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ABSTRACT
Context: Bedside clinical teaching is the backbone of clerkship education. Data-driven 
methods for supplementing bedside encounters with standardized content from vetted 
resources are needed.
Objective: To compare a flipped-classroom versus an interactive online-only instruction for 
improving knowledge, skills, self-directed learning (SDL) behaviors, and satisfaction in 
a medical school clerkship.
Methods: An IRB-approved prospective study employing a peer-reviewed clinical reasoning 
curriculum in neurology was conducted; 2nd-4th year medical students rotating through 
a required clerkship were enrolled. Students were randomized to flipped-classroom (i.e., 
flipped) or interactive asynchronous online instruction (i.e., online-only), which supplemented 
existing bedside teaching. Baseline and end-of-course knowledge, skill development, SDL 
behaviors, satisfaction, and long-term retention were assessed by peer-reviewed clinical 
reasoning exam, NBME scores, faculty/resident clinical evaluations, non-compulsory assign-
ment completion, end-of-clerkship surveys, and objective structured clinical exam (OSCE).
Results: 104 students (49 flipped, 55 online-only) were enrolled. Age, gender, and training 
level did not differ by group (all p > 0.43); baseline knowledge was higher in the flipped group 
(p = 0.003). Knowledge-based exam scores did not differ by group even after adjusting for 
differences in baseline knowledge (2.3-points higher in flipped group, 95%CI −0.4–4.8, 
p = 0.07). Clinical skills were significantly higher in the flipped group, including examination 
skills (4.2 ± 0.5 vs. 3.9 ± 0.7, p = 0.03) and future housestaff potential (4.8 ± 0.3 vs 4.5 ± 0.6, 
p = 0.03). Students in the online-only group were more likely to engage in SDL (42 vs. 12%, 
p = 0.001) and reported more hours studying (6.1 vs. 3.8 hours, p = 0.03). Satisfaction 
(p = 0.51) and OSCE scores (p = 0.28) were not different by group.
Conclusions: In this comparative study of two evidence-based curricular delivery approaches, 
we observed no difference in knowledge acquired. Greater clinical skills were observed with 
flipped instruction, while more SDL was observed with online-only instruction. Supplementing 
bedside teaching with blended instruction that balances live skill development with vetted 
online resources is optimal for clerkship education.
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Introduction

Today’s learners have been described as possessing an 
inherent interest in, understanding of, and apprecia-
tion for technology and social connection. They have 
witnessed an explosion in the use of e-technology and 
mobile devices in daily life. In medical education, 
a similar exponential increase has occurred in web- 
based technologies, virtual learning platforms, and 
social media [1,2]. When given the option, less than 
1/3 of medical students attend class in person [3]. 
This has been accelerated by the emergence of the 
COVID-19 pandemic, which imposed the need for 
distance learning in concordance with social 

distancing regulations [4]. As medical educators 
were forced to embrace virtual learning environ-
ments, many found new expertise and confidence in 
online education [5]. Despite these trends, a paucity 
of outcomes-based research exists on how to incor-
porate these technologies into optimal clinical teach-
ing approaches [6].

Clinical instruction at the bedside has been the 
bedrock of medical school clerkship education for 
decades [7–10]. Observed bedside encounters allow 
students to hone history and examination skills, apply 
knowledge, and learn from faculty mentors. Prior 
studies have identified challenges to bedside 
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instruction, including increasing demands on faculty 
time, high patient turnover, concerns over violation 
of patient privacy, inability to standardize exposure in 
clinical settings, and a need for vetting online 
resources [7,11]. How to optimally address these 
challenges, supplement existing bedside teaching, 
and incorporate new technologies continues to be 
actively investigated [12].

