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Abstract Background and Objectives Pediatric residency programs are required by the
Accreditation Council for Graduate Medical Education to provide residents with
patient-care and quality metrics to facilitate self-identification of knowledge gaps to
prioritize improvement efforts. Trainees are interested in receiving this data, but this is
a largely unmet need. Our objectives were to (1) design and implement an automated
dashboard providing individualized data to residents, and (2) examine the usability and
acceptability of the dashboard among pediatric residents.
Methods We developed a dashboard containing individualized patient-care data for
pediatric residents with emphasis on needs identified by residents and residency
leadership. To build the dashboard, we created a connection from a clinical data
warehouse to data visualization software. We allocated patients to residents based on
note authorship and created individualized reports with masked identities that
preserved anonymity. After development, we conducted usability and acceptability
testing with 11 resident users utilizing a mixed-methods approach. We conducted
interviews and anonymous surveys which evaluated technical features of the applica-
tion, ease of use, as well as users’ attitudes toward using the dashboard. Categories and
subcategories from usability interviews were identified using a content analysis
approach.
Results Our dashboard provides individualized metrics including diagnosis exposure
counts, procedure counts, efficiencymetrics, and quality metrics. In content analysis of
the usability testing interviews, the most frequently mentioned use of the dashboard
was to aid a resident’s self-directed learning. Residents had few concerns about the
dashboard overall. Surveyed residents found the dashboard easy to use and expressed
intention to use the dashboard in the future.
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Background and Significance

The Accreditation Council for Graduate Medical Education
(ACGME) requires programs to provide residents with pa-
tient-care and quality metrics to self-reflect and identify
areas for improvement.1–3 The inclusion of competency
milestones that emphasize iterative improvement is reflec-
tive of an increasing emphasis on objective quality metrics
by health care organizations worldwide. Increasingly,
health care institutions are using quality dashboards which
allow providers to track their performance on key quality
metrics.4 These types of dashboards have been shown to
improve adherence to quality guidelines and patient
outcomes.4

Previous work has shown that trainees are interested in
receiving patient-care data in the form of individualized case
logs and other rotation-specific quality metrics.5,6 Despite
accrediting body requirements, increasing prevalence of insti-
tutional quality dashboards, and trainee desire for personal-
ized performance data, only a few studies exist among
procedural and radiological specialties which discuss dash-
board development for automated case-logging and track-
ing.6–9 Even fewer studies describe the creation of
dashboards that provide quality metrics for trainees.7,8While
there are two studies about the use of automated case logs in
pediatrics (one for aggregate pediatric residency data and the
other for pediatric emergency medicine fellows),9,10 to our
knowledge there are no studies or descriptions of a dashboard
that provides individualized, rotation-specific automated case
logs and quality metrics to pediatric residents.

Objectives

We aimed to (1) design and implement a real-time automat-
ed dashboard providing meaningful individualized patient-
care data to pediatric residents, and (2) examine the usability
and acceptability of the dashboard among pediatric
residents.

Methods

Study Design
This was a mixed methods study of an educational innova-
tion conducted at a pediatric tertiary care center from
February 2020 to April 2021. The educational innovation
consisted of the development of a real-time automated
dashboard containing individualized patient-care data. After
design and development of the dashboard, we conducted
preliminary validation followed by formal usability and
acceptability testing with resident users. Our institutional
review board reviewed and approved this study.

Study Setting and Participants
The newly developed dashboard provides residents with
patient-care data from their time on the pediatric hospital
medicine (PHM) rotation. The PHM inpatient service is a core
requirement of pediatric residency training, and typically
provides residents with broad general pediatrics exposure to
common inpatient diagnoses (e.g., asthma, pneumonia,
bronchiolitis, etc.).11,12 Pediatric residents at our institution
typically complete three 4-week blocks on the PHM service
in their intern year (postgraduate year 1 [PGY1]), as well as
one supervisory block during their third year of residency
(PGY3). Eleven pediatric residents participated in usability
and acceptability testing.

