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Title: An attitude survey and assessment of the feagibéldceptability, and usability of a

traumatic brain injury decision support tool in ga

Abstract

Background

Traumatic brain injury (TBI) prognostic models aaential solutions to severe human and
technical shortages. Although numerous TBI progoesbdels have been developed, none are
widely used in clinical practice, largely due ttaek of feasibility research to inform
implementation. We previously developed a progeastidel and web-based application for in-
hospital TBI care in low-resource settings. In tisdy, we tested the feasibility, acceptability,

and usability of the application with potential emsers.

Methods
We performed our feasibility assessment with prersdnvolved in TBI care at both a regional
and national referral hospital in Uganda. We ctdld@ualitative and quantitative data on

decision support needs, application ease of uskingplementation design.

Results

We completed 25 questionnaires on potential usésecdpp and 11 semi-structured feasibility
interviews. Top-cited uses were informing the diecio operate, informing the decision to send
the patient to intensive care, and counseling ptiend relatives. Participants affirmed the
application’s potential to support difficult triagéuations, particularly in the setting of limited

access to diagnostics and interventions, but wesédnt to use this technology with end-of-life
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decisions. While all participants were satisfietdhmthe application and agreed it is easy to use,

several expressed a need for this technology axbessible by smartphone and offline.

Conclusions
We elucidated several potential uses for our aghimportant contextual factors that will
support future implementation. This investigati@igs address an unmet need to determine the

feasibility of TBI clinical decision support systenm low-resource settings.

Key words: Acceptability, attitude survey, decision suppoggdibility, neurosurgery,
prognostic model, traumatic brain injury

Short title: Feasibility of TBI decision support tool
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Introduction

Traumatic brain injury (TBI) is a burgeoning cawdeleath and disability that disproportionately
affects low- and middle-income countries (LMIC$)ealth facilities in LMICs experience
severe technical and human shortafgeisidering the ability to accurately assess ingayerity

and reduce the capacity to treat this high burdefiseasé:® Prognostic models, algorithms that
combine clinical variables to calculate a risk @iraspecified outcomeare low-cost and highly
scalable compared to technologies like computedgwaphy (CT) scanners. However, despite
the potential for prognostic models to augment fligk assessment, there are no models

regularly used in clinical practice in LMICS.

One contributor to the poor uptake of prognosti@eis in clinical practice is the dearth of
feasibility and usability research. A comprehendeasibility and usability study collects salient
information to inform the implementation of a toekploring its demand, acceptability, and
usability with intended end-usetdhis is necessary for any implementation, paridylin low-
resource settings like sub-Saharan Africa (SSAgrelthere are many potential barriers.
Previous feasibility testing in SSA has includedbif@applications for pediatric mortality, non-
communicable diseases, and human immunodeficieinay (HIV).2° To the best of our
knowledge, however, there have been no studidagesie feasibility of a TBI decision support

tool in SSA.

A risk calculator is a user-friendly interface fard-users to access the output from a prognostic
model. For TBI, prognostic models can support comication with patients and familié$aid

in monitoring patients for deterioration, or redwegiability in prognostication between
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providers with different levels of experientaiVhile many TBI prognostic models are
available>® our team developed our own SSA-based TBI prognastidel and risk calculatot.
This afforded the autonomy to leverage local dasaseincrement model performance and

adjust the risk calculator interface based on es®t-testing.

The objective of this study was to evaluate thaifkty and acceptability of implementing an
SSA-based TBI risk calculator (i.e., decision suppmol) at two referral hospitals in Uganda.
We also assessed the usability of our tool witlepdl end-users and their attitudes regarding
the use of our application. These data provideecdrgpecific information to inform the
implementation of our tool but can apply to othecidion support technology implementations

in the region.

Material and Methods

Setting

This study included collected data from healthgaoviders at two government-owned referral
hospitals in Uganda: Mbarara Regional Referral Has(MRRH) and Mulago National

Referral Hospital (MNRH).