In this study, we aimed to assess the comparative 
effectiveness of two evidence-based methods for 
instruction on clinical reasoning: an interactive 
online-only approach or a live hands-on flipped class-
room method [13,14]. Clinical reasoning is funda-
mental to medical practice and represents a core 
skill for all healthcare providers [15,16]. It is also an 
essential component of at least five of the recently 
published 13 core medical student entrustable profes-
sional activities (EPAs) [17]. Clinical reasoning 
requires not only patient exposure but also the synth-
esis of clinical data following an encounter, develop-
ment of a differential diagnosis and management 
plan, and reassessment as new information is 
acquired after an encounter. This topic is ideal for 
evaluating how to use technology to supplement bed-
side encounters.

Materials and methods

Setting

A prospective randomized comparative effectiveness 
study was designed (Supplemental Figure 1). All 
2nd – 4th-year medical students rotating through 
a 4-week clerkship at a single academic institution 
were enrolled from 2014–2015. The neurology core 
clerkship was selected because it is required and 
allows for a pre-existing peer-reviewed curriculum 
for teaching and assessing clinical reasoning [13,14].

Participants

All rotating students (i.e., five blocks of students) 
were enrolled. At our institution, each block is 
8 weeks long during which medical students spend 
four weeks in the neurology clerkship and four weeks 
in the psychiatry clerkship. For each block, twenty 
students are randomly assigned by the institutional 
registrar to either psychiatry or neurology clerkship 
for the first month with equal numbers of students in 
each clerkship. The groups alternate to complete the 
other clerkship in the second month. Thus, each 
block consists of two groups of students; group 1 
rotates through neurology in the first four weeks of 
the block while group 2 rotates through neurology in 
the second four weeks of the block. Each group is 
then randomized to one of two methods of instruc-
tion: interactive online-only learning (i.e., online- 

only); or a live, hands-on, flipped classroom method 
with synchronous hands-on in-person learning and 
asynchronous online components (i.e., flipped, 
detailed description below). For example, the group 
1 cohort may be randomly assigned to online-only in 
the first month of the block while the group 2 cohort 
receive flipped instruction in the second month of the 
block. With each subsequent block of students, this 
two-layer process of randomization was repeated.

Teaching Methods

Both curricula incorporated equivalent instruction 
time, compulsory assignments, and duration of 
required study. Flipped instruction occurred at dis-
crete pre-specified times while online-only instruction 
was distributed across the clerkship – a critical 
planned difference between the instructional strate-
gies. All students received in-person training in the 
neurologic examination and bedside teaching on the 
wards and in the clinic. The primary outcomes were 
student knowledge as assessed by the National Board 
of Medical Examiners (NBME) exam, clinical reason-
ing as assessed by a study-specific exam, clinical skills 
as assessed by faculty/resident clinical evaluations, 
self-directed learning as tracked by independent 
assignment completion, and student satisfaction. 
The study was reviewed and approved by the local 
institutional review board.

A previously published, peer-reviewed, case-based 
curriculum for teaching clinical reasoning in neurol-
ogy was employed in both methods of instruction 
[13,14]. The flipped model incorporated an evidence- 
based, flipped-classroom approach consisting of two 
pre-classroom videos (length: 60 minutes total), 
which were viewed asynchronously followed by two- 
60 minute, synchronous, small group discussions 
(total required student time: 3 hours; total in-class 
faculty time: 2 hours) [14]. During the first discussion 
(i.e., Activity 1), the course instructor (R.Strowd) 
reviewed 1-of-6 standardized patient vignettes using 
a think-aloud approach to clinical reasoning instruc-
tion [16,18]. Students were recommended to com-
plete the remaining five vignettes on their own (i.e., 
self-directed study). During the second discussion 
(i.e., Activity 2), self-directed completion of these 
patient vignettes was tracked, and the course instruc-
tor reviewed one of the remaining five vignettes using 
the same method.