Dashboard Design and Data Sources
The dashboard design team consisted of a database program-
mer and four pediatric hospitalists with expertise in dash-
board design, quality metrics, the electronic health record
(EHR), and one of the pediatric residency program Associate
ProgramDirectors. These teammembers were involved in all
parts of the dashboard development, including conceptuali-
zation, metric selection, visualization design, and the study
of the dashboard after implementation. The project team
regularly collaborated with pediatric residency program
leadership throughout the development process.

Development of the dashboard was informed by an insti-
tutional needs assessment, which consisted of an anony-
mous, voluntary survey distributed to all residents. The
survey elicited resident attitudes toward the currently pro-
vided types of feedback and patient-care data and asked
residents to review which types of data would be most
meaningful to them for engaging in critical self-reflection
of their patient-care practices. Dashboard metrics that res-
idents were most interested in included counts of rotation-
specific “core-competency” diagnoses (e.g., diagnoses like
asthma, bronchiolitis, pneumonia), procedure counts (e.g.,
counts of procedures performed by that trainee), basic
quality metrics (e.g., adherence to guidelines, length of
stay, readmission rates), and efficiency metrics (e.g., count
of patient encounters per shift).

To build the dashboard, we queried an enterprise data
warehouse (Health Catalyst, Salt Lake City, Utah, United
States) populatedwith data from our EHR (Epic, Epic Systems
Corporation, Verona,Wisconsin, United States).We created a
real-time connection to visual analytics software QlikSense
(Qlik Technologies Inc, King of Prussia, Pennsylvania, United
States).13 We allocated patients to trainees based on note
authorship.We included any resident who signed the note as
a note author, whichmeans that if both the intern and upper-
level resident signed a note, then that patient note would be
attributed to both of them. Standard practice at our

Conclusion Automated dashboards may be a solution to the current challenge of
providing trainees with individualized patient-care data. Our usability testing revealed
that residents found our dashboard to be useful and that they intended to use this tool
to facilitate development of self-directed learning plans.
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institution is for residents to sign notes only if they have
physically examined the patient and have thus been directly
involved in their care. Different metrics referred to different
note types based upon authors’ consensus on the most
clinically relevant operational definition of that metric
(►Table 1). For example, readmission rates were only calcu-
lated for patients discharged byeach individual resident (e.g.,
patients for whom that resident signed the discharge
summary).

To build the core-competency diagnostic counts identi-
fied as a priority in our needs assessment, we used core-
competency diagnoses derived from a previously published
list of PHM Core Competencies which are endorsed by the
Society for Hospital Medicine and Academic Pediatric Asso-
ciation.14 These core competencies are slightly modified to
reflect the patient populations cared for by our institution’s
PHM teams. We created individualized core-competency
diagnostic counts for PHM by assigning all relevant Interna-
tional Classification of Diseases, Tenth Revision (ICD-10)
codes to each core-competency diagnosis.15 For example,
we identified all ICD-10 codes that referred to pneumonia
and mapped them to a “Pneumonia” core competency.

The needs assessment additionally identified that pediat-
ric residents were most interested in metrics where they felt
that they had sufficient decision-making responsibility.
Quality of care metrics were selected based upon previously
proposed PHM-related quality indicators, with careful em-
phasis placed on metrics where pediatric residents would
likely feel a sense of ownership.16,17

When planning this dashboard with residency leadership
a key objective identified was to preserve resident anonymi-
ty while still providing individualized data to each resident.

Without anonymity, residents would be able to view each
other’s metrics. To prevent this, we created anonymous
fictional character nameswhichwere linked to each resident
provider. For example, resident Jane Doewould be assigned a
character name of Frodo Baggins. In the dashboard, all data
would appear for Frodo Baggins, but only Jane Doe would
know that this represents her patient-care data.