MRRH is a 360-bed referral hospital located 250rkiéters southwest of the capital city,
Kampala. The hospital serves an annual volume OfT&] patients from the surrounding 10
districts of Uganda and patients from neighboringaRda, Tanzania, and Democratic Republic
of the Congo. Neurosurgical cases are managedédneurosurgery-trained doctor, general

surgery residents who have completed 6-week rotsiio the neurosurgery department, and
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interns, who rotate through the neurosurgery daepant; there are no neurosurgery residents.
MNRH, a 1,500-bed national hospital located in Kafaptreats approximately 1,500 TBI cases
annually. The hospital has a neurosurgery residprmyram staffed by 6 residents, 5
consultants, and 2 neurosurgery-trained providetee casualty (emergency) department.

Neurosurgery residents and consultants perfortialheurosurgical procedures at MNRH.

Study population

We used convenience sampling to recruit providexsety involved in the care of TBI patients.
This definition included neurosurgeons, generagsans, and an emergency medicine provider.
To further increase our sample size, we recruitedats at different levels of training, including
interns, residents, and consultants (the equivadeattending physicians), who are often
involved in direct care of neurosurgical patiemtserns or general surgery residents must have
completed a rotation in the neurosurgery departmeoasualty department to be included. Our
target sample size for the feasibility and accaptainterview was 10, the size at which
inductive thematic saturation (i.e., when no neantks emerge from the data) in qualitative
interviews is typically reached:** The target sample size for the usability testing a
subsequent attitude survey was 7, the optimal nowfttest users for a project of this scdpe.
We collected written informed consent from all papants and compensated each participant

for their time.

Participant demographics
Demographics collected included provider age, gersgeecialty, and level of experience

(calculated by subtracting year of medical scheatigation from 2018).
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Study design

We implemented a mixed methods approach, collecfirsgtitative data by direct observation
and surveys and qualitative data through semi-gtred interviews. Our study design was based
onHow We Design Feasibility Studibg Bowen et dland a prior investigation of the feasibility
of implementing a decision support tool in a simdatting*> We followed the World Health
Organization (WHO) Mobile Health Evidence Reportargl Assessment (MERA) Checklist in
reporting result$® From the mERA checklist, we investigated infrastuue, technology

platform, intervention content, preliminary usatyiliesting, user feedback, access of individual
participants, cost assessment, adoption inputgalions for delivery, and contextual

adaptability.

All participants were allowed to interact with thpplication during the study. As time permitted,
participants completed a demographic questionnaiseyvey on potential uses of TBI
prognostic models (i.e., use cases survey), a sgogtured interview investigating the demand
and acceptability of our TBI decision support tGa., feasibility and acceptability analysis),
and/or usability testing with closing user expetieattitude survey (see Table 1). The
guestionnaire and survey were considerably shtiréer the interview and usability. Participants

were allowed to decline completing any portiorhigy did not have time.

System design
In May 2018, we developed the original prototyp®@uoif TBI risk calculator as a mobile and

web-based applicatior.The application displays the output of a Bayesjaneralized linear
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model, which we selected over several machine-iegimased models. We then used the Shiny
package in R Programming Language (R Core TeanmndieAustria) to build the risk

calculator application. Early prototypes were tésig neurosurgeons and emergency medicine
physicians in the United States, Uganda, and Taaz@he goals of these initial tests were to
identify major necessary changes and establishf pfamncept; there was no systematic data

collection.

Hardware specification
Our application can be accessed on phone, tabtatroputer with Internet access. For this
study, we tested the use of the application witliresers on both a tablet and a laptop. Internet

connection instability limited our ability to tettis application on a phone.

User interface

Our application required end-users to enter 12patiariables, including demographic data,
injury details, vital signs, and physical exam firgk. From these data, the application presented
the patient risk for poor outcome both with andwiit surgery calculated from our model at the
top of the screemisplayedbelow the risk output was an explanation of theoousee (see

Figure 2 or Hernandes Rocha et al for a visualesgtation of the user interface).

