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Overview

• Current Aquifer Assessment Tools
• Summary of Aquifer Exam Surveys
• Review of Test-Enhanced Learning
• Aquifer – Future Directions
• Group Discussion



Demonstration of 
Aquifer Assessment Tools
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Two Current Resources

• Self-Assessment Questions – SAQs

• Final Exam Questions - FEQs
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Self Assessment Questions
• Grass roots development

– Student outcry for study tools

• Development
– Mentored student authors
– 5 questions per case
– Proofreading and editing by Editorial Board

• Five questions per case
– Single Correct Answer
– Answer Comment
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Self-Assessment Questions

• Challenges

– Maintenance
• Reviewed with each substantive content review
• Case Reviewers, Associated Editors, Assessment Lead

– Standardization
• Many authors
• Limited training
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SAQ Evidence 
• Seagrave, et al. 2019 (in preparation)

– 1,738 students at 21 schools
– SAQ engagement and performance compared to Final Exam 
– 89% of students complete some SAQs
– Performance on SAQs = 76%

• Average on Aquifer Final Exam is 75.5%

– Multivariable modeling
• Number of cases completed predicts exam performance 

(b =0.11, p < .05)

BUT

• Performance on SAQs predicts even better (b=0.17, p < .0001)
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Aquifer Family Medicine Final Exam 

• Development
– From the birth of the fmCASES
– Trained item writers
– Rigorous validation over first year, and ongoing

• Maintenance
– New batches of questions written periodically
– Face-to-Face review of questions happening at this meeting
– Ongoing continuous writing, vetting, and validating of more 

questions
– Review of FEQs every time content is updated in a case

• Is the question now out of date?
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Aquifer Family Medicine Final Exam 
• Nuts and Bolts

– 100 items
• (90 validated)

– Three hours
– Administered online
– Different software from NBME
– Scores returned within 48 business hours

• Exam challenges
– Cost
– Limited use as high-stakes assessment
– Challenges with content updates
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Aquifer Final Exam Evidence
• Sussman, 2012

– Good correlation with NBME FM exam

• Chessman, et al. 2013
– 8 schools
– Best predictor of exam performance was number of cases completed

• Nguyen, et al. 2018
– NBME exam alone (historical control)
– Aquifer exam as pretest with NBME as high stakes exam (intervention)
– Lower failure rate with Aquifer Pretest (8.1% vs 17.5%)
– Moderate to strong correlation between scores (ρ = 0.55, p<0.001)
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Summary of Aquifer Exam Surveys 



• Two different surveys:

– #1: Current Aquifer Multiple-Choice Exam Users
• Pediatrics, Family Medicine, Radiology
• How they are using the exam
• Gauge reaction to change in exam

– #2: Schools that don’t use Aquifer Multiple-Choice Exams
• Would they use formative assessment tools if available? 
• What features would be most valuable? 
• Are the formative assessment tools valuable enough to pay for 

them?



Survey results of those who use exam

How do  you use the exam?

Family	Medicine
67%

Pediatrics	
27%

Radiology	
6%

Respondents



Survey results of those who use exam

How do  you use the exam?

Exam	is	keystone	for	78%	users:	either	for	summative	feedback	/	national	exam	practice

Exam Use

Summative- high	
stakes
49%

Mid	clerkship	
eval
8%

Shelf	exam	
practice
10%

Formative-
student	
learning
16%

Pre	clerkship	
eval
12%

Remediation
5%



Current exam users

Change in strategy would likely decrease 
subscriptions as hard to justify paying for 
Aquifer and the NBME exam 



Of those who use the exam

• Expert written, validated 
questions

• Comprehensive assessment
• Exam questions linked to 

learning objectives
• National benchmark data

Most important features Highly satisfied with

70% 

66% 

63% 

60% 

56% 

SECURE	EXAM	BROWSER

VALIDATED	QUESTIONS

COMPREHENSIVE	ASSESSMENT

NATIONAL	BENCHMARK	DATA	

QUESTIONS	LINKED	LOS	



Formative assessments 
• Mix response on customizable quizzes or progress 

testing
• Most would use it 1-2 times during their clerkship
• Desire there to be granular feedback and believe it 

would help improve their performance on testing and 
care of patient

• 50% strongly agreed that they would require formative 
assessments if of high quality

