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Abstract
Introduction: Physicians use mobile apps for patient care, but few are dedicated to pediatric critical care
medicine (PCCM). We developed an easy-to-use customized mobile app for PCCM residents. Our
objectives were to evaluate whether this mobile app will improve residents' con�dence in PCCM
knowledge and comfort level in the pediatric intensive care unit (PICU).

Methods: We recruited 90 residents from March 2020 to April 2021 for this prospective survey-based,
block-randomized, single-center study with a pre-post study design. Participants completed 20-question
quizzes at the beginning and end of the rotation. T-test was used to compare the pre-post quiz score
difference between the two groups of residents (those with and without the app). At the end of the
rotation, subjects also completed a survey with 5-point Likert scale items to compare their comfort level in
PICU and con�dence in PCCM knowledge pre- and post-rotation.

Results: There was a signi�cantly increased improvement in the post-block quiz from the pre-block quiz in
the mobile app group compared to the control group (an increase of 0.23 questions vs 1.67, p=0.045).
There was a trend of increased improvement in con�dence in pediatric critical care knowledge for the App
group; however, the difference did not reach statistical signi�cance by Pearson's Chi-square test
(p=0.246). Similarly, there was no statistical difference between the two study groups for change in
Comfort Level in PICU from the baseline level.

Conclusion: Implementation of a service-speci�c mobile app may enhance residents' clinical experience
and improve self-e�cacy. Further investigation is warranted.

Introduction
In this new era of advanced technology in which smartphones are ubiquitous, increasing numbers of
medical providers are utilizing mobile applications (apps) for patient care. Although the number of
medical device platforms available for download is expanding rapidly, few are dedicated to pediatric
critical care. It is required for all pediatric and most emergency medicine residents to rotate through the
pediatric critical care unit (PICU) during their training. Most of these residents have no pediatric critical
care experience and �nd the rotation challenging with demanding hours and patients with high acuity. In
2017, Wolfe and Unti reported that pediatric residents suffer from burnout during their PICU rotation, more
so compared to other pediatric rotations (65% vs 45%)(1). They also demonstrated that pediatric
residents screen positive for depression more at the end of the rotation compared to the beginning (42%
vs 4%).

In 2011, Franko and Tirrell surveyed providers at medical centers recognized by the Accreditation Council
for Graduate Medical Education (ACGME) regarding smartphone app use(2). From the data, half of the
participants use mobile apps in their clinical practice. In addition, medical trainees responded they desire
apps tailored to medical training and encourage self-directed learning. Since 2011, more studies have
been published to rea�rm this keen interest in using smartphone apps for medical education among
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medical trainees(3–5). There is also an overall positive perception of mobile medical apps on improving
clinical knowledge(6–8). However, few studies exist to quantify the impact of mobile apps on resident
education; furthermore, these studies are limited by inadequate or lack of a control group.

We developed a customized mobile app targeting medical residents rotating through the PICU at
Children's Hospital of Michigan (CHM). The app was created using an online app builder
(https://thunkable.com/). This service-speci�c app includes orientation materials, divisional policies and
guidelines, landmark articles on relevant PICU topics, on-call and lecture schedules, a phone directory
linked to direct dialing, medication dosing quick references, pediatric vital signs reference charts, and
medical calculators (Figure 1). We developed this app for pediatric and emergency residents rotating
through the PICU at Children’s Hospital of Michigan in Detroit, Michigan. We hypothesize that the use of
this novel app would improve residents’ medical knowledge, con�dence, and comfort level as a physician
in PICU.

Methods

Study Design
This is an observational, prospective, survey-based, block randomized, single-center, pre-post exploratory
study conducted between March 2020 to April 2021. We recruited ninety pediatric and emergency
medicine residents at the beginning of their PICU block. Each block was randomly assigned to either the
control or the App group. Block randomization was used to avoid cross-contamination, and the
randomization was done using an online randomizer website (). The control group consists of trainees
that do not have access to the mobile app, and the App group consists of trainees that do have access to
the smartphone app. The customized mobile app “CHM PICU” was developed using an online app builder
called Thunkable (). Residents from the App group were given a link to download the app, and they were
free to use this app any time during their rotation. Neither the proportion of residents who did download
the app nor the use of the app was monitored. Medical residents rotating in PICU as an elective rotation
were excluded from the study.

