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Objectives: Low provider adoption continues to be a signiﬁcant barrier to realizing the potential of clinical
decision support. “Think Aloud” and “Near Live” usability testing were conducted on two clinical decision
support tools. Each was composed of an alert, a clinical prediction rule which estimated risk of either group A
Streptococcus pharyngitis or pneumonia and an automatic order set based on risk. The objective of this study was
to further understanding of the facilitators of usability and to evaluate the types of additional information gained
from proceeding to “Near Live” testing after completing “Think Aloud”.
Methods: This was a qualitative observational study conducted at a large academic health care system with 12
primary care providers. During “Think Aloud” testing, participants were provided with written clinical scenarios
and asked to verbalize their thought process while interacting with the tool. During “Near Live” testing participants interacted with a mock patient. Morae usability software was used to record full screen capture and audio
during every session. Participant comments were placed into coding categories and analyzed for generalizable
themes. Themes were compared across usability methods.
Results: “Think Aloud” and “Near Live” usability testing generated similar themes under the coding categories
visibility, workﬂow, content, understand-ability and navigation. However, they generated signiﬁcantly diﬀerent
themes under the coding categories usability, practical usefulness and medical usefulness. During both types of
testing participants found the tool easier to use when important text was distinct in its appearance, alerts were
passive and appropriately timed, content was up to date, language was clear and simple, and each component of
the tool included obvious indicators of next steps. Participant comments reﬂected higher expectations for usability and usefulness during “Near Live” testing. For example, visit aids, such as automatically generated order
sets, were felt to be less useful during “Near-Live” testing because they would not be all inclusive for the visit.
Conclusions: These complementary types of usability testing generated unique and generalizable insights.
Feedback during “Think Aloud” testing primarily helped to improve the tools’ ease of use. The additional
feedback from “Near Live” testing, which mimics a real clinical encounter, was helpful for eliciting key barriers
and facilitators to provider workﬂow and adoption.

1. Background
Clinical decision support (CDS) has demonstrated the ability to
shape health care provider behavior towards more evidence based
clinical practice by improving diagnosis, treatment, and preventative

care services [1–6]. CDS is typically integrated into the electronic
health record (EHR) and functions to bring key pieces of evidence or
best practice guidelines to the point of care. These tools stand to improve the American healthcare system where on average it takes ﬁve
years for best practice guidelines to become standard practice [7] and
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as oﬀered an automatic order set based on the calculated risk. The
automatic order set included antibiotics based on the calculated risk of
bacterial infection. The automatic order sets included documentation
for progress notes, laboratory orders, prescription orders, diagnoses,
patient’s instructions and level of service (Fig. 2).
During both types of usability testing all human-computer interactions, including audio and continuous screen capture, were captured
using Morae® (TechSmith, Okemos, MI, USA) software. All verbalized
thoughts were transcribed verbatim, coded, and analyzed for generalizable themes. Based on a coding scheme previously developed by the
study team, all participant comments were coded under usability, visibility, workﬂow, content, understand-ability, usefulness or navigation
and coded for themes [10]. Emergent codes included the splitting of
“usefulness” into “medical” or “practical” usefulness. Participants reported demographic data before every session and completed the
System Usability Scale (SUS) afterwards [15]. The SUS is a widely used,
validated instrument that measures subjective usability [16,17].
Written informed consent was obtained from all participants. The Institutional Review Boards at both institutions approved the research
protocol.

patients received only 55% of recommended care [8].
Low provider adoption, reported at 10 − 20%, continues to be a
signiﬁcant barrier to realizing the potential of CDS [1]. Eﬃciency,
usefulness, information content, user interface, and workﬂow have
been reported by clinicians to be the keys to eﬀective decision support
[1]. These are all components of CDS usability studies and are likely
large determinants of clinician adoption rates. Usability testing during
the development of CDS allows for its iterative improvement in these
areas and has been associated with adoption rates as high as 60% [6].
In “Think Aloud” usability testing, participants verbalize their
thoughts as they work through scripted tasks in the EHR. “Think Aloud”
testing is resource eﬃcient and provides important feedback on CDS
functionality and design [9]. “Near Live” usability testing records
providers interacting with a patient actor and the CDS tool. This is more
resource intensive but simulates a real clinical environment along with
the associated time pressure and natural clinical workﬂow. These types
of usability testing complement each other with the former gathering
surface level data and the latter providing insights about underlying
workﬂow issues [10]. “Near Live” usability testing is designed to be
conducted after “Think Aloud” usability testing has been conducted and
lower level usability issues have been addressed.
The objective of this study was to further understand the determinants of usability by analyzing both the “Think Aloud” and “Near Live”
usability testing results of two CDS tools for lessons and themes that
could be generalizable to all forms of CDS. The secondary objective was
to evaluate the types of additional information gained from proceeding
to “Near Live” testing after completing “Think Aloud” usability testing.
Usability testing of these two CDS tools was done as a part of the development phase of “Integrated Clinical Prediction Rules: Bringing
Evidence to Diverse Primary Care Settings (iCPR2)”, a randomized
controlled trial evaluating the tools’ eﬀect on antibiotic ordering [11].
The CDS tools were composed of an alert, a clinical prediction rule
estimating risk of either group A Streptococcus (GAS) pharyngitis or
pneumonia and an automatic order set based on risk.