After preliminary design of the dashboard, initialα testing
was conducted by the project team andone outside userwith
expertise in dashboard development. Dashboard data was
validated against manual queries from the enterprise data
warehouse. Preliminary data validation was conducted by
two authors (J.Y. and J.W.) and included sampling charts from
30 randomly selected residents, distributed as 10 residents
per year for 3 years. For each resident selected, at least three
patient records were reviewed, for a total of approximately
90 patient records reviewed. Additional data validation was
conducted by manually reviewing 50 randomly selected
patient charts to ensure that notes and procedures were
being attributed appropriately to residents and that no notes
or procedureswerebeingmissed. Errorswere identified both
in the attribution logic (e.g., a type of discharge summary
was not included in our initial query) and in the diagnostic
mapping to core-competency counts (e.g., Streptococcus
meningitis mapping to community acquired pneumonia).
These errors were fixed at the time of identification and
then data validation was continued as previously described.

Usability and Acceptability Testing
Usability and acceptability testing was conducted with a
small group of volunteer resident users with a mixed
methods approach. Informed consent was obtained from

Table 1 Quality metrics and notes used for attribution

Metric Description Notes used for attribution
to resident

Antibiotic use in bronchiolitis Patients with a diagnosis of bronchiolitis who have
an antibiotic order after an admission order is
placed

History and physical note

Broad spectrum antibiotic use in
community-acquired
pneumonia

Distribution of class of antibiotic orders (e.g., pen-
icillins, cephalosporins) after an admission order is
placed in patients admitted with uncomplicated
community-acquired pneumonia

History and physical note

Length of stay Length of stay by broad diagnostic categories (e.g.,
gastroenteritis, sepsis) compared with PHMmedian
for each category

Discharge summary

Readmission rate 30-day readmission rate compared with PHM
median

Discharge summary

Rapid response by diagnosis Rapid response count by broad diagnostic catego-
ries (e.g., gastroenteritis, sepsis)

All notesa

Rapid response by month Rapid response count compared with the resident’s
total count of patient encounters by month

All notesa

Abbreviation: PHM, pediatric hospital medicine.
Note: This table describes the quality metrics and operational definitions that were displayed on the dashboard for each resident. We also listed
which notes were used to attribute these metrics to residents, recognizing that no attribution system is perfect.
aThe resident may not have been personally involved with the rapid response but we felt if they had written a note on the patient this represented a
significant level of involvement in that patient’s care.
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all participants prior to participation. Think-aloud inter-
views (►Supplementary Appendix A, available in the on-
line version) and anonymous surveys (►Supplementary

Appendix B, available in the online version) were con-
ducted which questioned residents on technical features of
the dashboard application, ease of use, as well as users’
attitudes and intention toward using the dashboard in the
future.

In think-aloud interviews, users were instructed to ver-
balize their experience as they navigated through the dash-
board. One author (J.Y.) continuously monitored the screen
throughout the user’s session. User’s sessions lasted between
30minutes and 1hour. The users were assigned three tasks
which encompassed three primary functionalities of the
dashboard. The tasks included (1) identifying a user’s three
least frequent core-competency diagnoses, (2) identifying
the user’s average number of encounters per dayworked, and
(3) identifying the user’s most commonly prescribed antibi-
otic for patients they admitted with community-acquired
pneumonia (e.g., patients for whom theywrote a History and
Physical Note). Once the participants had completed these
three tasks, they were asked to summarize their attitudes
and perceptions of the dashboard application. This portion of
the interview used a guide developed by the research team.
Questions assessed users’ perceptions of usefulness, ease of
use, attitude toward using, and intention to use the dash-
board. The interviewer prompted further explanation as
needed. Interview times ranged between 30 and 45minutes.
All interviews were conducted by the same teammember (J.
Y.) to ensure standardization of the interview process. All
interviews were audio recorded and transcribed verbatim.
Interviews were conducted until thematic saturation was
achieved during data analysis.

Participants were additionally asked to complete an
anonymous survey based on the Technology Acceptance
Model as a framework.18 Participants were emailed a link
to the survey after the interview, and informed that partici-
pation in the survey was voluntary. This survey consisted of
15 Likert-scaled items assessing the perceived usefulness,
ease of use, attitude toward using, and intention to use the
dashboard. Questions were very similar to the semistruc-
tured interview but provided participants anonymity to
minimize bias.

