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Objectives 

• Discuss the rationale for integration & potential impacts 
on learning

• Outline instructional & assessment strategies to promote 
integration of the foundational sciences during clinical 
clerkships

• Review student perspectives on integration, including 
barriers and facilitators



Basic 
Sciences 

Clinical 
Sciences 

Compartmentalization of Knowledge   Failure to Transfer into Practice 





“With so much emphasis on integrating basic science courses 
or extending clinical experiences earlier into a curriculum, 
extending basic science content into the clinical years has 
been a challenge and a major shortcoming of integrated 

curricula.” (Schmidt 1998)



Defining Integration 





Horizontal
(Across disciplines)

Vertical
(Across time)

Spiral
(Across disciplines & time)

Curricular Integration 



Cognitive 
Integration



Harden’s ladder



Strategies to drive integration during clerkships

Program level 
interventions

Clerkship level 
interventions

Bedside level 
interventions Assessments





Program level 
interventions  

• Multi-week transition to clerkship 
courses focused on integrating 
basic / clinical science applied to 
patient care

• Longitudinal ½ or full day sessions, 
weekly or bi-weekly, dedicated to 
basic science

• Week-long science intensives 
interspersed between clerkships 



5-week transition course or “bootcamp” provides opportunities for review of basic science content previously covered 
in the curriculum and provides context through clinical integration in anticipation of patient care.  Subject areas include 

anatomy, pharmacology, (patho)physiology, pathology/laboratory medicine and clinical epidemiology.  

Pre-Clerkship Bootcamp

Course Level 
Objectives

Focused on 
Science

Consolidate knowledge and skills from pre-clerkship curriculum
• Review content areas from pre-clerkship curriculum with focus on clinical applications.
• Apply foundational knowledge to clinical medicine.
• Demonstrate ability to apply analytical skills focusing on inductive reasoning in the application of knowledge to develop relevant differential 

diagnoses (DDx), and an initial care plan for common clinical presentations.
• Describe basic concepts relevant to care of patients, including use of medical literature to support clinical care; use of clinical tests, EKG, US, 

radiology; clinical anatomy; addiction medicine; non-adherence; professional boundaries; clinical pharmacology; and clinical written and oral 
communication.

Pedagogy

Tailored to Subject 
Material

Clinical case-based instruction provides direct clinical application and immediate relevance
• Teaching faculty from pre-clerkship courses provides continuity and familiarity of material.
• Subject matter mix might include 60-70% review of old/prior content and 30-40% new content.
• Small group, interactive sessions with 8-10 students per faculty facilitator are most effective (e.g. anatomy, EKG/physiology, clinical 

epidemiology).
• Large group, lecture-based sessions can be helpful for review and dissemination of new content or large volume of material (e.g. pharmacology).
• Simulation sessions provide opportunities for clinical context (e.g. anatomy, physiology, pharmacology).
• Case-conference provides integration of multiple areas (e.g. critical thinking, DDx, application of (patho)physiology, pathology, laboratory 

medicine, clinical epidemiology, pharmacology).

Assessment

• Readiness assessment questions prior to small group sessions
• Formative feedback during small group sessions, simulation exercises and case-presentations
• Pre- and post-course multiple choice examinations (faculty-developed or commercially-available)
• Evaluation through completion of post-session and post-course surveys and questionnaires



Objectives

• Foundational Sciences in Foundations 2 (FS-in-F2): FS-in-F2 is dedicated to advancing and reinforcing students’ understanding of 
foundational science through spiral learning and clinical inquiry

Pedagogy

• Sessions include a variety of activities such as interactive lectures and cases for large or small group discussion
• Focus is on high-yield foundational science topics that are applicable to the core clerkships

Topics
• Shock, infection, pain, cancer, hemostasis & thrombosis, aging

Timing

• Core clerkship students are expected to be in class one day every other week
• Foundational science content is approximately 3 hours (other content is included in the rest of the day) 
• 23 sessions through the core clerkship year, which runs January year 2 – December year 3

Learner
Assessment

• Students are expected to attend
• Students must complete required activities in class; facilitators expect students to be actively engaged
• Students are not expected to prepare outside of class time

University of California, Foundational Sciences in Foundations 2 
San Francisco School of Medicine



