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Abstract Background Medical errors in blood product orders and administration are common,
especially for pediatric patients. A failure modes and effects analysis in our health care
system indicated high risk from the electronic blood ordering process.
Objectives There are two objectives of this study as follows:
(1) To describe differences in the design of the original blood product orders and order
sets in the system (original design), new orders and order sets designed by expert
committee (DEC), and a third-version developed through user-centered design (UCD).
(2) To compare the number and type of ordering errors, task completion rates, time on
task, and user preferences between the original design and that developed via UCD.
Methods A multidisciplinary expert committee proposed adjustments to existing
blood product order sets resulting in the DEC order set. When that order set was tested
with front-line users, persistent failure modes were detected, so orders and order sets
were redesigned again via formative usability testing. Front-line users in their native
clinical workspaces were observed ordering blood in realistic simulated scenarios using
a think-aloud protocol. Iterative adjustments were made between participants. In
summative testing, participants were randomized to use the original design or UCD for
five simulated scenarios. We evaluated differences in ordering errors, time on task, and
users’ design preference with two-sample t-tests.
Results Formative usability testing with 27 providers from seven specialties led to 18
changes made to the DEC to produce the UCD. In summative testing, error-free task
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Background and Significance

Ordering blood products for transfusion is a complicated task.
Medical errors, related to human factors and information
technology, have been frequently reported in transfusion
safety surveillancesystems.1Providersmustconsidermultiple
factors when ordering blood products. These include the
volume and transfusion rate of the blood product,2,3 whether
especially prepared products (e.g., irradiated andwashed) are
required based on the patient’s medical condition(s),4 and
workflow (e.g., preparing blood for immediate use vs. future
transfusion during a procedure).5 Transfusion-related errors
can be benign or can result in long-term adverse sequelae or
death. Clinical decision support (CDS) focused on the transfu-
sion ordering process has reduced inappropriate transfusions
in adults.6,7 Blood product orders for pediatric patients are
morecomplex than foradults, primarilydue to thesmall sizeof
children (increasing the riskof under- or over transfusion), and
the relative immunocompromised status of infants less than
6 months of age. As a result, children are at higher risk of
adverse outcomes because they may not tolerate errors that
would be less impactful to adults.8During a failuremodes and
effectsanalysis (FMEA)9atChildren’sHealthcareofAtlanta, the
five potential failure points with highest risk predictive num-
ber were all associated with the ordering process, prompting
an organization-wide effort to standardize blood product
orders, and order sets.

Electronic order sets can improve adherence to evidence-
based practices, reduce variation in care, and minimize
cognitive load.10–12 However, poorly designed order sets
can unintentionally and negatively impact practice
patterns13 and/or can lead to medical errors.14 The “five
rights” framework for CDS fromOsheroff et al notes that good
decision support must provide the right information to the
right person in the right format through the right channel at
the right time in workflow.15,16 In the absence of formal
usability testing, individuals’ designing orders and order sets
may not sufficiently understand how users will interact with
the system to complete tasks for realistic scenarios, leading
to an inadequate application of the “five rights” and
misalignment between order sets and workflow.17 User-
centered design informed by simulated testing can lead to
substantial design adjustments that ultimately improve
adherence to evidence-based practices while reducing the
user’s cognitive workload.7,18

In this study, the original electronic blood ordering process
(original design, see ►Supplementary Figs. S1A–C and S2A

and B; available in the online version) was initially redesigned
by an internal multidisciplinary expert committee (design by
expert committee; DEC, see►Supplementary Fig. S1D, avail-
able in the online verion). After simulated testing of these
redesigned order sets identified persistent user errors in the
orderingprocess, iterativeadjustmentsweremade resulting in
a second, user-centered redesign of orders, and order sets
(user-centered design; UCD, see ►Supplementary Figs. S1E

and F and S2C and D, available in the online version). The aims
of this studywere to (1) compare the types of changesmade to
orders and order sets between the original design, DEC, and
UCD; (2) compare the number and severity of blood ordering
errors for the original design versus UCD in summative usabil-
ity testing; and (3) determine if the UCD improved users’
clinical knowledge of appropriate special processing for blood
products compared with the original design.