The Wayne State University Institutional Review Board approved this study under an expedited review
process. All methods were carried out in accordance with relevant guidelines and regulations. Inform
consent was obtained from all subjects.

Knowledge Assessments
Residents completed a 20-items pre-rotation quiz focusing on important pediatric critical care concepts
when they enrolled in the study. Participation in the study was entirely voluntary. At the end of the
rotation, the participants completed an anonymous survey and a post-rotation quiz. The two quizzes were
similar in their contents and had 20 questions each. Before subject enrollment, we conducted focus
groups with PICU residents for face validity for the knowledge assessment quizzes. The quizzes were
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labeled for each participant, which allowed us to calculate the change from baseline in the quiz score for
each resident.

Surveys
We assessed face validity for the two surveys—one for each study group—by performing focus groups
with PICU residents, fellows, and attendings prior to resident enrollment for the study. Participants
complete the survey anonymously at the end of their PICU rotation. Both surveys included demographic
questions on age, gender, discipline of residency program (pediatric or emergency medicine), level of
training (2nd or 3rd postgraduate year), and whether it was the �rst time the resident worked in PICU. The
surveys also included questions to assess residents' comfort level in PICU and con�dence in their
pediatric critical care knowledge pre- and post-rotation. The questions were in a 5-point Likert response
format on individuals' level of agreement to the statement. The survey for the App group had additional
14 questions relating to CHM PICU App, including how often the residents used the CHM PICU app during
the rotation, whether residents �nd the app helpful in completing everyday tasks, whether the app made
transitioning into the rotation easier, and whether the app helped with overall communication among
team members. Survey answers were compared between two study groups to gauge whether the app
made a difference in improving the resident's comfort level in PICU and their con�dence in pediatric
critical care knowledge (Supplements 1&2). 

STATISTICAL ANALYSES
To assess the study's primary objective of determining improvement in residents' pediatric critical care
knowledge, we calculated each resident’s paired pre-post quiz score difference and compared the results
between the two study groups. Secondary objectives were to test the effectiveness of the CHM PICU app
in improving residents' self-e�cacy and comfort level in PICU. 

We used a non-parametric Fisher's Exact test to compare the demographic variables between the two
study groups. As continuous variables from 0 to 20, assessment knowledge scores were compared using
an independent sample t-test. Categorical and ordinal data were compared with Pearson's chi-square test.
Adjusted multiple linear and ordinal regression models were used for secondary outcomes and sensitivity
analysis to account for confounding factors. All reported p-values were two-tailed with statistical
signi�cance at p-values ≤0.05.

Results

Demographics
Ninety residents enrolled in the study. The control group had 50 (55.6%) participants, and the app group
had 40 (44.4%) participants. There is an imbalance in the number of participants who were able to
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complete both knowledge assessments. We were able to capture most of the App group residents (n=37,
92.5%), however only 68% (n=34) of the residents in the control group completed both quizzes (p-value =
0.005). Demographic variables, including gender, residency, level of training, and whether it was the
resident's �rst time in PICU, were reported using ratios and percentages (Table 1). A non-parametric
Fisher's Exact Test was used, and there were no statistically signi�cant differences between the two study
groups on demographic variables. 

 
Table 1

Demographic Variables and Easy to Adapt variable for the Two Study Groups

    Control

(N=50)

Treatment (N=40) P-Value Total (N=71)

Gender Female 25 (51.0%) 24 (49.0%) 0.293 49

Male 25 (62.5%) 15 (37.5%) 40

Residency Peds Resident 27 (51.9%) 25 (48.1%) 0.520 52

EM Resident 23 (60.5%) 15 (39.5%) 38

Level Training PGY2 24 (48.0%) 26 (52.0%) 0.162 50

PGY3 26 (65.0%) 14 (35.0%) 40

First Time PICU Yes 34 (52.3%) 31 (47.7%) 0.353 65

No 16 (64.0%) 9 (36.0%) 25

Easy to Adapt SA/A 21 (45.7%) 25 (54.3%) 0.003* 46

Neutral 14 (50.0% 14 (50.0%) 28

SD/D 15 (93.8%) 1 (6.3%) 18

SA/A: Strongly agree or agree SD/D: Strongly disagree or disagree

Demographic variables and Easy to Adapt variable from survey data. Fisher’s Exact test was performed
for 2 x 2 tables. Person’s Chi-square test was calculated for tables extending beyond a 2 x 2 table. There
were no statistically signi�cant differences between study groups on demographic variables.

