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Abstract

Background The efficacy of just-in-time teaching (JiTT) screencasts for graduate medical education on an inpatient adult
hematology-oncology service (HOS) setting is not known. Our preceding pilot data identified six high-yield topics for this
setting. The study objective was to evaluate screencast educational efficacy.

Methods Internal medicine residents scheduled to start a rotation on the primary HOS of an academic medical center were
eligible for this parallel, unblinded, randomized controlled trial with concealed allocation. Participants underwent block random-
ization to the usual educational curriculum either with or without access to a series of novel screencasts; all participants received
an anonymous online end-of-rotation survey and a $20 gift certificate upon completion. The primary outcome was the change in
attitude among learners, measured as their self-reported confidence for managing the clinical topics.

Results From 12/9/2019 through 6/15/2020, accrual was completed with 67 of 78 eligible residents (86%) enrolled and random-
ized. Analysis was by intention-to-treat and participant response rate was 91%. Sixty-four percent of residents in the treatment
arm rated their clinical management comfort level as “comfortable” or “very comfortable” versus 21% of residents in the usual
education arm (p = 0.001), estimated difference = 43% (95% CI: 21-66%), using a prespecified cumulative cutoff score.
Treatment arm participants reported that the screencasts improved medical oncology knowledge base (100%), would improve
their care for cancer patients (92%), and had an enjoyable format (96%).

Conclusion Residents on a busy inpatient HOS found that a JiTT screencast increased clinical comfort level in the management
of HOS-specific patient problems.

Keywords Hematology - Medical oncology - Graduate medical education - Supportive care - Randomized controlled trial -
Inpatient - Internal medicine

Introduction

Among the internal medicine (IM) subspecialties, graduate
medical education (GME) programs face a particular chal-
lenge in teaching hematology and oncology. The typical in-
patient caseload is focused on patients who are acutely ill
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either due to their cancer, an exacerbation of a related comor-
bidity, or a complication from a cancer treatment. Cases are
often complex and challenging for learners—as a result, med-
ical oncology has been identified by IM residents as a key area
in need of educational improvement [1, 2]. A Canadian na-
tional survey of trainees found oncology as the least adequate-
ly taught subspecialty with 63% of residents reporting their
oncology education as inadequate [3]. Similarly, a needs as-
sessment at a large IM residency program in the USA found
higher dissatisfaction with oncology training compared to the
other IM subspecialties [4]. Cancer care leads to a higher level
of emotional intensity which contributes to trainee burnout
[5]. New strategies are needed to teach this subspecialty to
IM residents.

Historically, GME has been fully synchronous, with
trainees learning all key concepts together in a physical or
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virtual classroom at the same time. But for learners on an
inpatient adult hematology/oncology service (HOS), it is often
infeasible to attend synchronous daytime sessions due to fre-
quent schedule interruptions and intermittent night float cross-
coverage shifts. On the other end of the teaching spectrum,
fully asynchronous self-study courses have trainees learning
independently at their own pace; for example, by taking a
certification course in basic research practices or a podcast
series of clinician expert interviews [6]. Although it is conve-
nient, asynchronous learning is isolating and requires commit-
ment from trainees that is unrealistic in the face of a heavy
clinical workload. The “flipped classroom” is a middle-of-the-
road hybrid that combines these two approaches, with trainees
learning key concepts independently (asynchronously) and
then meeting (synchronously) to discuss their findings and
draw conclusions as a collaborative group. Although effective
for undergraduate medical education [7], the flipped class-
room may not be as feasible for GME due to its reliance on
trainees to punctually learn key concepts and prevent the
trainee-led classroom discussions from stalling.