2.1. “Think aloud” usability testing
2.1.1. Participants
Primary care providers were volunteers selected to form a convenience sample, primarily based on clinic location and ease of study
conduction. Inclusion criteria required that participants worked in
Family Medicine, Internal Medicine or Urgent Care oﬃces, spent at
least half of their time providing clinical care and were currently using
the EHR system in which the CDS was imbedded. Primary care providers were medical doctors, nurse practitioners and physician assistants.
2.1.2. Procedure
The sessions were conducted in a typical clinic oﬃce setting. Each
participant was presented with a written clinical case describing a patient with low, intermediate or high risk of either GAS pharyngitis or
pneumonia. Following a scripted protocol from the interviewer the
usability participant was directed to perform diﬀerent aspects of clinical documentation including opening the chart, entering patient data,
creating a progress note, and placing appropriate orders. While interacting with the tool participants were strongly encouraged to think out
loud and to verbalize their thought process. After interacting with the
tool the participant was asked a few speciﬁc questions about general
attitudes towards the tool. The duration of each session was between 25
and 45 min.

2. Methods
This was a qualitative observational study done at the University of
Wisconsin, a large academic health care center. “Think Aloud” testing
was completed with 4 participants. The tool was revised based on these
results before “Near Live” testing was conducted with 8 participants.
Diﬀerent participants were recruited for each type of testing, as is typically the case, to minimize the time commitment required from each
of these busy health care providers. Both “Think Aloud” and “Near
Live” usability testing were completed with successive participants
until saturation was demonstrated. As additional participants complete
usability testing they often reiterate the insights of those before them at
increasing rates until no new themes emerge. We repeated testing until
we stopped hearing new insights from participants. The sample sizes
are typical for usability studies and research has demonstrated that they
are suﬃciently large to elicit the vast majority of usability issues
[12–14].
The two CDS tools tested used clinical prediction rules, the Centor
Score for GAS pharyngitis and the Heckerling Rule for pneumonia, to
calculate the patient’s risk for either condition. The tools were both
built in Epic Systems EHR and use a standard EPIC alert to inform
providers when a patient is appropriate for the tool. The tool is triggered by a reason for visit of sore throat, cough, or upper respiratory
tract infection. When triggered, the participant is presented with an
alert oﬀering the CDS tool upon opening the chart. If accepted, the
participant is taken to a calculator with a list of clinical questions, each
of which contributes to a total risk score (Fig. 1). This calculator uses
simple yes/no buttons for choosing if criteria are met. Temperature and
heart rate are automatically populated based on vitals logged in by the
medical assistant. After calculator completion, participants are shown a
risk score, identifying patients as low, intermediate or high risk as well

2.1.3. Data analysis
Video and transcribed audio recordings were reviewed by two independent coders and placed into coding categories identiﬁed in work
with earlier versions of these CDS tools. [17] Participant statements
were coded under both categories if deemed appropriate by both coders. All discrepancies in the coding were resolved by discussion to
achieve a consensus.
2.2. “Near live” usability testing
2.2.1. Participants
Eight primary care providers were selected from volunteers to form
a convenience sample, primarily based on clinic location and ease of
study conduction. The same inclusion criteria were used as in the
“Think Aloud” testing.
2.2.2. Procedure
The session was conducted in a clinic oﬃce setting. Each participant
was asked to interact with a standardized patient, a patient actor who
was trained to portray a case of low, intermediate or high risk GAS
2
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Fig. 1. Clinical Decision Support Tool Calculator.

medical usefulness diﬀered during “Near Live” testing from those
during “Think Aloud” testing. (Table 4)

pharyngitis or pneumonia. Every participant completed at least one
case, two completed two cases each. The participant interacted with the
patient actor while navigating through the CDS tool. They were asked
to think out loud if they had any challenges or positive opinions of the
tool. The study staﬀ observed the session to answer questions, troubleshoot the software and to provide the physical exam information.
After completing the testing participants were asked about their reaction to speciﬁc components of the tool and for suggestions for improvement. The duration of each session was between 25 and 45 min.