Knowledge Assessment
Change from baseline in the quiz score (score range, 0 [lowest possible score] to 20 [highest possible
score]) were examined for both study groups. Pre- and post-quiz scores and the difference in individual's
pre-post test scores were compared at each time point between groups using parametric independent
samples t-tests (Table 2). Homogeneity of variance was checked and veri�ed using a Levene test. The
baseline knowledge between the control and App groups was not signi�cantly different (quiz scores of
11.24 vs 11.14; p = 0.87). However, the post-test scores between the two study groups were statistically
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different (quiz scores of 11.47 vs 12.81; p=0.05). Similar results were found when comparing the mean
pre-post score difference in the control and App groups (p =0.045). The change in average number of
questions answered correctly for the app group signi�cantly increased by 1.67 questions from baseline
(95% CI [0.91, 2.76]) compared to the control group. In contrast, the control group's average improvement
of 0.23 questions after the rotation was not statistically signi�cant by 95% con�dence interval (CI [-0.66,
1.45]). 

 
Table 2

Mean Quiz Score between Study Groups

    Control Group

(N=34)

App Group (N=37) P-value

Pre-Test (Baseline) Mean (SD) 11.24(2.63) 11.14(2.54) .871

95% CI 10.33-12.21 10.20-11.91  

Median 11.00 11.00  

Minimum 5.00 5.00  

Maximum 7.00 15.00  

IQR 4.50 4.00  

Post Test (Follow-up) Mean (SD) 11.47(2.89) 12.81(2.78) 0.05*

95% CI 10.70-12.62 11.95-3.83  

Median 12.00 14.00  

Minimum 6.00 7.00  

Maximum 17.00 17.00  

IQR 3.50 4.00  

Mean Pre-Post Score Difference Mean (SD) 0.23(3.07) 1.67(2.87) 0.045*

95% CI -0.66-1.45 0.91-2.76  

Median 0.00 2.00  

Minimum -5.00 -6.00  

Maximum 8.00 8.00  

IQR 4.00 2.75  

We performed sub-group comparisons on mean difference quiz scores for the App group. Those who had
trained in PICU before had more improvement in quiz scores (improvement of 3.83 ± 2.48 questions) than
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those who were training for the �rst time in the PICU (improvement scores of 1.25 ± 2.78 questions). The
mean difference of 2.58 ± 1.22 questions was signi�cant (p = 0.04; 95% CI [0.09, 5.06]). Multiple linear
regression was used to predict quiz score coe�cient change by inserting gender, residency, level of
training, and �rst time in PICU as potential predictor variables. The single best predictor of mean
difference in score was whether the current rotation was the �rst in the PICU. On average, those who had
prior training in PICU, as opposed to those who had no prior PICU experience, had a mean increase in quiz
score of 2.41 questions (p = 0.006). Whether the subject was in the study group was the second-best
predictor of mean difference quiz score. On average, the App group had a mean increase in quiz score of
1.53 questions (p = 0.024).

Survey Data
Pearson's Chi-square test was performed to examine proportional differences in individual responses
between the two groups on whether respondents agreed or disagreed on con�dence, comfort, and ease of
adapting to PICU as a resident. Changes in con�dence and comfort interval on a 5-point Likert scale were
reported descriptively, with percentages graphed at each point between the study groups (Table 3 & Figure
2). When asked the question "How con�dent did you feel in your pediatric critical care knowledge?" at the
beginning of the rotation vs at the end, three subjects (6%) in the control group (n=50) had lower
con�dence at the end of the rotation, whereas there was no one with a negative change in con�dence
level in the App group. Although there was a trend of increased improvement in con�dence in pediatric
critical care knowledge for the App group, the difference did not reach statistical signi�cance by Pearson's
Chi-square test (p=0.246). Similarly, there was no statistical difference between the two study groups for
change in Comfort Level in PICU from the baseline level. 
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Table 3
Change in Con�dence Level in PCCM knowledge and Change in Comfort Level after the Rotation