Use cases survey
The use cases survey, adopted from an earlier gierdgrmed by Perel et & ,asked providers
to rate the perceived importance of several preesedl potential uses for the application,

including the decision to send a patient to thensive care unit (ICU) or perform
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decompressive craniotomy (detailed in Figure 1).

Acceptability andeasibility analysis, preliminary usability testingnd attitude survey

The acceptability and feasibility analysis explopadticipants’ perceptions of the strengths,
weaknesses, and implementation details of our id&c&ipport tool. The interview was
conducted in English. With the participants’ ap@io¥he interviews were recorded and

transcribed.

One author (C.E.) conducted the preliminary usigtidisting and semi-structured interviews
with the participants in a controlled environmehaaoctor’s office or corridor. The examiner
(C.E.) provided an introduction to the project grade participants two hypothetical patient
cases with different values for the patient date,dbherwise identical length and structure.
Participants entered data from one case into apagtd the other into a tablet. The order in
which the participants used each device was aliednso that about half of the participants used
the laptop first. Seated with the participant, ékaminer captured the number of errors,
comments, questions, and time of data entry agcqpamts entered the patient information into
the application and interpreted the output. We aragged participants to think out loud while

using the application and interpreting the output.

For the attitude survey, participants completedodifired Computer System Usability
Questionnaire (CSU&)at the end of the second hypothetical case. ThéQ@C&sked providers
to quantify their agreement with several statemesgarding the ease, simplicity, comfortability,

and other aspects of using the app using a Likategsee Figure 3).
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Data analysis

Demographic data were summarized with descriptiassics. For the use cases survey and
CSUQ, we used the likert package in R 3.5.3 (R Ga@am, Vienna, Austria) to graphically
represent the responses provided by participantsaith question. For the feasibility analysis,
we performed an inductive content analysis of #maisstructured interviews. The analysis
elucidated themes from the general categoriesengths, weakness, suggested changes, best
medium, and best end-user, which were presented aldh salient quotes to exemplify each
theme. We calculated the mean and standard daviatithe time to complete an entry and the

mean number of errors and questions asked forghlaility testing.

Institutional review board
Our study received ethical clearance from thetustinal review boards of Makerere University
and Duke University. We additionally received hdasipclearance from Mbarara Regional

Referral Hospital and Mulago National Referral Healp

Results

Participants

We included 28 health care providers in this st(ichble 1). Of these, 25 providers completed
the use cases survey, 11 completed the semi-stedotiemand and acceptability interview for
the feasibility analysis, and 9 completed the Ugglesting. The majority of participants who
completed the use cases survey were male (76%,)Nrekdent doctors (52%, N=13), and

working in neurosurgery (20%, N=5). Emergency medicesidents (44%, N=4) and intern



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Elahi

doctors (44% N=4) represented the majority of paréints who completed the usability testing.

Use cases survey

Figure 1 illustrates the responses to the use casesy (N=25). The top 4 potential applications
of our prognostic tool, endorsed as Very Importana majority of providers, were the decision
to send a patient to the ICU (64%, N=16), the decito operate (60%, N=15), the decision to
perform a decompressive craniotomy (60%, N=15),@@rdmunication with patients or families
(56%, N=14). The least endorsed use cases, selestédry Important by fewer respondents,
were the decision to obtain a CT scan (44%, N=thE)decision to offer rehabilitation (32%,
N=8), and the decision to withdraw treatment (16844). Notably, there was substantial
variability among providers regarding the perceiiragortance of the application for the latter

uses, with 20-36% of providers rating the applmats Not Important for those purposes.

Acceptability and feasibility analysis

Strengths of the decision support tool

Eleven participants completed the semi-structunésrview. When asked about the strengths of
the decision support tool, several participanthilgited the simplicity of the user interface and
the rapid calculation of patient risk:
“It doesn’t need a lot of expertise in computegrigcy to really feed in these things, so
somebody can quickly get to know what to feed imdJavhere, and they do it for you.”
“Immediately after feeding in the last variablepuyget a risk outcome already there on

the screen. It's really fast.”