Just-in-Time Teaching (JiTT) is another hybrid strategy
closer on the spectrum to traditional learning since the major-
ity of key concepts are taught in the instructor-led teaching
session, but with additional preparatory self-study materials
accessed by trainees beforehand. Ideally, these materials in-
clude content questions for a needs assessment that is received
“just in time” for the teacher to optimize the content that he or
she will cover in the classroom, thus creating an active feed-
back loop [8]. To promote adherence to pre-classroom prepa-
ration, self-study materials are intended to have an engaging
and accessible format; for example, screencast audio/video
recordings of a slide deck presentation with accompanying
narration [9-11]. First described in 1999 for undergraduates
in physics, JiTT has since been incorporated into a variety of
educational settings [8, 12]. There is limited but promising
data to support the implementation of JiTT into GME.
Mangum et al. developed a JiTT online learning module for
an inpatient pediatric oncology resident ward service and
found that the majority of residents reported it as being helpful
[13]. Similarly, Iverson et al. developed an oncology video
curriculum for IM residents rotating through an outpatient
clinic which had excellent learner feedback and subsequent
improvements in their medical knowledge [4]. These single-
arm studies suggested that oncology screencasts may be a
more effective teaching method as compared to traditional
learning alone. Although promising, more research is needed
to justify the widespread implementation of JiTT since the
majority of IM residency program directors (79%) do not
currently have a budget to integrate online learning into
GME [14].

Our earlier pilot study confirmed both the need for im-
proved educational interventions and the feasibility of devel-
oping screencasts that were easily accessible and relevant to
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IM residents on a HOS [15]. Based on those data, we con-
ducted this randomized controlled trial to test our hypothesis
that a JITT screencast series would improve learner knowl-
edge of critical concepts for a HOS as compared to a standard
educational curriculum alone.

Methods
Setting

The HOS for this study had a busy census that
remained near its cap of 20 patients and was managed
by a variety of learners—typically 5-6 residents (2 of
whom were on night float), 2 medical students, 1 fel-
low, and 1 attending. The typical traditional educational
curriculum included lectures and small group teaching
sessions (1-2 h/day, Mon-Fri). On 3/12/20, initiation
of social distancing for the COVID19 pandemic
changed the format (switched from synchronous class-
room to synchronous online) but did not disrupt either
the content or schedule of the traditional educational
curriculum.

Eligibility, Recruitment, and Randomization

This two-armed, randomized, controlled trial enrolled
during a single academic year (2019-2020). All IM res-
idents (post-graduate years [PGY] 1-3) who were
scheduled to provide inpatient care on the primary
teaching HOS were eligible. Recruitment took place at
scheduled conferences as brief informational sessions (5
min) which included a study overview, printed mate-
rials, and light snacks. Recruitment materials were also
emailed to all absent IM residents. To compensate for
their time, all randomized participants who completed
their end of rotation survey were provided a $20 USD
Amazon gift card. No faculty participated in the recruit-
ment process and participation was emphasized as being
voluntary. Following enrollment and 1-2 weeks prior to
his or her scheduled HOS rotation, each IM resident
participant underwent block randomization either to
screencast access (intervention) or usual education (con-
trol). Allocation was concealed by computer-based cen-
tral randomization. Non-randomized study participants
included medical students, fellows in hematology and
oncology (PGY4-6), and faculty who covered the inpa-
tient HOS during the study period; all of whom were
given access to the intervention to evaluate secondary
and exploratory outcomes. The study protocol received
approval from the Institutional Review Board. The study
was considered minimal risk and written short form
consent was obtained from all participants.
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Screencast Intervention

Content Development A mixed-measures approach was
used to produce an exhaustive list of relevant,
rotation-specific topics. This list was then reviewed with
a focus group of 3 faculty and 10 residents and
narrowed down to six topics considered to be both cru-
cial and unique to the HOS: venous thromboembolism,
acute complications of sickle cell disease, infectious and
metabolic emergencies, thrombocytopenia, brain metas-
tases, and spinal metastases. Screencast content was pri-
marily composed by one fellow (PK) and edited by
faculty. Another focus group, including a representative
sample of IM residents, provided quantitative/qualitative
assessments of the preliminary screencasts as a pilot
study to confirm feasibility and inform final edits [15].
To reduce study bias, the screencasts did not generate a
needs assessment for the teacher (i.e., supervising facul-
ty on the HOS) since it would only be collected from
the treatment arm and would potentially be an unbal-
anced incentive.

