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BACKGROUND AND OBJECTIVES: There is a push to use classroom technol-
ogy and active teaching methods to replace didactic lectures as the most prev-
alent format for resident education. This multisite collaborative cohort study
involving nine residency programs across the United States compared a stan-
dard slide-based didactic lecture, a facilitated group discussion via an engaged
classroom, and a high-fidelity, hands-on simulation scenario for teaching the
topic of acute dyspnea. The primary outcome was knowledge retention at 2
to 4 weeks.

METHODS: Each teaching method was assigned to three different residency
programs in the collaborative according to local resources. Learning objectives
were determined by faculty. Pre- and posttest questions were validated and
utilized as a measurement of knowledge retention. Each site administered the
pretest, taught the topic of acute dyspnea utilizing their assigned method, and
administered a posttest 2 to 4 weeks later. Differences between the groups
were compared using paired t-tests.

RESULTS: A total of 146 residents completed the posttest, and scores in-
creased from baseline across all groups. The average score increased 6% in
the standard lecture group (n=47), 11% in the engaged classroom (n=53), and
9% in the simulation group (n=56). The differences in improvement between
engaged classroom and simulation were not statistically significant.

CONCLUSIONS: Compared to standard lecture, both engaged classroom and
high-fidelity simulation were associated with a statistically significant improve-
ment in knowledge retention. Knowledge retention after engaged classroom
and high-fidelity simulation did not significantly differ. More research is neces-
sary to determine if different teaching methods result in different levels of com-
fort and skill with actual patient care.

(Fam Med. 2018;50(2):100-5.)
doi: 10.22454/FamMed.2018.222922

ormal didactic lectures are a
Fhistoric cornerstone of resi-

dent education. Core curric-
ular topics are often delivered in
the format of a group lecture or
an attending-led group discussion.
Though these standard methods of
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delivering information are conve-
nient, new classroom technologies
and strategies have been gaining
popularity, prompting educators to
question which are the most effec-
tive and enjoyable strategies to en-
hance learning. High-fidelity medical

simulation training uses advanced
technology such as mannequins ma-
nipulated by a technician to simu-
late real-world scenarios such as
changes in vital signs. A common
use of simulation mannequins is
the teaching of procedures, such as
endotracheal intubation. Simulation
incorporates communication, team-
work, hands-on practice, and stan-
dardized assessments of patient care
scenarios without risking patient in-
jury or discomfort. Multiple studies
comparing high-fidelity simulation
training to standard lectures have
found simulation improves long-term
knowledge retention,' performance
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and technical skills,*® learner com-
fort,8 and confidence.? Slide-based
lectures, though, have shown similar
results to simulation when testing
is performed by written assess-
ment.? Another study showed bet-
ter immediate recall of material with
slide-based lecture when compared
to simulation.! High-fidelity simu-
lations are expensive to implement
and perform.

“Engaged classroom” is a term
that broadly includes activities that
encourage learners to interact with
the facilitator during the learning
session. The facilitator is no longer
simply a performer, as if on stage,
but is instead a moderator that
may ask learners to answer ques-
tions and perform activities that so-
lidify learning during the teaching
session. The flipped classroom, in
which the student reviews content
in total prior to the teaching ses-
sion, allowing the teaching session
to serve only to provide problems or
cases to work through to reinforce
what the student knows, is one well-
publicized form of an engaged class-
room. Engaged classrooms improve
average test scores, long-term knowl-
edge retention, learner perceptions
of lecture effectiveness, and sense
of confidence, while decreasing dis-
tractibility.® Studies on asynchro-
nous learning and flipped classrooms
show positive results in grades and
learner preference compared to a
traditional lecture format.!%12 Un-
like high-fidelity simulation, engaged
classrooms add little in terms of ex-
pense compared to slide-based lec-
tures.

Despite multiple studies com-
paring the traditional slide-based
model of lecture to various other
techniques, to our knowledge there
have been no studies directly com-
paring the educational value of the
three methods: slide-based lecture
format, engaged classroom, and
high-fidelity simulation. No studies
to date have investigated these dif-
ferent techniques in residency edu-
cation.

Our objective was to identify the
most effective method of educational
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program delivery as measured by
knowledge retention at 2 to 4 weeks.
This study utilized a collaborative
model involving nine residency pro-
grams throughout the United States
to examine these questions.

Methods

Nine family medicine residency pro-
grams throughout the United States,
all of which had faculty participating
in the University of North Caroli-
na Faculty Development Fellowship,
collaborated on this educational re-
search project. The family medicine
residencies were representative of
multiple types of programs, includ-
ing university-based (two programs),
community-based (four programs),
and military-based (three programs).
The project was reviewed by the
Office of Human Research Ethics
at University of North Carolina at
Chapel Hill (UNC) and deemed IRB-
exempt.