10
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Additionally, multiple respondents stated the toolild remind providers of which data points
are important to collect for head injury patierts,exemplified in the quote below:
“Because we are in a rush we may skip some vigaissiThis is good because it

encourages us to capture all the needed vitadstdtlike a reminder.”

Many participants agreed that this tool could pdevan objective assessment of patient risk and
support difficult triage decisions, particularlyr@source-limited settings. This sentiment was
captured in the following quotes:
“It helps you triage. The resources here are notigh to offer to everyone. We must
consider resources in our setting. If we could afifgr surgery to one patient, [it would
be to whomever] is most likely to have the best sthoecovery.”

“This app is perfect for referral [hospitals] iretemaller cities without a CT.”

Weaknesses of the decision support tool

Two main weaknesses of the tool emerged, centenrgpnnectivity challenges and resource
limitations. First, the majority of participantsastd the application would not be feasible to use
in this setting if use was dependent on Internaheation. As one participant noted, Internet
connection can be costly, and the connection engfoor:

“In this setting, we don’t have free Wi-Fi, so ibuld be really hard for us to access if it

needs Internet.

Multiple providers also acknowledged the challet@yeomplete downstream interventions after

triage. This potential weakness was highlighte@ihg emergency medicine resident:

11
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“It is also challenging in our setting becauseesfaurces. We may use the app, see they
need surgery, but then we can'’t [offer it] becaofseur resources. We can’t take

everyone needing surgery to the theatre.”

Suggestions to improve the application

When asked to recommend changes to the decisigodupol, providers requested the addition
and removal of variables, additional explanatory,tand expansion of the application scope.
For example, multiple participants requested thatapplication support risk assessment after
the initial triage, particularly after the patigeteives interventions. This idea was elucidated by
one general surgery resident rotating in the neugesy department:
“Also it would be nice to be able to assess prognafter admission. Like if they got the
surgery, what is their prognosis then, or if a flays passed so we can catch

deterioration.”

Best end-user and best medium of use

When asked what they thought was the best techp@ég., smartphone, tablet, laptop, etc.) to
use the application, all participants identifieshaartphone as the ideal medium, as “most
workers have smartphones, so it's easier. A tablieig; on rounds it would not be good.” When
asked about the best end-user, the majority ofggaaihts agreed the tool was best for providers
first assessing the patient in the emergency rddra.reason multiple participants gave for
selecting a frontline health worker was the potdritir the tool to expedite downstream care:
“This tool would be useful to frontline health werk because they activate neurosurgery

teams. If there is uncertainty, the frontline waskmay take their time before calling the

12
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neurosurgery team, causing a delay. This could teelpce that time to activate [the

neurosurgery] team.”

Misinterpretations of the tool

Importantly, some participants mistook the decisapport tool for an electronic medical record
(EMR) system. As captured in the quote below, sparécipants were keen on the application’s
potential to create an organized system to tratiemis:
“If you are the physician for the patient you watitchave to look for the patient file.
Sometimes the patient file is missing, [or the]guattisn’t at their bed. With this, you can
access the patient information right here. You danbss-check the app for patient

information access, which would improve patient agement.”

Preliminary usability testing and modified CompuSsistem Usability Questionnaire

Nine participants completed preliminary usabilggting of the application (Figure 2) and
subsequent attitude survey (i.e., modified CSUQ@E dverage entry time, errors per entry, and
guestions asked per entry for both trials in thebilgy testing are summarized in Table 2. The
average time for data entry for one case was ldahsis. The overall entry time was slightly
faster when using the application as a laptop getonds) compared to a tablet (149 seconds).
Entry time improved with the second entry for bgtbhups; however, the second entry time was
lower in the tablet group (131 seconds versus &88rgls). There were few (<1) errors

committed or questions asked per entry for botlugso

The responses to the CSUQ are presented in Figét garticipants completing the CSUQ

13
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agreed that the application was quick, simple,easy to use. All but one participant agreed that
the application would facilitate their work. Onerfi@pant was uncomfortable with the

application, as they disagreed with the estimatddscore for one of the patient cases.