The online-only model was delivered via a best- 
practice platform developed by the Johns Hopkins 
School of Education Center for Technology in 
Education, which has been used to provide distance 
learning in elementary to post-graduate classrooms 
nationwide [19]. The same curriculum was employed 
via this web-based platform to ensure standardization 
of content, number of patient vignettes completed, 
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the opportunity for self-directed case completion, and 
total required curricular time so that differences in 
achievement would not be related to differences in 
required time or amount of content reviewed. The 
curriculum included four activities; two initial pre- 
course videos were delivered asynchronously fol-
lowed by two online learning activities with each 
assignment released and completed each week of the 
4-week clerkship rotation (total required student 
time: 3 hours). Activity 1 was completed in week 
one, during which students independently reviewed 
1-of-the-6 patient vignettes (see above) and posted 
their write up to a web-based discussion board using 
a study-specific template. Activity 2 was completed in 
week two during which students peer reviewed 
a fellow student’s write-up and generated group dis-
cussion about the clinical reasoning process. Students 
were encouraged to complete any remaining patient 
vignettes independently which was tracked at clerk-
ship completion. The instructor facilitated learning 
by monitoring online course participation and com-
pletion. The instructor also provided asynchronous 
but timely feedback and online discussion with 
students.

Measurement Instruments

Student knowledge was assessed by the NBME exam, 
an accepted objective measure, completed at clerk-
ship end. Baseline clinical reasoning was assessed by 
a study-specific multiple-choice examination consist-
ing of five questions with four answer choices and 
a single-best answer. Final end-of-study clinical rea-
soning performance was assessed by a study-specific 
multiple-choice examination consisting of thirty 
questions with four answer choices and a single-best 
answer. Both pre- and post-examinations were devel-
oped using standardized questions obtained with per-
mission from the peer-reviewed American Academy 
of Neurology Continuum® publication. Questions 
were screened by the study-PI (R.Strowd) and 
selected by the Neurology Clerkship Course 
Director Team (C.G. & R.Salas) based on (1) rele-
vance to clinical reasoning, and (2) appropriateness 
for the training level of a senior medical student. For 
both the pre-test and post-test, multiple-choice ques-
tions were adapted from a five answer-choice to 
a four answer-choice format to better align to the 
level of a senior medical student. We piloted the 
exams with 2 rotation groups prior to the start of 
the academic year when this was implemented to 
ensure clarity of wording and anticipated level of 
difficulty. Clinical skills were assessed by faculty/resi-
dent directly-observed clinical evaluations, which are 
completed in real-time throughout the clerkship 
using a 5-point Likert scale (from 1 = strongly dis-
agree to 5 = strongly agree). Four clinical skill 

domains were selected to assess those pertaining to 
clinical reasoning including: data gathering, neurolo-
gic exam, problem-solving, patient presentation, and 
a previously validated measure of overall potential as 
a future housestaff [20]. To avoid biased evaluations, 
none of the course teachers served as evaluators of 
student clinical skills. Self-directed learning was 
tracked as above and assessed as the number of non- 
compulsory patient vignettes completed. Student 
satisfaction was assessed on an end-of-course evalua-
tion (created by R.Strowd, C.G. and R.Salas) by 
5-point Likert (1 = strongly dissatisfied, 5 = strongly 
satisfied, Supplemental Table 2). Long term retention 
was assessed by an objective structured clinical exam 
(OSCE) performed approximately one year following 
clerkship completion. The in-person OSCE was 
designed to mirror the format of the Step 2 Clinical 
Skills Exam where students complete standardized 
patient encounters at multiple stations – one of 
these stations is focused on neurology and the grade 
is based on students’ written responses to post-station 
questions. Student learning preference was assessed 
by two non-validated questions evaluating preference 
for studying (i.e., alone vs. group) and for learning 
environment (i.e., in-class, out of class, Supplemental 
Table 1).

Recruitment and Data Collection

All 2nd-4th year medical students during their four- 
week Neurology Core Clerkship rotation were 
recruited for this study. Demographic (e.g., age, gen-
der, medical school year) and academic data (NBME 
scores, baseline and final clinical reasoning exam 
scores, clinical evaluation ratings, student satisfaction 
ratings, and OSCE scores) were collected from the 
Neurology Core Clerkship Office during one 
academic year (2014–15).