Methods

We began with an original design of blood product orders and
order sets, which was initially redesigned through an expert
committeeandsubsequentlyviauser-centereddesign(►Fig. 1).

Design by Expert Committee
We performed an FMEA with a multidisciplinary group of
stakeholders that included representatives from surgery,
anesthesia, hematology–oncology, hospital medicine, clini-
cal informatics, information technology, and laboratory
including transfusion medicine. Blood product order sets
in the Electronic health record (EHR; Epic Systems, Verona,
Wisconsin, United States) were identified as high-risk sour-
ces of errors. All blood product orders and order sets were
considered in scope for this project with the exception of
emergency release orders andmassive transfusion protocols.
The expert committee reviewed existing blood product
orders and order sets and proposed adjustments, which
were built into orders and order sets in an EHR test environ-
ment, and comprised the DEC.

User-Centered Design
Formative usability testing was performed starting with the
DEC orders and order sets using a think-aloud protocol.19

Front-line providers from a purposive set of specialties who
were on service in their usual patient care areas were asked
to participate in a 10-minute usability test. Providers who
agreed to participate (participants) were instructed to inter-
rupt the test if they had to attend to patient care and to

completion for the original design was 36%, which increased to 66% in UCD (30%, 95%
confidence interval [CI]: 3.9–57%; p¼ 0.03). Time on task did not vary significantly.
Conclusion UCD led to substantially different blood product orders and order sets
than DEC. Users made fewer errors when ordering blood products for pediatric patients
in simulated scenarios when using the UCD orders and order sets compared with the
original design.
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resume the test when theywere again available. Participants
were provided a scenario appropriate to their clinical
specialty and asked to order blood products in an EHR test
environment which, except for the redesigned blood orders
being tested, had identical infrastructure and function to the
production EHR environment. While the participants per-
formed the usability test, they were instructed to verbally
describe their goals, thoughts, and actions out loud. Ordering
activities were observed by a transfusion safety specialist
(J.J.) and a clinical informaticist (E.W.O.) who took notes on
users’ actions within the EHR test environment and identi-
fied any errors that occurred, with special attention to the
volume, rate, and special processing of blood product orders.
After completing a set of one to four scenarios, each partici-
pant was shown his/her ordering errors and asked to suggest
alternative designs that might have prevented errors and/or
reduced confusion. The observers (J.J. and E.W.O.) wrote
down key comments which were reviewed with the user
at the end of each session (member checking).20 Sessions
were not audio recorded. Iterative adjustmentsweremade in
the EHR test environment to the blood orders and order sets
between participants, generally after two or three providers
had made the same or similar error. Formative testing
was stopped after five unique providers did not make any
errors across 10 scenarios and had no new suggestions for
design improvement to the orders or order sets which
comprised the UCD.

Summative Usability Test
Usability of the finalized UCD orders and order sets was
evaluated and compared with the original blood product

ordering process through summative usability testing.19 Sum-
mative usability testing participantswere recruited in a similar
manner to formative usability testing participants, while they
were in their usual clinical setting and given the same instruc-
tions regarding necessary interruptions for patient care duties.
However, in summative usability testing participantswere told
that participation was expected to take 20 to 30minutes and
were not explicitly asked to think aloud. No participants from
formative usability testing participated in summative usability
testing. Summative usability testing was completed in five
steps (►Fig. 2).

Step 1: participants answered five multiple choice quiz
questions asking which special processing requests would
be appropriate in each of five clinical scenarios (►Table 1).
The clinical scenarios for the summative usability test were
created by a pediatric hematologist (J.B.) and two transfusion
medicine specialists (M.R. and C.J.) based on a combination of
well-known and common ordering errors, as well as errors,
directly observed during formative usability testing.21

Step 2: participants were randomized to use either the
original orders and order sets or the UCD orders and order
sets and instructed to place the appropriate blood product
orders in the EHR test environment for the first four of
the five scenarios listed in ►Table 1. As with the
formative usability test, the EHR test environment had the
same structure and functions as the production environment
with the noted exception of the blood orders and order sets
being tested. Participants completed all four of these scenar-
ios with the same set of orders and order sets. The details of
each clinical scenario were read to the participant; these
were not built into the records of the test patients in the EHR

