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Abstract

Background: Electronic prescribing systems are designed to aid in the complex process
of prescribing by providing patient information and decision support at the point of care.
Successful implementation and effectiveness depend on a variety of factors, including
usability and user interface design, which influence how the information and decision
support are relayed to users. Poorly designed systems have been found to be associated

with medication errors.

Methods: We conducted a factorial design study to investigate the impact of screen
density, highlighting, and placement of information, on the accuracy of prescribing when
using an e-prescribing system. Study sessions were held during clinical pharmacology
educational rounds, where residents and medical students answered simulated prescribing
scenarios presented on various e-prescribing system interface configurations. Assignment
of prescribing scenarios to interface configurations and presentation order were
randomized between study sessions. Participants were also asked about their preferences
for specific user interface configurations.

Results: A total of 66 participants completed 844 prescribing cases, with 583 (69%)
cases answered correctly. The presence of highlighting was associated with correct
prescribing decisions (p-value = 0.001), with 181 out of 250 (72.4%) prescribing
scenarios answered correctly on interfaces with highlighting of key clinical information,
as opposed to 156 out of 242 (64.5%) on interface configurations without. Low screen
density and central placement of information were not found to be statistically significant
predictors of prescribing accuracy. The presence of highlighting was the only factor that
the majority of participants (80.3%) preferred, but no effect was found when comparing

prescribing accuracy on preferred versus non-preferred interface configurations.

Conclusions: The factorial design methodology developed is a novel approach for
efficient and objective evaluation of multiple user interface design factors in one study.
Evidence-based design and usability principles are needed to enhance the design and
appropriate use of e-prescribing systems as usability problems continue to be one of the
primary reasons for dissatisfaction and poor levels of adoption.
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1.0 Background

1.1 Electronic Prescribing Systems

The process of prescribing medications can be complex and is prone to error, with
resulting implications for patient safety. Preventable drug-related morbidity due to
inappropriate prescribing is a significant problem in the Canadian healthcare system. It
has been estimated that the incidence rate of adverse events during hospital admissions in
Canada is 7.5%, with about 40% of the events deemed as preventable, with adverse
events due to drugs and fluids being the second most common type after surgical adverse
events.! Medication errors, adverse drug events, and failure to prescribe beneficial
medications are a threat to patient safety and result in considerable costs for healthcare
systems.”™ Information on patient history, allergies, past and current medications, key
laboratory results and current best evidence is critical to clinicians prescribing the
appropriate medications, but is frequently not available at the point of care.’ This lack of
information is often the cause of prescribing errors and results in patients being harmed
by inappropriate medications or not being prescribed beneficial medications.®”

Electronic prescribing (e-prescribing) systems that provide computerized decision
support to clinicians at the point of care are designed to aid in the complex process of
prescribing.'® E-prescribing refers to the use of computers to create, modify, review, and
dispense prescriptions. The systems can provide clinicians with vital patient information
and decision support to improve their prescribing.!' E-prescribing systems may have
functional capabilities to provide basic decision support, such as drug-allergy checking,
guidelines for dosing, and drug-drug interaction checking, as well as advanced decision
support, such as guidelines for drug-related laboratory tests. The systems are particularly

useful in the technical aspects of prescribing appropriate medications, through functions
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such as calculating dosage or identifying drug interactions. Similarly, e-prescribing
systems can aid in the consideration of societal implications, through functions such as
drug formulary alerts. Consequently, organizations such as Canada Health Infoway are
advocating system-wide implementation of e-prescribing technology across Canada, with
presumptions that the systems will decrease adverse drug events and improve prescribing

practice.'?

1.2 Implementation and Adoption of Electronic Prescribing Systems

The successful implementation and effectiveness of an e-prescribing system
depends on a variety of factors such as technical capabilities, the quality of decision

support, and usability of the system.'>'*

Barriers to adoption include changes in clinical
workflow, acceptability, readiness, costs of implementation, technical barriers (e.g.
bandwidth and internet access), legislative barriers and social and ethical barriers (e.g.
confidentiality, privacy).””"” In moving forward with the implementation of e-prescribing
systems, it is also important to identify factors for successful implementation and uptake
of these systems. In addition to factors such as technical functionality, standards, and
costs, usability is one of the most important factors for optimal adoption and
effectiveness of e-prescribing systems.

E-prescribing systems maintain a number of functional capabilities intended to
allow prescribing and to support decision making, including patient demographic
information, medication selection menus, lab information, dosage calculation, safety
alerts, and formulary alerts.'® For these features to work as intended and be beneficial to

the user, they must be presented in a way that is user-friendly and ensures accuracy of

prescribing decisions. The design and content of the user interface of an e-prescribing

2



MSc Thesis - W. Wiercioch; McMaster University - Health Research Methodology

system directly relates to the usability of the system. Research in this area is lacking,
specifically in regard to usability and user interface design of e-prescribing systems.
Identifying and evaluating user interface design factors that may impact the accuracy of
prescribing will ultimately help enhance the design and appropriate use of e-prescribing

systems and the likelihood of their successful adoption.

1.3 Evaluation of Electronic Prescribing Systems

Computerized prescribing systems that provide prescribing decision support at the
point of care are a relatively new technology. The effectiveness of these systems on
patient outcomes has not yet been widely researched in various clinical settings. Current
research projects are focusing on evaluating the effectiveness of these systems in terms of
potential benefits for reducing prescribing errors, enhancing patient safety, improving
efficiency, and improving adherence to prescribing guidelines. The majority of this
current research has focused on the inpatient setting at hospitals, and little research has
been done to evaluate the effectiveness of electronic prescribing systems in the outpatient

19-25

setting, such as primary care practices. While viewed as promising innovations with

potential to improve prescribing, no high-quality evidence supports that important patient
outcomes are improved, especially in Canadian outpatient settings.**

Despite perceived benefits and potential for improved care, rigorous evaluation of
e-prescribing systems is required. In fact, poorly designed systems can have unintended

3034 Randomized controlled trials

consequences, including increasing medication errors.
(RCTs) are required for overall evaluation of the effectiveness and safety of the systems,

as are studies for evaluation of the components or factors for successful implementation,

such as usability. In addition to issues in implementation such as data quality and quality

3
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of the knowledge base for decision support, human factors issues such as usability remain

at the forefront.

1.4 E-Prescribing System Usability and User Interface Design

Various standard definitions of system usability have been described. The
International Organization for Standardization (ISO) defines usability as “the extent to
which a product can be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context of use.”* Usability has
also been broadly defined as “the capacity of a system to allow users to carry out their

tasks safely, effectively, efficiently, and enjoyably.”

Finally, five attributes of usability
have been proposed, which include learnability, efficiency, memorability, errors, and
satisfaction.”’ For e-prescribing system features to be beneficial to the user and work as
intended, they should be presented in a way that conforms to usability guidelines and user

38,39

interface design principles.””” User interfaces facilitate data input, browsing, editing, and

output. A good interface design will encourage easy, natural, and engaging interaction
and allow a user to carry out their prescribing tasks successfully.**

As introduced above, e-prescribing systems maintain a number of functional
capabilities to support and allow prescribing, which may include patient selection and
demographics menus, diagnosis selection menus, medication selection menus, lab
information, safety alerts (drug interaction, allergy, contraindications), formulary alerts,
and dosage calculation. Each of these features can play an important role in the process of
prescribing and may have an impact on prescribing appropriateness and accuracy when

43 44

using the electronic prescribing system.™"" User interface design features such as screen

layout, density of information, position of messages on the screen, and use of colour are

4
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directly related to the usability of an e-prescribing system and usability problems have
been previously found to be associated with medication errors.*®*4>46

Usability and user interface design factors will affect whether physicians receive
information and decision support as intended in the design of these systems and will also
influence physicians’ understanding and uptake of information. It is necessary to find out
what factors will make e-prescribing systems more user friendly, and to specifically

determine whether physicians will receive information and decision support accurately

through the design of these systems.

1.5 Usability and User Interface Design Evaluation

The design and content of the user interface of an e-prescribing system directly
relate to the usability of the system. Well-designed e-prescribing systems that follow
usability principles will likely reduce training time, the learning curve, and the potential
for errors to be made, thereby avoiding possible unintended consequences of the e-
prescribing systen1.31'33’47 Identifying and evaluating user interface design factors that
may impact the accuracy of prescribing will ultimately help enhance the design and
appropriate use of e-prescribing systems and the likelihood of successful adoption.

Usability and user interface design evaluation has been well covered in computer
science and engineering literature as it relates to computer systems, but less attention has
been given to it in healthcare with a dearth of high-quality usability research specific to e-

36,48-51

prescribing systems. In healthcare, usability evaluation is often an overlooked,

intermediate aspect in the evaluation of the effectiveness of e-prescribing systems and
other eHealth technologies, but usability is at least one important determinant of whether

e-prescribing systems will be used successfully and improve outcomes.”

5
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A number of methods for evaluation of computer system usability have been
established. Usability testing can be a part of the formative evaluation of systems during
the design process (with the objective of improving the design and deployment of the
system), and can also be applied as part of the summative evaluation of systems (with the
objective of assessing how completed systems meet pre-defined goals regarding issues of
functionality, safety, and impact on usability outcome measures).”’ Usability testing
methods can be expert-based, involving a usability or human factors expert to conduct a
usability assessment or walkthrough of the system, or user-based, involving end users in
evaluation of a system.53

Expert-based methods include usability inspection methods such as the heuristic
evaluation, which involves inspecting a system and comparing the user interface against a
list of recognized usability heuristics, and cognitive walkthrough, which involves
structured inspection of the steps required to perform a task using the system.*-*~¢
Commonly applied usability heuristics include those proposed by Nielsen,”” which
include 10 heuristics for good user interface design (e.g. flexibility and efficiency of use,
match between system and the real world, aesthetic and minimalist design, etc.), those
proposed by Shneiderman,™ which include 8 rules for user interface design (e.g. strive
for consistency, permit easy reversal of actions, etc.), and a set of 14 heuristics adapted
from Neilsen and Shneiderman by Zhang et al. for the evaluation of medical devices.”

User-based evaluations methods include think-aloud,*® where a user talks aloud
while using the system and allows for their though process to be recorded, and
simulations (e.g. in the clinical or a usability laboratory setting), where a user performs a

- : - 48,61
specific task and is observed and may have their performance measured.””" User-based
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methods may involve measurement of both subjective and objective outcomes, and
incorporate the use of surveys to gather information about the user’s perspective and
outcomes such as user satisfaction. Several surveys have been developed to measure
subjective outcomes, including the System Usability Scale (SUS),* the Questionnaire for
User Interaction Satisfaction (QUIS),* and IBM Computer Usability Satisfaction
Questionnaires.** These usability testing methods can also categorized as direct methods
(e.g. thinking aloud, question asking, and performance measurement) and indirect
methods (e.g. questionnaires and interviews, observation and ethnographic study, focus
groups, self-reporting logs).*®

Multiple approaches to usability testing may be used in a complementary fashion
to exploit the advantages of each method and obtain an in-depth understanding of users’
performance and how a system is used.’®®” Determining what are the most important
factors that impact usability will ultimately help enhance physicians’ appropriate use of
e-prescribing systems and likelihood of successful implementation. Good system
usability is likely to influence physician behavior through appropriate use of decision
support, and patient outcomes through appropriate prescribing. Given the cost and
potential harms of widely implementing e-prescribing systems that may not be optimized
for users and patient safety, it is important to undertake an investigation of the factors that
will improve system design and usability and, consequently, the accuracy and

appropriateness of prescribing when using an e-prescribing system.