Data Management and Analysis

Statistical analysis was performed using Stata/IC 
v13.1 (Stata Corp., Cary, NC, © 2014). Descriptive 
statistics were performed of the entire population and 
by the intervention group (i.e., flipped vs. online- 
only). Unpaired student t-tests were used to compare 
continuous variables; chi-square and Fisher’s exact 
test for categorical variables. Comparison of baseline, 
follow up clinical reasoning knowledge exam, NBME 
exam, and satisfaction scores between both groups 
were performed by un-paired student t-test. 
Univariate linear regression was used to determine 
variables that were significantly associated with dif-
ferences in NBME shelf exam performance and clin-
ical reasoning examination performance by the 
intervention group. Multivariable linear regression 
was performed to account for potential differences 
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in baseline knowledge, adjusting for baseline exam 
performance. Assumptions of linear regression ana-
lysis were checked including linearity, homoscedasti-
city, independence, and normality. The effect size was 
calculated using Cohen’s d for comparisons of means 
by intervention group, eta-squared (η2) for estimating 
the variance when controlling for baseline exam per-
formance. Pre-determined significance was defined as 
p < 0.05.

Results

Over one year, 104 students were enrolled in the 
course; 49 were randomized to flipped instruction, 
55 online-only. Gender, medical school year, and stu-
dent studying preference were not different by inter-
vention group (Table 1). The number of students 
randomly assigned to each group was not different 
by intervention group. Baseline clinical reasoning 
exam performance was higher in the flipped (mean 

score 28/30) as compared to the online-only group 
(21/30, p = 0.002).

Overall, mean NBME exam performance was 
78.7 ± 6.5 (Table 2); 79.2 ± 6.8 for the online-only, 
and 78.1 ± 6.3 for the flipped group (p = 0.37; effect 
size, d = 0.18, 95% CI: −0.21, 0.56). Given the differ-
ences in baseline clinical reasoning scores by inter-
vention group, a multivariable model adjusting for 
baseline clinical reasoning exam score was per-
formed. In this adjusted model, mean NBME exam 
scores were 2.3 points higher (95% CI −0.4, 4.8) in 
the online-only group, though this was not 
a statistically greater score (p = 0.07; η2 = 0.09, 95% 
CI 0.007, 0.199; Table 3). The mean post-course clin-
ical reasoning exam score was 209 ± 27 (69.4% cor-
rect) and was not statistically different by 
intervention group (p = 0.32). When adjusting for 
baseline score, mean clinical reasoning performance 
was 7.9 points higher in the online-only group (95% 
CI −3.1, 19; one-question worth 10 points), though 

Table 1. Baseline characteristics.
All (n = 104) Flipped (n = 49) Online-Only (n = 55) P-Value

Age (years, mean, sd)* 26.6 (2.8) 26.5 (3.2) 26.7 (2.5) 0.79
Gender (n, % male) 49 (47%) 25 (51%) 24 (44%) 0.56
Med School Year (n, %) 0.73
● MS2 20 (19%) 9 (18) 11 (20)
● MS3 64 (62%) 32 (66) 32 (58)
● MS4 20 (19%) 8 (16) 12 (22)
Rotation Block (n, %) 0.89
● Rotation Block 1 26 (25%) 13 (27) 13 (24)
● Rotation Block 2 15 (14%) 7 (14) 8 (15)
● Rotation Block 3 20 (19%) 10 (20) 10 (17)
● Rotation Block 4 26 (25%) 13 (27) 13 (24)
● Rotation Block 5 17 (17%) 6 (12) 11 (20)
Studying Preference (n, %) 0.51
● Prefer Alone 76 (73%) 34 (69) 42 (76)
● Prefer Group 28 (27%) 15 (31) 13 (24)
Classroom Preference (n, %) 0.43
● `Prefer In Class 48 (46%) 25 (51) 23 (42)
● Prefer Out of Class 56 (54%) 24 (49) 32 (58)
Baseline Clinical Reasoning Exam Score (mean, sd) 24.6 (11) 28.2 (11) 21.5 (10) 0.002

Note: Age data available for 102 students (49 flipped, 53 online-only). Two sample t-test used for age and baseline clinical reasoning exam score. Fisher’s 
exact test used for all other variables. Statistical significance defined as p < 0.05. 