3.2.1. “Think aloud” usability testing
Participants commented that the tool allowed them to order diagnostic tests, imaging and treatments at the appropriate time. Ease of use
increased when the tool correctly anticipated their needs by providing
what they wanted, when and where they wanted it. In terms of practical
usefulness, participants commented that the automatic order set, automatically generated documentation and communication with nurses
and patients decreased workload and saved time. In terms of medical
usefulness, participants commented positively about the tools ability to
assist with quick recall of the risk factors for GAS pharyngitis or
pneumonia. They felt that providing relevant, medically accurate information was helpful for decision making.

2.2.3. Data analysis
Two independent coders reviewed all video and transcribed audio.
Verbalized thoughts and participant actions were categorized under
each code and in the sequence they occurred.
3. Results
Participants were primarily medical doctors, along with one nurse
practitioner and one physician assistant. (Table 1) Our sample was 42%
female with an average age of 47.1, 18.7 years of post-graduate practice, and 7.7 years of experience using an EHR. Average SUS was 85.6
during “Think Aloud” testing and 81.3 during “Near Live” testing. SUS
scores range from 0 to 100, with 100 being a perfect score [17]. An SUS
score of 68 is considered average [18]. Those raw scores would correspond to the 95th percentile rank for “Think Aloud” testing and the
91 st for “Near Live” testing.

3.2.2. “Near live” usability testing
Participants also commented positively about tool simplicity and
negatively about unnecessary clicks to navigate through the tool,
however there were additional comments about the importance of autopopulate ﬁelds and the user’s ability to easily and permanently silence
the tool. Contrary to comments made during “Think Aloud” testing,
participants commented frequently that they would not use the automatically generated order set, patient instructions or documentation
because it was incomplete. For example, they felt the order set should
include viral respiratory testing, urine legionella antigen testing, etc.
They felt that the automatically generated documentation wouldn’t be
useful if it created a note based on just one of the patient’s complaints.
Participants also commented frequently that they felt the tool would
not be useful because they already knew and used, for example, the
Centor Score to asses for risk of GAS pharyngitis. The tool needed to
provide unknown information or understanding to users to be perceived
as medically useful.

3.1. Common themes
Previously developed codes were explicitly deﬁned before data
analysis. Emergent codes were deﬁned during data analysis. (Table 2)
Common themes about visibility, workﬂow, content, understandability
and navigation were observed during both the “Think Aloud” and the
“Near Live” testing. (Table 3) Visibility increased when important text
was colored diﬀerently, larger, underlined, and appropriately located.
Participant’s comments consistently reﬂected that passive alerts that
triggered at the time of decision making would allow CDS tool use
without disturbing their natural workﬂow. Comments about content
reﬂected the need for all elements of the tool to incorporate up-to-date
and specialty speciﬁc medical knowledge. Understandability improved
with the use of common medical terminology, providing clear instructions and using simple language. Participant’s ability to navigate
through the CDS required each tool component to include obvious indications of next steps.

3.3. Workﬂow map
During “Near Live” testing participants were allowed to interact
naturally with patient actors. Every participant demonstrated the same
workﬂow in terms of the order of events. (Fig. 3) The alert triggered
upon opening the chart based on an appropriate reason for visit.
However, all participants navigated away from the alert to ﬁrst take a
history, with or without simultaneously documenting this in a progress
note. They then navigated to view the vitals and asked for the physical
exam information. Then they looked for, or were directed to, the alert
which linked them to the CDS tool. After completing the tool participants counselled the patient while placing the appropriate orders.

