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Implementation of a “Flipped Classroom”

for Neurosurgery Resident Education
Fady Girgis, Jonathan P. Miller

ABSTRACT: Introduction: Engaging residents across a multiyear training spectrum is challenging given the heterogeneity of
experience and limited time available for educational activities. A “flipped classroom”model, in which residents prepare ahead of time for
mentored topic discussions, has potential advantages. Methods: We implemented a curriculum consisting of topics distributed across the
specialty. Weekly, each resident was randomly assigned to research a specific aspect of an assigned topic appropriate to his or her level of
experience: junior residents about what characterizes each clinical entity, midlevel residents about when to intervene, and chief residents
about how to administer treatment. Residents completed an anonymous survey 6 months after implementation. Board examination
performance was assessed before and after implementation. Results: A total of 12 residents participated in the program. Weekly,
1.75± 0.40 hours were spent in preparation, with senior residents reporting less time than junior residents. All residents indicated that the
accumulation of experience across 7 years of residency was a major advantage of this program, and all preferred it to lectures. Performance
on the board examination significantly increased after implementation (from 316± 36 to 468± 45, p< 0.05). Conclusions: The flipped
classroom is a viable approach to resident education and is associated with increased engagement and improved performance using
validated knowledge-assessment tools.

RÉSUMÉ: Mise en place du modèle de la « classe inversée » dans le cadre de la formation de résidents en neurochirurgie. Introduction: La
participation de résidents à un programme pluriannuel de formation demeure d’une grande exigence étant donné l’hétérogénéité de leurs expériences et le
peu de temps imparti à des activités éducatives. Le modèle de la « classe inversée » (flipped classroom), en vertu duquel des résidents préparent à l’avance
des sujets de discussion, tout cela dans un contexte de mentorat, comporte des avantages potentiels.Méthodes:Nous avons mis en place un curriculum dans
lequel des sujets de la spécialité étaient abordés. À chaque semaine, un résident devait explorer un aspect particulier d’un sujet lié à son niveau
d’expérience : par exemple, un résident débutant, ce qui caractérise chaque entité clinique ; un résident intermédiaire, quand intervenir ; un résident
chevronné, comment administrer un traitement. Les résidents participant à ce curriculum ont ensuite rempli un sondage anonyme six mois après sa mise en
place. Notons enfin que le rendement des résidents, aspect dont l’évaluation incombe à un comité, a été analysé avant et après la mise en place du
curriculum. Résultats: Au total, 12 résidents ont participé à ce curriculum. À chaque semaine, 1,75± 0,40 heures étaient dédiées à la préparation des
activités, les résidents plus chevronnés déclarant avoir besoin de moins de temps que les résidents débutants. Tous les résidents ont par ailleurs indiqué que
l’expérience acquise au fil de leurs 7 années de résidence constitue un atout majeur. Ils ont aussi affirmé préférer la « classe inversée » aux exposés
magistraux. En terminant, notons que leur rendement a augmenté de façon significative à la suite de la mise en place du curriculum (de 316± 36 à 468± 45,
p< 0,05). Conclusions: Le modèle de la « classe inversée » constitue donc une approche viable dans la formation des résidents car il est associé,
lorsqu’utilisé avec des outils valides d’évaluation des connaissances, à une participation accrue et à un meilleur rendement de leur part.
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INTRODUCTION

Education of residents is confronted by several major challenges
that are especially acute in lengthy surgical training programs.
The volume of information that needs to be mastered is immense,
and clinical obligations frequently limit the amount of time that can
be devoted to education. It is often difficult to maintain a high degree
of engagement in the context of fatigue and frequent clinical
distractions. Unlike most other educational environments in which
knowledge and experience are relatively uniform across students,
residents range from interns who have just finished medical school
to chief residents about to go into practice, so it can be difficult to
design activities that are appropriate for all levels without being
too advanced for the junior residents or too straightforward for
the seniors. As a result, formal didactic resident curricula in

neurosurgery are rare and generally consist of such traditional
techniques as lectures and illustrative case presentations, and much
of what must be learned is acquired through independent study.

