UCLA
UCLA Previously Published Works

Title

Using an Audience Response System Smartphone App to Improve Resident Education in
the Pediatric Intensive Care Unit

Permalink

https://escholarship.org/uc/item/31c3n3nd

Authors

Chung, Hoyoung
Kallay, Tom
Anas, Nick

Publication Date
2018

DOI
10.1177/2382120518770674

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/31c3n3nd
https://escholarship.org/uc/item/31c3n3nd#author
https://escholarship.org
http://www.cdlib.org/

Using an Audience Response System Smartphone
App to Improve Resident Education in the Pediatric

Intensive Care Unit

Hoyoung Chung'2, Tom Kallay'-23, Nick Anas*®, Diana Bruno', Jose

Journal of Medical Education and
Curricular Development

Volume 5: 1-9

© The Author(s) 2018

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/2382120518770674

®)SAGE

Decamps'-2, Darci Evans', Niveditha Vilasagar' and Richard B Mink*2-3

"Division of Pediatric Critical Care Medicine, Harbor-UCLA Medical Center, Torrance, CA, USA.
2Department of Pediatrics, Los Angeles Biomedical Research Institute, Torrance, CA, USA.
SDepartment of Pediatrics, David Geffen School of Medicine, University of California, Los
Angeles, Los Angeles, CA, USA. “Division of Pediatric Critical Care, CHOC Children’s Hospital,
Orange, CA, USA. ®Department of Pediatrics, University of California, Irvine, Irvine, CA, USA.

ABSTRACT: In the Pediatric Intensive Care Unit (PICU), most teaching occurs during bedside rounds, but technology now provides

new opportunities to enhance education. Specifically, smartphone apps allow rapid communication between instructor and student. We
hypothesized that using an audience response system (ARS) app can identify resident knowledge gaps, guide teaching, and enhance
education in the PICU. Third-year pediatric residents rotating through the PICU participated in ARS-based education or received traditional
teaching. Before rounds, experimental subjects completed an ARS quiz using the Socrative app. Concomitantly, the fellow leading rounds
predicted quiz performance. Then, discussion points based on the incorrect answers were used to guide instruction. Scores on the pre-rotation
test were similar between groups. On the post-rotation examination, ARS participants did not increase their scores more than controls. The
fellow’s prediction of performance was poor. Residents felt that the method enhanced their education whereas fellows reported that it improved
their teaching efficiency. Although there was no measurable increase in knowledge using the ARS app, it may still be a useful tool to rapidly

assess learners and help instructors provide learner-centered education.
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Introduction

Rotating through the Pediatric Intensive Care Unit (PICU) is
an essential component of pediatric residency in which trainees
acquire in-depth knowledge about life-threatening diseases.
Often introduced in the second year of training, many pediatric
residents are able to recognize and assist in the management of
critically ill children after completing the rotation.

With institution of duty hours rules, residents face new
challenges in medical training.! Drolet et al?> conducted a sur-
vey of more than 6000 trainees and reported that the majority
felt their education was compromised due to duty hour restric-
tions. Changes in the requirements for categorical pediatric
programs also reduced the amount of time residents spent in
the PICU.! As a result, current trainees have less PICU experi-
ence compared with their predecessors, further limiting the
opportunity to learn from critically ill children.

As with other patient care experiences, teaching in the
PICU often occurs during bedside rounds using the Socratic
Method where an attending physician or fellow poses a ques-
tion to the residents.® Although this technique has merit in
teaching and motivating the learner and students find it useful,
there are times when it is used with the goal of humiliating the
learner.** Thus, some trainees may feel embarrassed if they are
unsure of the answer to the question being posed. Another dis-
advantage of this approach is the inability to assess learners.

This is important as determining a learner’s current level of
knowledge can help the educator ask appropriately challenging
questions.® In addition, those who are already knowledgeable
about the topic may find the instruction redundant and ineffi-
cient. A method to identify the resident’s knowledge deficit to
focus teaching in the PICU would be helpful.