Software Screencast presentations were created in PowerPoint
(Microsoft Corporation, Redmond, WA) with Camtasia
Studio software (TechSmith Corporation, Okemos, MI) to
superimpose audio narrations and visual notations. Audio nar-
rations were recorded with a microphone (Blue Snowflake).
Visual notations were recorded with a digital handwriting pad
(WaCom Bamboo Tablet; Kazo, Saitama, Japan) to allow
freehand sketching for a “chalk talk” feel. Final editing and
video production were done by a third-party instructional de-
sign team (iCortex Instructional Design) which cost $50 USD/
hour for 2.5-3.5 h of work per screencast (total cost $850
USD). Distribution of videos was on a secure cloud-based
website (Microsoft Stream, Redmond, WA) which was read-
ily accessible to all participants and provided a comments
section for reviewers to provide feedback on the content.
Study data were collected and managed using the secure,
web-based Research Electronic Data Capture (REDCap) elec-
tronic data capture tool hosted at Wake Forest School of
Medicine [16]. Statistical Analysis Software (SAS version
9.4, Cary, NC) was used for statistical analyses.

Production Screencast style, length, and delivery were based
on prior data from the pilot study. Most optimal screencast or
podcast lengths have been recommended to be in the 5-30-
min time frame [6, 17, 18]. Therefore, the run time of the six
screencasts ranged from 13 to 25 min. The option to change
the speed of screencast playback was identified as a critical
feature [17] and was included with our screencasts (range:
0.5% to 2x speed). Other best practices included consistent
production style to match content stability, development of a
repeatable pattern, and investment in good visuals [18].

Access All participants had access via computer and
smartphone to the usual educational materials provided by
the traditional educational curriculum on the cloud-based
website. Within that server a private group was created to
allow selective access to the screencasts as per protocol.
Once starting the rotation, residents randomized to screencast
access were provided with weekly email and text page notifi-
cations that contained instructions on how to access the
screencasts.

Outcomes

Educational outcomes were classified via modified
Kirkpatrick framework in the context of technology-
enhanced learning in GME [19, 20]. The primary endpoint
was improved knowledge in the management of critical and
commonly encountered clinical problems on a HOS
(Kirkpatrick level 2b) as measured by self-reported comfort
among IM residents on the standard curriculum alone (control
arm) as compared to IM residents who were also given web
access to the screencast series (treatment arm). This was mea-
sured for each of the clinical topics by Likert scale (1-5: very
uncomfortable, uncomfortable, neutral, comfortable, very
comfortable) and participants who had a prespecified sum
score of 21 or higher across all 6 topics were interpreted as
being comfortable in HOS management. Secondary endpoints
were measures of burnout (Kirkpatrick level 4a), improved
knowledge base as tested by clinical vignettes (Kirkpatrick
level 2b), promotion of professional development
(Kirkpatrick level 2a), and learner satisfaction with the
screencast format (Kirkpatrick level 1). Burnout was mea-
sured by the Maslach Burnout Inventory for medical person-
nel [21] using the overall score and the depersonalization sub-
scale, which was more relevant to the intervention than the
depersonalization or emotional exhaustion subscales. Clinical
vignettes were tested as 6 multiple choice questions (MCQs)
which included representative content from each of the 6
study topics. Exploratory endpoints were the above outcomes
among a non-randomized group of medical students and fel-
lows and the feasibility of a trainee to produce clinically rele-
vant JiTT screencasts. All endpoints were measured by an
end-of-rotation online survey which was sent to all random-
ized participants. Reminder emails and pages were then sent
on a weekly basis until completion of the survey, withdrawal
from the study, or 4 weeks after the end of the rotation.

Statistical Analyses

Based on the pilot study data, with two-sided alpha of 0.05,
power of 80%, and sample size of 30 in each group, the study
would be able to detect a difference between the expected
20% rate of being comfortable in the usual education group
(control) and a rate of 55% in the study intervention group.
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Descriptive statistics, including means and standard devia-
tions for continuous measures and frequencies and propor-
tions for categorical ones, were calculated for all study mea-
sures. For categorical measures, Fisher’s exact tests were used
to test for differences between study arms. For continuous
measures, independent t-tests were used to test for differences
between study arms; although for the unplanned social dis-
tancing analysis, Wilcoxon two-sample test was used due to
the small size of this subgroup. The 95% confidence interval
(CI) around the primary outcome was calculated using a Wald
interval. p-values <0.05 were considered to be statistically
significant.