1.6 Evaluation of User Interface Design Factors Described in the Literature

Various principles have been proposed for good usability and user interface

design. We reviewed literature describing key usability and user interface design

7
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principles, including their applicability in the healthcare setting, with the aim of
identifying key design factors or features that may influence the successful use of e-
prescribing systems. We identified in the literature two systematic reviews and one
targeted reviews of computerized physician order entry (CPOE) and e-prescribing system
design and reviewed a sample of usability evaluation studies for various types of systems.

Systematic reviews by Khajouei and J aspers38 and Alexander and Staggers45 as
well as a targeted review by Horsky et al.® demonstrate that the majority of usability
evaluations of CPOE and e-prescribing systems apply traditional usability evaluation
methods with clinician participants including think-aloud, observation, user interviews,
and simulations in a laboratory setting to identify usability problems. Some noted
desirable system design attributes include grouping of related data items (for perceptual
judgements), visual cues, consistent terminology, appropriate density of information on
the screen, appropriate list lengths, clearly legible font, different font format to emphasize
differences, and visual distinction of confusable items.>***® Similarly, reviews of human
factors principles for medication safety alerts and decision support in clinical information
systems by Phansalkar et al.* and Horsky et al.”' establish the importance of factors such
as placement, layout, proximity, alert visibility, prioritization, font, and use of colour for
coding as well as consideration of the alarm logic, user mental models, and development
of habitual behaviour by end users.

We also identified and reviewed several key documents and reports from the grey
literature that describe usability principles for healthcare technology and eHealth. Reports
from governmental and professional organizations such as the National Institute of

Standards and Technology (NIST),*" the Agency for Healthcare Research and Quality
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(AHRQ),”""* and the Healthcare Information and Management Systems Society
(HIMSS)"? elaborate on general usability principles and describe their applicability and
consequences of usability problems for electronic health records, electronic prescribing
and CPOE, and other health information systems. The reports describe the application of
usability principles, including broad principles (e.g. effectiveness, efficiency, learnability,
satisfaction) and specific design factors (e.g. appropriate screen density, use of colour,
consistency), for the design of the systems and provide guidance and models for usability
testing. These efforts are intended to provide a pathway towards standardization of e-
prescribing system and electronic health record usability, requirements for usability
testing and documentation by vendors, and demonstrated system usability and safety as a
requirement for certification.

Finally, we conducted a systematic search of the literature to identify usability or
user interface evaluation studies that incorporated randomization in the study
methodology. We searched using a combination of MeSH terms and title and abstract key
words in Medline, Embase, and PsycInfo databases. To reduce the likelihood of missing
studies that used randomization but may not have noted randomization in the study
abstract we also searched the full texts of journals using a combination of keywords in
the Full Text Journals @ Ovid and Journals (@ ScholarsPortal databases available
through McMaster University. We included studies that evaluated with clinician
participants the usability and user interfaces of electronic prescribing systems, CPOE
systems, electronic medical records, hospital information systems, or clinical decision
support systems (CDSS), measuring any outcome and published in any year. One

reviewer (WW) screened the title and abstracts, and subsequently the full texts of articles.
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We excluded studies that did not utilize randomization in the study design, studies that
evaluated usability for consumers and non-clinicians (e.g. for patient portals), studies that
compared electronic systems versus paper, as well as conference abstracts and study
protocols (see Appendix 1).

We identified 4’*77 randomized controlled trials, and 127%%°

experimental and
crossover studies that used randomization in some component of the design.

Two RCTs assessed usability of decision support content in electronic medical
records, with one investigating the impact of topic-specific ‘infobuttons’’* and the other
active links to decision support on the home page.”® One RCT assessed the impact of
bolding and highlighting with colour patient information on patient selection errors in a
CPOE system.” The last RCT assessed the impact of different methods of alerting,
including pop-up alerts, in a CDSS on compliance with recommendations in the alerts.”’

78,81,85,88,89

Of the 12 experimental and crossover study designs, 5 studies compared

79,82,84

user interfaces as a whole, 3 studies evaluated medication order sets, and 4

. 80,83,86,8
studies®®838687

investigated specific user interface design features (e.g. graphical vs. table
display, graphical vs. numerical display, graphical vs. textual display, alphabetical order

vs. grouped medication list) (see Appendix 1 for summary of included studies). Seven

78,81,85,88,89 79,82

studies compared interfaces or order sets’ "~ that were designed or re-designed
based on usability principles, user input, or user testing to the standard, commercially-
available interface or order set of the same system. All studies involved participants
completing standardized tasks or clinical scenarios (e.g. completing an ordering task,

making prescribing decisions, or answering questions about a patient case presented in

the interface) using one type of interface versus the other. Sample sizes ranged from 7 to

10
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148 participants, with 12 of the 16 studies having sample sizes of less than 50
participants. Randomization was most commonly used in the allocation of participants to
complete the tasks or clinical scenarios starting with either the intervention or control
interface, and in determining the order in which the tasks or clinical scenarios were

presented.

1.7 Application of Design of Experiment (D.O.E.) Methodology to Evaluate User
Interfaces

Our objective was to determine how specific user interface and usability factors
impact the accuracy of prescribing. We sought to develop an evaluation method based on
factorial experiment design that would allow for the testing of multiple individual user
interface design factors.

To investigate the impact of specific user interface design features on the
accuracy of prescribing, we aimed to develop a new methodology for the study of
electronic prescribing system user interfaces based on design of experiment (D.O.E)
methodology. While previous evaluations of clinical information system usability and
user interface features have often relied on mostly subjective methods such as usability
inspection, where an expert checks a system against specific usability guidelines, an
objective, quantitative evaluation was planned. As opposed to relying on observations
and subjective evaluation from users, this type of evaluation allows the quantification of
the effect of specific user interface design features on prescribing accuracy, giving an
objective and practical measure of the usability of an e-prescribing system.

D.O.E methods have broad application in many disciplines and are frequently

used in engineering, where they play an important role in product design and process
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improvement, and have also been applied in healthcare research. Experiments are
performed by investigators to discover something about a particular process or system,
they are a test in which purposeful changes are made to the input variables of a system so
that researchers may observe and identify the reasons for changes that may be recorded in
the output response. Experimental design methods also play a major role in design
activities, where new products are developed and existing ones improved. Some
applications of experimental design also include the evaluation and comparison of basic

- . 9092
system design configurations.
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2.0 Project Objectives and Research Question

In evaluating the usability and user interface of an electronic prescribing system

the goal is to determine whether a certain way of presenting information in the e-

prescribing system interface will lead to more accurate interpretation and uptake of

information and improve prescribing decision making.

The objectives for this project were:

1. To identify and describe the background about important user interface design factors
that potentially impact usability, physicians’ understanding and uptake of
information, and accuracy of prescribing in e-prescribing systems that are described
in the literature.

2. To conduct a study to evaluate the impact of e-prescribing user interface design
factors on physicians’ accuracy of prescribing when presented with prescribing
scenarios in an e-prescribing system, with the following research questions:

a) How does a specific subset of user interface design factors (density,
highlighting, placement) impact physicians’ prescribing accuracy?

b) What are participants’ preferences for specific user interface design factor
configurations, and how do the factors impact preference?

c) Are preferences for specific design factor configurations associated with
improved prescribing accuracy when viewing user interfaces with the
preferred configurations?

In designing and conducting the research project several methodological and analytic

challenges were identified and addressed:

1. Identifying user interface design factors for evaluation: To identify important user

interface design factors, a targeted review of the literature was required that would
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incorporate both medical and the grey literature focusing on usability and user
interface design principles applicable to e-prescribing systems.

2. Applying an efficient study design: Selecting an efficient experimental study design

to evaluate the selected user interface design factors would allow for the testing of
several important user interface design factors with the least amount of time required
from study participants, while obtaining the necessary outcome data.

3. Selecting an appropriate study outcome: Determining how to best measure

prescribing accuracy in the evaluation study was another methodological challenge.
An outcome was required that was clinically meaningful, statistically feasible, and
appropriate for the selected experimental study design. The outcome would have to
be measured while controlling for any potential confounding and nuisance factors to
isolate the effect on prescribing accuracy due to the user interface design factors.

4. Simulating an e-prescribing system and prescribing scenarios: A simulated e-

prescribing system would have to be developed that allowed for manipulation of the
user interface factors being evaluated and needed to be an accurate representation of a
real-world system. The system would have to also be flexible for mock-up and
evaluation of various configurations of the user interface design factors of interest. To
reflect real-world prescribing, a sufficient number of appropriate prescribing
scenarios, which would be presented on screenshots of the simulated e-prescribing

system, needed to be developed.
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3.0 Methods
3.1 Choice of Factorial Study Design

Adopting and modifying factorial design of experiment methodology, a factorial
study design was developed to evaluate the impact of specific user interface design
factors on the accuracy of prescribing by study participants. In a factorial experiment, if &
factors are to be evaluated, each factor having two levels, the factorial design requires 2k
runs to present each possible configuration of the factors. For this particular study a 2°
factorial design was selected to investigate the effect of 3 user interface design features,
each set at one of two levels (a hypothesized suboptimal and a hypothesized optimal
level), which required 8 unique e-prescribing user interface configurations to be
presented to the participants.90

The study design allows for the investigation of the main effects of the factors on
prescribing accuracy and any interactions that may exist between the 3 factors being
studied (i.e. whether the effect of a factor varies in the presence or absence of another
factor). An important feature of a factorial experiment is that they make the efficient use

of experimental data.”*">

The study design involves 8 observations for each participant,
and all observations are used to calculate the 3 main effects as well as the interaction
effects. Therefore, each study participant was able to view and respond to all prescribing
scenarios and e-prescribing screen configurations with the application of a factorial study
design.

With participants viewing and responding to all prescribing scenarios this

factorial experiment allowed for a within-subjects design, where responses were

compared within subjects. The study participant acts a control and any potentially
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confounding subject variables, such as level of knowledge, do not account for any
differences in prescribing accuracy between different user interface factor configurations.

Planning a factorial design experiment involves 3 basic design principles that
must be taken into consideration: replication, blocking, and randomization.”®**
Replication is the repetition of the experiment to collect more data and improve the
reliability of the study. In this study design, each participant acts as a replicate of the
experiment as each participant views all the prescribing scenarios and e-prescribing
screen configurations. Blocking may be applied when an experiment is conducted at
different times or settings and potential differences are suspected, and the data collected
is grouped and analyzed by time or setting in blocks. Blocking was not utilized in this
study design as no differences were suspected between study sites.

In addition to the basic experiment design, 6 additional screens were presented to
the participants in addition to the 8 screens of the basic experimental design. With a
similar look in the interfaces it was expected that a learning effect may exist and
scenarios presented later in the run order would be answered better than earlier ones due
to familiarity with screens. Participants seeing the same electronic prescribing system
screens may learn in general where items are located and what to look for. Therefore, 4
additional screens were presented with repeated screen configurations of 4 previously
presented screens but with a different prescribing scenario to determine whether the later
scenarios would have a higher frequency of correct responses compared to the earlier
runs; we referred to these as ‘factor duplicates’. Two of the 8 screens were presented after

the run order as ‘exact duplicate’ screens to allow for measuring internal consistency.
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The diagram in Figure 1 provides an overview of the study design developed to
evaluate the impact of specific user interface design features on the accuracy of
prescribing. Eight prescribing scenarios displayed on screenshots of e-prescribing system
user interfaces, with specific design factor configurations, were presented to the study
participants. All possible configurations of the design factors, with each factor set at one
of two levels, were evaluated. A prescribing accuracy score was obtained for each

prescribing scenario and a total score is obtained for each user interface design.