Recent advances in adult learning theory have revolutionized
preclinical and clinical training across a number of specialties.
According to the philosophies of constructivism and active
learning, adult students learn best when able to fit novel concepts into

From the Department of Neurosurgery, University Hospitals Cleveland Medical Center,
Cleveland, Ohio, USA (FG, JPM).

Correspondence to: Jonathan P. Miller, Department of Neurological Surgery, University
Hospitals Case Medical Center, 11100 Euclid Avenue, Cleveland, Ohio 44106, USA.
Email: Jonathan.Miller@UHHospitals.org

RECEIVED FEBRUARY 21, 2017. FINAL REVISIONS SUBMITTED JUNE 19, 2017. DATE OF

ACCEPTANCE JUNE 21, 2017.

76

https://doi.org/10.1017/cjn.2017.234 Published online by Cambridge University Press

mailto:Jonathan.Miller@UHHospitals.org
https://doi.org/10.1017/cjn.2017.234


existing conceptual frameworks, allowing each individual
to construct his or her own understanding of a topic based on
past experience in a self-motivated manner.1,2 One strategy to
accomplish this is the “flipped classroom,” conceptualized two dec-
ades ago byMazur,3 in which students reviewmaterials ahead of time
in order to maximize the value of in-classroom discussion (Figure 1).4

In contrast to traditional classroom instruction in which ideas are
introduced in lecture form and subsequently applied during homework
assignments, the flipped classroom involves introduction to relevant
concepts during a self-directed independent study period followed by
application of ideas in a facilitator-guided interactive setting. The
flipped classroom has recently been applied to many educational set-
tings at the undergraduate, graduate, and postgraduate levels,5-17 as
well as in such professional fields as pharmacy,18-21 nursing,22 medi-
cine,23-30 and adult instruction in the workplace,31 and it has been
shown to facilitate the development of effective teamwork and
problem-solving skills and improve subsequent contextual recall of
practical information. However, these principles have rarely been
employed for resident education32,33 and have never been studied in
the context of neurosurgical resident training.

We hypothesized that a flipped classroom model may have
advantages for a surgical residency curriculum, including increased
efficiency to maximize use of the limited time outside the operating
room and the development of a collaborative and interactive envir-
onment to maximize resident engagement. In addition, division of
labor across different degrees of complexity makes the activity
appropriate for both junior and senior residents, allowing everyone to
contribute based on their own level of knowledge and experience.
We report the results of implementation of a novel comprehensive
neurosurgery resident curriculum based on these ideas.

METHODS

Design

We designed a flipped classroom curriculum for all the
residents in an academic neurosurgery training program based on

40 weekly mentored discussions. Each discussion is devoted to a
single neurosurgical diagnosis based on a list of topics distributed
across the field of neurosurgery (see Table 2). Several days prior to
each meeting, each resident is randomly assigned a specific question
to study in preparation for the session based on their level of experi-
ence (see Table 1). Junior residents (postgraduate year [PGY] 1–3) are
responsible for learning what each condition is: clinical presentation,
differential diagnosis, radiology, pathology, etiology, and epidemiol-
ogy. Senior residents (PGY 4–5), who already have a basic under-
standing of the disorders, studywhen to operate: medical and surgical
options, indications and contraindications for surgery, and evidence
for intervention. Chief residents nearing proficiency (PGY 6–7) are
responsible for knowing how the procedures are performed: surgical
technique, complications, side effects, outcome, and follow-up. Each
resident is instructed to use their choice of available resources
(including textbooks, journal articles, atlases, and online resources) in
order to obtain a general understanding of the topic in addition to their
assigned question in order to maximize the comprehensiveness of the
discussion.