Results

Out of 106 total IM residents at our institution, 78 residents
were eligible for participation and 67 were enrolled and
underwent randomization. Overall response rate to the end
of rotation survey was high at 91%. Of the 33 residents allo-
cated to the intervention arm, 5 residents were lost to follow-
up. Of the 34 residents allocated to the control arm, 1 resident
was lost to follow-up. Enrollment took place between 12/9/
2019 to 6/15/2020 and the study had full accrual with all
follow-up completed on 6/30/20. Demographic and baseline
characteristics were well matched between the two treatment
arms (Table 1) with no significant differences apart from a
higher prevalence of male gender in the intervention arm (p
0.02 by Fisher’s exact test). Among all randomized partici-
pants who responded to the end of rotation survey, the major-
ity (40, 65%) were interns (PGY'1) as opposed to supervisory
residents (PGY2-3).

Educational Efficacy

When measured cumulatively across all 6 clinical
topics, the majority (64%) of participants in the inter-
vention arm were either “comfortable” or “very comfort-
able” overall which was significantly higher than resi-
dents in the control arm (21%, Table 1) for an estimat-
ed difference of 43% (95% CI: 21-66%). When exclud-
ing the 7 residents (control = 3, intervention = 4) who
previously participated in the pilot study, the results of
the primary outcome were similar, with the primary
outcome occurring in 63% of the treatment arm as com-
pared to 20% of residents in the usual education arm.
For each clinical topic, more participants were comfort-
able in the treatment arm than in the control arm.
Burnout as tested by the Maslach Burnout Inventory
was not different between the screencast and control
arms in terms of total score or the personal accomplish-
ment subscale. Medical knowledge as tested by 6 MCQs
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Table 1 Demographics of participants
Characteristic Screencast arm Control arm
Total (n) 29 33
Gender (male, n (%)) 21 (72%) 14 (42%)
Age (years) (n (%))
26-30 24 (83%) 28 (85%)
31-35 5 (17%) 4 (12%)
3640 0 1 (3%)
Race (n (%))
White 19 (66%) 27 (82%)
Asian 10 (34%) 4 (12%)
Black/African-American 0 1 3%)
Prefer not to say 0 1 3%)
Ethnicity (n (%))
Not Hispanic/Latino 28 (97%) 30 (91%)
Hispanic/Latino 1 (3%) 1 (3%)
Prefer not to say 0 2 (6%)
Current position (n (%))
Categorical PGY-1, IM resident 15 (52%) 15 (45%)
PGY-2, IM resident 7 (24%) 12 (36%)
Preliminary PGY-1, IM resident 3 (10%) 6 (18%)
PGY-3, IM resident 3 (10%) 0
Other 1 (3%) 0
Prior rotations on service (n (%))
None 1 (3%) 7 21%)
1 13 (45%) 15 (45%)
2 11 (38%) 9 (27%)
3 4 (14%) 2 (6%)
Baseline educational podcast use (n (%))
Never 10 (34%) 11 (33%)
Monthly 14 (48%) 14 (42%)
Weekly 5 (17%) 6 (18%)
Most days of week 0 2 (6%)
Baseline educational screencast use (1 (%))
Never 12 (41%) 14 (42%)
Monthly 16 (55%) 11 (33%)
Weekly 1 3%) 7 (21%)
Most days of week 0 1 3%)

was not different between the screencast and control
arms.