• 25% strongly agreed  that they would ask their 
institution to dedicate resources for formative 
assessments



Most valuable

• Immediate granular feedback to student and 
faculty linked to curricular objectives

• Customizability  
• Comprehensive testing
• Comparison of student’s performance to 

national benchmarks less important but not 
by a significant amount, only 17%willing to 
standardize 



Aquifer Announcement regarding 
Final Exam

• 2018 Decision to transition the Aquifer Final Exam 
to Formative Assessment Design

– Response to common use of the exam by current 
Clerkship Directors

– At end of 2019 / 2020 academic year

– Change to focus on formative assessment
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Test-Enhanced Learning
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What is Test Enhanced Learning?

• Test Enhanced Learning in medicine is a pedagogy in which 
students are assessed as a formative process  

• Evolution from assessment OF learning to assessment FOR 
learning (Schuwirth and Van der Vleuten 2011)



How is it being used? 
•Informally

• Students have been utilizing test enhanced learning for years
• On-line prep question banks
• Question bank books
• Review groups
• Creating their own practice exams 

•Formally
• Case reviews
• SP/SIM experiences
• On-line cases with incorporated questions
• Self-assessment questions
• TBL IRAT and GRAT
• Quizzes or tests



Benefits of Test Enhanced Learning

Research has shown that “retrieval practice” enhances 
ability to recall, retain and apply information over traditional 
study methodology 
•Effects are consistent for multiple health professions, 
learner levels, formats and learning outcomes (Green et al. 
2018)
•Also found to improve student study behaviors
•Aids in metacognition, identifying areas for further study



Brief Review of the Literature
2009 --Larsen DP, et al. Med Educ. 43:1174–1181. 
◦ Randomized controlled trial pediatric and emergency residents. 
◦ “Repeated testing with feedback appears to result in significantly greater long-term retention of information…”  

2014 – Cook, et al. Acad Med, 89: 169–175.
◦ Crossover trial in 1 IM and 1 FM residency
◦ “Increasing the number of self-assessment questions improves learning until a plateau beyond which additional 

questions do not add value.”
◦ “10 questions may be ideal”

2018 – Green, et al. , BEME Guide No. 48, Medical Teacher, 40:4, 337-350.
◦ 19 studies winnowed down from rigorous exclusion criteria of 6000+ articles
◦ “TEL demonstrates robust effects across health professions, learners, TEL formats, and learning outcomes. The 

effectiveness of TEL extends beyond knowledge assessed by examinations to clinical applications. Educators 
should include TEL in health professions curricula to enhance recall, retention, and transfer.”

2018 – Nguyen, et al. Fam Med, 50(2):142-5.
◦ “fmCASES National Examination is helpful as a formative assessment tool for students beginning their family 

medicine clerkship. This tool introduces students to course learning objectives, assists them in identifying 
content areas most in need of study, and can be used to help students design individualized study plans.”

2018 – McConnell, et al. CMEJ, 9(3):e83-e88.
◦ Randomized TEL vs. non-TEL for CME showed no benefit.



What are the characteristics that work
Items that require “production” or recall that requires a student to construct an 
answer rather than “recognition”, selecting a correct answer from a list e.g. 
short answer and essay rather than MCQ/T-F
Feedback immediate vs. delayed
Clearly distinguish right and wrong answers and why
Repeated testing
Spacing testing
Equal spacing intervals 
Max 10 questions
There may be some enhancement related to the stress of a “test” where there 
is a consequence—new research on IRATs that count and those that don’t.  No 
research yet on whether IRATs that count have a stronger impact on final 
exam testing.  