Table 2. Impact on performance, clinical skills, self-directed learning, and satisfaction.
All (n = 104) Flipped (n = 49) Online-Only (n = 55) P-Value

STUDENT PERFORMANCE
● Final Exam (mean, sd) 208 (27) 206 (27) 211 (27) 0.32
● Shelf (mean, sd) 78.7 (6.5) 78.1 (6.3) 79.2 (6.8) 0.37

CLINICAL SKILLS
● Data Gathering (mean, sd) 4.4 (0.6) 4.4 (0.7) 4.4 (0.6) 0.57
● Neurologic Exam (mean, sd) 4.1 (0.7) 4.2 (0.5) 3.9 (0.7) 0.03
● Problem Solving (mean, sd) 4.3 (0.5) 4.3 (0.5) 4.3 (0.5) 0.37
● Patient Presentation (mean, sd) 4.3 (0.8) 4.3 (0.8) 4.2 (0.7) 0.23
● Housestaff Potential (mean, sd) 4.7 (0.5) 4.8 (0.3) 4.5 (0.5) 0.03

SELF-DIRECTED LEARNING
● Non-compulsory Assignments (mean, sd) 0.9 (1.8) 0.4 (1.3) 1.3 (2.1) 0.01
● Percent Completing at least 1 Non-compulsory Assignment (n, %) 30 (29%) 6 (12%) 24 (44%) <0.001
● Time Committed to Course (mean hrs, sd)a 5.1 (4.5) 3.8 (5.1) 6.1 (3.8) 0.03

SATISFACTION
● Student Satisfaction (mean, sd) 3.9 (0.7) 3.9 (0.8) 3.8 (0.7) 0.51

Notes: aTime committed to course based on data for n = 77 (35 flipped, 42 online-only) due to electronic error in survey distribution to the first group of 
student rotators (equal randomization). Fisher’s exact test used for percent completing non-compulsory assignments. Two sample t-test used for 
remaining variables. Statistical significance defined as p < 0.05. 
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this was not statistically higher (p = 0.16). Long-term 
retention of clinical reasoning skills as assessed by 
OSCE scores did not differ by group (7.8 for flipped 
vs. 8.1 online-only, p = 0.28).

Faculty/resident rating of student clinical skills for 
all participants was generally high, including for data 
gathering (4.4 ± 0.6), neurologic exam (4.1 ± 0.7), 
problem solving (4.3 ± 0.5), patient presentation 
(4.3 ± 0.8), and future housestaff potential 
(4.7 ± 0.5, all out-of-5). There were no differences 
in the clinical skills rating by intervention group for 
data gathering (p = 0.57), problem solving (p = 0.37), 
or patient presentation (p = 0.23). Mean rating was 
significantly lower in the online-only group for neu-
rologic examination skills (3.9 ± 0.7 online-only vs 
4.3 ± 0.5 flipped, p = 0.03, d = 0.45) and housestaff 
potential (4.5 ± 0.5 vs 4.8 ± 0.3, p = 0.03, d = 0.42).

SDL was uncommon overall, with 30 ± 29% of 
students completing at least one non-compulsory 
assignment. Students in the online-only group were 
significantly more likely to have completed at least 
one non-compulsory assignment (24 ± 44% vs 
6 ± 12%, p < 0.001, d = 0.73). On average, students 
in the online-only group completed 1.3 ± 2.1 non- 
compulsory assignments compared to only 0.4 ± 1.3 
in the flipped group (p = 0.01, d = 0.50). Despite 
a 3-hour time requirement which was provided and 
protected during the clerkship for course activities, 
on average the flipped group reported spending 
3.8 ± 5.1 hours on activities relating to the course 
(includes noncompulsory and other activity time) 
while students in the online-only group reported sig-
nificantly longer amount of time (6.1 ± 3.8 hours, 
p = 0.03, d = 0.51).