The increased availability of devices for mobile learning
(m-learning) has created new opportunities for teaching and
assessment, allowing users to interact with educational
resources in many more locations. Although its efficacy
remains to be clearly shown, learner responses to this new
modality are generally favorable.” With the development of
audience response system (ARS) apps for smartphones, there
is now the ability to rapidly assess learner knowledge. Socrative
is an ARS app that allows instructors to conduct real-time
question-and-answer sessions with learners using free-text
responses.’? On review of the answers, the instructor can iden-
tify gaps in knowledge and customize teaching based on the
assessment. ARS has been shown to be an effective instrument
to improve resident medical knowledge in the lecture setting
but has not been previously evaluated as an assessment tool
prior to bedside rounds.1-13

We hypothesized that an ARS app will be useful to identify
knowledge gaps in PICU residents and that this information
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can be used to improve the educational experience. Specifically,
we aimed to (1) use ARS to identify knowledge deficits in
third-year residents rotating through the PICU and use this to
guide fellow teaching on rounds, (2) determine if residents who
participated in ARS-based education 3 times a week improved
their scores on a post-rotation test by 20% when compared
with a similar group of residents not exposed to ARS-based
education, and (3) assess the overall value of using ARS by sur-
veying the participating trainees.

Methods

This was a prospective study in which third-year residents on
their monthly rotation through the PICU were assigned to
either the ARS or control groups. Allocation occurred a priori
and was based solely on the investigator’s schedule and without
knowledge of resident or fellow skill level. The study was con-
ducted from September 2013 to March 2015. The institutional
review board (IRB) deemed it exempt.

The study site is a busy 18 bed PICU at an academic insti-
tution. The typical physician team comprises two attending
physicians, a fellow, and 4 to 5 pediatric residents. No emer-
gency medicine or medicine-pediatric residents rotate through
the Unit and no trainee had completed another residency prior
to participating in this investigation. Only third-year residents
were included in the study as they rotated in the PICU for
4weeks whereas those in their second year spent only 2 weeks.
Fellows typically had little previous familiarity of resident
knowledge, as the residency program is large and fellows also
rotate through another PICU.

Ten ARS quiz modules of common pediatric critical care
medicine topics were created by the principal investigator.
Each module comprised 5 free-text questions which were
reviewed by 3 expert PICU physicians with extensive experi-
ence in graduate medical education (Table 1). The questions
were modified until there was agreement that a resident would
be able to answer 60% to 80% of the questions in each module
correctly.

ARS participants installed the free Socrative app on their
smartphone at the beginning of the rotation.!® Approximately
3 times a week, the principal investigator selected a topic for
teaching just before rounds based on the diagnoses of the
patients in the PICU. The residents’ knowledge about this
topic was then assessed using the previously developed ARS
quiz by sending it to them through the app. While the resi-
dents were completing the quiz, the fellow predicted the resi-
dents’ performance. Then, just before rounds began, the
investigator reviewed the responses and verbally shared the
results with the fellow along with points for teaching based on
the questions answered incorrectly. Residents in the control
group did not use ARS. For these trainees, the fellow did not
receive any specific instructions about teaching.

Aside from the performance data in the ARS group that was
communicated to the fellow, teaching in both groups was

unstructured and used the Socratic Method. As an integral part
of their training, fellows are expected to lead PICU bedside
morning rounds and to teach residents, although the attending
physicians may occasionally provide supplementary instruction.
Prior to the start of the investigation, fellows were instructed
about how to use the performance data to guide their teaching
on rounds but there was no specific education about how to
teach nor was any faculty development provided.

Several outcomes were measured to assess the potential
benefits of ARS-based education. The primary outcome was to
compare the improvement in the scores from the test given at
the start of the rotation with that administered on the last
week. The test comprised 25 multiple-choice questions selected
trom the Resident ICU course offered by the Society of Critical
Care Medicine and the American Academy of Pediatrics
Pediatrics Review and Education Program (PREP) Self-
Assessment.'»1> Questions were selected to specifically evalu-
ate the 10 topics.

Other outcomes included the agreement between the fel-
low’s prediction of the residents’ performance and actual per-
formance on the quizzes. Fellows were asked to predict the
overall score for the 5 questions for each trainee but were told
only the average score of the percentage correct for the group
of residents on the rotation. In addition, the fellows and resi-
dents completed a brief survey at the end of the rotation to
evaluate the value, feasibility, and satisfaction with using ARS
and were encouraged, but not required, to provide comments.