Different TEL

• SAQs
• Simulated experiences
• NBME Self-Assessment exams
• AAFP Board Review Questions
• Sloane’s Family Medicine Essentials CD
• FM Pretest Self Assessment and Review 



Test your knowledge
What is Test Enhanced Learning? 

Name 2 benefits of test enhanced learning?

List 3 characteristics of effective test enhanced 
learning.
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Aquifer Family Medicine Exam –
Future Directions with 

Test-Enhanced Learning
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Key Concepts 



Dunlosky, John, et al. "Improving students’ learning with effective learning techniques promising directions from cognitive and educational 
psychology."Psychological Science in the Public Interest 14.1 (2013): 4-58. Retrieved at http://psi.sagepub.com/content/14/1/4/T4.expansion.html
Karpicke, Jeffrey D., Andrew C. Butler, and Henry L. Roediger III. "Metacognitive strategies in student learning: do students practise retrieval when they study on 
their own?." Memory 17.4 (2009): 471-479.
Retrieved at https://www.online.psychol.ucl.ac.uk/assets/Article%20on%20Revision%20Strategies.pdf

Effectiveness Students’ #1 Strategy

Recall Practice (Self-testing) High 7%

Self Explanation Medium N/A

Summarizing Low-Medium 4%

Rewriting Low 12%

Rereading Low 55%

Highlighting Low 2%

>2/3 of students report using a low utility 
strategy as their #1 study habit.

SLIDE	Courtesy	of	Jeff	Karpicke

The most effective study strategies are rarely preferred by students.



Deliberate Practice
• Motivation/attention

• Clear goals

• Focused repetitive practice

• Immediate, informative 
feedback

Ericsson	KA	et	al.	The	role	of	deliberate	practice	in	the	acquisition	of	expert	performance.	Psychol Review.	1993;100;363-406.
Ericsson	KA,	Pool	R.	Peak:		Secrets	from	the	new	science	of	expertise.	Houghton	Mifflin	Harcourt,	New	York,	2017.
McGhaghie WC,	Issenberg	SB,	Cohen	ER	et	al.		Does	simulation-based	medical	education	with	deliberate	practice	yield	better	results	than	traditional	medical	education?		A	meta-analytic	
comparative	review	of	the	evidence.		Acad Med.	2011;	86:706-711.`



Focused, repetitive practice

1st exposure Test	prepCramming

Cepeda	NJ	et	al.	Distributed	practice	in	verbal	recall	tasks:	A	review	and	quantitative	synthesis.	Psychological	Bulletin,	2006;132(3),	354-380.
Kerfoot	BP	et	al.	Online	spaced	education	generates	transfer	and	improves	long	term	retention	of	diagnostic	skills:	A	randomized controlled	trial.	Am	J	Surg,	2010;	211:331-7

1st recall
2nd recall

Delayed	recall
Delayed	recall

Spaced	Practice	(aka	“Distributed	Practice”)		



Experiences

Competence Gap
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Transfer



Aquifer  |  41

Application of Key Concepts



High-Quality 
Assessment 

Specific 
Case Content 

Feedback

Based on STFM Curriculum
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Final Exam
2	or	3	Items/	case

~	3	hours
No	Teaching	Points

TEL test
1	Item/Case
1	hour	15	min
Linked	Teaching	

Points

TEL test
1	Item/Case
1	hour	15	min
Linked	Teaching	

Points
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End		
clerkship

FM	
TEL	test

FM	
TEL	test

Focused, Repetitive 
Practice

Feedback	
and	study

Feedback	
and	study

Start
clerkship



Answered	Correctly

Case Learning	
Objective

Teaching	Point Case	
Completion

Family	Medicine	01:	
45-year-old	woman	
wellness	visit

Identify	risk	factors	for	
osteoporosis	and	
appropriate	
preventative	measures.