Implementation

The neurosurgical curriculum in place at the time of the transition
to the new curriculum had not changed significantly during the seven
years prior to implementation and consisted of a set of faculty-
prepared lectures accompanied by case discussions. The new
curriculum replaced these lectures and mentored case discussions
with the new flipped classroom activity. During the in-classroom
activity, the residents spent 90 minutes as a group sharing knowledge
about what they had learned during preparation by individually
discussing the assigned questions in order. Following the initial dis-
cussion, the group worked through a number of relevant cases to
discuss clinical reasoning and medical/surgical considerations for the
topic under discussion, with special emphasis on what had been
learned during preparation. A neurosurgical faculty member was
present and available to answer questions, but the discussion was

Figure 1: The flipped classroom concept. In the traditional learning environment (A), students
are introduced to ideas via a lecture provided by a content expert and subsequently apply
those ideas in independent study homework assignments. The flipped classroom (B) involves
introduction to ideas prior to a group classroom activity where those ideas are applied in an
interactive manner. Note the evolution of the faculty preceptor from the primary disseminator
of information (“sage on the stage”) to become a facilitator of knowledge transfer from one
resident to another (“guide on the side”).

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Volume 45, No. 1 – January 2018 77

https://doi.org/10.1017/cjn.2017.234 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2017.234


encouraged to be resident-led, with minimal direct faculty
involvement, and this allowed the residents to effectively educate
each other.

Assessment

Some six months after implementation, residents were asked
to complete a questionnaire to assess their impressions of the
program. The assessment was anonymous except for PGY level
(1–3, 4–5, or 6–7). The survey consisted of 14 statements on
a 5-point Likert-type scale designed to assess efficacy, clinical
utility, relevance, engagement, collaboration, and preparation

strategies. Free-text entry was employed to assess the amount of
time spent in preparation, what materials were used, and what they
did and did not like about the program.

All residents in the program were required to take the primary
examination for the American Board of Neurological Surgery.
This examination comprises 375 multiple-choice questions
covering information on disciplines related to the practice of
neurosurgery that approximately cover the spectrum of topics
addressed by the curriculum. We assessed the raw score and
passage rate for the seven years prior to implementation of
the program and during the first year after implementation.

Table 1: Each resident is randomly assigned to research one of the topics for the subject being discussed that week

Resident level Topic Question(s) to be answered

Junior (PGY 1–3) Clinical presentation/diagnosis How does a patient with this condition present? What tests rule it in or out?

Differential diagnosis/comorbid conditions What might this be mistaken for? What are common comorbidities?

Etiology/pathophysiology/genetics What causes the condition? What is its natural history?

Radiology/pathology What does this condition look like on neuroimaging/microscopy?

Incidence/epidemiology/risk factors How common is this? What puts patients at risk of developing it?

Senior (PGY 4–5) Medical options/surgical timing What is the role of conservative management? How urgent is surgical treatment?

Surgical options What surgical/endovascular/radiosurgical treatments are available?

Patient selection What are the indications and contraindications for treatment?

Preoperative workup What needs to be done prior to surgical treatment?

Evidence for efficacy What studies support intervention?

Chief (PGY 6–7) Surgical technique How is the surgical/endovascular/radiosurgical procedure performed?

Equipment/anesthesia/monitoring What are practical considerations during the procedure?

Complications/side effects What are the risks of the procedure?

Outcome/follow-up What is the expected benefit, and how should patients be followed postoperatively?

New directions What new treatment modalities are being explored?

Table 2: Subjects in clinical neurosurgery (some 40 distinct topic areas were defined that cover the spectrum of neurosurgical
diagnoses, each topic area was the basis for an individual discussion session)

Vascular Tumor Spine Other

1. Carotid and intracranial stenosis 2. Meningioma 3. Cervical degenerative
disease

4. Peripheral nerve entrapment and tumor

5. Cerebral aneurysms 6. Glioma 7. Thoracolumbar degenerative
disease

8. Temporal lobe epilepsy

9. Arteriovenous malformations 10. Intraventricular tumors 11. Cervical spine trauma 12. Movement disorders: essential tremor,
Parkinson’s disease, dystonia