Learner Satisfaction with the Screencast Format

Feedback for the screencasts from the randomized participants
was positive (Table 2). Nearly all participants within the treat-
ment arm felt that a similar database of screencasts would be
helpful for all of their clinical rotations. Nearly all participants
on the treatment arm either agreed or strongly agreed that the
screencasts improved their knowledge base in medical
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Table 2 Educational outcomes
for hematology & oncology Measure Screencast arm Control arm p-value
service (HOS), screencast vs.
control arm Total (n) 29 33
Participants who reported being comfortable with 18 (62%) 7 21%) <0.01*
HOS patient care, average across all topics (n (%))
Participants who reported being comfortable with
HOS patient care, by topic (n (%))
Metastases to the brain 24 (86%) 17 (52%) <0.01*
Metastases to the spine 21(75%) 12 (36%) <0.01*
Cancer-associated venous thromboembolism 19 (70%) 19 (59%) 0.42
Cancer-associated infectious/metabolic emergencies 16 (57%) 10 (30%) 0.04%*
Sickle cell disease 14 (50%) 12 (36%) 0.31
Thrombocytopenia 8 (29%) 4 (13%) 0.20
Multiple choice questions of medical knowledge, 4.6 (77%) 4.8 (80%) 0.56
average number of correct answers (%)
Maslach Burnout Inventory (mean (standard deviation))
Total score 71(12) 69 (13) 0.67
Personal accomplishment subscale 46 (5) 45 (7) 0.71

*p-value less than 0.05

oncology, would improve their care for cancer patients, and  content, length, and accessibility. Preferred viewing speed for
had an enjoyable format (Table 3). Most participants on the  the screencasts was 1.5%. Although not the target audience for
treatment arm felt that the intervention was optimal in terms of ~ the screencasts, exploratory data was also collected from non-

Table 3 Feedback on screencasts
from participants randomized to Measure

Screencast arm

the treatment arm
Total (n)

Participants who either “agreed” or “strongly agreed” with the

following statements (1 (%)).

27*

Screencasts improved medical oncology knowledge base.
1 enjoyed learning using the screencast format.
Screencasts would be a helpful resource for my rotations.
Screencast will improve care I provide to cancer patients.
Screencasts were easy to access and view.
Participant responses about screencast educational content (1 (%)).
Too specific.
Just right.
Too general.
Participant responses about screencast length (n (%)).
Too long.
Just right.
Too short.
Participant responses about their preferred viewing speed (1 (%)).
1%, normal
1.25%, accelerated
1.5x%, accelerated
1.75, accelerated
2x, accelerated

27 (100%)
26 (96%)
26 (96%)
25 (93%)
17 (63%)

1 (4%)
26 (96%)
0

5 (19%)
22 (81%)
0

3(11%)
4 (15%)
14 (52%)
3 (11%)
3 (11%)

*Two participants on the screencast arm (n = 29) provided no responses to these questions and were not included

in this analysis
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randomized participants with responses obtained from 6 med-
ical students, 8 fellows, and 6 faculty who covered the HOS
during the study period. Half of the students (3, 50%) would
recommend the screencasts for their IM clerkship. The major-
ity of fellows and faculty were neutral in their interest in con-
tributing to (7/13, 54%) or producing (10/13, 77%) education-
al screencasts; one participant did not respond to either ques-
tion. Screencast series creation was feasible for a second-year
fellow (PK) within a 12-week research block and promoted
professional development as a physician educator.

COVID19 Social Distancing

As an unplanned analysis, we analyzed outcomes among the
subgroup of participants who completed their study assess-
ment while social distancing for the COVID19 pandemic (n
= 28). Regardless of social distancing, there appeared to be a
higher comfort level in the screencast arm as compared to the
control arm, although for the social distancing subgroup this
no longer met statistical significance (supplementary graph 1).
Burnout by total score remained the same between arms either
before (72 vs. 70, p 0.50) or while social distancing (70 vs. 69,
p 0.67). Burnout by personal accomplishment subscale
remained the same between arms either before (46 vs. 43, p
0.23) or while social distancing (46 vs. 49, p 0.71). Medical
knowledge testing by MCQs remained the same between arms
either before (78% vs. 81%, p 0.77) or while social distancing
(76% vs. 719%, p 0.56).