3.2. Additional themes
Participant comments about usability, practical usefulness and
3
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Fig. 2. Clinical Decision Support Tool Automatic Order Set.
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usability ﬁndings particular to the tools studied and the relative percentages of positive and negative comments attributable to diﬀerent
components of the tool or components of usability [10,11,19,20].
This study’s focus on qualitative insights facilitated the discovery of
the fundamental incompatibility between the EHRs trigger capabilities
and natural clinical workﬂow as well as to clarify the added beneﬁt of
“Near Live” usability testing. Comments made during “Think Aloud”
testing about visibility, content, understand-ability and navigation
primarily helped to improve the tools ease of use, which is a key driver
of technology adoption [21]. Participant comments and observed behavior during “Near Live” testing were more helpful for eliciting key
barriers and facilitators to provider workﬂow and adoption.
During “Near Live” testing participants were more critical of the
tool’s usefulness, suggesting that the more realistic environment created
a more demanding set of user requirements. During “Think Aloud”
testing, the presence of the automatically generated order set, documentation and patient information elicited positive commentary about
practical usefulness. However, in “Near Live” testing participants
commented that unless these visit aids were complete they would not
be useful. For example the automatically generated order set would not
be useful unless it included every order that might be placed during a
visit for symptoms of an upper respiratory illness.
During “Think Aloud” testing the information the tool presented
elicited positive commentary based on accuracy however during “Near
Live” testing participants felt strongly that only unknown information
would be useful in terms of improving medical decision making. During
“Near Live” testing participants remarked that although the tool might
be accurate and relevant to the visit there would be no need to use it if
they already felt comfortable with diagnosing and treating this condition. Notably, we would expect this to limit the potential impact of any
form of CDS directed at changing provider behavior around a common
medical problem.
This ﬁnding presents a particularly important challenge as most
forms of CDS are directed at reﬁning clinical practices around common
medical problems. However, these are likely to be ones that providers
feel most conﬁdent managing without assistance. Overconﬁdence bias
is a signiﬁcant challenge in medicine, leading to diagnostic errors and
adverse events [22]. Just as most people rate themselves as better than
average drivers [23], doctors are likely to overestimate their medical
judgment concerning diagnoses they consider on a daily basis. Although
evidence suggests that about half of antibiotics ordered for acute

Table 1
Provider Demographics and System Usability Scale Scores.
Variable
Demographics

Providers (n = 12)

Age − yr
Female Sex − no. (%)

47.1 ± 13.6
5 (42)

Provider Type − no. (%)
Medical Doctor (Attending/Faculty)
Nurse Practitioner
Physician Assistant
Years of Post-Graduate Practice
Years Using Electronic Health Record

10 (83%)
1 (8%)
1 (8%)
18.7 ± 14.2
7.7 ± 2.3

System Usability Scale Scores
“Think Aloud” Usability Testing (n = 4)
“Near Live”Usability Testing (n = 8)

85.6 ± 24
81.3 ± 14

Table 2
Coding Categories and Deﬁnitions.
Coding Category

Deﬁnition

Usability

Ease of use of the CDS tool, ability to use with minimal
eﬀort, i.e. time, clicks, mental energy
Ability to quickly recognize key messages and instructions
provided by the CDS tool
Ability of the CDS tool to ﬁt into the natural order of
events in a patient encounter
Medical accuracy or appropriateness of CDS tool text
included as orders, patient information, documentation
Ability to quickly comprehend meaning of text,
instructions and the purpose of CDS components
Improves speed or decreases workload during encounter
Improves clinical decision making during encounter
Ability to move easily through the CDS tool

Visibility
Workﬂow
Content
Understand-ability
Practical Usefulness
Medical Usefulness
Navigation

4. Discussion
“Think Aloud” and “Near Live” usability testing of these two CDS
tools generated unique insights and lessons generalizable to all forms of
CDS. Participant commentary was consistent across participants and
across the two tools. This is the ﬁrst study to evaluate generalizable
lessons learned from “Think Aloud” and “Near Live” usability testing of
complex clinical decision support tools. Previous studies documented
Table 3
“Think Aloud” and “Near Live” Usability Testing Results, Common Themes.
Coding Category

Example Comments

Theme

Visibility

“What jumps out to me is the blue underlined strep pharyngitis risk screening tool."
(Think Aloud)
“But the score is way over on the right so I didn’t actually notice what the score was.”
(Near Live)
“I much prefer to have stuﬀ in the background that doesn’t force me to have hard
stops… There may be a whole series of other things I’m dealing with." (Think Aloud)

Visibility improves when important text is colored, larger,
underlined and appropriately located.

