whose members believed that gender 
disparities in science can be due to 
external barriers  



S L I D E  10 

Knowing is part of it! 



S L I D E  11 

External resources to cognitively unload 

•  Review practice guidelines (ASTRO, NCCN) 
•  Access decision support techniques (review up  

to date work up for _____ symptom) 



S L I D E  12 

External resources to cognitively unload 

•  Systematic Approach: 
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External resources to cognitively unload 

•  Systematic Approach: 
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Cognitive unloading: checklists 



S L I D E  15 

Make sure you don’t shut down prematurely! 

•  Rule of three- When considering a diagnosis or 
treatment option, force yourself to fully consider 
3 options. 



S L I D E  16 

Make sure you don’t shut down prematurely! 

•  Rule out worst case scenario: make sure a 
serious (but perhaps unlikely) possibility is 
considered  



S L I D E  17 

Make sure you don’t shut down prematurely! 

•  Consider the opposite strategy:  Reverse what 
you think, and go over the data and see if it stills 
fits as well as you think it does. 



S L I D E  18 

Make sure you don’t shut down prematurely! 

• Exposure Control: Limit exposure to information
that might influence judgment before your
impression is formed



S L I D E  19 

Make sure you don’t shut down prematurely! 

•  Premortem/prospective hindsight: Pretend a 
bad outcome has happened.  Now, look back at 
your decision, and try to identify the tell tale 
signs that would indicate you were on the wrong 
path 



S L I D E  20 

Other strategies 

•  For affective bias: Acknowledge your bias to 
yourself.  Then, run the case by a colleague or 
two.  Give them just the facts, and leave out the 
rest to gauge your clinical judgment 

•  Summarize aloud:  list the basic tenets of the 
case to its minimum components, and see if this 
makes the path more clear.    



S L I D E  21 

RED TEAMS! 



S L I D E  22 

RED TEAMS! 

•  Try it yourself: When preparing for your next 
presentation, instead of asking (yourself, your helpers) 
“Is my presentation ok,” ask, “What can you find wrong 
with my presentation?”  

•  Not advocating indecision, or lack of confidence, but 
rather that one take a moment to focus on flaws of one’s 
choices before going ahead with those choices.  

•  Disconfirmation and considering the opposite often 
takes less time than the confirmation, basking in one’s 
own glory, listening to “yes-men” and “preaching to the 
choir” that otherwise occurs..  



S L I D E  23 

Other strategies 

•  Recalibration:  When bias is anticipated, the 
decision maker may recalibrate 



S L I D E  24 

Other strategies 

•  Group decision strategy- Crowd Wisdom: Chart 
Rounds! 



S L I D E  25 

Conclusions: 

•  Bias is everywhere! 

•  Be self aware 
•  Cognitively unload 
•  When all else fails, consider the opposite! 



S L I D E  26 

Thank you!!  
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