3.2 Selection of Factors for Evaluation

The user interface design factors selected for evaluation in the factorial
experiment were selected based on the targeted review of the literature described in
Section 1.6. The number of factors selected for evaluation was based on feasibility of
testing the factors in one study session and time constraints. The user interface design
factors selected for evaluation were design factors and not content factors. All the same
clinical information required to make a prescribing decision was available on the screens
despite changing interfaces. In identifying all the factors that may have affected the
outcome, several categories of factors are taken into consideration, which included the
design factors, held-constant factors, and allowed-to-vary factors.”

The design factors are the factors of interest for evaluation in the study. The user
interface design features selected for initial evaluation included the density of
information on the screen, placement of key information on the screen, and the use of
colour for highlighting, each set at one of two levels: low/high density, central/peripheral
placement, and highlighting/no highlighting. Held-constant factors are factors that do not

vary when conducting the study, which included the time given to each participant to
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make prescribing decision. Allowed-to-vary factors are factors that change when
conducting the study, which included participant level of training and prescribing
knowledge, participant specialty, and the study session location, date and time of day.
The allowed-to-vary factors were nuisance factors, which in this study design could have
had an impact on prescribing accuracy. Participant level of training and specialty were
measured to determine whether any relationship existed between these factors and
differences in prescribing accuracy. Study session location, date and time of day were

hypothesized to have a relatively little or no effect on prescribing accuracy.

3.3 Exact and Factor Duplicate Screens

To address 2 methodological concerns in the design of the study 2 types of
duplicate e-prescribing screens were presented to participants after the initial run of 8.
Four ‘factor duplicate’ screens, with repeated screen designs from the 8 main screens, but
with different prescribing scenarios were presented. The same designs as the first, third,
fifth, and seventh screen, respectively, were chosen for the factor duplicate screens,
which provided repetition of screen designs throughout the run order. Two ‘exact
duplicate’ screens, with the same screen design and prescribing scenario as the second
and third screens were also presented to participants.

Despite the combination of variations in the screen design, participants viewing
the same e-prescribing system screen may gain familiarity with the general look of the
user interface. While design factors, including density, highlighting, and placement, may
impact the accessibility of key information on the screen, participants viewing different
screens of the same e-prescribing system may learn in general what to look for after

viewing several screens. It was therefore anticipated that a learning effect might occur
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and that prescribing scenarios presented later in the run order would be more likely to be
answered correctly, regardless of screen design, due to familiarity with the user interface
in general. However, it is also important to note that a learning effect could have the
opposite consequence in that participants may begin to feel accustomed to the user
interface and miss small changes, in particular on later screens. Presenting 4 factor
duplicate screens with new prescribing scenarios near the end of the run order would
allow for the measurement of the potential learning effect. A learning effect would result
in higher prescribing accuracy scores in the 4 factor duplicate screens than the
corresponding screens presented earlier.

The exact duplicate screens were presented to allow measurement of internal
consistency in participants’ prescribing decisions. Repeating the presentation of the
second and third screens near the end of the run order could help determine whether
participants were taking into consideration the same information when making their
prescribing decision, and identify any issues in participants’ responses such as attempts at
guessing the correct answers. See Table 1 for the screen design assignments for each

study session.

3.4 Development of a Simulated E-Prescribing System and User Interface

One of the methodological challenges of this project was how the production
environment involving a physician making prescribing decisions and selecting the
appropriate medications using an electronic prescribing system could be translated to a
research setting. A mock-up of an e-prescribing system was designed based on currently
implemented electronic medical records with e-prescribing functionality, including HEC

and HEO Systems, ABEL EHR, and OSCAR. This allowed for modification of specific
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user interface design factors, as well as portability for presentation of the user interfaces
and prescribing scenarios at various study sites. Choosing to design a simulated e-
prescribing system allowed more control over the testing versus comparing commercially
available e-prescribing system user interfaces, or attempting to modify commercially
available system user interfaces. Currently available systems would be difficult to alter
and would present a challenge in controlling any potential nuisance factors on the user
interfaces, such as differences in clinical content.

Simulated user interfaces of a generic e-prescribing system were developed for
each configuration of features using Microsoft Visio 2007 (Redmond, WA) (see
Appendix 2). The simulated interface includes a header with patient information, a
centrally placed prescribing frame, and central and peripheral frames that contain key

clinical information.

3.5 Development of Prescribing Scenarios

To accompany the e-prescribing system user interface designs, 12 prescribing
scenarios were developed by a clinical pharmacologist and internal medicine specialist
(A.H.). The scenarios describe 8 specific types of appropriateness of prescribing
problems, including:

drug-drug interaction
drug-allergy contraindication
drug-lab value contraindication
drug-disease contraindications
drug-disease indication

dose continuation

drug duplication

and drug duration
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The prescribing scenarios were set up to have a predetermined correct or incorrect
prescribing decision as study participants would need to decide whether to prescribe or
not prescribe the drug presented in the prescribing scenario (see Table 2).

The goal in the development of the prescribing scenarios was to simulate high-
risk prescribing scenarios where usability and content presentation in an e-prescribing
system would be most important and could have more serious clinical implications (i.e.
where prescribing errors would lead to harm). They represent common clinical scenarios
encountered in internal medicine and focus on the older, high-risk patient and
appropriateness of prescribing. All clinical information required for the prescribing
decision was available on the e-prescribing screen, thereby separating the user interface
design aspect from the clinical content aspect. The prescribing scenarios were developed
with a level of complexity that would simulate real world prescribing. It was important to
not include scenarios that all participants would answer correctly all the time regardless
of user interface design, as this would not be informative and prevent gathering any
useful data about potential differences in how information is processed when viewing the
various screen designs.

The time to review and provide an answer for each scenario was set at 45 seconds.
This time limit gave participants adequate time to answer each scenario. The given time
would also fit within the study setting constraints enabling a session to be completed in
30 minutes mimicking a high-pressure prescribing scenario. Setting a time limit was
necessary, as giving unlimited time may lead to a circumstance where most participants
are able to answer the majority of prescribing scenarios correctly regardless of screen

design. This would prevent gathering useful data on any potential differences in
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prescribing accuracy due to screen design. The scenarios were pilot tested with a
physician and a family medicine resident to determine whether there was adequate time
to answer each scenario, whether difficulty of the scenarios was appropriate, and to

identify any significant differences in difficulty of the prescribing scenarios.

3.6 Randomization

Randomization allows for any potential confounding factors to be distributed
evenly in the study design so as to not have an impact on the outcome and minimize
potential bias. In this study design the presentation order of the user interface screenshots
and assignment of prescribing scenarios to user interface configurations were randomized
between study sessions to wash out any confounding due to a potential learning effect
with the presentation order, differences in difficulty for scenarios, and other unknown
nuisance factors. Randomization schemes were created using a random number generator
for each study session and prescribing scenarios were randomized to screen configuration

1 through 8, and then randomized to run order 1 through 8.

3.7 Selection of the Response Variable

Due to restricted time of the study sessions and the short time limit for each
prescribing scenario a structured choice was necessary as a response variable. The
primary outcome of interest was prescribing accuracy. Prescribing accuracy was
measured as a binary outcome, with a correct prescribing decision scored a 1 and an
incorrect prescribing decision scored a 0. Each prescribing scenario had a pre-determined
correct prescribing decision (e.g., prescribe the drug vs. do not prescribe the drug),
against which the participants’ decisions were be scored. A binary outcome limited the
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variability in responses and allowed for a clear response for each scenario. The drawback
of a binary outcome was that it was not ideally representative of real-world prescribing.
Most prescribing cases are not as clear-cut as a yes or no, and decisions often require
follow-up. In addition to the prescribing decision, participants were also asked to give the

reason for their prescribing decision in the form of a free-text comment.

3.8 Data Collection

A questionnaire was developed to serve as the data collection tool and response
form. The questionnaire contained 4 sections to collect data on participant characteristics,
participants’ prescribing decisions, participants’ user interface preferences, and study
feedback. The first section of the questionnaire collected information on participant
characteristics including their level of training and area of specialty. The second section
of the questionnaire contained checkboxes for participants to record their prescribing
decision for each prescribing case they viewed. The participating physician’s decisions
were scored as correct or incorrect in comparison to a pre-determined appropriate
prescribing decision, giving a measure of prescribing accuracy for each prescribing
scenario and user interface configuration. The final section of the questionnaire contained
questions to gather participant feedback through 7-point Likert scales. After each study
session a scoring sheet was used to mark the response questionnaires and aid in data entry

(see Appendix 3).

3.9 Study Setting, Participants and Recruitment

The study was conducted during regularly scheduled Clinical Pharmacology and

Therapeutics educational rounds, attended by house staff and medical students at
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McMaster University Medical Centre (MUMC), St. Joseph’s Healthcare Hamilton (SJH),
Hamilton General Hospital (HGH), Stonechurch Family Health Centre (SFHC), and
McMaster Family Practice (MFP). The participants mostly represented novice prescribers
and users of electronic prescribing systems. Participants had some experience using e-
prescribing systems at the different clinical sites of their training, mainly using the Oscar
system at SFHC and MFP.

The first part of the rounds (approximately 30 minutes) consisted of the study,
followed by a teaching session that reviewed the scenarios and presented concepts related
to the study session, including medication safety, electronic prescribing systems, and
high-risk prescribing scenarios. The prescribing scenarios were viewed on projection
screen in a conference or meeting room using a PowerPoint presentation to control timing
of slides. Two to three $10 Tim Horton’s gift certificates were given out as prizes in a

draw at each study session to thank for participation in the study.

3.10 Conducting the Study Sessions

An introduction to the study was given to the participants at the beginning of the
rounds based on a pre-determined script. Study participants were instructed to review
each prescribing scenario and provide their prescribing decision within the given time
limit. They were also instructed to not go back and change their answers and to work
individually and not share their answers. The study participants did not receive specific
instructions prior to attending the educational rounds, they were only informed that the
rounds would focus on the topic of medication safety and include an exercise on
prescribing. Additionally, in introducing the prescribing exercise, the participants were

not informed that the goal of the exercise was to evaluate user interfaces. Blinding the
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study participants to the intent of the study was to ensure that participants did not have
any preconceived notions or ideas about impact of user interface factors or to influence
their responses based on preferences for specific screen design factors based on past

experiences.

3.11 Data Quality and Analysis

A database was prepared using SPSS 17 software for data entry from the response
questionnaires and for the data analysis. As several alterations were made between each
study session, including prescribing scenario and run order randomization, data quality
checks were performed prior to the analysis to ensure data from all study sessions were
entered correctly into the database. Before each study session, the prescribing scenario
presentation was checked for consistency with the randomization scheme and the
questionnaire scoring sheet was checked for the correct coding. After each study session,
the database setup and data entry was checked against a manual count of prescribing
accuracy scores from the questionnaires to ensure correct data entry.