Analysis
Categories from usability interviews were identified using
a content analysis approach. Two authors (J.Y. and L.H.)
independently coded participant responses and subdi-
vided responses into categories and subcategories. Dis-
agreement was rare, but when it occurred, the authors
referred to the original transcript to clarify the partici-
pants’ meaning. After initial categorization, the authors
confirmed that the selected quotes were most representa-
tive of each category. Commonly mentioned suggestions
for improvement were identified, and changes were made
to the dashboard design. All survey data were analyzed
using Microsoft Excel.19

Results

Tool Description
In response to resident survey results, we developed a
dynamic, automated dashboard that provides individualized,
resident-specific patient-care and quality metrics. The data
in the dashboard is updated with new data nightly. Every
visualization in the tool is interactive, so users are able to
manipulate visualizations to explore in further detail. For
example, if a resident is interested in which specific ICD-10
codes are captured in a particular diagnostic category as
shown in ►Fig. 1, they can select that category and a tree-
mapwill filter to showwhich specific diagnoses are included
and their relative frequency. Our dashboard is made up of
four pages: Core-Competency Counts, Demographics, Quali-
ty Metrics, and Productivity and Efficiency Metrics. The
Core-Competency Counts (►Fig. 1) dashboard page provides
individualized core-competency diagnosis counts compared
with the rolling average for pediatric interns over the last
three academic years. The Demographics dashboard page
(►Fig. 2) provides a basic overview of the age, ethnicity,
language, and home city and nation for all patients a resident
has cared for. The Quality Metrics dashboard page (►Fig. 3)
includes the rate of antibiotic prescriptions in patients
admitted with a diagnosis of bronchiolitis (a viral illness
where antibiotics are typically not indicated), most frequent-
ly prescribed antibiotics in patients admitted for communi-
ty-acquired pneumonia, frequency of rapid response calls
(mechanism for intensive care evaluation and transfer),
length of stay by diagnosis, and readmission rates. Finally,
the Productivity and Efficiency Metrics dashboard page
(►Fig. 4) includes a resident’s total number of patient
encounters, unique patient encounters, average patient
encounters per day, counts of different note types, and
counts of procedure notes. All of these are compared with
an average pediatric intern over the last three academic
years, as previously described.

Usability and Acceptability Testing Results
Eleven resident users were selected to participate based on a
first-come, first-served basis. Of these resident users, four
were pediatric interns (PGY1), four were second-year resi-
dents, and three were third-year residents. Several changes
were made based on resident input to improve the ease-of-
use and comprehensibility of the dashboard. First, many
residents had trouble navigating between pages of the
dashboard. To overcome this, we added an emphasis on
page navigation in a brief introductory video that is linked
from themainpage of the dashboard.Many residentswanted
more information about how each metric was calculated. To
quickly orient them, we added explanatory text descriptions
in most visualizations and added a detailed documentation
page which contained in-depth explanations of how specific
metrics were calculated. Finally, residents repeatedly asked
formore peer comparison data onmanyof the visualizations,
sowe added this type of comparative datawherever possible
(see ►Fig. 4 for example).
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Content Analysis Results
In semistructured interviews, the most frequently men-
tioned proposed usage of the dashboard was its utility for
a resident’s self-directed learning (►Table 2). Specifically, 10
out of 11 residents mentioned that theywould like to use the
core-competency diagnostic counts to review their current
diagnostic exposure and seek out learning opportunities for

less frequently encountered diagnoses. The most commonly
suggested changes were to add more peer comparison data
for the productivity and efficiency metrics and to increase
the amount of patient-level data that was provided for
quality metrics. Residents overall had few concerns or fears
about use or implementation of the dashboard, but 3 of 11
residents mentioned that they felt that certain quality

Fig. 1 Pediatric hospital medicine core-competency counts. This figure is a screenshot of a visualization from the interactive dashboard which
provides core-competency diagnostic counts for pediatric hospital medicine (PHM) for an individual pediatric intern or postgraduate year
(PGY) 1 resident. It includes comparisons to average counts for PGY1s from the three prior full academic years. The resident in this example could
choose to focus on those diagnoses where he is significantly below average, like bronchiolitis, or other diagnoses like poisoning/ingestion
which he has never cared for during his PHM rotations. This was the most requested piece of data that the residents mentioned during our
needs assessment.