13. Carotid-cavernous fistula 14. Pineal, germ cell, and ganglion tumors 15. Thoracolumbar spine
trauma

16. Facial pain and trigeminal neuralgia

17. Dural AV fistulas 18. Vestibular schwannomas and other
tumors of CPA, brainstem, posterior fossa

19. Spinal tumors 20. Brachial plexus injury

21. Spinal vascular malformations 22. Pituitary adenoma and suprasellar tumors 23. Spinal infections 24. Neuropathic and nociceptive pain
(neuromodulation and lesioning procedures)

25. Vasculitis, intracranial occlusive
disease

26. Metastasis and lymphoma 27. Spinal cord injury 28. Spasticity

29. Ischemic stroke 30. Osseous tumors, skull base tumors,
chordoma, phakomatoses

31. Chiari and syrinx 32. Extratemporal lobe epilepsy

33. Intracerebral hemorrhage and sinus
thrombosis

34. Nontumoral masses and intracranial
infection

35. Congenital spinal
malformations

36. Hydrocephalus and encephaloceles

37. Traumatic hematomas and
penetrating trauma

38. Pseudotumor cerebri and normal pressure
hydrocephalus

39. Scoliosis and
spondyloarthropathies

40. Craniofacial syndromes and developmental
abnormalities
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Formal statistical analysis was performed using Student’s t-test or
analysis of variance as appropriate to compare survey results and
exam performance, using a two-tailed test, with significance
defined as a p value of less than 0.05. The study was reviewed and
approved by the local institutional review board.

RESULTS

Some 12 residents regularly participated in the program, includ-
ing 5 junior residents (PGY 1–3), 4 senior residents (PGY 4–5),
and 3 chief residents (PGY 6–7). The average time spent in pre-
classroom preparation was 1.75±0.40 hours, with chief residents
reporting slightly less preparation time and junior residents slightly
more preparation time than the average, though this did not achieve
statistical significance (Figure 2). The materials used included
textbooks (11/12), journal articles from clinical neurosurgery
journals (7/12), and online resources (5/12), with the majority (8/12)
of residents using more than one resource. Senior residents were
more likely than others to report that it was difficult to find time for
preparation, although the total preparation timewas highest for junior
residents. The sessions were incorporated into a series of academic
conferences, so that the total amount of time spent on teaching
sessions did not change before or after implementation.

The survey results are shown in Figure 3. All respondents
reported that the experience was highly worthwhile and efficient and
made them feel more prepared to evaluate and treat patients with
conditions that had been discussed using the new teaching format
when compared with lectures. Junior residents were slightly less
likely to report feeling clinically prepared but more likely to
appreciate the interaction with other residents and to feel that the
conversation involved equal participation. All residents indicated that
the different perspectives provided by the variety of experience levels
across seven years of residency was a major advantage of this
program, and all indicated that they preferred it to lectures.

In the free-response part of the survey, participants praised the
fact that they were “sharing ideas instead of being supplied with
information” and indicated that the format was “highly engaging.”
They indicated that distribution of the workload made it possible
to “cover more than could be accomplished working indepen-
dently,” and this led to a “sense of teamwork and camaraderie” as
they learned to rely on each other. They enjoyed the “variety of

having a different task” to research each week and reported
that “retention and general knowledge is improving weekly” as
participants became more comfortable with the process. Overall,
it was found to be a “great educational experience” and “excellent
for junior residents in particular.”

Analysis of the results of the written board examination
revealed that the average score increased from 316± 36 prior
to implementation to 468± 45 afterward (Figure 4A), which
constituted a significant difference (p< 0.05, Student’s t-test) and
higher than during any of the prior seven years. Some 83% of
residents achieved a passing score on the examination (Fig. 4B).
While this did not represent a statistically significant difference
compared with the prior year (p= 0.2, Fisher’s exact test), it was
more than twice the average rate across the prior seven years and
the highest rate of passage in more than a decade.