Clerkship level 
interventions

• Emphasizing basic science 
content in clerkship didactics

• Case-based learning with online 
modules

• Multidisciplinary clerkship 
dedicated to applied science 



Surgery and Applied Science 
Clerkship (Pathology, Radiology, 
Anatomy, Anesthesiology) 



General Surgery
4 weeks

General Surgery Specialty
4 weeks

Applied Sciences
4 weeks

As one of the clerkships, M2s spend 12 weeks on SAS, broken into three four-week blocks encompassing: general surgery, general 
surgery specialties and applied sciences (anatomy, anesthesia, pathology, and radiology). The order of the blocks varies for each 
student. The reduced clinical workload during the applied science component allows students to have a period of more focused 

study to review basic science concepts and to study for their surgery shelf. 

Anatomy Anesthesia Pathology Radiology

Objectives

• Investigate foundational 
anatomy

• Correlate to common 
pathologies 

• Describe anesthesia, analgesia, amnesia, 
akinesis, autonomic areflexia, and anxiolysis

• Apply fundamentals of cardiopulm physiology & 
pharmacology to intra-operative diagnosis and 
management

• Outline mechanisms of action of analgesic meds 
used in the management of pain

• Review normal organ histology and 
disease entities on pathology specimens

• Explain purpose, value, appropriate 
indications and limitations of a hospital or 
forensic autopsy

• Describe how pathology links to clinical 
care

• Review principles of diagnostic 
imagery: cardiothoracic radiology, 
abdominal radiology, 
neuroradiology, and MSK radiology

• Interpret routine clinical imaging
• Observe procedures

Pedagogy

• Pre-work: complete lectures, 
quizzes and training videos 
on dissection prior to lab

• Hands-on: dissection in 
anatomy lab 

• Discussion: clinical cases

• Pre-work: review Canvas modules specific to 
each day’s topic (cardiopulmonary physiology, 
pharmacology, analgesia, resuscitation & 
bleeding)

• Hands-on: ask questions of the operating room 
team while participating in cases

• Pre-work: complete online modules 
(mdcases.net) and review of associated 
clinical guidelines

• Hands-on:  Observe an autopsy; 
Participate in clinical sign out (slide review)

• Discussion: small group case-based 
learning - microbiology, chemistry, 
diagnostic tests, blood bank

• Pre-work: complete online modules 
and teaching case files

• Hands-on: interpret routine clinical 
imaging studies in radiology reading 
rooms

• Observe procedures with preceptors

Assessment
• Open resource, timed (60-

minute), 30 multiple choice 
question examination with 
six image-based questions

• Readiness questions from workbook to prepare 
for participation in OR (e.g., Pulse Oximetry: 
Why is it important; How does it work; What 
affects its accuracy and reliability?)

• Nine Pathology Modules with embedded 
multiple choice and short answer 
questions (mdcases.net)

• Weekly open book, online quizzes 
• Evaluation by radiologists based on 

professionalism, medical knowledge, 
clinical reasoning, engagement and 
preparedness

Surgery and Applied Science Clerkship 



Bedside level 
interventions

• Basic science teaching scripts

https://www.apgo.org/basicscience

• Self-directed learning 

https://www.apgo.org/basicscience


Assessment 
strategies

• Formative assessments
• Clinical science inquiry mobile platform
• Basic science questions related to identified 

weaknesses
• Access to ? Banks (purchased by students or 

school)

• Summative assessments
• Customized NBME exams
• CBSE (comprehensive basic science exam)
• USMLE Step 1 placed after clerkships



Clinical Science Inquiry (CSI)
Situational Just-in-time Learning for Longitudinal Basic Science Content in the Clerkships 

Pedagogy

Objectives 

• Make connections between pre-clerkship basic sciences and clinical care that they deliver to their patients during clinical clerkships. 
• Support longitudinal learning without taking away from bedside and team learning during clerkship education.
• Provide just-in-time basic science concepts in a quiz format with clinically-relevant context.
• Support continuous quality improvement of the longitudinal basic science curriculum based on feedback. 