Descriptive statistics were used to summarize participant characteristics,
prescribing accuracy scores, participant preferences, and feedback. We calculated means
and standard deviation for continuous variables and frequencies for categorical variables.
To analyze the primary outcome a Generalized Estimating Equation (GEE) was selected
as the method of analysis. As the study design required each participant to work through
all the prescribing cases, a measure of prescribing accuracy was obtained for each
different screen design and each participant was given eight scores, providing for a
repeated measures analysis with correlated data. A GEE is used to fit the parameters of a

generalized linear model, allowing for the measurement of variance in prescribing
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accuracy due to each screen design factor.”® The advantage in choosing a GEE for
analysis was that it would account for within-individual correlation, as repeated measures
on the same participant are correlated, allow for the analysis of a binary outcome variable
with non-normal distribution of data (i.e. correct or incorrect prescribing decision), and
allow for the analysis of an unbalanced design where the number of observations per
participant may not be the same due to missing data (e.g., a participant skipping a
prescribing scenario). Using a binary logistic model with a logit link function, the output
of the analysis includes the regression coefficients (beta; 3), standard error for the
coefficients, and the corresponding p-values, for each predictor variable. The 3
coefficient indicates the change in the log odds of the dependent variable (i.e. correct
prescribing decision) for a unit change in the predictor variable, or for one value of the
predictor variable (i.e. density, highlighting, placement set at +) versus the reference
value (i.e. density, highlighting, placement set at -), after controlling for the confounding
effects (i.e. holding constant) of the other predictor variables included in the model. For
ease of interpretation, the 3 coefficient in this study design can be recalculated and
expressed as the odds (eB = odds) of a correct prescribing decision with the factor set at
the hypothesized optimal (+) level over the odds of a correct prescribing decision with the
factor set at the hypothesized suboptimal (-) level, and the odds ratio calculated for the
predictor variable.”

All data was included in the analysis to minimize any potential selection bias due
to exclusion of specific participants’ data. The parameters for the GEE were as follows:
Subject variable: participant
Correlation matrix: exchangeable

Type of model: binary logistic
Response (dependent) variable: prescribing accuracy score
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e Predictors: density, highlighting, placement
e Covariates: prescribing scenario, run order, study session

We first evaluated in the model the main effects for the predictors and all covariates. The
covariates we adjusted for were identified in Section 3.2 as the nuisance factors in the
study design and potential confounding variables. We then evaluated the main effects as
well as all 2-way and 3-way interactions for the predictors, while adjusting for covariates
that were found to be statistically significant predictors of prescribing accuracy.

In addition to the main analysis, a sensitivity analysis was planned to determine
the effect that missing data had on the main outcome of the study. In the study design
data could be missing due to participants having to leave in the middle of a study session
and submitting responses for only the first few prescribing cases, arriving late for a study
session, or when participants skipped a specific prescribing case and did not provide a
response. The sensitivity analysis allowed for determining the impact of missing data,
with two approaches that included excluding the data of participants who did not fully

complete the study and marking all missing responses as incorrect.

3.12 Participant Screen Preferences Sub-Study

A secondary objective of the study was to determine participants’ preferences for
each of the screen design factors. Information on whether participants prefer the high (+)
or low (-) level of each design factor (e.g., high vs low density of information on the
screen) was collected. Preferences were measured using a paired comparison method. For
the paired comparisons, the user interfaces in each pair varied only by the level of one

design factor.
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Preference for each design factor was measured twice, for a total of 6 paired
comparisons (see Table 3). In the first paired comparison the factor of interest was varied
between the two levels, while the other two factors were held constant at the high (+)
level. In the second paired comparison, the other two factors were held constant at the
low (-) level. Participants were given adequate time to view each screen in the paired
comparison and record their preferred screen on the response questionnaire. The order of
presentation of the six paired comparisons was randomized between study sessions. We
analyzed the results for the paired comparison responses using the Chi-square Goodness
of Fit test to determine the impact of the design, highlighting, and placement factors on
preference (i.e. whether the proportion of observed responses differed from 50%).

Collecting data on participants’ preferences for each design factor also allowed
measurement of the association between screen design preference and prescribing
accuracy. For each paired comparison we created a 2x2 contingency table to calculate
prescribing accuracy on preferred vs. non-preferred screens and analyzed the results
using McNemar's test to assess any effect of screen preference on prescribing accuracy.
The McNemar test can be used for analysis of dichotomous dependent variables (e.g.,
repeated measure correct vs. incorrect prescribing decision from the paired comparisons).
The aim was to determine whether participants had higher prescribing accuracy on
screens where the design factor was set to their preference (e.g., whether a participant
who preferred low density of information had higher accuracy on screens where density

was set as low).
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3.13 Ethical Considerations

A number of ethical issues were considered and addressed in planning the study
and throughout the ethics review process. This study involved minimal risk to the
participants. The participation of the house staff in the study during the educational
rounds did not require any additional time or resources outside of their regular training
activities. Their participation in the study was voluntary and it was assured that it would
have no impact on their evaluation and was separate from their training. Issues around
consent, privacy, collection of information, security were addressed when designing the
study sessions and the data collection questionnaire. Consultation with members of the
Research Ethics Board committee occurred to ensure compliance with ethical principles
in these areas. Changes to the procedures that were made based on the feedback from the
Research Ethics Boards included not collecting identifiable data as it was not critical to
conduct the study and to its outcome and adding a consent statement at the top of the
questionnaire for participants to review prior to the start of the study. The data collected
would be stored in a secure, locked location to ensure data privacy. Ethics approval was
granted from the McMaster Faculty of Health Sciences and St. Joseph’s Healthcare

Research Ethics Boards for all study sites.
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4.0 Results
4.1 Description of study participants and study sessions

Five study sessions were conducted with a total of 68 participants. The study
sessions held during Clinical Pharmacology and Therapeutics educational rounds at the
five locations had varying numbers of participants: 13 participants at St. Joseph’s
Healthcare Hamilton, 13 participants at Hamilton General Hospital, 12 participants at
McMaster University Medical Centre, 27 participants at Stonechurch Family Health
Centre, and 3 participants at McMaster Family Practice. Two participants at the
Stonechurch Family Health Centre session had previously participated in one of the
earlier sessions and were excluded from analysis leaving a total of 66 participants.

The participants in the study sessions included residents and medical students.
The level of training varied as most participants were first- or second-year residents
(77%), 5% were third-year residents, and 15% were medical students. Fifty-two percent
of the participants were specializing in family medicine and 25% were specializing in

internal medicine (see Table 4).

4.2 Prescribing accuracy scores

The pooled prescribing accuracy for all scenarios presented at the study sessions
across the 5 clinical sites ranged from 61.1% of all prescribing scenarios answered
correctly to 78.6% of scenarios answered correctly. Of the 844 prescribing cases
answered in total across the study sessions, 583 (69.0%) were answered correctly (see
Table 5).

Individual mean participant prescribing accuracy scores across the study sessions

ranged from 8.2 to 11.0 prescribing scenarios answered correctly out of 14 scenarios
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presented, with an overall mean score of 8.8 (SD: 2.4, Range: 1 to 13) for all participants

(see Table 6).

To observe any differences in prescribing accuracy between the different
prescribing scenarios, we calculated the prescribing accuracy score for each scenario (see
Table 7). The prescribing accuracy score for the scenarios ranged from 39.4% to 90.5%.
Scenario 2 (Patient who has penicillin allergy is being prescribed Amoxicillin) and
scenario 3 (Patient being prescribed Warfarin has supratherapeutic INR value of 3.7)
were outliers, being answered correctly by 82% and 90% of the participants, respectively.
Scenario 9 (Patient who has mild allergy to Statins, with small rise in AST and ALT
being prescribed Atorvastatin) was similarly an outlier, being answered correctly by
39.4% of the participants. The prescribing scenario was adjusted for as a covariate in the
main analysis (see Section 4.4).

To observe any potential learning effect and trend in prescribing accuracy of
prescribing cases presented later versus those presented earlier in the study sessions,
prescribing accuracy was calculated by run order in the presentation session (see Table
8). While no linear trend was observed (i.e. higher accuracy scores for cases presented
later in the run order), prescribing accuracy scores varied throughout the run order. The
run order was also adjusted for as a covariate in the main analysis (see Section 4.4). As
the run order was adjusted for as a covariate, we did not include the factor duplicate

screens in the analysis.
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4.3 Reasons for prescribing decisions

The reasons for the participant’s prescribing decisions for each prescribing
scenario are summarized in Table 9, according to the prescribing decision made. For
Scenario 1 the majority of participants noted in their reason for prescribing decision the
potential drug-drug interaction. Those who answered the scenario correctly with a
decision to prescribe sulfamethoxazole and trimethoprim noted the need to monitor the
patient’s INR value due to the potential interaction with warfarin. The majority of those
who answered the question incorrectly also stated the potential drug-drug interaction as
the reason to not prescribe. For Scenario 2, the majority of participants answered the
question correctly and stated the patient allergy to penicillin as the reason to not
prescribe. Scenario 3 was similarly answered correctly by the majority of participants,
with the supratherapeutic INR value of 3.7 noted as the reason to not prescribe by all
respondents. Scenario 4 was answered correctly by half the participants, with almost all
participants noting the drug duplication between Tylenol #3 and acetaminophen as a
reason not to prescribe. The few participants who provided a reason to prescribe Tylenol
#3 noted an indication for it. Scenario 5 was answered correctly by two-thirds of the
participants, with most noting the reason that the prescription was a renewal and that lab
values were within normal range. The reasons for the incorrect decision to not prescribe
the renewal of digoxin varied, with most not focusing on the drug-lab contraindication
prescribing problem. Scenario 6 was answered correctly by half the participants, with
those who answered the scenario incorrectly providing various reasons including no clear
indication, inappropriate choice of drug, and a potentially confusing prescription script.
Scenario 7 was answered correctly by two-thirds of the participants, with almost all

participants noting that there was no indication for the drug in this scenario. Scenario 8
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was answered correctly by the majority of participants, with the main reason noted for the
decision to not prescribe hydromorphone being carbon dioxide retention. Scenario 9 was
answered incorrectly by two-thirds of the participants, with the main reason for not
prescribing the drug being the small rise in AST and ALT, while those who answered the
scenario correctly noted the same reason for the decision and that the small rise was
permissible. Scenario 10 was answered correctly by approximately two-thirds of the
participants, with only a few of those who answered incorrectly noting the potential drug-
duplication of clopidogrel and aspirin and several noting reasons that the duration of the
prescription or the loading dosage was not appropriate. Scenario 11 was answered
correctly by two-thirds of the participants, with most noting the drug-drug interaction and
risk of lithium toxicity. Scenario 12 was similarly answered correctly by two-thirds of the
participants, with most noting the high creatinine value as a contraindication for

prescribing the drug.

4.4 Screen design and prescribing accuracy

4.4.1 Prescribing accuracy descriptive statistics

Table 10 shows the prescribing accuracy score for each screen configuration. The
prescribing scenarios presented on the hypothesized worst screen design, with all factors
set at the low level, had the lowest accuracy score as they were answered correctly by
51.7% of the participants, while the prescribing scenarios presented on the hypothesized
best screen were answered correctly by 73% of the participants.

Table 11 shows the frequency of correct and incorrect prescribing decisions by
the level of each design factor. Prescribing cases with highlighting present had a higher

frequency of correct prescribing decisions (73.4% when set at + level vs. 64.5% when set
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at - level), as did prescribing cases with low screen density (70.5% when set at + level vs.
66.5% when set at — level). For placement as a design factor, cases with decentralized
placement had a slightly higher frequency of correct prescribing decisions (69.4% when

set at — level vs. 67.6% when set at + level).