To determine sample size, 5 pediatric third-year residents
(not included in the study) completed the test before their
PICU rotation. These individuals had a mean (standard devia-
tion [SD]) of 70.6% (14). Based on these data, it was deter-
mined that the number of subjects required to achieve 80%
power to detect a 20% increase on the post-rotation test was 18
participants per group (o=.05). This would provide a large
effect size with Cohen 4 of 1.03.

Baseline test scores between the subjects in the ARS and
control groups were analyzed with a 2-tailed student #-test
and the difference between the pre-post examinations used a
paired-# test. Correlation analysis was performed with
Spearman rho and Cohen kappa was used to evaluate the
agreement between the fellow’s prediction of resident perfor-
mance with the average score of the percentage correct for the
group of residents. A P<.05 was considered significant.
Results are reported as mean (95% confidence interval).

Results

A total of 39 pediatric residents were eligible to participate in
the investigation but two withdrew leaving a total of 37 resi-
dents who completed the study (95% of all eligible trainees).
One trainee in the ARS group voluntarily withdrew and 1 con-
trol did not complete the assessments due to medical leave. As
a result, a total of 18 subjects were in the ARS group and 19 in
the control group.
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Table 1. Questions for each of the 10 topics.

TOPIC QUESTIONS

Blood gas analysis Please characterize the acid-base issue in this arterial blood gas: pH 7.21, PCO, 62mmHg, PO, 80mmHg, and
HCO; 23 mEqg/dL.

How do the values for PCO, and pH differ on a venous compared with an arterial blood gas?

A patient who is in severe septic shock requiring 2 vasoactive agents has a mixed venous saturation of 82%
obtained from a central venous line. His arterial oxygen saturation is 92%. The lactate level is 4 mmol/dL
(normal<2 mmol/dL). How does this information help in managing the patient?

Please list 2 sampling errors that result in an inaccurate arterial blood gas (ABG).

Dr Cook climbs Mt. Everest without supplemental oxygen and then checks his ABG. What do you predict his
arterial PO, will be at the pinnacle of the mountain where the atmospheric pressure is 253mmHg?

Asthma List 3 pathophysiologic abnormalities associated with airway obstruction in an asthma exacerbation.

A 5-year-old boy reports that he feels easier to breathe while receiving continuous nebulized albuterol. His pulse
oximeter reading has dropped from 94% to 90%, but on auscultation, he has improved aeration. How do you
explain his decreased oxygenation?

After intubating a 4-year-old boy for status asthmatics (wt=20kg) and hypoxemia, the respiratory therapist asks
what respiratory rate should he set on the mechanical ventilator. What rate would you choose and why?

Please list 3 side effects of albuterol that a nurse might call you about.

You are admitting a child who has a severe asthma exacerbation. While examining her, you notice that her systolic
blood pressure decreases by 18mmHg on inspiration. What is this finding called and why does it occur?

Diabetic ketoacidosis Why are patients with diabetic ketoacidosis (DKA) dehydrated on presentation? What is the recommended
strategy for rehydration?

What is the corrected serum sodium (mEg/dL) for a patient who has DKA, a blood glucose of 500mg/dL, and a
measured serum sodium of 125 mEq/dL?

What is the goal rate to decrease the blood glucose level (mg/dL/h) when treating a patient with DKA? Why is this important?

In patients with moderate or severe DKA, why should the insulin drip be continued even after the hyperglycemia
has resolved?

A nurse reports that your newly admitted DKA patient who previously had a normal mental status examination
has now become extremely agitated and combative. Why do you think this is happening? What would be the most
appropriate course of action?

Electrolyte You receive a call from an Emergency Department (ED) physician who is taking care of a 9-month-old infant
abnormalities (wt=5kg) with ongoing seizure activity. Her serum sodium is 120 mEq/dL. What specific instructions would you
give to the ED physician?

What electrolyte derangement can result in this electrocardiogram finding?