Overall, satisfaction with the course was high with 
an average rating of 3.9 ± 0.7 (out of 5) that did not 
differ by intervention group (p = 0.51, Table 2). For 
the flipped intervention group, mean satisfaction was 
not different for those students who self-described 
themselves as in class learners (mean 3.9 ± 0.7) com-
pared to outside class learners (3.9 ± 0.8, p = 0.86, 
Supplemental Table 3). However, for the online-only 
group, mean satisfaction was significantly lower for in 
class compared to outside class learners (mean 
3.6 ± 0.7 vs 4.0 ± 0.6, p = 0.04, d = 0.60).

Student satisfaction with the setup of the web- 
based platform was high (Supplemental Table 4). 
The majority of students agreed or strongly agreed 

that the platform itself supported their learning 
(n = 38, 73%), was easy to navigate (n = 35, 67%), 
incorporated helpful content (n = 33, 63%), that peer 
feedback enhanced learning (n = 34, 65%), and 
instructor feedback enhanced learning (n = 45, 
87%). Students indicated that the platform provided 
an opportunity for peer learning (n = 35, 67%), to 
reflect on content (n = 36, 69%), and to process new 
ideas (n = 32, 62%) more than to collaborate (n = 22, 
42%), apply concepts to practice (n = 19, 37%), or 
create community (n = 9, 17%).

Discussion

In this comparative effectiveness study of two evi-
dence-based approaches to curricular delivery in the 
medical school clerkship, we dissect the impact of 
these best-practice strategies for teaching today’s 
modern learners. No differences in performance on 
a peer-reviewed multiple choice clinical reasoning 
knowledge examination or NBME scores was 
observed. Differential effects on clinical skills (favor-
ing flipped instruction) and self-directed learning 
(favoring online-only instruction) were demonstrated. 
Student satisfaction was high with both methods of 
instruction. These data provide outcome-derived sup-
port for supplementing bedside teaching with 
blended methods of curricular delivery and suggest 
that combining these approaches may optimally tar-
get clinical skill development as well as the promo-
tion of lifelong learning. Blended learning methods 
may be superior to traditional didactics – the addi-
tion of online learning technology to live instruction 
can lead to knowledge gains by giving students the 
ability to have repeated exposure to content over 
multiple occurrences as opposed to a single didactic 
and by increasing learners’ engagement [21,22].

Many studies have evaluated the impact of 
a heterogeneous approach to online instruction in 
medical education [23–28]. In a 2014 meta-analysis 
of 59 studies of online learning, six randomized stu-
dies were identified in medical student education that 
all showed positive effects on knowledge with one 
showing improved skills and student confidence 
[23–25,27,28]. Though described as online learning, 
the curricula used in all of these studies added 
assigned online learning modules to standard live 
curricula and compared to traditional didactic 

Table 3. Unadjusted and adjusted linear regression on NBME shelf score.
Unadjusted Association Adjusted Association

Coefficient (95% CI) p-value Coefficient (95% CI) p-value

Randomization (Flipped vs Online-Only; n = 104) 1.2 (−1.4, 3.7) 0.37 2.3 (−0.4, 4.8) 0.07
Baseline Examination Score (n = 104) 0.16 (0.04, 0.27) <0.01 0.19 (0.07, 0.31) <0.01