4.4.2 Model - Main Effects

In the test of model effects, prescribing scenario, run order, and study session
were adjusted for as covariates in the model, being statistically significant predictors of
prescribing accuracy. Of the 3 interface design factors evaluated, the presence of
highlighting was found to be a statistically significant factor associated with correct
prescribing decisions with p-value = 0.001, while low screen density and central
placement of information were not found to be statistically significant predictors of

correct prescribing decisions (p-values of 0.150 and 0.910, respectively) (see Table 12).

4.4.3 Model - Interactions

We then assessed the 3-way interaction and all 2-way interactions between the
design factors. The 3-way interaction was not statistically significant (p-value = 0.903).
All 2-way interactions were also not statistically significant, with p-value = 0.197 for
Density x Highlighting interaction, p-value = 0.587 for Density x Placement interaction

(see Table 13).

4.5 Description of missing data and sensitivity analysis

Of the 66 participants in the study, 15 had missing data. Four of these
participants started the study session late and were missing several responses from the

beginning of the run order, ranging from 3 to 10 missing responses. Of the remaining
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participants with missing data, 2 participants were missing responses for two prescribing
cases, while 9 were missing responses for a single prescribing case. Of the 15 participants
with missing data, the most frequent screen design that did not have a response was the
screen with all design factors at the suboptimal level (-,-,-), with 5 participants missing
responses. Three of the 15 participants also did not provide a response to the screen with
density set at the optimal level and the other factors set at the suboptimal level (+,-,-). No
pattern was detected for missing responses with respect to the prescribing scenario, with
various scenarios having missed responses.

Two approaches were taken in a sensitivity analysis to determine the impact of
missing data. In the first approach, where all missing responses were marked as incorrect,
highlighting remained a statistically significant predictor of prescribing accuracy in the
main effects model (p-value < 0.001), with the other 2 design factors as well as 3-way
and 2-way interactions remaining non-significant. In the second approach, where
respondents with any missing data were excluded, highlighting also remained a
statistically significant predictor of prescribing accuracy in the main effects model (p-
value = 0.001), with the other 2 design factors as well as 3-way and 2-way interactions

remaining non-significant.

4.6 Participant preferences

When asked about preference for each of the screen design factors using the 6
paired comparisons, the presence of highlighting was the only factor that the majority of
participants preferred (80.3% of responses). No noteworthy difference was observed

regarding the preference for screen density or placement of information, with 55.7% of
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responses preferring low screen density and 49.6% of responses preferring central rather
than dispersed placement of information (see Table 14).

There were no noteworthy differences in preferences when comparing responses
between the two types of paired comparisons. Preferences were similar when the two
factors not investigated were held constant at the high (+) level and at the low (-) level
(i.e. comparison versus hypothesized optimal screen with all factors set at + level, or
versus screen where all factors were not set at + level).

When assessing whether density, highlighting, and placement impacted
preferences in the 6 paired comparisons, highlighting of information resulted in the
largest differences in preference, with 87.9% (p-value < 0.001) preferring the highlighted
screen when the other two factors were held constant at the high level, and 72.7% (p-
value < 0.001) preferring the highlighted screen when the other two factors density and
placement were set at the low and high level, respectively. The density and placement
factors were found not statistically significant in each of the paired comparisons
investigating those factors (p-value = 0.710 and 0.140 for density comparisons, and p-
value = 0.806 and 0.710 for placement comparisons) (see Table 15). We also did not
observe any noteworthy trends or differences in preferences between the five study

sessions (see Table 16).

4.7 Screen preference and prescribing accuracy

The prescribing accuracy on preferred versus non-preferred screens for the 6
paired comparisons is provided in the 2x2 contingency tables in Figure 2. If
hypothesized that participants would be more likely to make correct prescribing decisions

on their preferred screens, we would expect a higher proportion of correct prescribing
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decisions on the screen selected as preferred versus the screen selected as not preferred.
Across the 6 paired comparisons, we observed that the higher proportion of correct
prescribing decisions occurred for both preferred and non-preferred screens. When
assessing the association between screen preference and prescribing accuracy, we did not
identify a statistically significant effect in any of the six paired comparisons (p-values

ranging from 0.078 to 0.700 across the 6 comparisons) (see Table 17).

4.8 Study feedback and participant comments

Several key themes were identified from participants’ feedback. In general,
participants agreed that they understood their role in the study. When asked to what
extent the participants agreed on a 7-point scale (strongly disagree-strongly agree) that
they were able to fully understand what they were asked to do in the study the mean score
was 5.4. Participants also somewhat agreed that they did not have difficulty in
completing the study (mean score 4.9). Finally, participants responded neutrally when
they were asked if the time available for making the decisions was adequate (mean score
4.2) (see Table 18).

When asked an open-ended question about any changes that they would make to
the study, 22 participants (35%) responded that they would make a change. When asked
what they would change about the study, the key theme noted by the majority of
respondents was that they wished to have more time to answer the prescribing scenarios,
which would allow them the time to gather all the information they needed for decision
making. This is in some contradiction to the results of our question about the adequacy of
available time to complete the exercise. Participants also stated that a brief description

with patient history, setting, and circumstances prior to presenting the e-prescribing
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screen would have helped to better put the prescribing scenarios into the clinical context.
Finally, several participants suggested that conducting the study in front of a computer
screen, or at least having a printed version of the e-prescribing user interfaces in front of
them, as opposed to projecting the images onto a screen at the front of the room would
have made the user interfaces easier to view and made the setting more realistic (see
Table 19).

When asked if any of the prescribing scenarios were unclear, 22 participants
(35%) answered ‘Yes’. While answering ‘Yes’, many participants could not recall the
specific prescribing scenarios that were unclear, and only 5 participants identified
specific scenarios that were problematic. Two participants identified scenario 6 (Patient
taking antibiotic combination of ciprofloxacin and metronidazole for 2 weeks is asking
for a refill), and one participant each identified scenario 5 (Patient is being prescribed
digoxin renewal, 0.125 mg per day), scenario 8 (Patient with COPD is being prescribed
hydromorphone, 1 mg QID), and scenario 9 (Patient who has allergy to statins is being

prescribed Atorvastatin), as unclear (see Table 19).
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5.0 Discussion

5.1 Findings

In this study we used a factorial experiment design to investigate the impact of
specific user interface design factors on the accuracy of prescribing when viewing an e-
prescribing system interface. The study design is a unique and novel method of user
interface evaluation. It allows for an efficient approach to rapid evaluation of multiple
user interface design factors in one study using simulated prescribing scenarios and
assessing impact on prescribing accuracy.

5.1.1 User Interface Design and Prescribing Accuracy

We evaluated the effect of 3 specific user interface design factors on the
prescribing accuracy of medical residents and students. Only the presence of highlighting
of key clinical information on the screen was found as a significant predictor of
prescribing accuracy. Density of information on the screen and the placement of the key
clinical information were not statistically significant predictors. When evaluating
interactions between the user interface design factors, we did not identify any statistically
significant 3-way or 2-way interactions.

Possible explanations for the observed relationships may include increased
attention due to the use of colour and bold font to highlight the key clinical information.
As hypothesized, highlighting with colour may draw attention to the key information and
enable the prescriber to focus on the key clinical information rapidly and spend the
majority of the allotted time interpreting the information and making the correct
prescribing decision, rather than spending more time searching for the necessary
information on the screen. Highlighting the key clinical information may have allowed

focusing on only the key clinical information required for the decision and to ignore the
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other unnecessary information on the screen. Given that the prescribing scenario and all
required information were presented on a single screen, the density of the screen may not
have been found to be a significant predictor of accuracy as it may not have considerably
impacted the accessibility of information on a single screen. Similarly, with all required
information presented on a single screen, the placement of the information may not have
been found to be a significant predictor of accuracy as the participants were able to still
scan the entire screen quickly to find the key information and have sufficient time left to
interpret the information and answer the prescribing scenario.
5.1.2 User Interface Design Preferences

We also assessed participants’ preferences for each of the 3 user interface design
factors. Only the highlighting design factor impacted participant preference, with
majority of participants preferring the highlighted screen. We did not find differences in
preference with respect to the screen density and placement of information factors.
Similar to the explanation provided above, given that all information was presented on a
single screen, the density of the screen and placement of information may not have been
viewed as important to participants and did not impact their preferences. Furthermore, for
the density factor, participants may have viewed more information on a screen as
beneficial, even though the extra information was not required for making correct
prescribing decisions.

When evaluating whether preferences for the user interface design factors were
associated with prescribing accuracy, specifically whether participants would have higher
prescribing accuracy on the screens that matched their preference, we did not find a

statistically significant effect in any of the paired comparisons. A limitation to note is that
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the setup of the 6 paired comparisons and the method chosen for the secondary analysis
did not allow for adjustment for potentially confounding variables, including the
prescribing scenario, as was performed in the main analysis. As certain screen designs
were repeated between the 6 paired comparisons (e.g. + + + screen), with one prescribing
decision provided for each screen design, this configuration did not permit evaluating
screen preference as a variable in the generalized estimating equation, and we analyzed
the 6 paired comparisons separately. For example, in one paired comparison the + + +
screen may have been the preferred screen, with a correct prescribing decision response
for that screen, while in a second paired comparison the + + + screen may have been the

non-preferred screen, but also with the same correct prescribing decision for that screen.

5.2 Strengths of the Study and the Study Design

The factorial experiment study design allowed for an efficient evaluation of the
impact of e-prescribing system user interface design features on the accuracy of
prescribing. The 2° factorial design has a significant advantage over a one-factor-at-a time
design as it allows for investigation of the effect of 3 user interface design factors in one
study, as well as evaluation of any interactions between the design factors.”

In designing a study that is practical, efficient and feasible, we simulated the
prescribing environment by developing static screenshots of an e-prescribing system user
interface. We developed the configurable user interface screenshots using readily
available computer software, without requirements for programming to design and
configure the user interfaces. We also developed a set of realistic prescribing scenarios
that represented various appropriateness of prescribing problems to accompany the user

interfaces.
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Another advantage of our study was that we selected an objective outcome
measure of prescribing accuracy to evaluate the impact of the screen design factors.
While some usability inspection and testing methods rely on subjective evaluation of user
interfaces by end users, measuring prescribing accuracy allows for an objective
evaluation of the impact of the user interface design. Usability issues that are identified
using a subjective assessment, may not in fact impact task outcomes and, therefore,
objective evaluations of user interfaces and system usability are also required.

Finally, the study methods used had low resource requirements and high
feasibility. The factorial design allowed for the evaluation of 3 user interface design
factors in a 30-minute study session, which allowed for the study to be conducted during
regularly scheduled educational rounds. This in turn also allowed us to feasibly recruit

participants for the study.