Fig. 2 Demographics summary page view. This screenshot of the interactive dashboard displays a broad overview of patient demographics for
patients cared for by this resident. In the upper left corner, there is a histogram of age distributions. On the right side of the screen, there is a
breakdown of patient ethnicity and primary language spoken. In the lower left corner, there a world map with patients’ home cities.
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metrics are not reflective of decisionsmade by the individual
resident. For example, length of stay may reflect attendings’
decisions regarding discharge timing more than the actions
of the individual discharging resident. Finally, residents’
preferred setting and frequency of dashboard use did vary
slightly. Most residents (7 out of 11) indicated that they
would likely refer to the dashboard once or twice per PHM
rotation. Similarly, most (8 out of 11) felt comfortable
reviewing the dashboard with a residency leader or advisor,

and most (9 out of 11) would feel comfortable sharing the
dashboard results with peers, upper-level residents, or
mentors.

Survey Results
All 11 residents who participated in usability and accept-
ability testing also completed an anonymous survey. Sur-
veyed users overall found the dashboard useful and easy to
use, had a positive attitude toward using, and expressed
intention to use the dashboard in the future (►Table 3). Most
encouragingly, 100% of users surveyed “strongly agreed” that
the dashboard was useful. When asked how likely they were
to recommend the dashboard to a coresident, the average
response was 96% (on a scale of 0–100%). Comments in the
survey closely aligned with those expressed verbally during
the semistructured interview process.

Discussion

The purpose of this study was to assess the feasibility,
acceptability, and usability of an automated dashboard
that provides pediatric residents with individualized pa-
tient-care and quality metrics. We believe this is the first
study to describe the creation of a dashboard that provides
pediatric resident users with these types ofmetrics. Not only
is the provision of patient-care and quality metrics required
by accrediting bodies, but residents themselves desire more
objective data as evidenced by the results of our needs
assessment and prior studies.1,2,6 In our semistructured
interviews, residents repeatedly mentioned that this type
of patient-care data would allow them to critically review
their practice patterns and would be helpful in developing
their individualized learning plan. Nearly all surveyed resi-
dents indicated a desire to use the core-competency diag-
nostic counts to help prioritize their learning efforts,
especially with regards to directing their future patient-
care encounters or electives. Several residents mentioned
that this is thefirst objective data they have been provided by

Fig. 3 Example quality metric: antibiotics in community-acquired pneumonia (CAP). This screenshot of the interactive dashboard visualization shows an
example of a resident-specific quality metric: the types of antibiotics prescribed for patients admitted with a diagnosis of community-acquired pneumonia.
This figure only includes patients that this resident admitted (patients for whom he wrote a History and Physical note).

Fig. 4 Example Descriptive and Productivity Metrics. This screenshot
of the interactive dashboard illustrates descriptive and productivity
metrics for a pediatric intern and provides comparisons to post-
graduate year (PGY) 1 averages over the last three academic years. We
initially designed this view without comparisons, but comparisons
were frequently requested in our usability surveys.
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Table 2 Semistructured interview content analysis

Category Subcategory Illustrative Quote

Dashboard content

Self-directed learning Guides patient selection with deficiencies
identified through patient counts (10/11
mentioned)

U3: “I love the core competency assessment - identi-
fying patients I need to pick up in the future is
incredibly helpful”
U6: “In the beginning of intern year, I was […] keeping a
list, like on my phone, […], but it very quickly became
too much to handle it […] so this was literally what I
would have wanted to have or do in the beginning”

Allows reflection on quality metrics
(5/11)

U3: “The quality metrics I think are really helpful, like
antibiotics in bronchiolitis makes memore conscious of
that in a way I’m not sure I was before”
U7: “Quality metrics are really helpful […] those are like
very specific, actionable things”

Helps with overall personal achievement
review
(4/11)