Caption: results of univariate and multivariate linear regression on NBME shelf examination scores. Compared to the flipped group, the online-only group 
scored 1.2 points higher on the NBME shelf exam (p = 0.37) and when adjusting for baseline clinical reasoning examination scores the online-only 
group score 2.3 points higher on the NBME shelf exam (p = 0.07, η2 = 0.09, 95% CI 0.007, 0.199). 
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instruction. Such designs can introduce systematic 
differences in the time spent on content which may 
account for the aforementioned results. The flipped 
instruction in the current study is a blended learning 
model with the integration of technology and face-to- 
face instruction, similar to the aforementioned stu-
dies, but with standardization of time spent on 
required material. Furthermore, it represents a true 
flipped classroom model with advantages over tradi-
tional didactics alone including increased opportu-
nities for collaborative learning and competency- 
based education practices [29]. Studies show high 
student satisfaction with flipped classrooms [30] and 
one head-to-head meta-analysis of the flipped class-
room versus traditional didactics showed a larger 
effect size favoring the flipped classroom [31]. As 
such, the current study adds to the literature on 
optimal instructional strategies for teaching under-
graduate medical students in general and provides 
a critical window into the use of these strategies in 
neurology and for the teaching of clinical reasoning 
and localization.

Each generation of learners presents different 
characteristics, traits, preferences, and challenges for 
educators. Much has been written of today’s modern 
learners as digital natives who report high rates of 
satisfaction with online learning [3–5,21,22]. One 
recent study of ninety fourth-year medical students 
reported that the identified pros of online learning 
outweighed the cons by 3:1, but the authors go on to 
acknowledge that online learning cannot replace psy-
chomotor skills and mentoring that occurs in person 
[32]. Similarly, in our current study, the scores on the 
neurological exam and ratings of housestaff potential 
were lower in the online-only group which supports 
the notion that neurological examination needs to be 
physically practiced and relationships developed dur-
ing this helps inform assessment of potential as 
a future housestaff. A 2019 meta-analysis comparing 
online versus in-person learning demonstrated online 
learning is equal to or superior to in-person instruc-
tion [33]. The authors postulate that noninteractive 
online learning is no better than traditional didactic 
teaching but can promote increased self-directed 
learning. It also suggests that online learning may 
only be effective for simple low-order learning objec-
tives but did not differentiate between knowledge 
outcomes versus skills outcomes. Our study demon-
strates the effective use of flipped classroom instruc-
tion to target the higher-order thinking skills 
required for clinical reasoning [34]. Effective online 
instruction (synchronous and asynchronous) also 
requires teaching skills which may differ from those 
used during in-person instruction [35]. In the time of 
COVID-19, educators have now developed guides to 
facilitate faculty development and ‘good online 

teaching practices’ that include recommendations on 
ensuring active engagement, promoting self-directed 
learning, and timely feedback [36]. Our present study 
adds to the literature by implementing an online 
curriculum that is consistent with these postulated 
competencies for instructors [36]. Effective and vali-
dated online curricula can be challenging and time- 
consuming to create for medical educators who may 
already have many clinical, research, and educational 
demands on their time. Yet that time burden need 
only be felt once. Our experience with the online-only 
curriculum shows that once implemented, faculty 
facilitation of an online course is less arduous than 
repeatedly conducting traditional in-person didactics. 
This allows for the sustainability of such 
a curriculum – indeed, the clinical reasoning in neu-
rology course continues to be a well-perceived core 
instructional component of the Neurology Core 
Clerkship at Johns Hopkins since its inception.

In the current study in neurology, knowledge 
acquisition did not differ by method of curricular 
delivery. Of note, baseline knowledge was signifi-
cantly higher in the flipped group and there was 
a trend toward greater standardized examination 
scores in the online-only group at study end. There 
is suggestion that there may have been greater abso-
lute knowledge gained in students who received 
online-only instruction. However, given the high- 
stakes nature of standardized testing in the clinical 
clerkships, the lack of significant difference in scores 
at the study end also suggests that motivation to 
study and perform on these important tests is high 
and may be a more important driver of performance 
than the method of curricular delivery [37].