We chose to teach the core topic
of dyspnea in a 45-minute session.
Teaching materials were created as
a standard slide presentation, an en-
gaged classroom activity, and a high-
fidelity medical simulation scenario.
The standard slide-based presenta-
tion utilized PowerPoint, standard-
ized across all three of its teaching
sites. For the engaged classroom, the
standard slide-based method was
modified using Prezi, a web-based
interactive presentation platform, for
the provision of visual cues and to
help guide discussion. The instruc-
tor used a case-based, active learn-
ing scenario to engage the audience.
Learners actively participated in
small groups to work through the
case, including answering questions
or making clinical decisions as the
session progressed, with learner de-
cisions and answers impacting the
direction of the case. Outcomes of the
case varied depending on the learn-
ers’ management decisions. For the
purposes of our study, the high-fidel-
ity simulation consisted of a manne-
quin whose clinical response could be
manipulated by a technician based
on the actions of the learner. The
learners evaluated, diagnosed, and
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treated the mannequin in a simulat-
ed hospital environment. This includ-
ed real-time feedback with standard
hospital monitors and equipment.
For example, the vital signs would
show a hypoxic, tachypneic, tachy-
cardic patient whose vital signs did
not improve when treated with oxy-
gen via nasal cannula. The expected
action of the learner in this situa-
tion was to recommend intubation.
Each of the presentations contained
the same goals and objectives based
on a review of common board ques-
tions, a review of the topic of dys-
pnea,’? and the clinical experience
of the investigators.

An assessment tool (test) was
created by the investigators, which
consisted of 15 questions (Figure
1). In order to assess the test’s dis-
criminant validity, we recruited five
experts (board-certified pulmonolo-
gists), who each scored 100%. We
administered the test among six
novices (third-year medical student
volunteers), who achieved an aver-
age score of 45%. A psychologist re-
viewed the questions to ensure that
inferences could not be made based
upon the question stems. Content va-
lidity was achieved by ensuring that
the test contained items covered dur-
ing the educational interventions.

Three residency programs were
designated as slide-based lecture
sites. An instructor provided the
teaching based on the slides and in-
cluded a summary slide with a ques-
tion and answer session at the end.

Three programs were designated
as engaged classrooms with team-
based, experiential learning. Learn-
ing points were summarized and
educational goals were reviewed at
the end of the session.

Three residency programs with
high-fidelity simulation capabil-
ity were designated as simulation
sites. At the end of the session, learn-
ers were debriefed, and the prede-
termined goals and objectives were
reviewed.

Immediately prior to the educa-
tional intervention in each group,
the learners completed the prein-
tervention assessment (pretest). All
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Figure 1: Sample Questions From Pre- and Posttest

1. A 63-year-old man presents with a 3-day history of gradually increasing shortness of breath. On exam, he is
tachypneic, has significantly labored breathing, extensive bilateral crackles and loud end expiratory wheezing, and is
increasingly unresponsive. Which of the following is the next best step?

Checking an arterial blood gas (ABG)
Place nasal cannula at 3 L per minute
Intubation and mechanical ventilation

oo wp

Close monitoring while you check basic lab studies and imaging

2. After giving a severe asthmatic patient nebulized albuterol in the emergency department, you return an hour later to
re-examine the patient. The most concerning physical exam finding would be:

Severe expiratory wheezing bilaterally
Nasal flaring

New bibasilar crackles

Deterioration of mental status

mooOw>

Reduction in breath sounds

9. A 17-year-old boy with a history of peanut allergy presents with complaints of shortness of breath that occurred
acutely after eating a granola bar. Your initial step should be:

Starting IV steroids and Benadryl

Assessing the airway for compromise

Assessing his pulmonary exam

Administer two albuterol nebulized treatments back to back

moo®wp»

Administer racemic epinephrine

10. An 88-year-old man with advanced chronic obstructive pulmonary disease (COPD) presents with increasing dyspnea
over the past 3 days. You have had discussions previously with the patient, and he has expressed a desire to you not to
be intubated and mechanically ventilated. His respiratory status is worsening, and on exam you note him to be
tachypneic at 30/min, with increasing signs of respiratory fatigue. His mental status is altered and he is increasingly
unresponsive. His oxygen saturation is 85% on nasal cannula with the oxygen turned up to 15 L. Which of the following

is true?