V1_"'\j‘/\’_“’\j‘/\’_
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You are caring for a 5-year-old boy with hypernatremia from dehydration. His initial serum sodium was 162 mEq/L.
After having been placed on % normal saline at 1.5 times maintenance rate for 3 hours, you notice that he is
having a seizure. What do you think is the cause of this seizure and what treatment would you order?

List 3 treatment options for hyperkalemia.

What laboratory test(s) would it be appropriate to order to support a diagnosis of Syndrome of Inappropriate
Antidiuretic Hormone Secretion (SIADH)?

Traumatic brain injury Cerebral perfusion pressure (CPP) is calculated as x — y. What are x and y?
and intracranial
pressure management

What is Cushing triad and what does this sign suggest?
Please list 4 treatments that you can use to manage a patient who has increased intracranial pressure (ICP).

A 16-year-old boy has a ruptured cerebral arteriovenous malformation and is on a mechanical ventilator. He has
an intracranial pressure monitor and you are managing his intracranial pressure while awaiting surgery planned
for tomorrow. His current ICP is 15mmHg. You notice that his PCO, on an ABG is 20mmHg. How does this PCO,
affect cerebral blood flow and is this level in the recommended range?

Describe one mechanism of action of intravenous mannitol when administered to lower ICP.

Mechanical ventilation A respiratory therapist shows you that the peak inspiratory pressure (PIP) for a patient with pneumonia on volume
control mode ventilation now measures 38cmH,O with an exhaled tidal volume of 6 mL/kg. Yesterday, the PIP
measured 25cmH,0 with the same tidal volume. List three possible reasons for this change.

(continued)
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Table 1. (continued)

TOPIC QUESTIONS

You just intubated a 13-year-old girl (wt=50kg) for hypoxemia due to pneumonia. She has no spontaneous
breaths. The initial venous blood gas shows pH 7.20, PCO, 60 mmHg, and PO, 55 on ventilator settings of tidal
volume 400ml, respiratory rate 10 per minute, positive end-expiratory pressure (PEEP) 7, pressure support 8, and
F,O, 40% with oxygen saturation of 96%. What setting might you change to improve her blood gas?

Describe the difference between synchronized intermittent mandatory ventilation (SIMV) volume control and SIMV
pressure control modes on a mechanical ventilator.

What endotracheal tube size would you choose to intubate a 5-year-old girl who weighs 10kg?
Please list 2 things that you can modify to improve oxygenation on a patient who is being mechanically ventilated.
Respiratory failure Define “respiratory failure.”

You are called to assess a 15-month-old girl on the wards who was admitted for pneumonia. In reviewing her
chart, you note that she is more tachypneic and is currently hypoxemic on a 50% mask with grunting despite
treatment with BiPAP. You order a STAT venous blood gas which shows pH 7.12, PCO, 80 mmHg and HCO, 26
mEq/dL. Her CXR shows interval decrease in aeration with bilateral whiteout. What would you do next?

A medical student asks you, “Why is it that we order to keep the patient’s pulse oximeter level above 90%? Is
there a physiological reason for this?” How would you answer this question?

List 3 things you can do to confirm tracheal placement of an endotracheal tube.

You are called to a rapid response for an 8-month-old infant who was admitted to the ward for RSV bronchiolitis.
She appears to be struggling to breathe despite aggressive suctioning. You try an albuterol treatment without
improvement. She is breathing 80 times a minute and grunting with severe intercostal retractions. Her pulse
oximetry is 92% while on 10L/min of 100% oxygen provided via facemask. You obtain a CXR which shows
peribronchial haziness and hyperexpansion. A capillary blood gas shows a pH 7.34, PCO, 44mmHg and HCO,4
23 mEg/dL. What would you do next?

Septic shock Define shock.

List 2 signs of warm shock that differentiate it from cold shock.

What is(are) the preferred vasoactive agent(s) to treat a patient in warm shock who is hypotensive?

What is the difference between compensated vs uncompensated shock?

How much fluid would you expect to give to a patient who is in septic shock during the initial resuscitation?
Seizures Please list 2 electrolyte derangements that can cause seizures.

A nurse calls to tell you that a 3-year-old boy (wt=15kg) just transferred from the ward due to a complex febrile
seizure has been experiencing seizure for the last 5minutes. What medication should you order? At what dosage
and how fast would you want to give it?