Discussion

This study is one of the first to investigate tloeeptability and feasibility of TBI decision

support technology in SSA. Participants in thiglgtaffirmed our application’s potential to
support difficult triage and resource allocatioridens and supplement communication with
patients and their families. We also elucidatedartgnt contextual factors, such as reluctance to
use this technology with end-of-life decisions, @@m over inability to provide services

expected by patients and caretakers, and the peéui$ technology to be accessible offline and
on a smartphone. Maximally effective implementatdriecision support tools in Uganda and
other countries in the region will require consatam of these and other logistical and ethical

challenges.

Potential for use of decision support tools in tiagion

Improved technological infrastructure in SSA hasated an enabling environment for mobile
applications in health care (mHealth). Providedrtlosv cost, wide acceptability, and easy
distribution, mHealth are becoming increasingly cwon in low-resource setting$”° To date,
the majority of mHealth initiatives in LMICs centen reminders to ensure compliance with
medical treatments. However, with the potential to promote faster,eferalized decision
making and allocation of resources, demand forsiteisupport technologies is increasfag.

While the use of several mHealth initiatives fociden support and healthcare quality

14
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improvement has been investigated in $$Aone have involved TBI decision support tools.

Therefore, our application helps to fill a needgach technology.

Potential for use of our application

A strength of our model is transparency as to whiatiables drive the outpdt.This benefit can
be extended to the explanation of the risk outpovigded by our application, which will be
updated to provide a description of which varialtexst contribute to a given patient’s risk of
poor outcome. This information may facilitate natyothe initial patient assessment, but also

discussions with patients and family members raggrdinical course and treatment plans.

Consistent with results from the original surveypofential uses for accurate prognostic
information’’ our application was endorsed by most provideisasrtant to decisions to
obtain imaging, send patients to the ICU, and perfsurgery. The intended output of our model
is calibrated estimates of risk of poor outcometh wnd without neurological surgery. This
could further facilitate triage decisions, espdgial settings where the individuals performing
the initial assessment cannot rely on prior expeeaeor data from the literature to estimate
patient risk. Additionally, while two well-known TIBrognostic calculators, CRASHand
IMPACT,?® estimate risk of poor outcomes at 6 months, akraalculator estimates risk at
hospital discharge. In our setting, 6-month follapris often not feasible, and the risk of poor
outcomes at such a distant time point may therdferiess salient to triage decisions. Several
respondents considered our risk calculator not mapoto decisions regarding which patients

need rehabilitation, a decision which may seemadesse than triage decisions.

15
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While most participants considered the tool imparta very important for assessing whether a
patient should get a CT scan, almost a third cemsdlithe tool unimportant for this purpose.
That so many patrticipants did not endorse thisrgteuse for the tool may be partly attributed
to the relationship between diagnostication andypostication. While a risk calculator provides
information on prognosis—which is itself informeg éhagnosis—prognosis rarely informs
diagnosis. Therefore, to some providers, a riskutator may seem less useful for a decision to
obtain diagnostic imaging. One may posit that sotece-limited settings, it may be prudent to
only pursue costly diagnostics for patients whoraost likely to benefit from an intervention,
which may explain why most providers affirmed thgportance of the tool for the decision to
obtain imaging. However, this introduces an addaldayer of complexity into the quick triage
decisions most likely to be supported by this ttrabortantly, it also highlights a key challenge
to the use of decision support tools in low-resewsettings. Such tools may raise patient and
caretaker expectations for treatment that canrimhadely be provided® This concern was
echoed in the present study. In a separate sufvbg @roviders included in this study (N=28),
all but one reported considering both resourcespaognosis in their treatment decisions, and
respondents estimated that a patient with sevetevbBld only have a 60% chance of receiving

a CT scan and a 48% chance of undergoing surgénymviivo days, even if needéd.