Fig. 1 Progression of order and order set design. We began with the original blood product orders and order sets, in which blood product orders
were distributed across three main order sets (see ►Supplementary Figs. S1 A–C and S2 A and B, available in the online version). In design by
expert committee (DEC), we condensed these into a single order set and made minor adjustments in the “prepare” and “transfuse” orders
(see ►Supplementary Fig. S1 D, available in the online version). In user-centered design (UCD), we condensed the order set even further into
fewer sections and made major changes to both the order set structure and the “prepare” and “transfuse” orders (see►Supplementary Figs. S1
E and F and S2C and D, available in the online version). OR, operating room.
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test environment. Time on task was recorded from the end of
the verbal scenario prompt until the participant signed the
orders in the EHR test environment, with pauses during
interruptions for patient care needs. Ordering errors were
also recorded by a physician observer and were classified as
follows:
• Moderate ordering error: error in a signed order that, if

followed exactly by both the blood bank technologists
preparing the product(s) and the nurse administering the
transfusion, would lead to an unnecessary special process-
ing request (e.g., order for cytomegalovirus-negative blood
in a patientwhodoes not require it) or a delay in nonurgent
transfusion (e.g., failed to place a transfuse order for the
nursewhen the provider intended to transfuse thepatient).
These errors can result in unnecessary work or mild delays
but do not generally result in patient harm.

• Severe ordering error: error in a signed order that, if
followed exactly by both the blood bank technologists

preparing the product(s) and the nurse administering the
transfusion, would lead to an over transfusion (higher
volume of blood or faster rate of infusion delivered to the
patient than was intended), under transfusion, or missed
special processing request (e.g., nonirradiated blood
transfused to a patient with a clinical condition, such as
T-cell dysfunction, in which administering nonirradiated
blood is contraindicated). These errors can cause signifi-
cant patient harm or death.

Task completion with no errors was defined as signing
blood product orders with no moderate or severe errors as
described above.

Step 3: all participants (original design and UCD groups)
retook the same five-question quiz with the sequence of
questions and answers shuffled. We compared the differ-
ence in quiz grades between steps 1 and 3 for participants
randomized to the UCD orders and order sets versus those

Fig. 2 Summative testing design. Participants (1) completed a quiz assessing their knowledge of appropriate special processing requests for
blood products, (2) completed blood ordering tasks for 4 scenarios with either the original design or UCD orders and order set, (3) retook the
same quiz with questions and answers shuffled, (4) completed one additional blood ordering scenario with the opposite design, and (5)
answered survey questions on their preference between the designs and the perceived usability, ease of use, efficiency, and overall rating of the
UCD. UCD, user-centered design.

Table 1 Clinical scenarios for summative usability testing

Scenario Correct special
processing requests

A 15-year-old girl with menorrhagia has a history of hives that appeared with a transfusion of pRBCs
that she received two months ago. The transfusion was completed with administration of Benadryl,
and there were no signs of anaphylaxis (GI distress, hypotension and respiratory distress). She is
presenting with symptomatic anemia and needs another transfusion of pRBCs.

None

You are caring for a premature infant born at 27 weeks of gestation (birth weight 1,100 g) who is
now at 35 weeks adjusted gestational age (weight 2,500 g). This patient was recently diagnosed
with necrotizing enterocolitis, and you would like to treat this patient with a blood transfusion.

Irradiated

An 18 year-old with acute myeloid leukemia has received multiple platelet transfusions for platelet
counts of less than 10,000/μL (<10 k/μL). Two days ago, his 1-hour postplatelet transfusion count
remained <10 k/µL. Transfusion medicine was consulted and confirmed that the patient has
antibodymediated platelet refractoriness. He needs another platelet transfusion today for a platelet
count of 6 k/µL.

Irradiated HLA-matched

A 12-year-old with hemoglobin SC disease presents to the Emergency Department for management
of splenic sequestration. You would like to transfuse the patient an aliquot of 5 mL/kg pRBCs.
Historically, this patient has no autoantibodies or alloantibodies.