U3: “I think it’s really helpful in terms of addressing
milestones, especially for yourself [… which is] one of
the things you’re expected to do. […] So this is a tool. I
imagine if I had as an intern inmy third or second PHM, I
can say one of my goals for this week is to pick up as
many XYZ patients as possible or to take a look at how
many chest x-rays I’m ordering”
U11: “Personally, just for overall progress as a resident,
I think it would be a really nice sort of objective way to
evaluate where you are”

Objectivity Fills gap of current lack of objective
feedback
(3/11)

U4: “This dashboard is the best form of objective
feedback that I’ve received in the two years of resi-
dency so far. I feel like feedback is usually positive and I
would like to be able to look at myself in a more realistic
light and see what I can be working on”

Countering self-doubt with objective data
(3/11)

U9: “I think personally, this is really helpful because I
know that I can get into imposter syndrome mood, or
just very negative headspace about my performance
and having actual data that can either verify what I’m
saying, or counter it is helpful”
U10: “I think it would be a really cool opportunity as an
intern, for you to see that number of patients you saw
and be like, ’well, dang, I really did work hard and I saw
all these patients and here’s what I learned’”

Avoiding bias
(1/11)

U5: “If a reviewer is giving feedback to someone there’s
not a lot of ways to counteract biases. So this also could
be used.
If I was faculty and I’mgiving feedback, aremy data and
feedback different. If you’re a female, is my feedback
different, if you are aminority or, or person of color. So I
feel like this could be used to build accountability as
well”

Concerns Fear of negative peer comparisons
(1/11)

U9: “One thing that I would be nervous about is people
using it to belittle themselves or compare themselves
to other people”

Metrics not relevant to residents
(3/11)

U2: “Some of the metrics I don’t feel responsible for
(readmissions, length of stay) are less helpful”

Usability

Learning to use Overall ease-of-use
(3/11)

U4: “I mean, this is very user-friendly in general”

Need for video
(1/11)

U1: “I definitely wouldn’t have been able to figure out
much without [the introductory video]”
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the residency program. Interestingly, some residents also
commented on finding the metrics overall reassuring and
described this type of data as being useful to combat “im-

poster syndrome.” Imposter syndrome is a common phe-
nomenon among residents where one has a persistent fear of
being inadequate, and has been shown to be a major

Table 2 (Continued)

Category Subcategory Illustrative Quote

Dashboard content

Need for increased user documentation
(1/11)

U7: “Maybe if there was a disclaimer or an interpreta-
tion of how to use the data, it would be less
intimidating”

Preferred use of dashboard

Frequency of use
(11/11)

Preferred frequency varied: weekly when on PHM (2),
once or twice per PHM block (7), biannually (2)

Sharing with peers/upper-levels/mentors
(9/11)

9/11 users felt comfortable sharing with the aforemen-
tioned groups
U8: “I think I would feel comfortable sharing it with
almost anyone. Cause I think it can be a really good way
to identify areas where you’re pretty competent and
areas where you need somemore work so that then you
can work together as a team to kind of gain exposures
to maybe things you haven’t seen”

Formal review with residency
leadership/advisors/attendings
8/11

8/11 users preferred formal review of the dashboard with
residency leaders or career advisors
U10: “This seems a lot more personalized obviously.
And so if someone was really trying to think about like
your goals and like how the gaps reflected by this
dashboard where the strengths are affected by this
dashboard influence your decisions in like the actual
clinical setting, then I think it could be a really cool way
to grow”

Suggested improvements

Suggested additions or changes Increased peer comparison data
(4/11)

U3: “I think the comparison is what helps memore than
anything else, to be honest”

Increased patient level data
(4/11)

U6: “The current limitation [is] not being able to link
patient diagnoses to their MRNs”

Suggested uses

Other ideas for use Tailoring teaching topics
(1/11)

U10: “As a PHM upper level to have this data for my
interns because then I can kind of tailor my education
to what they are doing and have done”

Identifying struggling learners or gaps in
programs (1/11)

U2: “I think it would be most useful for people who are
struggling or people, you know, or in situations like now
with COVID feel like residents aren’t getting the ex-
perience they need even the most, most helpful”