Discussion

JiTT screencasts covering critical and commonly encountered
problems on an inpatient HOS were effective in increasing
resident comfort level in clinical management. The interven-
tion had a high level of learner satisfaction with nearly all
participants advocating for its expanded use in their GME.
We also gained insight into the optimal format in terms of
topic selection, length (20 min), and speed (1.5%). The treat-
ment arms were well-balanced although notable for a higher
proportion of male participants in the intervention arm. If there
was a gender difference in educational outcomes, then it was
likely insufficient to account for the interventional effect
found by our study. We also found variability in medical
knowledge outcomes between topics; this may have reflected
differences either in the quality of the screencasts or in the
potential of topics to be taught via screencasts—further re-
search is needed to explore this further. To our knowledge,
this is the first randomized study that has tested the efficacy of
screencasts in the GME setting.

These data inform modifications to the traditional GME
curriculum on HOS to better accommodate the modern sched-
uling structure of IM residency programs. First, the night float
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system reduces access to synchronous learning due to the need
for protected sleeping hours during the daytime. This inter-
vention included all residents covering the HOS, including
those on night float coverage. Second, a rapidly increasing
number of IM residency programs in the USA have adopted
the “X+Y” format to better balance the training environment
between the inpatient and outpatient settings. Residents have
dedicated ambulatory weeks (“Y weeks”’) where didactic ses-
sions and administrative time occur prior to the start of the
next inpatient block (“X weeks”) [22]. This intervention was
accessible to the trainees as preparatory learning during their
more flexible administrative time prior to starting their HOS
rotation; thus optimizing their time. Finally, an unplanned and
underpowered exploratory analysis suggested similar results
among the subgroup of participants who were socially dis-
tanced for the COVID-19 pandemic. This finding and the
completed accrual of the study are suggestive that screencasts
easily permit social distancing for programs with multiple
training sites or during infectious outbreaks [23]. Many of
the challenges addressed by this intervention are not unique
to a HOS and nearly all participants (96%) reported that a
similar database of screencasts would be a helpful educational
tool for their other clinical rotations as well.

The intervention also demonstrated the feasibility of creat-
ing effective educational screencasts for a HOS, the type of
aesthetically appealing technology that is favored among the
young adult population which makes up the vast majority of
IM residents [24]. Creation of educational screencasts for a
HOS can serve as professional development for a fellow, the
majority of whom anticipate teaching as part of their future
careers (79%) [25]. This study confirmed the feasibility of a
fellow designing and completing an effective screencast series
over 12 weeks. We also found that one third of fellows and
attendings would be interested in creating their own educa-
tional screencasts using a similar format.

Our study has limitations; namely that accrual was limited
to a single institution and not powered for the secondary or
exploratory outcomes. Additionally, the short quiz of just six
MCQs and the burnout measurement at only one timepoint
may have lacked sensitivity for these outcomes. The treatment
arm was provided with weekly instructions to facilitate online
access since the intervention was provided in a new area of the
residency website; this discrepancy may have introduced
some bias. For all participants in both arms, survey comple-
tion was compensated with a $20 USD gift card which may
have also increased utilization of the screencasts. However,
adult learners are most interested in learning about topics that
have immediate relevance and a strong impact upon their job,
therefore, we are optimistic that screencasts may be increas-
ingly utilized in the real-world setting.

Future steps to confirm the real-world efficacy of JiTT
screencasts would be to measure utilization outside the re-
search setting and to test the impact of such an intervention
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upon shelf or certifying exam scores and ideally upon patient
outcomes. Larger studies should also confirm that this inter-
vention is equally effective for the minority (10-20%) of IM
residents who are on a career path towards cancer care; a
subgroup comparison that was outside of the scope of our
study. Working with institutional leaders to secure resources
such as medical educator training, instructional design ser-
vices, and adequate time to devote to the creation of JiTT
screencasts would be optimal.

Conclusions

This randomized medical education study found that a novel,
asynchronous series of screencasts increased resident comfort
level in the management of clinical problems commonly seen
on an inpatient HOS. Screencast content and style were
viewed as overwhelmingly positive with participants advocat-
ing for its use on other clinical rotations. On the basis of these
findings, learning health systems should examine the utility of
JiTT screencasts to optimize GME in hematology and
oncology.
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