Phenotypically similar

A 7-month-old boy diagnosed with DiGeorge’s syndrome and severe combined immunodeficiency
presents in aplastic crisis and needs a transfusion of pRBCs.

Irradiated

Abbreviations: GI: gastrointestinal; HLA: human leukocyte antigen; pRBCs: packed red blood cells.

Applied Clinical Informatics Vol. 10 No. 5/2019

Efficacy of Formative Usability Testing Orenstein et al.984

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



randomized to the original design. We hypothesized that
participants randomized to use the UCD orders and order
sets would improve their knowledge of appropriate special
processing requests, leading to a greater improvement in
quiz grades than those randomized to use the original
design.

Step 4: participants used the opposite design to order
blood products in the EHR test environment for the fifth
scenario (row 5 of ►Table 1). For example, if a participant
was randomized to use the original orders and order sets for
the first four scenarios in step 2, they used the UCD orders
and order set for the fifth scenario in step 4, and vice versa.
This scenario was not graded for task completion; rather it
was intended to expose participants to the opposite design
so they could rate their design preference in the subsequent
step.

Step 5: the authors developed a short survey focused on
the themes of perceived ease of use and usefulness from the
technology acceptance model.22 Participants (1) rated their
preference between the original design versus that devel-
oped via UCD on a visual analog scale of �1 (completely
prefer original design) to 1 (completely prefer UCD) and (2)
rated their agreement on a 9-point Likert’s scale with state-
ments that the UCD orders and order sets were (1) easy to
use, (2) useful, (3) allowed the user to perform tasks effi-
ciently, and (4) overall satisfied (►Supplementary Fig. S3,
available in the online version).

The rationale behind this design which included four
scenarios of one design and then only one scenario of
the opposite design was (1) the need to complete multiple
scenarios to capture the variety of error types we were
seeing, (2) the goal of testing the effect of each design on
participants’ knowledge of special processing requests,
where we wanted participants to have only seen one design
between the pre- and postquizzes, and (3) the goal of
limiting the total number of scenarios to minimize partici-
pant time away from patient care. We therefore did not
perform a balanced or incomplete block design.

Differences in task completion rates, ordering error rates,
and change in quiz grades were compared using two-sample
t-tests. Differences in specialty and clinical experience
between the two groups were assessed with Fisher’s exact
test. All statistical tests were completed in R version 3.5.2.23

This work was felt to be primarily focused on quality
improvement and therefore deemed nonhuman subjects
research by the Institutional Review Board of Children’s
Healthcare of Atlanta.

Results

Design by Expert Committee
Twenty-nine stakeholders were identified across clinical,
laboratory, and information technology departments. Dur-
ing committee review, it was felt that users frequently
used the incorrect order set for the intended patient popula-
tion (e.g., using the general population order set for
hematology/oncology patients) which could lead to errors.
Therefore, multiple blood product order sets for different

clinical settings (e.g., general inpatient floors, surgery, and
oncology) were condensed into a single unified blood
administration order set (►Supplementary Fig. S1, available
in the online version) with sections organized similarly to
the original order sets. Minor changes in wording were also
made to improve clarity of the order which instructs the
transfusion service (blood bank) to crossmatch, prepare and
allocate blood products to a specific patient (the “prepare”
order), as well as the order to the nurse to transfuse
the patient with the prepared blood product(s) (the “trans-
fuse” order).

User-Centered Design
Formative usability testing was completed in eight half-day
sessions (�30 hours) by a clinical informaticist (E.W.O.),
transfusion safety specialist (J.J.), and EHR training expert
(H.W.) with 27 providers from seven specialties using 30
unique clinical scenarios and a total of 70 scenarios admin-
istered (range: 1–4 scenarios per user). Key error types
identified during formative testing included transfusion
volume ordering errors, errors in selection of special proc-
essing requests, and errors when preparing and transfusing
two separate aliquots of blood product from the same donor
unit (common in pediatric transfusion). During formative
usability testing, a total of 18 design changes were made to
avoid observed errors. Six of these changes were considered
major (►Table 2) and included major adjustments to the
order set structure (►Supplementary Fig. S1; available in the
online version), as well as changes to the “prepare” and
“transfuse” orders (►Supplementary Fig. S2; available in
the online version) which required downstream changes in
the transfusion laboratory information system. Another 12
changes were considered minor (e.g., changing wording,
allowing multiselect instead of single select on order
questions).