Ethical considerations

Despite the challenges of resource allocationrisaurce-poor setting, few providers considered
our tool very important, and many considered ool tot important, for decisions regarding
withdrawal of treatments. While these results asttwith the original survey, they echo

previously expressed concerns about the use adidagupport technologies in end-of-life care

16
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decisions”® Thus, implementation of a risk calculator in thésting will require future
investigations into and consideration of providetsiical and moral beliefs surrounding end-of-
life care, as well as the interplay between thadeets and beliefs surrounding allocation of

limited resources.

Other ethical concerns regarding the use of pragno®dels in any setting have been identified
and should also be considered before and duringeimgntation: lack of trust in the data source,
consent, privacy, and transparenéyAmong these, high costs leading to exacerbation of
disparities is a major concethCurrently, our intent is for the application tofbee to use, but if
licensing fees or other costs were to be implenteméhe future, equitable access requires that
institutions in low-resource settings can affordise the application, especially since our model

relies on data from LMICs.

User experience with our application and potenéiedas of improvement

End-users in our study found the current versioaufapplication to be relatively simple and
easy to use, made few errors and asked few clagifyuestions during the usability testing.
However, the misinterpretation of our applicati@aa EMR reveals a knowledge gap
concerning the use of decision support technologlyumderscores the importance of clear,
effective education on the use of the tool prioimplementation. It also identifies areas for
improvement of the model: providers expressed d t®ee-evaluate patient prognosis over time

and after various interventions are implemented.

Users also endorsed a need for an offline, smangpkersion of the tool. As 46% of Ugandans

17
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have Internet access—82% of whom have mobile Ietesnbscriptions—and several mobile
phone companies offer 4G coverage in all majoesiéind 3G coverage in more rural ar@as,

the application would be accessible to target esetsiwith the means to obtain Internet access.
However, the strength of the Internet connectiamoisalways reliablé® Further, while the cost

of commercial Internet has been decreasing, preEmsin higher than in most countries in East
Africa®® and may not be feasible for some healthcare iistits and individual&® Our risk
calculator, like CRASH and IMPACT, is currently gravailable online; optimizing our mobile
application for offline use would therefore maximits usability. However, this must be
reconciled with a need for our model to use daienfeach patient’s outcome to improve its
performance in real time. Future work should thenefocus on developing a web-based
application that allows offline use in emergen@ead updates the database when the connection
is restored. At the institutional and system leyvieigproving the quality and cost-effectiveness of

Internet connectivity would increase access togiecisupport tools and other key resources.

Limitations

The captured entry time and errors likely undeneste the actual values when used as intended
at the patient’s bedside. We tested the applicatiquiet, private settings (e.g., doctor’s office,
empty corridor, etc.) and provided the end-useh wdtient data to enter into the application.
However, this study was a planned preliminary taligi assessment meant to inform a
pragmatic feasibility assessment in the futureo8dcdue to connectivity challenges, we were
unable to test the application as a mobile apptinatn a smartphone, which all respondents in
our study identified as the device of choice. Tegshould therefore be repeated with

smartphones. While participants agreed the appqwiak to use, it is difficult to interpret the
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data entry times we measured without a comparisaata entry onto paper or into an electronic
database. Additionally, due to time constraintsyweee unable to complete usability testing with
all participants, and the perceptions of the uggitwf the application may have been affected by
selection bias. Specifically, we were unable to tles application with Ugandan neurosurgeons.
Most application testers were emergency medicisigleats and interns, who identified triage
decisions as important potential uses. At thespitals, however, the doctors who often triage
TBI patients are interns and emergency medicindeasts, so this limitation is not prohibitive to
application success for this purpose. Neurosurgeasuse the application differently, e.g., to
decide whether and when to operate on a patieftitsiee studies will aim to include more

neurosurgeons in the usability testing.