After receiving 3 rounds of a first line agent for status epilepticus, a patient is still experiencing seizure. Please list
2 second line agents you can use next.

You are called to assess a 5-year-old boy (wt=20kg) with Lennox-Gastaut Syndrome who just received 1 dose of
lorazepam intravenous for a prolonged seizure. The nurse is concerned that the patient is now snoring. The pulse
oximeter is reading 93% and the patient is breathing 10 times/min. You immediately check a capillary blood gas

which shows pH 7.25, PCO, 62mmHg, and HCO, 23 mEq/dL. What can you do to improve his respiratory status?

A new nurse wants to know how fast she can give the Fosphenytoin intravenous you just ordered. How fast would
you want to give the drug and why?

Upper airway Where is the narrowest anatomical portion of the airway of a 4-year-old boy?
obstruction

Please list the 2 most common congenital causes of stridor in infants.

A nurse calls to report that the patient who was recently extubated now has stridor. What does this finding
suggest and what can you do to treat it?

Stridor is a high-pitched sound heard most prominently during which phase of breathing? Why is it heard during
this phase?

Please list 3 signs and symptoms that a child with this X-ray might have.

Abbreviations: CPP, cerebral perfusion pressure; EKG, electrocardiography; PIP, peak inspiratory pressure; CXR, chest X-ray
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Figure 1. Resident performance on ARS modules expressed as a
percent of the number of questions answered correctly. Dark circles
represent mean scores and error bars the 95% confidence interval.
Numbers in parenthesis indicate the number of residents in the ARS
group who participated in the quiz for that topic. Performance on blood
gas analysis was less (P <.05) than that on respiratory failure. There were
no differences (P>.05) among the scores for the other topics. ARS
indicates audience response system; ICP, intracranial pressure; TBI,
traumatic brain injury.

100

Percent Correct

ARS Group

Control Group

Figure 2. Mean scores on the pre-rotation (filled bar) and post-rotation
(hatched bar) examinations for the two groups. Error bars represent the
95% confidence interval. There was no difference (P>.05) between the
pre and post scores for either group. ARS indicates audience response
system

Results from pre- and post-rotation examinations are shown
in Figure 1. The baseline average pre-rotation examination
scores were similar (P>.05) between the two groups (71.3%
[66.9-75.7] in ARS vs 69.3% [65.3-73.2] in controls).
Compared with controls, those in the ARS group did not show
greater improvement (P> .05) in their test scores. ARS subjects
had a mean post-pre rotation examination score difference of
2.4% [-3.1 to 8] whereas in the controls, it was 4.8% [0.3-9.4].
In addition, the post-test scores in the ARS group (73.8%
[69.2-78.4]) were the same (P>.05) as in those who served as
controls (74.1% [70.3-78.0]).

The average number of ARS sessions in which the residents
participated over their 4-week rotation was 6.8 (6.2-7.5). No
trainee was exposed to all 10 topics. The mean scores on the 10
modules are shown in Figure 2. Trainees achieved the highest
score on the respiratory failure module (84.4% [74.6-94.3])
and lowest on arterial blood gas analysis (54.7% [44.1-65.2]
(P<.05). When comparing the scores by week, there was no
improvement over time (week 1: 71.7% [64.2-79.1]; week 2:
77.7% [66.4-89], week 3: 71.7% [63.7-79.7]; week 4: 71.3%
[62.5-80], P>.05). The residents who rotated through the
PICU from July through December had lower scores on the
ARS quizzes (61.7% [48.4-74.9]) compared with those who
rotated during January through June (78.4% [69.7-87.1],
P<.05). There was no correlation between the numbers of
ARS sessions in which residents participated with improve-
ment in their post-rotation examination score (P>.05).

Overall, the agreement between fellow’s prediction of resi-
dent quiz scores and the actual values was low. The average
percent agreement between fellow’s prediction on resident per-
formance and the actual results did not show any difference
over the course of the fellow’s rotation (week 1: 25%, week 2:
30%, week 3: 0%, week 4: 22%, P> .05). There was no associa-
tion between the fellow’s ability to predict with their year of
training (P>.05).