Workﬂow

Content

Understand-ability

Navigation

“I look at the [tool] after I’ve gathered my information and provided what I think to
be the most logical and evidence based direction towards my history, exam and
decision making.” (Near Live)
“I don’t even know that I would give kids cephalexin, because again it tastes horrible."
(Think Aloud)
“It was nice to see that there were available alternatives. And the appropriate dosing
and the cued up duration and dose that was appropriate for the condition being
treated.” (Near Live)
“Do they have rales? I don’t quite know if crackles are rales. Maybe I’m going to say
no.” (Think Aloud)
“Say absence of cough vs. presence of cough. That double negative may set people
oﬀ.” (Near Live)
“It says accept or accept and stay. I wouldn’t know what the diﬀerence is between
that.” (Think Aloud)
“I think the click close to get to the [automatic order set]… you’re right it’s not totally
intuitive.” (Near Live)

5

Passive alerts that trigger at the time of decision making allow
providers to use CDS tools without disturbing their natural
workﬂow.

All elements of the tool should incorporate up-to-date and specialty
speciﬁc medical knowledge.

Using common medical terminology, providing clear instructions
and using simple language improves understand-ability.

CDS tool components should include obvious indications of next
steps.
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Table 4
“Think Aloud” and “Near Live” Usability Testing Results, Additional Themes.
Coding Category

Example Comments

Theme

Usability

Think Aloud
“Is it going to put accept over here. So you don’t have to navigate over to
this corner?”
“But it looks like I can just go ahead and order an antibiotic, right oﬀ of the
screen. I’ve got a diagnosis based on that. So that seems very convenient.”
Near Live

Think Aloud
Usability increases when CDS tools correctly anticipate their needs by providing what
they want, when and where they want it.
Near Live

Practical Usefulness

Medical Usefulness

“Silence alert, I love that button. Stop yelling at me.”
“I liked the fact that it actually obtains and pulls in the clinical information
that’s discrete that’s available such as the heart rate and the temperature.”
Think Aloud
“I like how it brings these things in. You know, when I’m thinking of typing
my note I’m going to be typing in all these things. So, now it’s right there.”
“What I liked most was the progress note. It looks like that’s going to save
me time. I like saving time.”
Near Live

“Part of the reason I don’t use a lot of the [automatic order sets] is that
they only have certain bits and pieces of what I want. And then it’s more
clicks for me."
“Although, I would put some information [in these patient instructions]
here about the antibiotic that I prescribed.”
Think Aloud
“I like the calculator, it’s good. I’m thinking of those things so it’s just nice
to have it right there… if you’re kind of trying to piece it together it just
takes a second.”
“I think it was helpful. I think it helps you make better, informed decisions."
Near Live

Users perceive ease of use when CDS tools auto-populate with required clinical
information and alerts can easily be permanently silenced.

Think Aloud
Automatically generated documentation and communication with nurses and patients
decrease workload and saves time.
Near Live
To be perceived as practically useful CDS tools must generate visit aids, like automatic
order sets, documentation and patient instructions that are complete. Additionally, CDS
tools can help to educate patients.

Think Aloud
CDS that provides information that is perceived as relevant and medically accurate is
help for decision making.
Near Live
CDS must provide unknown information or understanding to users to be perceived as
medically useful.

“I’m an old guy and I think I know what I’m doing so probably I wouldn’t
use it.”
“I probably don’t mentally have a calculator, a pre-test prediction rule for
pneumonia… So I think it would be useful.”

These ﬁndings suggest that the ideal time for the tool to trigger would
be after the history and physical exam but before diagnosis or order
entry. However, our prior work using these tools showed better adoption when triggered earlier in the provide workﬂow [25].
Most CDS tools trigger before the provider is ready to think about
the clinical problem. This discrepancy with natural clinical workﬂow is
a fundamental problem in CDS. It reﬂects the lack of homogeneity in
clinical workﬂow and the discrepancy between CDS and how providers
cognitively process their work [26]. Providers are likely to dismiss tools
that trigger before or after the decision making process. Providers
gather information from the EHR, for example past medical history and
vital signs and then later put orders in using the EHR. Thinking typically happens without and outside of the EHR. Eﬀective CDS may need
to be passive, and usable and useful enough that providers make the
eﬀort to look for it during the decision making process.
These insights are increasingly relevant as the number of EHR alerts
and notiﬁcations providers must navigate through increase every day.
Primary care doctors receive about 77 total notiﬁcations per day [27]
and spend nearly two hours on the EHR and desk work for every hour of
face to face time with their patients [28]. CDS embedded into the EHR