Summative Usability Testing
Fifteen front-line ordering clinicians participated in summa-
tive usability testing. Each participant completed four
scenarios in step 2 of summative usability testing for a total
of 60 scenarios primarily focused on task completion without
errors. Seven participants were randomized to the original
design (28 scenarios), while eight participants were random-
ized to the UCD orders and order sets (32 scenarios). Partic-
ipants included front-line ordering providers from general
pediatrics, cardiology, hematology/oncology, neonatology,
critical care, and surgery. Four participants (two ineachgroup)
had<2 years of postgraduate clinical experience, five had 3 to
4 years of experience, three had 5 to 9 years of experience, and
one participant had �10 years of clinical experience. There
were no significant differences in specialty distribution or
experience between the groups by Fisher’s exact test.

Comparedwith the original design, task completionwith-
out any errors significantly improved with the UCD orders
and order set comparedwith the original design (UCD: 65.6%
vs. original design: 35.7%; p¼ 0.03), and the rate of severe
order errors significantly decreased (UCD: 0.125 severe
errors per scenario vs. original design: 0.5 severe errors
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per scenario; p¼ 0.002; ►Table 3). The frequency of moder-
ate order errors (UCD: 0.28 moderate errors per scenario vs.
original design 0.29 moderate errors per scenario; p¼ 0.97)
and mean time per scenario (UCD: 95.4 seconds vs. original
design 87.4 seconds; p¼ 0.57) were not significantly differ-
ent between the two designs. On a visual analog scale of �1
(completely prefer original design) to 1 (completely prefer
UCD), participants preferred the UCD with a mean score of
0.56 (95% CI: 0.23–0.89). Overall, 71% of participants agreed
or strongly agreed that they were satisfied with the UCD
system, 79% agreed that it was easy to use, 71% agreed that it
allowed efficient task performance, and 79% agreed that it
was useful.

There was a trend toward greater improvement in quiz
grade for those using the UCD orders and order set, but this
was not significant. Of note, with eight participants in the
UCDgroup, seven in the original design group, and a standard
deviation in quiz grade across the whole sample of 17%, we
would have been 80% powered to detect a quiz grade differ-
ence of 27% or greater.24

Discussion

User-centered design of the blood product ordering process
for pediatric patients through scenario-based, formative
usability testing significantly reduced severe ordering errors

Table 2 Major design changes made to the original design and DEC orders and order sets based on formative usability testing,
resulting in the development of UCD orders and order sets

Design change Rationale

Original design and DEC:when user selects blood product, both
“prepare” and “transfuse” orders are default checked.

UCD: When user selects blood product, “prepare” order is
default checked but not “transfuse” order. If user signs
“prepare” order without pre-op indication and no “transfuse”
order present, sees alert to confirm.

In formative testing, 2 of 3 providers signaled nurse to transfuse
when scenario did not call for it with original design and DEC.

With UCD, no transfuse orders placed when scenario did not call
for it, but 1 of 16providers did not signal nurse to transfusewhen
scenario did call for it.

Original design and DEC:when preparing blood products inmL,
always ask volume of 1st aliquot and volume of 2nd aliquota.

UCD: ask for 1st aliquot volume, then ask “2nd aliquot
needed?” If yes, cascade to 2nd aliquot volume.

In scenario requiring only 1 aliquot, 2 users entered the
volume for both 1st and 2nd aliquot with the original design
and DEC, which would lead to over transfusion.

Original design: separate order sets for general, OR, and
Hem/Onc populations.

DEC: collapsed into 1 order set with sections for “non-OR,
general,” “non-OR, Hem/Onc,” “OR general,” “OR Hem/Onc.”

UCD: single order set with “non-OR,” “OR,” and “emergency
O-negative” sections; no special Hem/Onc sections.

In scenarios of Hem/Onc patients, 2 participants made order
selections in the wrong subsection for the clinical scenario
(“OR” vs. “non-OR”), leading to inaccurate use of “transfuse”
order.

Original design and DEC: User can order split aliquotsa when
ordering by volume, not by units.