All study subjects reported satisfaction with using ARS
(Figure 3). Residents felt they learned better because it identi-
fied their knowledge gaps and enhanced the fellow’s teaching.
Similarly, fellows said that using the ARS was a positive expe-
rience and that it made their teaching more effective and effi-
cient. However, their rating for how ARS affected PICU
rounds was significantly lower (P<.05) than that of the other
questions related to ARS satisfaction. Some fellows did com-
ment that it was an additional task added to a busy morning
but both groups felt it should be used more in the PICU.
Comments provided by the residents and fellows are shown in

Table 2.

Discussion

We used an ARS smartphone app to enhance resident educa-
tion in the PICU. Studies evaluating the use of technology in
medical education often rely on a survey of the participants’
attitudes, but our investigation attempted to objectively meas-
ure the effectiveness of the effort. Although we did not demon-
strate increased knowledge by the participants, both teachers
and learners enjoyed using the ARS app and thought it was
helpful. In addition, the study showed that fellows could not
accurately assess the knowledge of the trainees.

Our study concept is similar to Just-in-Time Teaching, a
pedagogical strategy in which feedback between classroom
activities and work that students have already prepared is
used.’® The goal is to increase efficiency and efficacy in the
classroom by allowing the instructor to fine-tune activities to
best meet students’ needs. By being aware of the student’s level
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Question 1

Please rate your experience
in participating in the ARS
quiz during the PICU rounds

Question 2

Please rate on how ARS
quiz may have helped you to
learn better on rounds

Question 3

Please rate how you would
like the ARS quiz to get
incorporated into resident
education in the PICU

Question 4

Please rate on how the ARS
quiz may have helped with
the fellow's teaching

Please rate your experience in
using the ARS quiz during
the PICU rounds

Question 2

Please rate on how you would
like the ARS quiz to get
incarporated into resident
education in the PICU

Question 3

Please rate on how the

ARS quiz may have

helped with the your teaching

Question 4
Please rate on how the ARS I

quiz may have helped with the |
flow of the PICU rounds

1 2

3 4 5

Figure 3. Survey results from the residents (A) and the fellows (B). Boxes represent mean scores and the error bars the 95% confidence intervals.
Numbers on the X-axis refer to a Likert-type scale with 1=very little, 3=neither, and 5=very much. ARS indicates audience response system; PICU,

Pediatric Intensive Care Unit.

of knowledge, teaching can be specifically modified to the
learner’s level.

Our utilization of a smartphone app is an example of
m-learning. M-learning permits a flexible educational environ-
ment that allows for knowledge acquisition and skill develop-
ment.® Most medical education studies evaluating m-learning
have focused on knowledge acquisition by disseminating the
information using text, video, or apps through the learner’s
mobile device.”$1718 Qverall efficacy of this modality has
been mixed, with some studies showing an improvement in

knowledge and others reporting no effect. Nonetheless, the
manner in which we used ARS extends m-learning to include
drill and practice, a form of computer-assisted instruction.!%-2!
The ARS quizzes were constructed assuming that the residents
would answer some, but not all, of the questions correctly. By
presenting questions for which the residents were anticipated to
know the answer, knowledge would be reinforced. For questions
answered incorrectly, teaching (ie, feedback) was provided dur-
ing bedside rounds to address the knowledge gap. Studies sup-
port the efficacy of drill and practice in promoting learning.?0?
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Table 2. Comments provided by residents and fellows in response to each question in the survey. The specific questions are shown in Figure 3.

Comments were encouraged but not required.

RESIDENT COMMENTS

Question A2 Would like to have been told my score

Question A4

Would be nice to use the quiz as a platform for more teaching. A few times, we took the quiz and never had a discussion on

the topics we were quizzed on. Some of the topics were easily researched, however, some would have been better taught
person to person. Overall, a great experience and should be used more
Maybe better if made available at 08:00 instead of 08:30 so doesn’t delay rounds

Would like to have it start at 8:25am

Fellow did a lot of teaching so | think the quiz was a great assessment tool that helped us go over concepts previously discussed
Fellows did great job teaching. Sometimes there just wasn’t enough time for the teaching