Finally, the model tested in the present studynditioutput calibrated predictions and thus does
not represent the final model that will be put inlimical practice. Model calibration is essential
for producing accurate probability estimates refydutcome®*: however, this limitation

does not detract from the feasibility of such d ampresented here. Efforts are already
underway to create a calibrated model with moresteaprobability estimates. In the future, we
plan to perform a comprehensive feasibility stugplementing this improved application into
the current workflow and assessing providers’ datgas and updated perceptions of the

application, as well as its impact on clinical artes.

Conclusions

In one of the first studies to investigate the it@éisy and usability of a TBI prognostic calculato

in SSA, we elicited key potential uses and impdrtagistical and ethical considerations that can
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inform implementation of decision support tooldiganda and other low-resource settings.
While this study helps fill a need for such datdufe studies investigating the use of an
improved version of the application within the aaxttof current clinical practice will provide
more opportunities for improvement and greateminisinto the potential of decision support
tools to improve the care of TBI patients in thesting. The lessons learned from this
preliminary assessment can also be applied toidacsipport tools for other pathologies and

specialties to improve care for patients throughdatCs.
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Table 1. Demogr aphics and medical training background for participantsin the study.

Acceptability/
Feasbility Preliminary
Use Cases Analysis Usability Testing
Category Overall Survey (Interview) [and Attitude Survey
Total Participants, No. (%) 28 25 11 9
Demogr aphics, No. (%)
Femae 7(25) 6 (24) 4 (36) 3(33)
Average age (SD), years 30.3(6.7) 129.7 (5.2)| 29.3(5.0) 28.8(5.1)
Medical Specialty, No. (%)
Emergency Medicine 5(18) 5(20) 4 (36) 4 (44)
General Surgery 6 (21) 6 (24) 2(18) 1(11)
Intern Doctor 11 (39) 9 (36) 4 (36) 4 (44)
Neurosurgery 6 (21) 5 (20) 1(9) 0(0)
Level of Experience, No. (%)
Consultant 3(11) 2(8 2 (18) 1(11)
Fellow 1(4) 1(4) 1(9) 0(0)
Resident 13 (46) 13 (52) 5 (45) 4 (44)
Intern 11 (39) 9 (36) 4 (36) 4 (44)
Average yearsof experience (SD)| 4.6(5.8) | 43(4.7) 3.9(4.5) 3.1(4.3)

SD: Standard deviation.




Table 2. Results from usability testing of decision support tool.

Variable | Overall | L aptop | Tablet

Average Entry Time (SD), seconds

Overdll 147 (43) 145 (46) 149 (42)
First entry 158 (47) 151 (55) 167 (41)
Second entry 135 (38) 139 (42) 131 (40)
User Experience

Average errors per entry (SD) 0.1(0.3 0.0(0.0 0.3(0.5)
Average questions per entry (SD) 0.1(0.3 0.0(0.0 0.3(0.5)

SD: Standard deviation.
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Figure 1. Participant responsesto the use cases survey.

Responses to a modified Likert survey rating thpdrtance of various traumatic brain injury
prognostic modeling potential use cases. Percest@mgéhe left represent participants who
responded with “Not Important;” percentages innthiddle represent participants who responded
with “Important;” percentages on the right repreagmarticipants who responded with “Very

Important.” CT: Computed tomography.



1 Figure?2. A screenshot of the web-based application used for usability testing.
2 Numbers displayed represent values corresponding to one of the hypothetical cases.



Figure 3. Participant responsesto the modified Computer System Usability Questionnaire.
Responses to a Likert survey rating agreementstatements regarding the usability of the
application. Percentages on the left represenicgaahts who responded with “Strongly
Disagree,” “Disagree,” or “Slightly Disagree;” perdages in the middle represent participants
who responded with “Neutral;” percentages on tghtriepresent participants who responded

with “Slightly Agree,” “Agree,” or “Strongly Agreé.
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