• Mobile-friendly, just-in-time Clinical Science Inquiry (CSI) tool e-mails students 
2-3 clinically relevant basic science questions every week during their clerkships, 
according to their clerkship schedule

• Content is delivered directly to a learner’s phone
• Questions begin with a clinical vignette
• High-quality graphical elements are included

• Leverages spaced repetition and testing effects
• Start the CSI by clicking on the 1st question imbedded in the email
• Answer the question
• See the result and feedback
• Read the explanations about the correct and incorrect answers

Assessment

• Formative
• Mandatory
• Completion is tracked by clerkships



Spaced repetition of assessment

• Homegrown (USUHS)

• Commercial platforms, e.g.



Post-Clerkship Administration of USMLE Step 1



USMLE STEP 1

What happens to scores? 

What happens to failure rates?



6.8 

2.78 
adjusted



USMLE STEP 2

What happens to scores? 

What happens to failure rates?



No significant differences



Clinical Subject Exam Scores

What happens to CSE scores? 



Shelf scores decrease an 
average -1.1 points

Medicine & Neurology 
decrease the most 

OB-GYN and Psych are 
unchanged

Performance on clerkships 
taken earliest in the 
sequence are most 
affected & differences 
gradually disappear with 
subsequent examinations



Summary



Cognitive Integration
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Longitudinal returns to basic science 

“I just felt [these sessions] were so irrelevant to what we were doing [on 
clerkships]. I … thought, ‘I’m never going to use this. There’s no way that this is 

relevant to anything I’ll ever do in my whole life.’”

“It’s just sort of forcing basic science down your throat.”

“It did not translate very well for me because it ended up being, you know, a very 
knowledgeable person, like a PhD, talking in depth about a particular topic, really 

going into the clinical trials and, you know, the possible proteins that could be 
involved. And I didn’t think it was as effective as I wish it had been.” 



Clerkship didactics or bedside teaching

“We had one patient who was admitted for anorexia… So my attending just 
asked… me and my co-med student to look into the pathophysiology behind 

refeeding syndrome and why we give thiamine and glucose in a certain order… 
And then… he also brought up the whole Krebs cycle and all of that, which I never 
thought would ever come up beyond Step 1 or on clerkships at all, but he kind of 
tied it together and said, ‘Oh yeah, because thiamine is the co-factor.’ … So, that 

was one example in which the pathophysiology and the actual basic science 
concept behind it was especially relevant. And it was actually effectively 

integrated into my learning.” 



Clerkships with “applied science”

“What I did think was probably the most helpful from a basic science perspective during 
clinical year was during our surgery clerkship, we rotate… a week with pathology, a week 
with anesthesiology, a week with radiology, a week with… anatomy. Particularly for the 

pathology and the anesthesiology… you relearn how to interpret histology, which I think is 
a really good basic science skill that shows up on Step 1. And then in anesthesiology it's a 

really strong focus on physiology, which also relates more to basic science. Also, 
pharmacology too. And so you are forced to learn a lot of the basic science in those 

rotations.” 

“I did a peds heme-onc rotation, and that I think was where I got a lot of basic science with 
the chemotherapy regimens. ‘Cause you really need to know, okay, what are we targeting? 
What are the side effects and why? And what kind of, you know, preinduction workup do 

we need to do for this kid?” 



“It was sort of difficult to encode all the knowledge given to us in our pre-clerkship 
curriculum. There's just too much over a very short period of time. And I felt like I was 

entering clinical year with pretty little basic science baggage, kind of really wobbly 
knowledge.” 

“I really liked how I was able to come back and synthesize my clinical knowledge with my 
basic science knowledge. I don’t believe you would get that as much if you did all your 

basic science, took Step 1, and then moved on to clinical medicine.” 

“I think that there are some clear benefits related to learning with clinical context, and 
then being able to take basic science in it and put that into that framework. I think that 

helps with my retention of that information.” 

USMLE Step 1 after clerkships





Summary

• Integration overcomes compartmentalization of knowledge and facilitates transfer into 
clinical practice. 

• The ultimate goal of curricular integration is cognitive integration. 

• Strategies to integrate basic science in the clerkship include program-, clerkship- and 
bedside-level interventions, as well as assessment strategies. 

• Students emphasized the value of explicit bedside basic science teaching directly linked 
to patient care over longitudinal returns to basic science that pull learners off clerkships. 

• A post-clerkship dedicated Step 1 study period is an ideal opportunity for cognitive 
integration once a clinical foundation is established. 
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