FELLOW COMMENTS

Question B1 | liked the active test taking (ie, entering answers instead of multiple choice)

Nice to focus on a topic and have topic for teaching ready to go

It helped me to identify areas for discussion; however, these areas were usually also identified by the attendings

It will be great if we could get the subjects and questions prior to the day that the residents take the test through Socrative so

we can prepare them and be ready to give a proper explanation to the residents

It was nice to have a subject and the specific points to teach. It can be difficult to know what to teach the residents
Question B2 | think the quizzes are helpful ways to address the residents’ knowledge gaps

Feedback from the residents was that they would like a mix of multiple-choice and short-answer questions

Maybe once or twice a week. It stressed the residents out and made rounds run very late
Question B3  [The PI] was good about trying to do relevant cases to patients in the PICU which | thought was very thoughtful and smart
Question B4  Slowed rounds by 15minutes but still not a major problem

| think the quizzes are a great addition to the teaching in the PICU. However, starting at 8:30 made rounds start later,
sometimes 15 minutes, which hindered the post-call resident from leaving on time. The residents arrive at 6, so it may be
better to complete the quiz sometime before 8:30, so that rounds can still start at 8:30

But worth it because of educational benefit

Abbreviations: PI, principal investigator; PICU, Pediatric Intensive Care Unit.

The objective in our study was to improve resident knowl-
edge or the “knows” or “knows how” of Miller’s pyramid of
competence.? Therefore, we used a multiple-choice test as
the outcome measurement, an assessment method appropri-
ate for our intent.?*2¢ We did not formally assess the validity
and reliability of the test but questions were selected to match
the content of the ARS quizzes®® and were obtained from
respected sources. Obtaining validity evidence for a test is
both time-intensive and costly and, unlike checklists or scales,
once the test questions are available in the public domain, the
validity of the test is easily compromised. In addition, the pre-
post test design allowed us to account for experiences and
educational sessions that the resident may have had previ-
ously as each participant served as his or her own control.
Although it would have been ideal to show an improvement
in the higher levels of clinical competence (eg, “shows” or
“does”), we did not think this would be possible in a month-
long rotation and with the currently available assessment
methods.

The ARS quiz modules were developed to simulate ques-
tions that are often asked to the residents by the fellows or
attendings on rounds. They were designed to be free-text,
short-answer questions because this provides a better assess-
ment of learners compared with multiple-choice questions and
should have minimized cueing, 1 of the weaknesses of multi-
ple-choice tests.>>?7 Using the ARS app allowed an entire

group of residents to be evaluated in real-time and preserved
anonymity, preventing the embarrassment of providing a wrong
response in front of the health care team, including the patient
and his or her family.?8

There was no increase in knowledge with ARS and there
are several possible reasons. Education was provided mainly
by fellows with guidance by the attendings as this is the
usual practice in PICUs with pediatric critical care fellows.
One of the goals of fellowship is to learn how to educate
residents. If we had altered this system to require that only
attendings provide the instruction, the effects of the inter-
vention would have limited applicability to actual practice.
Nonetheless, the outcome might have been different if the
attending provided the education. In addition, teaching was
not scripted, permitting fellows to present the information
as they chose. As fellows are less experienced educators, this
likely introduced more variability but it was also included in
the study design so that the results would be more applicable
to current practice.

There are other limitations that may have influenced the
results. First, no resident completed all 10 modules because not
all disease processes were encountered during the rotation or
because the fellow had to attend to other patients and was not
available to teach. In designing the investigation, we expected
all 10 topics to be discussed in the month-long rotation, and
the test was constructed assuming this would be the case. It is
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possible that the failure to improve test scores reflected a lack
of resident exposure to all the topics. However, there was no
correlation between the numbers of ARS sessions in which
residents participated with the difference between their pre-
post rotation examination scores. Second, it may be that the
test, which comprised only 25 questions, was not sufficiently
sensitive to detect an increase in knowledge. Although more
questions might have improved sensitivity, the added time to
complete a longer examination might have discouraged partici-
pants from completing it. It is noteworthy that residents who
rotated through the PICU in the first part of the year had lower
quiz scores compared with those who rotated in the second
half, but this difference was not found in the overall knowledge
test, raising concerns about the sensitivity of the test. However,
this might also reflect that the quiz questions were predomi-
nately factual. Third, it is possible that the information com-
municated during rounds was not retained. Some residents
were rounding after night call and may have been too fatigued
to gain new knowledge. Fourth, subjects completed the tests
online without proctoring and may not have paid full attention
to the questions, negatively influencing the results. On a few
occasions, fellows were unable to provide teaching due to the
need for them to provide urgent patient care. Fifth, although
the group allocation was made before the study was initiated, it
was not randomized. Finally, there are other factors that could
have influenced the results, such as differences in teaching style
and overall interest of the educator in teaching.

