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Overview
1. Overview of Mastery Learning

– Time‐Based Model
– Mastery‐Based Learning

2. Implications for Standard Setting 
– Borderline / Marginal Performance
– Standard Setting for Mastery Learning

3. Competency‐Based and Time‐Variable Programs
– Education in Pediatrics Across the Continuum (EPAC)
– Orthopedic Residency Program in Canada



“Tea‐Steeping” Model (1)

“Steep” in Hot Water

Tea Bag

Fixed Time

“Good” Tea!

Hodges BD. Academic Medicine. 2010
Snell LS, Frank JR. Medical Teacher. 2010



Tea Bag

“Good” Tea!

Fixed Time
Medical 
Student

“Steep” in Hot Water
Medical School

Four or Six
Years

Competent 
Physicians

“Tea‐Steeping” Model (2)
Hodges BD. Academic Medicine. 2010
Snell LS, Frank JR. Medical Teacher. 2010



Why Mastery Learning?



Traditional Learning:
Time‐Based Model (1)

Learning Time

Learning Outcome

Fixed

Variable

Passing Score:
Minimum 
Competence



Mastery Learning (1)
• Developed in 1968 by Benjamin Bloom

Learning Outcome

Fixed

Variable

Variable

Passing Score:
Mastery

Less Variable

Learning Time



Time‐Based Learning (2)

Learning Session 1

Learning Session 2

Learning Session 1

Learning Session 2

Student A

Student B

Pass

Fail?

All Students 
Progress



Mastery Learning (2)

Learning Session 1

Learning Session 2

Learning Session 1

Learning Session 2

Student A

Student B

Pass

Fail?
Practice
Remediate 



Time‐Based Traditional Learning (3)

Topic 1 Topic 2 Topic 3 Topic 4

Student A

Student B

Student A

Student B



Mastery Learning (3)

Topic 1 Topic 2 Topic 3 Topic 4

Student A

Student B

Student A

Student B

Fail and Retest

Finish!



Mastery Learning (4)

• Everyone is well prepared!

• It matters!

• But – what is the evidence? 

Variable

Mastery



Evidence from Laparoscopic Skill

• Intervention group → task‐specific proficiency criteria
• Performance Outcome

• Meet target
• Depth perception
• Bimanual dexterity
• Efficiency
• Tissue handling 
• Autonomy
• Overall competence

Improvement relative
to Control Group



Randomized Controlled Trial

• Totally Extraperitoneal (TEP) 
inguinal hernia repair 
‐ 219 TEP repairs
‐ 146 patients

• ↑ speed
• ↑ operative performance
• ↓ complications
• ↓ need for overnight stay



Systematic Review and Meta‐Analysis



Standard Setting 

How are mastery standards 
determined?



How do you currently set 
cut scores for your exams? 

60%

Fail!

Cut Score
• Fixed score: e.g., 60%
• Normative: e.g., Mean – 1.5 SD

• Angoff Method
• Hofstee Method
• Borderline Group 
• Contrasting Groups

Test Scores

Frequency

100%0%

Pass



What is standard setting?

• “Absolute” passing 
standard (e.g., 60%)

• “Norm‐referenced” 
passing standard           
(e.g., Mean – 1.5 SD)

• “Criterion‐based” passing 
standard 

• Passing standard agreed 
by subject matter experts



Problems with “Fixed” Cut Score

Test Scores

Frequency

100%

Test 1 
Distribution

Test 2 
Distribution

60%

Arbitrary, Fixed 60% 
Cut Score

Fail!

Fail!

Cannot guarantee
• difficulty level
• defensibility



Normative standard

Test Scores

Frequency

50% 75% 100%25%

Mean – 1.5 SD

Mean – 1.5 SD

Test 1 distribution

Test 2 
distribution

Guarantees a 
“similar” % of 
students to fail 



Criterion‐based standard (1)

Test Scores

Frequency

50% 75% 100%25%

Test 1 distribution

Criterion

Students below the 
criterion fail



Criterion‐based standard (2)

Test Scores

Frequency

50% 75% 100%25%

Test 2 
distribution

Criterion

Students below the 
criterion fail



Criterion‐based standard (3)

Test Scores

Frequency

50% 75% 100%25%

Test 3 distribution

Students below the 
criterion fail

Criterion

All students 
pass!



Classification Error (1)

Red = True Fail, Blue = True Pass



Classification Error (2)

More ‘True Pass’ Will Fail



Classification Error (3)

More ‘True Fail’ Will Pass



“Borderline” Performance (1)

• Cut scores based on “borderline” performance
• Minimally competent!

• Best performance that is still basic
• Worst performance that is still proficient

Borderline / 
Minimally Competent

Student

at least know 
the following…

types of mistakes that 
are forgivable errors…



“Borderline” Performance (2)

• Worst surgeon who should be licensed
• Worst pilot who should be allowed to fly
• Shortest child who is tall enough to ride the roller coaster
• Worst barber who can cut your hair



Angoff Method (1)

• Probability Angoff

– What is the probability a borderline student would 
accomplish each item?