  Change in
Likert Scale

Control
Grp

(N=50)

Treatment
Grp (N=40)

p-
value

Total

(N=90)

Change in Con�dence Level in PCCM
knowledge after the Rotation

-2 1
(100.0%)

0 (0.0%) 0.246 1

-1 2
(100.0%)

0 (0.0%) 2

0 6
(54.5%)

5 (45.5%) 11

+1 25
(62.5%)

15 (37.5% 40

+2 16
(47.1%)

18 (52.9%) 34

+3 0 (0.0%) 2 (100.0%) 2

Change in Comfort Level after the
Rotation

0 11
(61.1%)

7 (38.9%) 0.776 18

+1 19
(52.8%

17 (47.2%) 36

+2 16
(59.3%)

11 (40.7%) 27

+3 4
(50.0%)

4 (50.0%) 8

+4 0 (0.0%) 1 (100.0%) 1

For the survey question "Was easy to adapt to the PICU service as an incoming resident?" on a 5-point
Likert scale, the App group thought it was much easier to adapt to PICU than the control group (p=0.003).
Only 1/40 (2.5%) residents in the app group found it challenging to adapt to the PICU service compared to
15/50 (30%) residents in the control group who felt the same way.

Adjusted ordinal regression models were performed for the changes in con�dence in PCCM Knowledge
and Comfort Level after the rotation from baseline in a 5-point Likert scale. The Level of Training was
highly signi�cant for change in Comfort Level after the rotation. Compared to PGY3, the log odds for
change in comfort scores increased by 1.93 for the PGY2 group. However, no signi�cant difference was
noted in the change in comfort score pre-post by study groups.

The survey for the App group also included questions relating to the CHM PICU app. Overall, residents
frequently used this app throughout the rotation and gave the app favorable feedbacks, with an 82.5%
satisfaction rate. Among the App group residents, 90% thought the app was easy to navigate, 87%
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thought the app improved the on-boarding process to PICU rotation, 85.5% acknowledged that the app
was helpful, and 63% thought the app improved intradepartmental communications. Seventy percent of
the residents said they learned PCCM topics from this app. When asked to estimate how much time a day
was saved using the CHM PICU app, 40 users responded. Four (12.9%) thought only a few minutes, 6
(19.4%) approximated 5-15 minutes, 16 (51.6%) responded around 30 minutes, and 5 (16.1%) answered
an hour was saved per day when using the app. Users commented that the most useful feature in the app
is the protocol/guideline section (25, 62.5%), followed by the phone directory (11, 27.5%).

Participants were asked the questions "How con�dent did you feel in your pediatric critical care
knowledge?" and "How comfortable were you with completing everyday tasks and patient care in PICU" at
the beginning versus at the end of the rotation. Changes in con�dence and comfort interval on a 5-point
Likert scale (from 1 being "very con�dent/comfortable" to 5 being "not con�dent at all" or "very
uncomfortable") were reported descriptively, with percentages graphed at each point between the study
groups.

Discussion
Smartphones are now ubiquitous and increasing numbers of physicians are using mobile medical apps
to support medical education and professional development, especially among the current generation of
learners(9–15). Implementing a smartphone app for a speci�c clinical rotation allows residents to access
medical information at critical times. Although information is widely available on the internet, it is easy to
get bogged down with information overload and time-consuming to �lter out inaccurate and outdated
information. Despite tremendous resources used by hospitals to create protocols and guidelines, these
are inconsistently followed, as many clinicians are unaware of these materials or have di�culty
accessing them(16, 17).