There was a small, statistically significant increase in the
post-pre test scores in the controls but not in the ARS group.
As the final test scores were same in the two groups, this differ-
ence may be due to the controls starting at a slightly lower
pre-test score. Alternatively, perhaps using ARS actually lim-
ited the amount of information that was conveyed and detracted
from learning.

Utilization of ARS during lectures has been shown to
improve learning."13 In a randomized study, Pradhan et al!
showed that obstetrics and gynecology residents who were
taught in an interactive lecture format had a 21% increase in
their test scores following the learning session compared with
those who were taught in the traditional lecture format. Rubio
et al’3 reported that the residents who were taught using ARS
in the classroom had significantly higher scores on their post-
lecture test and on repeat examination 3 months later compared
with controls. In their investigation, students completed a short
ARS quiz during their 40-minute lecture and learning was
reinforced with another quiz at the end of the session. Perhaps
our results would have been different if the ARS quiz was given
at the bedside immediately before the patient with the particu-
lar disease was discussed and a post-quiz administered after
rounds were finished.

Fellows did not accurately predict resident performance
and this did not improve over time. Even though they had

completed a pediatric residency, fellows had limited knowl-
edge about what residents actually knew about pediatric criti-
cal care. Recognizing this, fellows praised ARS as being
helpful for their teaching and the majority wanted it to be
incorporated into resident education. One fellow commented,
“It was nice to have a subject and the specific points to teach.
It can be difficult to know what to teach the residents.”
Nonetheless, fellows were somewhat less enthusiastic about
how ARS influenced rounds.

Developing the necessary skills to be an effective teacher is
1 of the sub-competencies identified by the Accreditation
Council for Graduate Medical Education and the American
Board of Pediatrics.?” According to the Pediatric Milestones, a
novice teacher is one who “demonstrates a completely teacher-
centered approach; focused on what needs to be taught rather
than the learning needs of the students” whereas an expert
instructor is one who adapts “learner-centered approaches”and
“assesses learner needs and incorporates them to advance learn-
ers ...”30 The inability of the fellows to accurately predict resi-
dent performance is consistent with a “teacher-centered”
approach. Utilizing ARS in this fashion may help young edu-
cators advance their teaching skills, shifting from being
“teacher-centered” to “learner-centered” by helping them pro-
vide teaching that is better suited to the student. As this was
not the primary focus of the investigation, future studies will
need to specifically evaluate how ARS influenced the fellow
and his or her teaching and also take into account the potential
negative affect it may have on the flow of rounds.

Although we did not demonstrate an increase in knowledge
with ARS, this does not necessarily mean that the intervention
is without value. Although adequately powered for a large
effect size, the group of learners subjected to ARS was small
and may not be representative of other learners. Future studies
should include a larger sample size with true randomization
and across multiple residency programs. In addition, ARS
should be evaluated for use across several rotations, not just in
the PICU, as it is applicable to other rotations as well.
Furthermore, utilization over an extended period would allow
other assessment methods to be used and better gauge its value.
Studies should also evaluate the impact on fellow teaching,
perhaps by examining the trajectory of the fellow’s milestone
rating for the teaching competency.

Conclusions

The use of an ARS smartphone app to improve resident educa-
tion in the PICU did not result in a measureable increase in
knowledge in this pilot study involving a single residency pro-
gram. However, it was well received by both the residents and
fellows, and using it may help young instructors provide more
“learner-centered” teaching. Additional studies are needed to
establish its efficacy in resident education, including areas out-

side of the PICU.
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