A. Intubation of the patient is warranted because you cannot re-confirm the previous discussion of do not
resuscitate, do not intubate status

B. Intubation of the patient is warranted because it is a short-term temporizing measure, rather than a
commitment to long term mechanical ventilation

C. Noninvasive positive pressure ventilation (NIPPV) would not be helpful in the case of advanced COPD because
positive end expiratory pressure (PEEP) is not helpful in obstructive disorders.

D. First-line treatment with noninvasive positive pressure ventilation (NIPPV) may reduce mortality in COPD
complicated by hypercapnic respiratory acidosis

E. 15 L oxygen by nasal cannula delivers essentially a 100% FiO2 to the patient

instructors in each group utilized an
agreed-upon standardized teaching
method, and all learners received the
same educational article (provided
at the times we deemed would be
usual for the teaching method uti-
lized). The accompanying article!®
to the teaching sessions was deliv-
ered at the end of the session for
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the slide-based learner, during the
engaged classroom session for the
engaged classroom, and prior to the
teaching session with the high-fideli-
ty simulation. During a collaborative
work session at the University of
North Carolina, the educators from
each residency program rehearsed
their teaching method to ensure they

were standardized and covered the
same material.

Teaching sessions at each resi-
dency program took place between
November 2014 and January 2015,
during normally scheduled teaching
time. Learners were briefed on the
collaborative study and given the op-
portunity to volunteer as research
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participants. Informed consent was
provided, and the pretest was admin-
istered to volunteers. Pretests had
unique three-digit codes consisting
of the first letter of mother’s maid-
en name, last digit of cell phone, and
last digit of home street address so
that it could be matched to posttest
results while maintaining anonym-
ity. In addition to the 15 questions,
participants were asked to rate
their comfort by Likert scale in the
management of an acutely dyspne-
ic patient and to provide their post-
graduate year of training.

A posttest was administered 2
to 4 weeks after the teaching ses-
sion, which consisted of the same 15
knowledge assessment items. Learn-
ers were again asked to rate their
comfort level with the management
of dyspnea. Questions were added
asking whether the learner had read
the article provided, distraction lev-
els, and level of alertness during the
teaching time.

Utilizing Stata 13.1 (StataCorp,
College Station, TX) for analysis,
pairwise comparisons using the ¢-
test were calculated to determine
statistical significance. A multivar-
iate analysis was performed to ex-
amine baseline differences among
groups utilizing SPSS 21 (Armonk,
NY: IBM Corp).

Results

A total of 164 residents were re-
cruited to participate in the study;
47 were assigned traditional lecture,
59 engaged classroom, and 58 simu-
lation (Table 1). Learners who con-
sented to and completed the pretest
but were late to the session or called
out of the session for patient care
were not included in the analysis.
Multivariate analysis controlling for
differences (pretest score, teaching
method, pretest comfort level, gen-
der, and postgraduate year [PGY])
showed acceptable levels of multi-
collinearity. When controlling for all
other variables, only pretest scores
were predictive of posttest scores.
The group assigned to engaged class-
room scored lower (62%) on the pre-
test compared to the groups assigned
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Table 1: Baseline Characteristics

Slide-Based Engaged Simulation P Value* *
Lecture Classroom Classroom
PGY1 14 21 18
PGY2 17 22 19
PGY3 16 16 21 0.86
Total* 47 59 58
M 23 32 38
F 24 26 19 0.17
Comfort managing
dyspneic patient 6.78 6.08 6.60 0.04
(1-10)
Pretest Scores (%
Correct) 10.9 (73) 9.3 (62) 10.5 (70) <0.0001

* Five residents did not report PGY year; seven residents did not report gender.

** ANOVA was used to determine significance. There was no significant difference in distribution
of postgraduate years, gender, or self-reported comfort with managing a dyspneic patient across
the three teaching methods. Engaged classroom had significantly lower pretest scores at baseline.

to slide-based lecture (73%) and sim-
ulation (70%).

The primary outcome was change
in test scores. A total of 146 learn-
ers completed the posttest, which
was administered 2 to 4 weeks af-
ter the teaching session, for an 89%
response rate. There were 47 com-
pleters in the slide-based lecture, 53
in the engaged classroom, and 46 in
the simulation group. As shown in
Figure 2, there was a significant in-
crease in posttest scores in both the
engaged classroom group (+11%)
and high-fidelity simulation groups
(+9%), compared with the slide-
based lecture (+6%). The difference
between improvements in posttest
scores between the simulation and
engaged classroom groups was not
statistically significant (P=0.2).

Secondary outcomes are shown
in Table 2. Learners all reported
an increase in comfort in the man-
agement of an acutely dyspneic pa-
tient, with the largest increase seen
in the engaged classroom group. All
other secondary outcomes were sta-
tistically similar. There were no sig-
nificant differences in postsession
comfort managing patients, percep-
tion of educational value, distract-
ibility, or alertness. No one in the
slide-based lecture read the article
prior to the session; 5% of learners

in the engaged classroom reported
skimming the article, and in the sim-
ulation group, 27% read the article,
44% skimmed it, and 28% did not
read it at all.