UCD: allow option to order 1/2 unit packed red blood cells or
platelets; when 1/2 unit selection, cascade option of “2nd
aliquot needed?”

Anesthesia and Hem/Onc providers described use cases for
ordering 1/2 unit packed red blood cells. In original design
and DEC, these providers wrote instructions to split a single
unit in the order comments, which were sometimesmissed by
blood bank technologists and risks over-transfusion.

Original design and DEC: ask providers to choose each special
processing request (i.e., irradiated, washed, phenotypically
similar, CMV-negative, etc.).

UCD: ask providers if indications present for each special
processing request and provide buttons to select indication.

Multiple providers did not know when to select special
processing requests because they didn’t know the indications
requiring special processing and made frequent errors. When
participants were presented with a list of indications, accu-
racy and reported satisfaction increased.

Original design and DEC: when ordering 2 aliquots, order 2
occurrences of “transfuse” order so nurse can document
administration of each aliquot.

UCD: each aliquot requires separate “Transfuse” order; require
user to specify nursing tasks before 2nd aliquot (e.g., “notify
MD,” “Draw Labs”).

Hem/Onc participants noted that nurse would often transfuse
both aliquots without seeing instructions to notify provider or
draw laboratories. Original design and DEC provided afford-
ance to administer and document 2nd aliquot.
UCD removed this affordance and made instructions for tasks
between aliquots more prominent for nurse.

Abbreviations: CMV, cytomegalovirus; DEC, design by expert committee; Hem/Onc, hematology/oncology; OR, operating room; UCD, user-
centered design.
aSmaller pediatric patients cannot receive full units of blood product and are therefore transfused in mL aliquots. The blood product is allocated to
the individual patient and reserved for future aliquots as needed for the same patient to minimize antigen exposure and the risk of developing
alloantibodies, especially for patients requiring frequent transfusions.
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in simulation-based testing without increasing time on task.
Key design changes from theUCD process included (1) asking
providers for the patient’s clinical indications for special
processing of blood products rather than the name of the
special processing requests themselves, (2) removing fields
that facilitated ordering and administering two aliquots of
blood productswhen two aliquots were unnecessary, and (3)
simplifying the structure of the order set to make it easier to
know when a “transfuse” order was appropriate. To our
knowledge, no standards exist for the appropriate design
of electronic blood product orders for pediatric patients or
adults. These results demonstrate that some designs may
predispose to errors, while adjustments targeting those
errors can more safely accommodate pediatric transfusion
needs.7,8

Even after UCD, we continued to see an error rate in
summative usability testing of 34%, with 0.125 severe order-
ing errors per scenario. This high-error rate is partially
because the scenarios created by a pediatric hematologist
and transfusion specialist were intentionally difficult and
representative of known errors from prior safety incidents,
aswell as errors, directly observed during formative usability
testing. The scenarios were not representative of the most
common blood ordering scenarios encountered in general
practice. Other studies of complex workflows have found
similar error rates even after interface redesign. For example,
Horsky and Ramelson demonstrated that a side-by-side
medication reconciliation interface reduced errors during a
complex task from 1.29 errors per participant to 0.37 errors
per participant.25 Medical errors are more common in
complex patients, emphasizing the need for multiple layers
of safety in addition to better design of each step in the
ordering process; for example, the blood bank at our institu-
tionmaintains independent lists of patients requiring special
processing to double check orders. Nonetheless, based on the
Swiss cheese model of patient safety, reducing error rates in
each stage of a care process is likely to reduce overall errors.26

To reduce resource needs to perform formative usability
testing for an operational optimization project, participants
were approached in their usual patient care areas. Thismethod
of insitu testingandimmediateadjustmentsbasedonobserved
errors accelerated recruitment and led tomore rapid iterations
in the design. Additionally, participants experienced real inter-
ruptions due to patient care needs. While this approach may
reduce the internal validity of conclusions, since we did not

control the ordering environment with laboratory precision
and participants may have felt more hurried or distracted by
their patient care duties, it may in fact improve the external
validity (i.e., likelihood that our results generalize to nonsimu-
lated settings) by increasing thefidelityof thesessions to actual
clinical care at low cost.