Risk	factors	for	osteoporosis	are	mainly	due	to	low	estrogen	states.	Low	estrogen	states	may	be	caused	by	early	
menopause	(i.e.,	before	age	45	years),	prolonged	premenopausal	amenorrhea,	and	low	weight	and	body	mass	
index.	Lack	of	physical	activity	and	inadequate	calcium	intake	(which	could	be	attributable	to	poor	nutrition	or	
alcoholism)	are	also	associated	with	osteoporosis.	

Family	Medicine	04:	
19-year-old	woman	
with	sports	injury

Apply	evidence-based	
medicine	indications	for	
radiologic	evaluation	of	
ankle	injury.

Ottawa	Ankle	Rules.	The	Ottawa	ankle	rules	are	a	clinical	decision	tool	designed	to	help	in	evaluation	of	adults	(age	
18	and	up)	with	acute	ankle	and	midfoot	injuries.	These	have	been	reported	to	have	a	sensitivity	of	97%	to	100%.	
Recently	the	rules	have	also	been	used	to	exclude	fractures	in	children	greater	than	five	years	of	age	presenting	
with	ankle	and	midfoot	injuries.	The	rules	suggest	that	radiographs	of	the	ankle	are	needed	if:	There	is	pain	in	the	
malleolar	zone	AND	either	bony	tenderness	along	the	distal	6	cm	of	the	posterior	edge	of	either	malleolus	OR	
inability	to	bear	weight	4	steps	both	immediately	after	the	injury	and	in	the	emergency	department.	Radiographs	of	
the	foot	are	needed	if:	There	is	pain	in	the	midfoot	region	AND	one	of	the	following:	(a)	bony	tenderness	at	either	
the	navicular	bone	or	base	of	the	fifth	metatarsal	OR	(b)	inability	to	bear	weight	four	steps	immediately	after	the	
injury	and	in	the	emergency	department.

Answered	Incorrectly

Case Learning	
Objective

Teaching	Point Case	
Completion

Family	Medicine	06:	
57-year-old	woman	
diabetes	care	visit

Apply	evidence-based	
standards	of	care	to	the	
diagnosis,	monitoring,	
and	management	of	a	
patient	with	Type	2	
diabetes	mellitus.

Vaccines	Recommended	for	Patients	with	Diabetes.	Influenza	vaccine	should	be	provided	to	patients	with	
diabetes	annually.	Pneumococcal	23-valent	polysaccharide	(Pneumovax)	should	be	provided	to	all	patients	with	
diabetes	over	2	years	of	age.	A	one-time	revaccination	is	recommended	for	patients	over	64	years	of	age	if	the	
vaccine	was	first	received	greater	than	five	years	ago.	Hepatitis	B	vaccine	should	be	administered	to	all	
unvaccinated	adults	with	diabetes,	HIV,	other	immunocompromising	conditions,	or	liver	disease.	There	is	evidence	
that	patients	with	diabetes	are	at	increased	risk	for	developing	hepatitis	B,	perhaps	due	to	the	frequent	use	of	
needles	for	injectable	medications	and	glucometers.	
http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-schedule.pdf

Informative Feedback
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Frequently Asked Questions



Can we continue to use this as 
our final exam?

• As of July 2020, these assessment tools are designed for formative 
assessment.

• You may choose to combine two test-enhanced learning forms and provide 
them as a summative assessment. 

• We will provide the overall score to you for each student.
• Proctoring is required.
• The same questions will be used for formative assessment.
• No national benchmarking will be provided.



Will proctoring be required? 
•If using two test-enhanced learning forms combined for 
summative purposes, yes.

•If using individual test-enhanced learning for formative 
assessment, we are still investigating the options.



Discussion Topics
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Discussion Topic #1

Dashboards & Reporting



Discussion Topic #2

Confidence
Rating

&

Coaching



Discussion Topic #3

• Family Medicine
• Internal Medicine
• Pediatrics
• Radiology



Discussion Topic #4

How can we best meet your formative 
assessment needs?



Please evaluate this presentation using the 
conference mobile app! Simply click on the 
"clipboard" icon       on the presentation page.