Interestingly, clinical skill development and SDL 
tendencies were differentially impacted by the type of 
instruction. While online-only learning was strongly 
associated with high rates of SDL, flipped instruction 
was more strongly associated with greater faculty- 
rated clinical skills. The benefit of in-person instruc-
tion on clinical skill development is not surprising. 
Importantly, all students in the current study received 
in-person training in the techniques of the neurologic 
examination. Instruction in how to apply these exam 
findings to the patient differed by the method of 
delivery. These data suggest that the opportunity to 
engage interactively with a faculty educator and dis-
cuss applying physical exam findings to patient vign-
ettes may influence clinical skills more than web- 
based methods.

SDL is a critical component of modern medical 
education and is important in promoting the develop-
ment of lifelong learning skills [3,38,39]. Motivation 
and satisfaction with online education are dependent 
on building the student’s sense of community, peer 
support, time management skills, and ability to 
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communicate frequently with the instructor and these 
factors should be considered when creating any type of 
online curriculum [38]. The online learning platform 
utilized in this study was easy to use and accessible. It 
allowed activities and learning to be distributed over 
the course of the entire clerkship. In contrast to flipped 
classroom live-lectures which were compacted into 
single 60-minute ‘chunks’ of instructional time, online- 
only activities were distributed over the 4-week clerk-
ship allowing students greater opportunity and time for 
completing assignments, engaging with material, and 
generating motivation. Web-based access provided 
ease in use and accessibility of the platform through 
web and mobile devices. Such features may have led to 
the association between the online method of delivery 
and higher SDL and greater reported time on material. 
Students rotating through the neurology clerkship con-
tinuously engage in a wide number of resources for 
studying and learning. Thus, while the absolute time 
spent in this course differed, these data do not confirm 
that time spent studying neurology was different. 
Importantly, this platform allowed for standardization 
of the content provided to students and a vetting pro-
cess for resources in which students studied during 
their clerkship.

This study was performed within a single clerkship 
at a single academic institution which limits the gen-
eralizability of these data to other educational settings 
in other environments. Despite efforts to achieve ade-
quate randomization, important differences were 
observed in baseline clinical reasoning exam scores. 
Whether this is reflective of a true difference in baseline 
knowledge or a difference in testing scores is not clear 
given that the 5-question baseline exam was not pre-
viously validated. It is also worth noting that the base-
line high performance in the flipped group may have 
created a ceiling effect that confounds this study’s 
ability to show improvement after curricula interven-
tion. It is possible, that the online-only group with its 
lower baseline score improved to match the flipped 
group, resulting in similar post-exam scores. 
Adjusting for the differences in baseline clinical reason-
ing exam scores did show that the online-only group 
attained higher absolute scores on both NBME and 
clinical reasoning exams but not high enough to 
reach the threshold of significance. Future studies will 
incorporate validated baseline clinical reasoning 
knowledge examinations. Randomization is difficult 
with medical education interventions, though alterna-
tive strategies for randomizing students could be con-
sidered in the future. Clinical skills were assessed by 
resident and faculty evaluators who were not informed 
of the instructional method of each group of students 
and were not involved in the curricular delivery; how-
ever, complete blinding of randomization cannot be 
ensured. Future studies should be designed to power 
either a larger, multi-institution study of these 

curricular interventions in neurology or a larger, sin-
gle-institution study that spans multiple specialties.

Conclusion

Educators have suggested that today’s modern learners 
are inherently different from those in prior generations 
and require unique instructional strategies to account 
for their deep appreciation for technology. In this study, 
we did not find systematic differences in performance 
for online-only and a flipped-classroom model of 
instruction. These contemporary evidence-based meth-
ods of teaching in the clerkship had similar impact on 
knowledge, clinical reasoning, and satisfaction. Better 
clinical skills were associated with hands-on instruction 
from clinical faculty who demonstrate exam techniques 
and findings. Greater self-directed learning behaviors 
were observed with online-only instruction which dis-
tributed learning across the 4-week clerkship and pro-
vided standardized, vetted educational resources to 
students at any location and time. Students indicated 
value in both approaches. These data are important for 
medical educators who are challenged to supplement 
bedside encounters with limited resources, time con-
straints, and difficulty with selecting optimal methods 
of delivering content to their learners.
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