We hypothesized based on participant feedback during
formative testing that the redesign itself might improve
users’ knowledge of when to order special processing
requests without additional educational interventions. We
saw a trend in improved quiz grades but it was not signifi-
cant. Thismaybe due to small sample size as the difference in
quiz grades detected was below the level and we had 80%
power to detect with our sample. It may also be due to lack of
true effect. In a study of resident physician’s knowledge of
cystic fibrosis and chronic obstructive pulmonary disease
before and after implementation of disease-specific order
sets, Yu et al27 found a similar trend of improved test scores
in those exposed to the order sets. While some argue that
order sets and decision support in general prevents medical
trainees from learning,28 these findings suggest that order
sets may actually improve resident education.

Limitations

This study is limited by a small sample size at a single
institution with unique considerations and constraints. Pro-
viders were used to order blood products in a certain way,
and this may have impacted their reactions to novel design
approaches. Therefore, the benefits of the specific design
changes implemented at our institution may not generalize
to other settings where providers have different expect-
ations. Nonetheless, formative usability testing identified
many ordering errors which led to a very different final
design in our institution than DEC. The benefits of formative
testing to inform user-centered design likely do generalize
across health care settings as they have across multiple
industries.29,30

In the summative usability testing section of this study,
we compared the UCD orders and order sets to the original
design, not the DEC. This choice was based on operational
goals to determine if the final design reduced ordering
errors when compared with the design to which providers
were already accustomed. The frequent error rates with the
DEC seen in formative usability, testing limited operational

Table 3 Summative testing results

Original design
(7 participants,
28 scenarios)

UCD
(8 participants,
32 scenarios)

Difference
(95% CI, p-value)

Task completion with no errors 35.7% 65.6% 29.9% (3.9–56.5%, p¼ 0.03)

Severe errors (per scenario) 0.5 0.125 �0.375 (�0.58 to �0.17, p¼ 0.002)

Moderate errors 0.29 0.28 �0.005 (�0.29 to 0.29, p¼ 0.97)

Mean time per scenario (sec) 87.4 95.4 8.0 (�37.3 to 21.4, p¼ 0.57)

Mean change in quiz grade �2.9% 10% 12.9% (�5.4 to 31%, p¼ 0.15)

Abbreviations: CI, confidence interval; UCD, user-centered design.
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interest in formal evaluation of its performance. However,
since the summative comparison was not directly between
the UCD and the DEC, it is possible that the DEC approach
would have outperformed the UCD orders and order sets.
Similarly an expert committee with a different structure
may have yielded a different and potentially more effective
design.

Additional limitations included having a single clinical
informaticist and transfusion specialist observing the test
sessions, defining errors, and making order set adjustments.
While the clinical informaticist (E.W.O.) had completed a
cognitive informatics and EHR usability elective during
clinical informatics fellowship, no formally trained human
factors expert was involved. This could lead to bias and lack
of generalizability based on the individual characteristics of
the observers without a degree in human factors engineer-
ing. Similarly, we did not evaluate differences in providers
who agreed to participate compared with those who did not
agree. Additionally, the survey administered to participants
to assess their design preference, perceived ease of use, and
usability of the UCD was developed by the authors without
validation. This may have led to misclassification which in a
small sample size could bias the results.

While the test EHR environment mirrored the true EHR in
structure and function, the clinical scenarios were not fully
detailed in the test EHR environment. Participants were read
details of the scenario but did not have the ability to read
along making comprehension more difficult for participants
who process information visually. These approaches may
have led to participant confusionwhich could explain higher
error rates. However, the approach was not different
between the two groups, and observers noted that partic-
ipants spent nearly all of their time on ordering screens
rather than seeking information in the chart, decreasing the
chance that errors were due to inaccurate information in test
patient charts.

Finally, this study only demonstrated benefits in specific
simulated scenarios that were developed by clinical experts
based on prior errors but never formally validated. Our
results may be due to unintended errors in the scenarios
leading to participant confusion. Furthermore, the design
mayhave been overfit to the scenarios created by the authors
and the targeted error types, but may lead to unanticipated
effects when applied more generally to patient care in
untested clinical situations.