DISCUSSION

Advantages of Flipping the Neurosurgery Classroom

According to the Flipped Learning Network, “flipped learning
is a pedagogical approach in which direct instruction moves from
the group learning space to the individual learning space, and the
resulting group space is transformed into a dynamic, interactive
learning environment where the educator guides students as they
apply concepts and engage creatively in the subject matter.”34

These principles have many advantages for resident education
compared with traditional instruction techniques involving
didactic lectures and case discussions. First, by enlisting the
residents in the process of teaching, they become more engaged in
the process of learning. Emphasis is placed on collaborative
learning, since social interaction allows for continued feedback,
deeper engagement, and inquiry-based learning, all of which
facilitate active building of knowledge.1,2 The flipped learning
format also resembles the real-world clinical problem-solving
environment, which frequently involves consultation with peers
and active discussion among teammembers, which often reveals a
diversity of experiences and approaches.35 Second, by having
each resident study a concept appropriate to his or her level prior
to discussion in a collaborative session that involves interaction of
all the residents, it is possible to leverage the extensive wealth of
experience gained across seven years of resident training. Senior
residents are able to impart their familiarity and proficiency in
treating neurosurgical disorders to junior residents, while juniors
are able to share their understanding of the basic disease processes
and topics (such as pathophysiology and pharmacology) that are
emphasized in medical school education but which are distant
from those nearing the end of residency. Rather than being a
limitation, the heterogeneity of experience levels becomes an
advantage. Third, assignment to learn specific aspects of each
topic encourages utilization of the many excellent neurosurgery
educational resources that are available, including textbooks,
journal articles, and websites. Learning also becomes persona-
lized to each resident’s needs, preferences, accessibility, and
pace,4,36 which allows for greater flexibility and control over the
educational experience without requiring strict conformation
to one teaching style.37,38 Finally, efficiency is increased and
faculty preparation time reduced compared with preparation of
didactic lectures. By shifting the primary transfer of information
out of the classroom toward pre-classroom preparation, in-class

Figure 2: Reported time spent in pre-classroom preparation. There was
a trend toward less time spent by more senior residents, but the
difference did not achieve statistical significance (p= 0.68). Error bars
indicate standard error of the mean.
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time is no longer absorbed by didactic instruction, and this creates
time for assimilation and application of information.36,39

Prior Studies of Flipped Instruction

The flipped classroom has been investigated in undergraduate
and graduate education in a variety of areas, including mathe-
matics,11,17 business,6,11 statistics,14,16 chemistry,8 biology,7,10

and computer programming.12 In each of these contexts, the
approach has been associated with a more positive experience and
preference over traditional techniques.7,9,13,15 Studies comparing
test scores between flipped and traditional formats have shown
conflicting results: three reports showed improved scores with
flipped teaching,8,15,16 two reported no difference,10,17 and one
demonstrated worse performance, though this study reported that
students had not been held accountable for pre-classroom pre-
paration.18 There is evidence that some topics might be more
appropriate than others for this format. For instance, pharmacol-
ogy students seem to strongly prefer a traditional lecture format,
possibly because of an aversion to the preparation time required to
learn mechanisms of action that might be covered more efficiently
in a lecture setting.19-21 For medical school education, multiple
studies have documented that flipped learning is associated with
positive experiences, increased enjoyment, improved learning,
and better overall satisfaction.23-30 In addition, of those studies
reporting quantitative data in the form of test results, most
showed improvements in test scores in the flipped classroom
groups,23-25,27,29,30 while others found no difference.26,28

In contrast to undergraduate and graduate education, studies
investigating the impact of flipped learning in resident education
are scarce but have generally documented good results.32,33 One
study32 of residents rotating through the intensive care unit
demonstrated that flipped instruction was associated with
significant improvement in scores of knowledge, confidence,
perceived usefulness, and likelihood of skill use across several
demographic subgroups and self-identified learning styles.
In another study of emergency medicine residents,33 the vast

majority of participants preferred the format to traditional lectures
and felt that the flipped format added to their knowledge.