– 0 to 1 scale (e.g., 0.30, 0.60)

– Sum probability across items = score needed to pass case

• Other variants also exist



Item‐Based Method: Angoff Method(2)

Item Probability Angoff

1 .25

2 .75

3 .50

4 .50

Sum = 2/4 = 
passing score=50%

What is the probability a 
borderline student would
accomplish this item?



Item‐Based Method: Angoff (3)

Passing Score = 50%

Judge 1 Judge 2 Judge 3



Pass Rates: USMLE 2014‐2015
• Step 1 Basic Sciences:  85%

– US/Canada:  94%  (58% test takers)
– Non‐US/Canada:  72% (42% test takers)

• Step 2 Clinical Knowledge (CK):   85%
– US/Canada:  94%  (61% test takers)
– Non‐US/Canada:  71% (39% test takers)

• Step 2 Clinical Science (CS):  88%
– US/Canada:  96%  (58% test takers)
– Non‐US/Canada:  78% (42% test takers)

• Step 3:  94%
– US/Canada:  98%  (67% test takers)
– Non‐US/Canada:  85% (33% test takers)

Reference: http://www.usmle.org/performance‐data/



Passing score before doing a 
Lumbar Puncture on your child?

50%

70%

90%

100%
Do you want a “borderline” student?

Do you want a “master” (well prepared) student?



Adapt Angoff for 
Mastery Learning standards?

“Borderline” “Mastery”
Well Prepared

Variable

Mastery



Inferences:
Well prepared to do what???

To perform the 
procedure     

tomorrow, with 
supervision and 

coaching?

To perform the 
procedure 
in 3 months, 

with no supervision?



Mastery Angoff Calculation

Item
Probability of a well prepared 
student accomplishing this item 

after repeated practice

1

2

3

4

Test

.90

.95

1.00

.90

Sum = 3.75/4 = passing score = 94%



Patient Safety Considerations: 
Are there Critical Items? 

Item Impacts patient or 
provider safety?

Impacts patient 
comfort?

Impacts procedure 
outcome?

1

2

3

4

Critical itemsX

X X

X



Set standards 
separately and conjunctively for 
critical and non‐critical items   

For example…
Must pass 
98% of 

critical items

Must pass 
75% of 

non‐critical items

AND

Example: 
Items 1, 5, 7, 9, …

Example: 
Items 2, 3, 4, 6, 8, …



Does it make a difference?
Central Line Insertion

29 item 
checklist



Traditional Angoff change over time?

Traditional 
Angoff

Angoff 2006
(Wayne 2007)

Angoff 2010
(Cohen 2013)

Angoff 2015
(Yudkowsky & Barsuk)

73% 85% 90%

Mastery Angoff (2015) Pass Score = 98%

Traditional Angoff – USMLE Step 1 Score Example
• Year 2014:  192
• Year 2010:  188
• Year 2007:  185
• Year 2001:  182

Increase in Step 1 
Passing Scores Over Time



Innovative Curricular Applications:

1. EPAC Program

2. Orthopedic Surgery 



Paradigm Shift in Medical Education



Current Curriculum: 
Time‐Based Model

M1 M2 M3 M4

Preclinical and Clinical Years

Basic Science, 
Clinical Knowledge courses

Clinical Rotation

USMLE Step Examinations
• Step 1 
• Step 2 Clinical Knowledge (CK)
• Step 2 Clinical Skills (CS)



Is “Time‐Based” Model 
still appropriate?

Flexner Report 
(1910)

100+ Years 
Later??



Education Continuum: EPAC (1)

Medical School

“Medical School + Residency” Continuum

Residency

Traditional 
Curriculum

EPAC
Curriculum

4 Years (fixed time) 3+ Years (fixed time)



Education Continuum: EPAC (2)
• Competency‐based, time‐variable progression

• Five medical schools
1. UC San Francisco
2. University of Colorado
3. University of Maryland
4. University of Minnesota 
5. University of Utah

• LCME approval in 2011
• Assessment based on entrustable professional activity (EPAs)

– Unit of work, observable, and measurable
– Example: Enter and discuss orders/prescriptions (EPA‐4)

Four cohorts per school
Years 2013 – 2016

EPAC (n = 48)
• 4 withdrew
• 12 in residency



Education Continuum: EPAC (3)

“Medical School + Residency”
Traditionally 7 Years in Pediatrics 

4 Years Medical School 3 Years Residency

3 Years 3 months
Medical School

3 Years 6 months
Medical School

??? Years
Residency

??? Years
Residency

12 Residents



Residency – Orthopedic Surgery

Canada RCPSC Orthopedic Surgery Program
5 Years Fixed Time

• Competency‐Based Residency at University of Toronto
• Began in July 2009
• Recruited 14 residents (2013)

Two residents completed in 4 Years
4 Years

5 Years
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