Discussion

In this study comparing three dif-
ferent methods of teaching the topic
of dyspnea to residents, knowledge
assessment scores increased across
all three groups. However, learners
in the engaged classroom showed a
statistically significant improvement
compared to traditional slide-based
lecture for knowledge retention. Both
the engaged classroom and high-fi-
delity simulation were superior to
slide-based lecture in improving
learners’ comfort for managing acute
dyspnea. Other secondary outcomes
did not show statistically significant
differences between teaching meth-
ods, suggesting that no one method
was superior to others in terms of
perceived educational value, distract-
ibility, or alertness.

Our study had several strengths.
It was a multicenter trial conducted
using a cohort of residents across the
United States. The programs were
diverse and included military and
civilian residents. The cohort was
also fairly large at 164 residents.
Retention of participants was very
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Figure 2: Percent Change in Test Scores by Teaching Method
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Comparing slide-based to engaged classroom P<0.001.

Comparing simulation to engaged classroom P<0.001.

Table 2: Secondary Outcomes by Teaching Method

Bs lide- Engaged Simulation
ased
Lecture Classroom Classroom P Value
(EC) (Sim)

(SB)
Educational value (1- "
10) 8.3 7.8 8.2 0.02
Distractibility (1-10) 3.8 3.8 2.8 0.28*
Drowsiness (1-10) 2.7 2.4 19 0.29%
Posttest comfort (1-10)
(% Change from <+765746> <+7i2179) (+7d4877) <0.0001
pretest comfort) ’ ) )

* P values represent the test for any significant difference within each of those categories across

the 3 groups.

good with a response rate of 89%
for the posttest. The participants
were never informed that other sites
were using different teaching meth-
ods to cover the same topic. Each
of the three groups were given the
same learning points based on uni-
form goals and objectives, and the
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assessment tool was demonstrably
learner-appropriate and valid.

A potential limitation of the study
is that investigators were unblind-
ed. The assignment of residents to
teaching method was not random-
ized; residents at sites with re-
sources in high-fidelity simulation
were defaulted into the high-fidelity

simulation group. Additionally, it is
difficult to completely control for the
effect of specific presenters. It is pos-
sible that certain groups performed
better because of the interaction with
a particular faculty, regardless of the
mode of delivery. We attempted to
mitigate this effect by using stan-
dardized goals and objectives, and
also by explicitly omitting any group
discussion during the slide portion
of the traditional lecture group. It is
difficult to determine how the results
of this study might carry over into
actual patient care. While learners
may score higher on the posttest or
express an increased level of comfort
with one method, it does not neces-
sarily mean that this results in more
competent patient care. Finally, we
did not include instructor preference
of teaching method in our study. This
is primarily because the investiga-
tors were themselves the instructors.

Notably, the engaged classroom
group, while having the highest per-
centage change in test score, had the
lowest pre- and posttest scores. This
may have been reflected in the low-
er reported pretest comfort level in
this group. The reason for this dif-
ference is uncertain, as all other
baseline characteristics were sim-
ilar among groups. Since this was
not a randomized trial, there may
be differences between groups that
were not measured, which limited
our ability to adjust for other poten-
tial confounders.

The cost of the teaching methods
in this study varies widely. Slide-
based lectures and engaged teach-
ing require few resources and can
be done with little to no actual cost
other than instructor time. Medical
simulations, on the other hand, are
associated with a potentially high
cost. In simulation centers, the cost
of the high-fidelity models, the soft-
ware, and medical supplies can easi-
ly exceed $1 million. Additional costs
include the personnel who oversee
the simulation program and the
space the program occupies.

Engaged classroom and high-
fidelity simulation often require
more preparation and planning
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than slide-based lectures. Willing-
ness to incorporate alternative teach-
ing methods is unknown. Faculty
comfort with and preference of ed-
ucational format may be important
considerations in future studies.
The clinical significance of the dif-
ferences in teaching methods in our
study is unknown. In reality, most
teaching is probably a combination
of multiple methods. The individual
learner’s characteristics, combined
with experience, likely affects the
long-term retention of material.

Conclusion

Compared to slide-based lecture,
both the engaged classroom and
the high-fidelity simulation resulted
in statistically significant improve-
ment in knowledge retention at 2 to
4 weeks. There were no significant
differences in educational value, dis-
tractibility, or alertness. Further re-
search may be able to identify the
clinical impact of various teaching
methods.
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