5.3 Limitations of the Study

There are several limitations to our study. While displaying to participants
screenshots of an e-prescribing system screen permitted evaluation of user interface
design factors for a single screen, a static screenshot of an electronic prescribing system
interface does not fully represent a live system. In many cases, presenting all the required
information to make a prescribing decision on a single screen may represent an ideal
circumstance when compared to currently available e-prescribing systems. E-prescribing
systems consist of multiple screens of information and require physicians to work though
several steps and components to produce a prescription, which cannot be captured by a
single screenshot of the e-prescribing system. While our approach allows for

investigation of design factors of the user interface, and how the presentation of
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information on the interface may influence prescribing accuracy, it does not allow for
investigation of more complex human-computer interactions that occur during the
process of e-prescribing, such as scrolling, switching between screens, and using
selection functions and dropdown menus. The study design, therefore, fits into a specific
role in the usability evaluation cycle of e-prescribing systems with applicability for the
evaluation of the user interface design. It represents an advanced form of paper
prototyping that provides a very useful component of usability testing in a feasible and
cost-effective manner.

Our study design also exemplified the tradeoff for feasibility as we conducted the
study in group sessions while projecting the user interface screenshots, and used a binary
outcome measure of prescribing accuracy (i.e. correct vs. incorrect prescribing decision),
versus a setting such as a usability simulation lab where participants could complete the
prescribing scenarios individually in front of a computer. Conducting the study in a
computer lab would allow for measurement of additional outcomes such as the time spent
to make a prescribing decision. The use of a continuous outcome variable such as time to
prescribing decision may be a more sensitive measurement to evaluate the impact of the
screen design factors that could reveal the slight differences between the screen designs
that would not be detected when using the binary outcome of correct versus incorrect
prescribing decision. Although modifying three factors for the screen design
configurations, the screens overall were not drastically different. For example, when
evaluating the screen density and placement of information factors, the time to reach a
prescribing decision may have been longer when viewing the hypothesized suboptimal

screens as compared to the hypothesized optimal screens, but still sufficient to make a
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correct prescribing decision. Conducting the study in a computer lab would also allow for
the randomization of prescribing scenarios to the screen configurations and of the run
order at the individual-level rather than at the block-level. It is important to note though
that recruiting participants to a study session in a computer lab during a specified time
would be more difficult.

The study requires the use of various prescribing scenarios to accompany the 8
possible user interface designs, and it is challenging to develop prescribing scenarios that
are similar in difficulty. As a result, we observed differences in prescribing accuracy
across the prescribing scenarios. The difference in difficulty of the prescribing scenarios
is a nuisance factor in the study design as it may be associated with prescribing accuracy,
and can be adjusted for in the analysis. As noted above, while our study methods applied
randomization of prescribing scenarios between study sessions (at the block-level),
performing the study in a computer lab with individual-level randomization could allow
more ideal distribution of prescribing scenarios across the screen configurations and the
run order.

Finally, we investigated prescribing decisions of mostly novice users of e-
prescribing systems, who do not represent the full range of e-prescribing users, and may
differ from expert users who may have more extensive experience viewing various e-
prescribing system interfaces. A representative study population is needed to adequately
evaluate a system, and while this study involved mainly novice e-prescribing users,
giving the perspective of the ‘new user’, a variety of expert and novice users is ideal and
future evaluations should be conducted with participants representative of the end users

of the systems in a clinical environment (i.e. occasional, routine, expert users).
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5.4 What the Study Adds

In our review of the literature, we identified few rigorous usability and user
interface evaluation studies that incorporated randomization in the study design. Five of
the 16 studies (31%) identified compared user interfaces as a whole, 3 studies (19%)
evaluated the usability of medication order sets as a whole, 8 studies (50%) investigated
the impact of individual user interface design or usability features, and no study
investigated the impact of multiple individual user interface design features. The majority
of usability evaluations of e-prescribing and CPOE systems, as reported in systematic

38495 consist of the application of traditional usability testing methods such as

reviews,
heuristic evaluation.

Usability problems continue to be one of the primary reasons for dissatisfaction
and poor levels of adoption of e-prescribing, CPOE systems, and other health information

39,96

technology.”””” Evidence-based design factors and usability principles, as well as

standardization for system usability, are needed to inform and improve the design of e-

o 69,70,72
prescribing systems.®*’"”

The factorial randomized experiment design we used in our
study allows for the evaluation of the impact of individual user interface design factors,
as well as known usability principles and heuristics. It provides an efficient, low-cost
approach to investigate multiple factors in one study, with large sample sizes, and
measurement of an objective outcome that can be applied for both formative and
summative evaluation of user interfaces. Our investigation of design factors, including
highlighting, density, and placement of information, emphasizes user interface design as

a critical component to the success of e-prescribing systems, which require full-scale

evaluation prior to implementation.
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5.5 Relevance of Study for Current Implementation Efforts

The study methodology we developed is intended to provide an approach for
efficient evaluation of e-prescribing system interfaces. The study methodology provides a
tool that can be used to obtain important information about the design of user interfaces
that does not require much time or resources. Given the variations between different e-
prescribing and CPOE systems, both home-grown and commercially available, as well as
differences in clinical settings between and within hospitals and outpatient clinics, the
study methodology provides a viable approach to rapidly deploy and conduct usability
tests with current end users in a specific setting, for a specific system.

The study demonstrated that user interface design factors, such as highlighting of
information, may have an impact on the usability of an e-prescribing system and
consequently the accuracy of prescribing. E-prescribing and CPOE systems have a
significant impact on clinical workflow, and any usability issues will adversely affect that

9798 1dentification and evaluation of factors that

workflow as well as user satisfaction.
relate to usability and quality of decision support will ultimately enhance the design and

appropriate use of e-prescribing systems and the likelihood of their successful adoption

and benefit on patient safety.

5.6 Suggestions for Future Application of Study Design

As noted in the study limitations, conducting the study sessions during education
rounds enabled for the recruitment of a large number of study participants, who otherwise
would be difficult to recruit due to busy schedules. However, the setting does not provide

an ideal controlled environment for the presentation and evaluation of e-prescribing user
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interfaces. A computer lab with individual screens for each participant and timed slides
for the e-prescribing screens being evaluated would allow for a more controlled
experiment that is still removed from the production environment, but would pose
additional recruitment challenges. Incorporating into the study design additional real-
world simulation, such as the patient encounter, could further enhance the applicability of
the study and might more accurately reflect the highly complex clinical conditions in
which a system will actually be used.”'®

A supplementary qualitative study component with think-aloud methods or a
follow-up interview or focus group of participants would be helpful to determine exactly
how participants viewed the screen and worked through the scenarios to help determine
how the factors played into and influenced their understanding and uptake of information
from the screen, and determine what impact they may have had on their behavior (i.e.
prescription selection). This mixed methods approach would allow an in-depth
understanding and to more precisely answer the question of how the user interface design
features impact the prescribing decision making.'"'

In addition to evaluating the impact of user interface design factors on the
accuracy of prescribing, the study design can be applied throughout the system
development lifecycle, including formative and summative evaluations. The study design
may also be applied to evaluate content or information factors, rather than user interface
design factors, with a comparison of e-prescribing system screens that provide various
levels of content, such as information intended for clinical decision support. This would
allow for the study of ‘what information is presented’ versus ‘how information is

presented’, or a combination of both research questions. With minor modifications to the
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user interface screenshots, the study design will also allow for the investigation of other

potentially important user interface design features.

5.7 Implications for Future Research, Policy and Practice

The findings from this study provide information about the impact of specific
interface design factors that may improve the accuracy of prescribing and relate to the
usability of e-prescribing systems. This information is intended to inform future research
on the design and implementation of e-prescribing systems. The research is important as
it will help determine which design factors make electronic prescribing systems more
user-friendly, less prone to error, and aid in making correct prescribing decisions.

The work conducted in this research project contributes to the pool of evidence on
usability in e-prescribing systems. While some progress has been made and e-prescribing
systems have the potential to aid clinicians, there remain gaps in knowledge regarding the
net benefits of the systems and the readiness for adoption of e-prescribing, particularly in
outpatient settings.'® Usability evaluations of e-prescribing systems have been isolated
and often specific to particular systems or healthcare settings, providing few objective
and generalizable outcomes. Future applications of the study design developed for this
project could allow for evaluation of other key e-prescribing system user interface design
features with a variety of users, with the goal of identifying and contributing to evidence-
based usability standards.

Further research on the impact of availability of specific clinical content such as
lab results and decision support during prescribing will contribute additional evidence on
the key features of an e-prescribing system user interface that aid in prescribing. On a

broader scale, the potential value of e-prescribing systems as a whole requires
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investigation, to determine the benefit and appropriate use. Rigorous evaluations are
needed to determine the success or failure of e-prescribing systems and set the ground for
definitive trials to evaluate their effectiveness on patient safety and patient-important

outcomes.
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6.0 Conclusion

The goal of this project was to develop a methodology to investigate and gain a
clearer understanding of e-prescribing system user interface design factors that
potentially impact usability and acceptability of e-prescribing systems. We applied a
factorial design methodology to investigate the impact of user interface design factors
including screen density, highlighting, and placement of information, on the accuracy of
physicians’ prescribing. In our study, we identified the presence of highlighting of key
clinical information in the e-prescribing system user interface to be a predictor of
prescribing accuracy, as well as a design factor that impacted participants’ screen
preferences. Applying the findings from our study and utilizing the study design to
investigate the impact of additional user interface design factors will contribute to
improve the evidence about e-prescribing system usability. As e-health and specifically e-
prescribing implementation efforts proceed and the number of users increases,
information on the factors that impact usability and accuracy with use of these systems is
widely applicable. Further study will be necessary to identify and evaluate all potentially
important user interface design factors that may eventually be incorporated into design

standards for e-prescribing systems intended to enhance appropriate use.
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Figures

Figure 1: Basic Study Design Diagram

Screen Des1gn Participant Prescribing Score
Run Factor Assignment
(Prescribing Case) Grgup ! Grgup 2 Grqup N
A B C | Participant | Participant | Participant | Total
1-m; (ny+1)-ny | (mpt1)-ny
1 - - - Oorl 0orl 0orl 0-N
2 + - " " " "
3 - + - " " " "
4 + + - " " " "
5 - - + " " " "
6 + - + " " " "
7 - + + " " " "
8 + + + " " " "
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Figure 2: 2x2 Contingency Tables for Screen Preference vs. Prescribing Accuracy

Paired comparison 1: — + + Screen vs. + + + Screen (Density comparison)

Decision on
Preferred Screen

Incorrect | Correct | Total:

Incorrect 4 13 17

Correct 17 27 44

Decision on Non-
Preferred Screen

Total: 21 40

Paired comparison 4: — — + Screen vs. + — + Screen (Density comparison)

Decision on
Preferred Screen

Incorrect | Correct | Total:

Incorrect 3 13 16

Correct 20 24 44

Decision on Non-
Preferred Screen

Total: 23 37
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Paired comparison 2: + — + Screen vs. + + + Screen (Highlighting comparison)

Decision on
Preferred Screen

Incorrect | Correct | Total:
L g
< © | Incorrect 6 17 23
= A
o
=3
S E
RZRNS
3 © | Correct 9 28 37
A~
Total: 15 45
Paired comparison 5: — — + Screen vs. — + + Screen (Highlighting comparison)
Decision on
Preferred Screen
Incorrect | Correct | Total:
£ 5
2 o | Incorrect 6 12 18
= A
o
=3
9 E
RZRHS
3 © | Correct 15 29 44
A~
Total: 21 41
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Paired comparison 3: + + — Screen vs. + + + Screen (Placement comparison)

Decision on Non-

Preferred Screen

Decision on
Preferred Screen

Incorrect | Correct
Incorrect 5 8
Correct 12 36
Total: 17 44

Total:

13

48

Paired comparison 6: + — — Screen vs. + — + Screen (Placement comparison)