Conclusion

User-centered design through scenario-basedusability testing
of a pediatric blood transfusion ordering process reduced
severe ordering errors in simulated settings without any
impact on ordering efficiency. The design produced after
formative usability testing differed substantially from that
developed by an expert committee. In situ formative testing
canbeperformedbya small, skilled teamwithin a short period
of time (2 weeks) and limited effort (�100 person-hours) and
therefore does not create an unreasonable operational burden
for organizations with trained staff members. In summative

testing, participants randomized to the original design versus
UCD orders and order sets had similar changes in scores for
quizzes that tested knowledge of when special processing
requestswere clinicallyappropriate. Futureworkwill examine
the effectiveness of these UCD orders and order sets on
reducing ordering errors and their influence on clinical prac-
tice patterns and patient outcomes in real clinical settings.

Clinical Relevance Statement

In many organizations, clinical decision support processes
and tools, such as order sets, are designed by committees of
stakeholders in the absence of usability testing performed by
appropriate clinical end users. We developed clinical deci-
sion support for pediatric blood product order sets through a
stakeholder committee and subsequently through scenario-
based formative usability testing. The final order set product
after formative usability testing was substantially different
from that created by the stakeholder committee alone.
Additionally, in summative testing, users made significantly
fewer severe ordering errors with the user-centered design
of orders and order sets than the original design. These
results demonstrate that (1) ordering errors for pediatric
blood products are common and (2) order set design through
formative usability testing adds additional value to design by
stakeholder committee alone.

Multiple Choice Questions

1. A health care organization notices ordering errors in
blood product transfusions leading to patient harm.
Which of the following approaches to redesigning the
blood product ordering process is most likely to induce
optimal ordering behavior from front-line clinicians?
a. A stakeholder committee including representatives

from information technology, blood bank, and clinical
heads of service.

b. Scenario-based formative usability testing using a
“think aloud” protocol.

c. Design by the medical director of the blood bank
d. Allow front-line clinicians to customize their own

personal order sets.

Correct Answer: The correct answer is option b. in this
study, design changes based on formative usability testing
in which typical users would “think aloud” as they at-
tempt to order blood products for specific clinical scenar-
ios led to a substantially different order set design than
stakeholder committee alone. This new design led to
significantly fewer severe ordering errors in subsequent
simulated scenarios.While stakeholder committees likely
have the knowledge about which blood products are
appropriate for which clinical scenarios, they may not
have a full understanding of front-line clinician workflow
or thought processes andmay not be able to predict front-
line user behavior in response to a specific order set
representations. By contrast, while front-line clinicians
may have the best understanding of their own workflow,
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which they could use to customize their own personal
order sets, front-line clinicians may have insufficient
medical knowledge regarding transfusion practice to
ensure that customized personal order sets are appropri-
ate and lead to correct ordering behaviors.

2. At an academic health system, you are placed in charge of
developing order sets to improve adherence to certain
published guidelines. One of your physician colleagues
complains that the trainees (residents and fellows) at your
organization may do a better job of implementing the
guidelines but will suffer in terms of their education
because they will rely on the order set instead of going
to look up the guidelines themselves.
Which of the following is the most appropriate response
to your colleague’s concerns?
a. Guideline-based order sets likely do not detract from

and may even improve guideline awareness.
b. It does not matter if physician trainees learn about

guidelines so long as they implement their
recommendations.

c. Order sets do not have any effect on prescriber behav-
ior, so physician trainees will have to look up the
guideline anyway.

d. Your colleague is correct and so you should not develop
guideline-based order sets at organizations responsible
for training new physicians.

Correct Answer: The correct answer is option a. in the
summative testing portion of our study, we administered
a quiz for participants before and after exposure to the
order set, assessing their knowledge of appropriate spe-
cial processing requests for pediatric blood transfusions.
Participants randomized to the UCD order set with an
explicit algorithm for choosing special processing
requests did not have worse quiz grades compared with
participants using the original design with no such guid-
ance. In fact, there was a trend (though not statistically
significant) toward improved quiz grades in the group
using the UCD orders and order sets. Similar trends have
been seen with the introduction of cystic fibrosis and
chronic obstructive pulmonary disease order sets.27
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