Use in recruitment of new residents
(2/11)

U3: “It could be a way that [our program] could show
off their residency program to applicants and [say] we
see this much volume on average in our residency and
this many of this type of patients”

Use for job/fellowship applications
(1/11)

U9: “I wonder if it would even have implications to
future employers being able to say, I have seen X
number of this diagnosis, I’ve been interested in this
subspecialty, I’ve gone out of my way to seek out these
patients as well”

Abbreviations: COVID, coronavirus disease; MRN, medical record number; PHM, pediatric hospital medicine.
Note: This table categorizes resident responses in the semistructured interviews (n¼ 11). The subcategories are sorted from most frequently
mentioned to least frequently mentioned. Illustrative quotes for each subcategory are included, which have been edited for brevity and clarity.
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contributor to burnout among physicians and trainees.20,21

Provision of this type of objective data may also help over-
come the previouslywell-documented racial and gender bias
in performance evaluation in medicine,22–24 which was also
mentioned by one resident tester.

Regarding usability and acceptability, survey and interview
results indicate that residents overall had very positive expe-
riences when using this dashboard. Residents rated the dash-
board highly regarding ease-of-use and usefulness, with a
positive attitude toward using it. They universally indicated
that they would like to use the dashboard regularly in the
future andwould strongly recommenduseof the dashboard to
their coresidents. Prior studies have described barriers in
developing dashboards for use by trainees, including chal-
lenges with patient attributionwhich can lead trainees to feel
thatmetrics arenot asmeaningful.5,25–28 Inour study, resident
users seemed overall to understand the limitations of the
dashboard, but similarly reported that some metrics were
less meaningful on an individual basis due to patient attribu-
tion limitations. Resident comments indicated that they felt
some metrics were more reflective of decisions made by the
care team rather than an individual, which is consistent with
findings of other studies regarding the challenges of creating
resident-specific performance metrics.5,26,29 Another study

has prioritized a list of resident-specific quality metrics which
could mitigate this issue, but these metrics primarily focused
on content captured within resident documentation (e.g.,
work of breathing or response to therapy documentation).30

While these metrics would be very specific to the work of an
individual resident, these data are very challenging to inte-
grate into an automated tool without sophisticated natural
language processing, so we were not able to include these
metrics in this iteration of our dashboard.

Limitations
There are several limitations of this study. First, this was a pilot
study, so our dashboard only provides data for patient encoun-
ters during residents’ PHM rotation, which accounts for
4 months in a typical 36-month residency. Furthermore, our
patient attributionwasbasedexclusivelyonnotewriting,which
maynot perfectly reflect all patients cared for bya resident.25,28

A resident may have participated meaningfully in the care of a
patient, but if no notewaswritten (for example, if care occurred
overnight) then this would not be captured by the dashboard.
Additionally, at our institution upper-level residents (PGY2 and
above) typically sign fewer notes than interns on this rotation,
which makes the results of some parts of the dashboard less
relevant as residents advance in their training.

Table 3 Technology acceptance model dashboard survey (Likert responses format 1–4)

Domain Question Average response
[Min, Max]

PU I find the dashboard useful 4.0 [4, 4]

PU Using the dashboard makes it easier to identify knowledge gaps and areas for
improvement

3.9 [3, 4]

PU Using the dashboard makes it easier to review my clinical exposures (e.g., counts of
core-competency diagnoses)

3.9 [3, 4]

PU Using the dashboard would help me review the clinical exposures (e.g., counts of
core-competency diagnoses) of interns I am supervising

3.7 [3, 4]

PU Using the dashboard would help me identify knowledge gaps and areas for
improvement of interns I am supervising

3.7 [2, 4]

PEU It is easy to become skillful at using the dashboard 3.5 [2, 4]

PEU I find it easy to use the dashboard 3.5 [2, 4]

ATU My experience using the dashboard is favorable 3.8 [3, 4]

ATU I think it is valuable to use the dashboard 3.8 [3, 4]

IU I plan to use the dashboard to review my own personal clinical exposures (e.g.,
counts of core-competency diagnoses)