Decision on Non-

Preferred Screen

Decision on
Preferred Screen

Incorrect | Correct
Incorrect 7 15
Correct 6 27
Total: 13 42

Total:

22

33
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Tables

Table 1: Screen Design Assignment

Study Session Scenario Olil(lllelr %creenHDeSIglil

1: SJHH 1 7 - + +
2 5 + - -
3 6 + + +
4 2 - + -
5 8 + + -
6 1 + - +
7 4 - - -
8 3 - - +
Factor Duplicates
9 12 + + -
10 13 + + +
11 10 + - +
12 14 - - +
Exact Duplicates
2 9 + - -
3 11 + + +

2: HGH 1 5 + - +
2 8 - - +
3 3 - - -
4 4 + - -
5 7 + + +
6 6 - + +
7 1 - + -
8 2 + + -
Factor Duplicates
9 9 + - +
10 12 - - -
11 13 + + +
12 10 - + -
Exact Duplicates
8 11 + + -
3 14 - - -

3: MUMC 1 3 - + -
2 6 + + +
3 8 + - -
4 1 - - -
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5 4 - - +
6 5 + + -
7 2 - + +
8 7 + - +
Factor Duplicates
9 12 - - -
10 9 - + -
11 13 + + -
12 10 + - +
Exact Duplicates
7 11 - + +
1 14 - + -
4: SFHC 1 2 + + +
2 3 - - +
3 7 - + +
4 9 + - +
5 1 + - -
6 6 - - -
7 5 + + -
8 4 - + -
Factor Duplicates
9 13 + - -
10 12 - - +
11 10 + + -
12 9 - + +
Exact Duplicates
1 11 + + +
2 14 - - +
5: MFP 1 4 + +
2 8 - - -
3 1 - + -
4 3 - + +
5 2 + - -
6 6 - - +
7 5 + - +
8 7 + + +
Factor Duplicates
9 13 - + -
10 9 - + +
11 12 + - +
12 10 + + +
Exact Duplicates
5 11 + - -
4 14 - +
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Table 2: Prescribing Scenarios with Predetermined Correct Prescribing Decision

Type of Information Required Correct
Prescribing Scenario Patient Information Prescribing for Prescribing Cen.t ra I Idea of . Prescribing
. . Prescribing Scenario . .
Problem Decision Decision

1. 75/F Patient taking | Dx Current: UTI - Current Medications Sulfamethoxazole &
Warfarin (Coumadin) | Dx Past: atrial fibrillation, - Lab Values Trimethoprim interacts
long-term, 2 mg 1 OD, | osteoporosis, osteoarthritis - DI Warning with Warfarin to raise
is being prescribed Labs: INR 1.9, eGFR 55 Drug-Drug INR. Need to see that
Sulfamethoxazole & ml/min, creatinine 111 Interaction INR value is mildly Prescribe
Trimethoprim (Nu- umol/L subtherapeutic and risk
Cotrimox), 400/80 mg | Meds: Coumadin 2 mg, of bleeding is low despite
1 BID for 7 days, Qty: | Metoprolol 50 mg, Naproxen interaction being flagged.
14. 500 mg, Calcium 1200 mg
2. 29/F Patient who Dx Current: sinusitis - Patient Allergies Prescribing drug that
has penicillin allergy is | Dx Past: endometriosis, mild - History of Specific patient has serious
being prescribed asthma Drus-Aller Allergy Outcome allergy to. Need to see Do Not
Amoxicillin (Amoxil), | Meds: Folic acid 0.8 mg & gy specific allergy finding. Prescribe
500 mg 1 q8h for 7 Specific Allergy: urticaria
days, Qty: 21.
3. 85/M Patient taking | Dx Past: pulmonary - Lab Values INR value has increased
Warfarin (Coumadin) | embolism, atrial fibrillation, - Current Medications over last 2 weeks. Need
long-term, 2 mg 1 OD, | thyroid tumour and Dose to see current INR and
requires refill/dose Labs: INR 3.0 (2 weeks ago), adjust (lower) Warfarin
continuation for 30 INR 3.7 (current), creatinine Dose dose. Do Not
days, Qty: 30. 130 pmol/L Continuation Prescribe

Meds: Coumadin 2mg,

Metoprolol 50 mg,

Vitamin D 1000 IU,

Levothyroxine 0.125 mg
4. 35/M Patient is Dx: Crohn’s disease, recent - Current Medications Tylenol #3 and
being prescribed bowel resection Drue Duplication Acetaminophen are drug Do Not
Acetaminophen- Labs: serum albumin 28 g/L g LUup duplicates. Need to see Prescribe
Codeine (Tylenol #3), | Meds: Acetaminophen 650 Acetaminophen in
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300/30 mg 2 every 4-6
hours, as needed, Qty:
90. Patient is already
taking
Acetaminophen, 650
mg QID.

mg, Mesalamine 400 mg,
Budesonide 9mg,

current medications list
to avoid duplicate
prescription.

5. 82/M Patient is
receiving prescription
renewal for Digoxin
(Lanoxin), 0.125 mg 1

Dx: recent rapid atrial
fibrillation admission (30
days ago), CHF, hypertension
Labs: creatinine 130 umol/L,

- Current Medications
- Lab Values

If potassium level is low
there is a risk of Digoxin
toxicity. Need to see that
potassium level is in

OD for 30 days, Qty: potassium 3.8 mmol/L, serum Drug-Lab normal range. Prescribe
30. digoxin 0.8 nmol/L
Meds: Digoxin 0.125 mg,
Metoprolol 75 mg,
Hydrochlorthiazide 25 mg
6. 67/M Patient taking | Dx Current: diabetic foot - Current Medications Patient has long duration
antibiotic combination | Dx Past: hypertension, - Diagnosis of antibiotics. Need to
of Ciprofloxacin diabetes see diagnosis of diabetic
(Cipro) and Labs: HbAlc 0.08, creatinine foot and realize that it is
Metronidazole (Flagyl) | 130 pmol/L, HDL 1.3 fine to prescribe refill.
500 mg & 1 g 1 each mmol/L, LDL 4.1 mmol/L
ql12h for 14 days, Qty: | Clinical Notes: Temperature Drug-Duration Prescribe
28 each, is receiving a | normal. Breathing normal.
refill. Foot looks improved.
Meds: Ciprofloxacin 500
mg, Metronidazole 1 g,
Metoprolol 50 mg,
Rosuvastatin 10 mg
7. 89/F Patient is being | Dx Current: insomnia - Diagnosis Risperidone is an
prescribed Risperidone | Dx Past: hypertension, atypical antipsychotic, Do Not
(Risperdal), 0.5 mg osteoarthritis, breast tumour, Drug-Indication not a short-term Prescribe

each night for 7 days,
for insomnia. Patient

depression
Labs: HDL 1.8 mmol/L,

medication for insomnia.
Not indicated as patient
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lives alone and has
normal mental status.

LDL 3.1 mmol/L, creatinine
130 umol/L

Clinical Notes: Mental
status: Normal.

Meds: Metoprolol 50 mg,
Naproxen 500 mg

has normal mental status.

8. 56/M Patient is Dx Current: pain - Diagnosis Narcotics depress
being prescribed Dx Past: COPD, pneumonia, - Lab Values breathing and are not
Hydromorphone asthma, depression appropriate for this
(Dilaudid), 1 mg 1 Labs: serum CO, 59 mmol/L, patient. Need to see
QID, as needed, Qty: creatinine 130 pmol/L . diagnosis of COPD,
60. Patient has COPD | Clinical Notes: Breathing Drug—'Dl.seas.e severe CO, retention, and Do N.Ot
and severe CO, difficulties. Severe CO, Contraindication high serum CO, levels. Prescribe
retention. retention.
Meds: Salbutamol 100 mcg
(2 pump PRN), Advair 250
mcg (1 puff BID)
9. 64/M Patient who Dx: hypercholesterolemia, MI - Patient Allergies Prescribing drug that
has allergy to Statins, | (1 year ago), hypertension - History of Specific patient experiences a
small rise in AST and | Labs: creatinine 120 umol/L, Drug-Aller Allergy Outcome mild allergy with. Need
ALT, is being potassium 3.8 mmol/L, LDL & &y to see specific allergy
prescribed 3.2 mmol/L . finding, and that it is fine Prescribe
Atorvastatin (Lipitor), | Meds: ASA 80 mg, Ramipril (Fac;c():rerll)aliipgicate to prescribe with small
10 mg 1 OD for 60 10 mg rise in AST and ALT,
days, Qty: 60. Specific Allergy: AST, ALT given benefit of the drug.
small rise
10. 60/M Patient is Dx Current: hospitalization - Current Medications Prescribing antiplatelet to
being prescribed for acute coronary syndrome Drue Duplication | - Diagnosis patient. Need to see
Clopidogrel (Plavix), Dx Past: hypertension, gLup - DI Warning Aspirin (an over-the-
300 mg loading dose, | osteoarthritis (Factor Duplicate counter drug) in current Prescribe
followed by 75 mg 1 Labs: troponin 0.09, HbAlc ! medications list and that
OD for 90 zays Wfi;th 3 10.06, creaI‘Zinine 130 pmol/L, Scenario) it is flagged as an

repeats, for acute

Meds: ASA 80 mg, Ramipril

interaction, but it is fine
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coronary syndrome.
Patient is already

10 mg, Vitamin D 1000 IU,
Metoprolol 50 mg

to prescribe Clopidogrel
as it is not true drug

taking Aspirin (ASA), duplication.

80 mg 1 OD.

11. 68/M Patient Dx Past: hypertension, - Current Medications Diuretics

currently taking bipolar disorder, depression - Lab Values (hydrochlorthiazide)
lithium, with an Labs: HbAlc 0.08, creatinine - DI Warning increase lithium blood

outdated last blood

120 pmol/L, lithium 0.9

level, increasing risk of

level of 0.9 umol/L, is | umol/L (1 year ago) Eﬁigﬁgﬁ lithium toxicity. Drug
being prescribed a Clinical Notes: Patient interaction if flagged. Do Not
refill for presents with ataxia. . Need to see that last Prescribe
Hydrochlorthiazide Complains of dizziness, (Facéor rll)e:rlf) licate lithium blood level is
(Apo-Hydro), 25 mg 1 | nausea, and weakness. Meds: cenario outdated and clinical
OD for 60 days, after | Lithium 300 mg, notes are indicating
taking it for 1 month. Hydrochlorthiazide 25 mg symptoms of lithium
toxicity.

12. 45/M Patient Dx Past: diabetes, - Current Medications Reduced renal function is
currently taking pneumonia, asthma - Lab Values associated with increased
Insulin 30/70, 30 units | Labs: HbAlc 0.085, Drug-Lab risk of hypoglycemia in
BID, is being creatinine 250 pmol/L & patients with diabetes. Do Not
prescribed Metformin | Meds: Insulin 30/70 30 U . Reduced renal function .