A prospective pre-post study found that a smartphone app with the hospital’s antibiogram and treatment
guidelines was associated with more improvement in medical trainees’ knowledge of prescribing
antibiotics(6). However, this study was limited due to lack of randomization, as trainees enrolled earlier in
the study were allocated to the control group, and the latter half was allocated to the App group. Medical
trainees accumulate medical experience and knowledge throughout the academic year; having the control
group recruited at a different time than the App group could confound the knowledge assessment scores.
Chreiman et al. created a mobile platform to assist with the onboarding process for medical trainees
starting trauma rotation(18). Around half of the participants felt the app helped in completing everyday
clinical tasks (53%) and thought that the app made the transition to the trauma service easier (50%). The
study also included usage frequency and found that the app was accessed an average of seven times per
day. However, the study was missing a control group, and only 30 trainees completed the anonymous
survey at the end of the rotation. Among mobile app studies produced from different subspecialties,
many studied the pattern of usage but not the app's effectiveness on medical education. For studies that
aim to examine the impaction of the medical app on the learners, most lack a control group and are
limited by small sample sizes(5, 19, 20). Additionally, no similar study existed for pediatric critical care.
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One of our initial concerns was that trainees might become too reliant on the app as information is easily
accessible and may cause the trainees not to recall important medical concepts during knowledge
assessment tests. However, our study showed the opposite. The App group had more improvement on the
post-rotation quiz than the group that did not have access to the app. This could be explained by the
frequent exposure to relevant material facilitated by the CHM PICU app, reinforcing recall of essential
concepts. Although the increase in self-perceived PCCM knowledge was not signi�cantly different
between the two study groups, there was a trend of increased improvement for the residents in the App
group. This app improved pediatric critical care knowledge among residents effectively; however, the
residents may not have felt its impact.

Indirectly, we hope to improve residents' PICU experience and reduce resident burnout and depression
using the CHM PICU app. However, no signi�cant difference was found in the increase in Comfort Level in
PICU between the two study groups. Likely, the app was not effective in preventing resident burnout and
depression. Nevertheless, the app was favorably received by its users. Most agreed that the app
facilitated transitioning to a new service and helped perform daily clinical duties in the PICU. Compared to
the control group, the App group found it much easier to adapt to PICU service as an incoming resident
(p=0.003; Table 1). Around half of the users estimated that 30 minutes was saved per day using the app.

The strength of this study is that it is a prospective study with block randomization. Block randomization
was chosen to avoid the residents within the same rotation sharing the app. This study is also the �rst to
investigate whether a customized mobile app effectively improved resident medical knowledge and
experience in a pediatric critical care unit.

Several limitations exist for this project. Since the post-block quiz was conducted at the end of the
rotation, it is unknown whether the improvement in knowledge in the App group is maintained long-term.
The second limitation is the imbalance in the percentage of residents who completed both quizzes in
each study group. Only 34/50 (68%) in the control group completed both quizzes, and in contrast, 37/40
(92.5%) of residents in the App group completed both quizzes. The reason for this discrepancy is unclear,
but a selection bias is possible as a result. Adjusted multiple linear regression model and subgroup
analyses for test score improvement were performed to account for this confounding variable. Another
limitation is the validity testing of the quizzes and questionnaires; both were created speci�cally for this
study. We only performed face validation on quizzes and surveys by conducting informal focus group
sessions with our PICU residents, fellows, and attendings before launching the study. Other forms of
validation were not performed.

Conclusion
Although there was no signi�cant difference in the improvement in con�dence level between the two
groups at the end of the PICU block, the App group outperformed the control group on the knowledge
assessment test. This could be explained by the frequent exposure to relevant material facilitated by the
app, reinforcing recall of essential concepts. Residents also found it easier to adapt to PICU service as an
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incoming resident by using this customized app. Implementing a service-speci�c mobile app is a novel
and innovative tool to deliver medical education. Considering residents' busy schedules and fast-paced
work environment, introducing an intuitive platform for residents their self-e�cacy and experience while
on clinical rotations. Further investigation is warranted.
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Figure 1

Screenshots of the CHM PICU App
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Figure 2

2a: Improvement in Con�dence in PCCM knowledge (in Likert scale) after the Rotation

2b: Improvement in Comfort Level (in Likert scale) after the Rotation
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Participants were asked the questions "How con�dent did you feel in your pediatric critical care
knowledge?" and "How comfortable were you with completing everyday tasks and patient care in PICU" at
the beginning versus at the end of the rotation. Changes in con�dence and comfort interval on a 5-point
Likert scale (from 1 being "very con�dent/comfortable" to 5 being "not con�dent at all" or "very
uncomfortable") were reported descriptively, with percentages graphed at each point between the study
groups.
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