3.9 [3, 4]

IU I plan to use the dashboard to identify knowledge gaps and areas for improvement
for myself

3.9 [3, 4]

IU I will review my personal clinical exposure data (e.g., counts of core-competency
diagnoses) more frequently by using the dashboard

3.9 [3, 4]

IU I will self-identify knowledge gaps and areas for improvement more frequently by
using the dashboard

3.9 [3, 4]

How likely are you to recommend using the dashboard to a coresident?
(Scale of 0–100)

95.8 [73, 100]

Abbreviations: ATU, attitude toward using; IU, intention to use; PEU, perceived ease of use; PU, perceived usability.
Note: This table summarizes resident responses to an anonymous survey based on the technology acceptance model. Eleven resident users
completed the survey.
4¼ strongly agree, 3¼ agree, 2¼disagree, 1¼ strongly disagree.
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In terms of core-competency diagnoses, we used ICD-10
codes to quantify diagnoses, whichmay not always accurate-
ly reflect the true diagnosis of a patient for several reasons
including: the patient has many diagnoses and not every
diagnosis was entered into the EHR by the care team, no
appropriate ICD-10 code exists, or the patient was admitted
with generic symptoms (e.g., fever) and after a diagnosis was
made the ICD-10 code was not updated.

With regards to usability testing, we conducted this
testing with 11 resident users distributed across years of
training, but this is subject to sampling bias since we invited
interested volunteers to pilot our tool. Additionally, social
desirability bias may have impacted user responses during
their usability testing and interview since they were being
observed by a member of the developer team. The subse-
quent anonymous survey was administered to attempt to
minimize this bias, and survey results were very similar to
responses given during usability interviews.

Finally, creating this type of dashboard is labor intensive
and requires institutional technical support and significant
technical expertise, which may make it challenging to im-
plement a similar tool at a smaller program or a program
with fewer resources.

Future Directions
Following thesuccessful implementationof thedashboard for the
PHM rotation at our institution, we plan to expand the included
resident rotations to capture the broader experience of pediatric
residents. The most popularly requested areas for expansion
included the emergency room and the intensive care unit.
Once additional pediatric residency rotations are included in
the dashboard, wewould like to incorporate routinely scheduled
review of dashboard metrics into residency feedback and men-
torship sessions. We believe that this type of patient-care and
quality data could not only be used by residents to direct their
learning efforts, but in the future could also be utilized by
program directors in designing and evaluating their residency
structure andby theACGME for programoversight to ensure that
trainees are receiving the breadth and depth of experiences for
adequate training. More study is needed to determine whether
such dashboards will lead to an impact on resident quality-of-
care metrics or breadth of clinical exposure.

Conclusion

We describe a unique solution to currently existing gaps in
pediatric residency programs’ ability to provide personal-
ized, objective, and readily available patient-care and quality
data to residents. By capitalizing on EHR and analytics
capabilities, residency programs can develop automated
dashboards capable of providing trainees with meaningful
data regarding their patient care.

Clinical Relevance Statement

Despite the ACGME’s requirements to provide residents with
individualized performance data andqualitymetrics, there is
very little research on this topic. Our article describes a way

to create and display important individualized patient-care
data to pediatric residents in an automated manner. Our
results will help guide other residency training programs as
they consider the types of data that they wish to provide to
pediatric residents.

Multiple Choice Questions

1. Which type of testing is conducted by the development
team prior to testing by end users?
a. Stress testing
b. Performance testing
c. Beta testing
d. Alpha testing

Correct Answer: The correct answer is option d. Alpha
testing occurs when the internal development team tests
the product before either usability testing or other testing
by end users.

2. What type of testing occurs when you are asking users to
try and complete typical tasks of a newly developed tool
while observers watch and take notes?
a. Sanity testing
b. Usability testing
c. Integration testing
d. Acceptance testing

Correct Answer: The correct answer is option b. Usability
testing is described here where the goal is to have end
users walk through typical use scenarios and observers
collect information to identify any usability problems
prior to full deployment.
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