respiratory conditions are inappropriate [24] during “Near Live”
testing, most participants deemed the tool as one that might be useful
for other less experienced providers but not useful to them.
Commentary under the coding category usability also supported
participants evolving concerns as testing increasingly simulated a real
clinical environment. New comments about auto-populate and the
ability to easily silence the tool emerged. Scores on the SUS scale during
both types of testing indicated slightly decreased perceived usability
during “Near Live” testing. This small decline is noteworthy considering
the tool had been improved based on prior “Think Aloud” testing. These
ﬁndings point to increasing expectations by users in terms of tool usability and usefulness as it is tested in increasingly real environments.
“Near Live” testing provided clinical workﬂow maps as participants
interacted with the CDS tool as they would during a real clinical encounter. Participants never used the tool when it triggered upon
opening the patient chart. They would not use the tool without ﬁrst
completing the history and physical exam. They went back to look for it
when they were ready to think about risk stratifying the patient for GAS
pharyngitis or pneumonia. During a real clinical encounter it might be
less likely that a provider would make the eﬀort to look for the tool.

Fig. 3. “Near Live” Provider Workﬂow.

6
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Consent for publication

now contributes to the increasing complexity of clinical practice. The
presence of too much poorly organized information can be as harmful
as having too little; distracting users from important, usable information [29]. There is a growing literature about the unintended consequences of CDS and technology induced errors [30–35]. Combining
these types of usability testing allows these tools to be rigorously
evaluated and adapted to the needs of providers.
This study has several of limitations. Typical for usability studies,
participants were a convenience sample of volunteers, rather than a
representative sample. Those who volunteered may have had a particular interest in CDS and therefore comments may have been more
positive or negative than if participants were randomly selected. During
both “Think Aloud” and “Near Live” testing, an interviewer was present
while the participant interacted with and commented about the CDS
tool. Participants may have changed their behavior and reported observations as a result of being observed (the Hawthorne eﬀect). This
testing was done with just one EHR, Epic Systems, which may limit
generalizability. However, this is one of the largest EHRs in the United
States and testing was done at a total of 10 diﬀerent clinics. Lastly, both
of these forms of usability testing examine provider thoughts and
feelings about the CDS tool outside of the natural clinical environment.
Providers may have diﬀerent thoughts and opinions when asked to use
the tool during a real clinical encounter with time pressure and increased patient complexity. All of these limitations are inherent to simulated usability studies and represent standard practice.
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SUMMARY POINTS
Already Known

• Low provider adoption continues to be a signiﬁcant barrier to
realizing the potential of clinical decision support.
• Eﬃciency, usefulness, information content, user interface, and
workﬂow have been reported by clinicians to be the keys to
eﬀective decision support.

5. Conclusion
“Think Aloud” and “Near Live” usability testing provide CDS tool
designers with complementary insights that when combined provide a
more robust understanding of CDS usability. Participant comments
made during “Think Aloud” testing about visibility, content, understand-ability and navigation primarily helped to improve the tools ease
of use. Participant comments and observed behavior during “Near Live”
testing, which mimics a real clinical encounter, were more helpful for
eliciting key barriers and facilitators to provider workﬂow and adoption.
Participants displayed higher expectations for usability and usefulness during “Near Live” testing. Additionally, observed behavior during
“Near Live” testing provided valuable information about workﬂow integration. These are signiﬁcant ﬁndings, since most CDS usability
testing if done does not complete “Near Live” testing before implementation and this likely contributes to its limited ability to provide
signiﬁcant improvements in healthcare delivery. Combining these types
of usability testing provides key insights about provider perspectives,
which will serve to improve ease of use of CDS, increase provider
adoption and help CDS reach its potential to improve health outcomes.

This Study Has Added:

• “Think Aloud” and “Near Live” usability testing of these two
•
•

CDS tools generated unique insights and lessons generalizable to all forms of CDS.
Insights detailed from “Near Live” testing point to a fundamental incompatibility between the electronic health records trigger capabilities and natural clinical workﬂow.
During “Near Live” testing participants were more critical of
the tools usefulness, suggesting that the more realistic environment created a more demanding set of user requirements.
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