In spite of its advantages, several criticisms of the flipped
learning model have been raised, including the difficulty in
accessing pre-classroom preparation materials, the inability to ask
questions when viewing material outside of class, and a tendency
to become distracted when having to learn content in a less formal
environment, as opposed to having the information given to them
in a lecture.36 Another criticism is that the reported positive effects
may be due to the incorporation of active learning rather than
the order of group discussion in relation to independent study.
In a well-controlled experiment by Jensen et al,10 some 108
undergraduate biology students were divided into two groups,
one that completed a critical-thinking assignment prior to group
discussion and another that reversed this order, and no statistically
significant differences were found in test scores, student attitudes,
or gains in scientific reasoning ability. It is possible that there are
advantages to initial introduction to principles in independent
study rather than in a group environment, but this has not been
formally studied.

Present Experience with Flipped Learning

Our program differs from the classically described flipped
classroom in two important ways. First, we employed a strategy of
division of labor to focus efforts along individually assigned
questions rather than having all participants learn the same thing.4

The purpose of this was to facilitate an environment in which
residents rely on each other’s expertise and are accountable for
acquisition of specific knowledge. The assignment of a different
question to each participant requires that everyone involved
prepare and participate, so that each participant becomes respon-
sible for the experience of the group as a whole. Second, rather
than providing predefined materials to review (such as a video),4

participants were free to use their own preferred resources to
answer their assigned question. The unrestricted use of available
resources not only ameliorated the discomfort associated with

Figure 3: Results of 14-question survey. Each question was answered on a 5-point Likert-type scale (1= strongly disagree, 2= disagree, 3= no
opinion, 4= agree, 5= strongly agree). All responses were 3 or higher and are shown according to experience level.
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new learning methods40 but also increased the breadth of potential
classroom contributions to include a variety of knowledge sources
and encouraged participants to share those resources that were
most helpful.

Consistent with previous studies in other disciplines, we
found that a flipped classroom format was strongly preferred to
traditional teaching methods, that participants felt that knowledge
retention was improved compared with that in the conventional
environment, and that test scores significantly improved
after implementation. Because neurosurgery residents include
individuals with a wide variation of skills and experience, we were
also able to differentiate results based on resident level, and the
results of our study provide unique insight into how residents with
different experience levels approach educational activities. We
found that the increase in clinical confidence after each session
was related to experience level, with junior residents expressing
less of an impact than seniors. Conversely, junior residents were
more likely to prefer the interactive environment and report
satisfaction with the format. Interestingly, midlevel residents were
the most likely to feel that preparation was too time-consuming,

even though they spent less time on average than their more junior
residents, which may be a result of different expectations across
experience levels for how much time should be required
for an activity like this. Residents at all levels tended not to feel
intimidated in the group setting and approved of division of labor
as a method for maximizing yield with minimal individual
effort. Topics were thought to appropriately cover the field, and
assignments were felt to be of appropriate complexity. Scores on
the board examination and the passage rate dramatically improved
for residents of all levels after implementation of the program,
which suggests that the curriculum is associated with improved
knowledge of neurosurgical principles using an objective and
validated assessment tool.

LIMITATIONS

There are several important limitations to this study.
First, since the analysis is retrospective and observational using
historical controls, it is possible that factors other than the
curriculum may have contributed to the observed improvement in
test performance and learner satisfaction, although the fact that no
other concurrent changes were made to the training programmake
this less likely. Second, the survey we designed is subjective,
designed primarily to gauge attitudes about the program, and has
not been validated in other contexts. Third, the sample size is very
small, so that variance among individual residents may have
confounded the overall results. Fourth, there is a minor trend
toward improvement in board scores that preceded the study, and
only one year of data after implementation is available to us, so
that, even though significant, these data cannot be considered
definitive. Finally, although total in-class time did not change,
participants in the new curriculum were required to spend more
time in independent preparation, and this might have contributed
to improved performance.

CONCLUSIONS

The flipped classroom is a viable approach to resident
education that is positively viewed, engaging, and associated with
improvements in test performance. The benefits of the flipped
method are likely due to facilitation of active learning, where
students take responsibility for acquiring knowledge and are
held accountable for applying that knowledge in a group setting.
Although larger studies are needed to quantify the impact of
this technique across other specialties, our data suggest that
the approach offers a promising and pragmatic alternative to
didactic resident education that may be associated with improved
knowledge and enhanced board performance.
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