(Factor Duplicate . . Prescribe
(Glucophage), 500 mg Scenario) also increases risk of

1 BID for 30 days,
Qty: 60. Patient has

reduced renal function.

lactic acidosis. Need to
see high creatinine level.
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Table 3: Paired Comparison Assignment

Screen Configurations

Study Factor Presentation
Session Fair Investigated it Order
Left Screen Right Screen
1: SJHH 1 Density +++ -++ 4
2 Highlighting +-+ + 4+ 1
3 Placement +++ ++- 6
4 Density --+ +-+ 5
5 Highlighting -++ --+ 3
6 Placement +-+ +-- 2
2: HGH 1 Density ++ + -+ + 2
2 Highlighting +-+ + 4+ 5
3 Placement +++ ++- 3
4 Density --+ +-+ 4
5 Highlighting -++ --+ 1
6 Placement +-+ +-- 6
3: MUMC 1 Density +++ -+ + 5
2 Highlighting +-+ +++ 1
3 Placement ++ - +++ 4
4 Density --+ +-+ 2
5 Highlighting -++ --+ 6
6 Placement + -+ +-- 3
4: SFHC 1 Density +++ -++ 1
2 Highlighting +-+ +++ 2
3 Placement +++ ++4- 5
4 Density --+ +-+ 3
5 Highlighting -++ --+ 6
6 Placement +-- +-+ 4
5: MFP 1 Density +++ -++ 3
2 Highlighting +-+ + 4+ 4
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3 Placement +++ ++- 2
4 Density +-+ --+ 6
5 Highlighting -++ --+ 5
6 Placement +-- +-+ 1
Table 4: Participant Characteristics
Participant Characteristics Study(:;)(jp;latlon
Level of Training n (%)
Clerkship 10 (15.4)
First-Year Resident 32 (49.2)
Second-Year Resident 19 (29.2)
Third-Year Resident 3 (4.6)
Other 1(1.5)
Total: 65
Specialty n (%)
Medical Student 10 (15.6)
Emergency Medicine 1(1.6)
Family Medicine 33 (51.6)
Internal Medicine 16 (25.0)
Obstetrics and Gynaecology 1(1.6)
Orthopaedics 1(1.6)
Pharmacy Resident 1(1.6)
Radiation Oncology 1(1.6)
Total: 64
Table 5: Score for Scenario with Screen Design and Run Order by Group
Stufly Scenario | Run Order IS)cel::gll C"r,fe“ Incor{;rect Total
Session DI HlP n (%) n (%) n
1: SJHH 1 7 -+ |+ 5(41.7) 7 (58.3) 12
N=13 2 5 + | - - 9 (75.0) 3 (25.0) 12
3 6 + | + | + | 12(100.0) 0 (0.0) 12
4 2 -+ ] - 8 (66.7) 4 (33.3) 12
5 8 + |+ | - 9 (75.0) 3 (25.0) 12
6 1 + | - | + 7 (58.3) 5(41.7) 12
7 4 - - - 6 (60.0) 4 (40.0) 10
8 3 - - |+ 8 (66.7) 4 (33.3) 12
FD: 9 12 + | + | - 4 (30.8) 9(69.2) 13
FD: 10 13 + |+ |+ 7 (53.8) 6 (46.2) 13
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FD: 11 10 + | - [+ ] 7(583) | 5(41.7) 12
FD: 12 14 ¥ 10069 | 3023.0) 13

ED: 2 9 + | - | - 9(75.0) | 3(25.0) 12

ED: 3 11 n + | 13(100.0) | 0(0.0) 13
Group 1 Total: | 114 (67.1) | 56 (32.9) | 170

2:HGH |1 5 + | - [+ [ 50417 | 7(583) 12
N=13 [2 8 o T 12023) | 1(70) 13
3 3 - o - 10833) | 2(16.7) 12

4 4 + | - | - 3@273) | 8(72.7) 11

5 7 + |+ [+ | 5385 | 8(615) 13

6 6 [+ |+ | 6(500) | 6(50.0) 12

7 1 7683 | 5410 12

8 2 + |+ | -] 8(66.7) | 4(333) 12

FD: 9 9 + | - |+ 3@31) | 10(769) | 13

FD: 10 12 - - 9692 | 4(30.8) 13

FD: 11 13 + |+ |+ | 9(692) | 4(30.8) 13

FD: 12 10 [+ | -] 8615 | 5(385) 13

ED: 8 11 T | - | 11(84.6) | 2(15.4) 13

ED: 3 14 - - 11 (84.6) | 2(15.4) 13

Group 2 Total: | 107 (61.1) | 68(38.9) | 175

3: MUMC | I 3 -+ [ - 10833) | 2(16.7) 12
N=12 [2 6 + |+ |+ [ 11OL) | 1(83) 12
3 8 + | - | - 112(100.0) | 0(0.0) 12

4 1 - - 2067 | 10833) | 12

5 4 8667 | 4(333) 12

6 5 + |+ | - | 8(66.7) | 4(33.3) 12

7 2 [+ [+ 1 600 | 6(50.0) 12

8 7 + | - [+ [ 8127 | 3213 11

9 (FD) 12 - - T10833) | 2(16.7) 12

10 (FD) 9 [+ | -] 605000 | 6(50.0) 12

11 (FD) 13 + |+ | - | 6(50.0) | 6(50.0) 12

12 (FD) 10 + | - [+ [ 8667 | 4(333) 12

ED #1: 7 11 [+ |+ | 4(333) | 8(66.7) 12

ED #2: | 14 -+ | - 6545 | 5(45.5) 11

Group 3 Total: | 105 (63.3) | 61(36.7) | 166

4:SFHC |1 2 + |+ | + [ 17(73.9) | 6(26.0) 23
N=25 [2 3 - -+ 1173739 | 6(26.0) 23
3 7 [+ [+ 20833 | 4(16.7) 24

4 9 + | - |+ | 14(60.9) | 9(39.1) 23

5 1 + | - | - 1 16(80.0) | 4(20.0) 20

6 6 - - 10435 | 13(56.5) | 23

7 5 + |+ | - [19(826) | 40174 23

8 4 C [+ | - 2087.0) | 3(13.0) 23

9 (FD) 13 + | - | -] 9(36.0) | 16(64.0) | 25
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10 (FD) 12 - - |+ | 13(54.2) | 11(45.8) 24
11 (FD) 10 + | + | - | 20(80.0) 5(20.0) 25
12 (FD) 9 - |+ | + | 13(52.0) | 12(48.0) 25
ED #1: 1 11 + | + | + | 15(60.0) | 10 (40.0) 25
ED #2: 2 14 - - | + | 21(84.0) | 4(16.0) 25
Group 4 Total: | 224 (67.7) | 107 (32.3) | 331
5: MFP 1 4 + | + | - | 3(100.0) 0 (0.0) 3
N=3 2 8 - - - | 3(100.0) 0 (0.0) 3
3 1 - |+ | - | 3(100.0) 0 (0.0) 3
4 3 - | + | + | 3(100.0) 0 (0.0) 3
5 2 + | - - 2 (66.7) 1(33.3) 3
6 6 - - |+ 1(33.3) 2 (66.7) 3
7 5 + | - | + | 3(100.0) 0 (0.0) 3
8 7 + | + | + 1(33.3) 2 (66.7) 3
9 (FD) 13 -+ - 0 (0.0) 3 (100.0) 3
10 (FD) 9 - | + | + | 3(100.0) 0 (0.0) 3
11 (FD) 12 + | - | + | 3(100.0) 0 (0.0) 3
12 (FD) 10 + | + | + | 3(100.0) 0 (0.0) 3
ED #1: 5 11 + | - - 2 (66.7) 1(33.3) 3
ED #2: 4 14 - |+ | + | 3(100.0) 0 (0.0) 3
Group S Total: | 33 (78.6) 9(21.4) 42
Grand Total: | 583 (69.0) | 261 (31.0) | 844
Table 6: Participant Mean Total Score by Group
. Participant Total Score | Group Size
SULaRS/GES O mean l}SD] (Min-Max) 111)
1: SJHH 8.8 [3.1] (1-13) 13
2: HGH 8.2[1.4] (6-11) 13
3: MUMC 8.8 [2.2] (5-13) 12
4: SFHC 9.0[2.5] (2-12) 25
5: MFP 11.0 [1.7] (9-12) 3
All Groups: 8.8 [2.4] (1-13) 66
Table 7: Scenario Score for All Groups
Scenario Correct Incorrect Total
n (%) n (%) N
1 40 (64.5) 22 (35.5) 62
2 52 (82.5) 11(17.5) 63
3 57 (90.5) 6 (9.5) 63
4 30 (49.2) 31 (50.8) 61
5 40 (66.7) 20 (33.3) 60

72




MSc Thesis - W. Wiercioch; McMaster University - Health Research Methodology

6 32 (51.6) 30 (48.4) 62
7 41 (68.3) 19 (31.7) 60
8 45 (73.8) 16 (26.2) 61
9 26 (39.4) 40 (60.6) 66
10 38 (58.5) 27 (41.5) 65
11 45 (69.2) 20 (30.8) 65
12 42 (63.6) 24 (36.4) 66
Grand Total: 488 (64.7) 266 (35.3) 754

- Scenarios 9-12 are factor duplicates for all sessions

Table 8: Case Score for All Groups

Case (Run Order) C;;Z/S)Ct I“;“(‘;/‘;)eﬁ T(;tal
1 35(59.3) 24 (40.7) 59
2 41 (66.1) 21 (33.9) 62
3 48 (77.4) 14 (22.6) 62
4 40 (67.8) 19 (32.2) 59
S 44 (71.0) 18 (29.0) 62
6 40 (64.5) 22(35.5) 62
7 39 (61.9) 24 (38.1) 63
8 50 (79.4) 13 (20.6) 63
9 34 (52.3) 31 (47.7) 65
10 46 (70.8) 19(29.2) 65
11 45 (68.2) 21(31.8) 66
12 39 (60.0) 26 (40.0) 65
13 31 (47.0) 35 (53.0) 66
14 51(78.5) 14 (21.5) 65
Grand Total: 583 (66.0) 301 (34.0) 384

- Cases 9 and 11 were exact duplicates for Session 1, and cases 11 and 14 were exact
duplicates for Sessions 2-5
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Table 9: Reasons for Prescribing Decisions

N Total = 66

* N for some prescribing scenarios <66 due to missing responses

Participant
- . Prescribing Reason for Prescribing Decision
Prescribing Scenario . . :
Decision (direct quote)
(n)
1. 75/F Patient taking Warfarin Prescribe | Group 1:
(Coumadin) long-term, 2 mg 1 « Pt on coumadin — monitor
OD, is being prescribed Group 1=5 Group 3:
Sulfamethoxazole & Group 2=5 « has UTI, septra is indicated
Trimethoprim (Nu-Cotrimox), | Group 3= 10 . allergies - symptomatic?
400/80 mg 1 BID for 7 days, Group 4= 17 | Group 4:
Qty: 14. Group 5=3 « need to monitor coumadin - INR
. UTI
Dx Current: UTI Total= 40 « Bacterial UTI, no apparent contraindications
Dx Past: atrial fibrillation, « with repeat INR in 5d
osteoporosis, osteoarthritis « Dx bacterial UTI
Labs: INR 1.9, eGFR 55 . no allergies
ml/min, creatinine 111 pumol/L Group 5:
Meds: Coumadin 2 mg, « But would need to monitor INR
Metoprolol 50 mg, Naproxen Do Not Group 1:
500 mg, Calcium 1200 mg Prescribe « on coumadin
« on coumadin
Correct Prescribing Decision: | Group 1="7 « Sulpha & Coumadin interaction
Prescribe Group 2=7 « Interaction with coumadin
Group 3=2 « on coumadin - interaction
Group 4= 6 « Need to check INR more frequently
Group 5=0 « interaction with warfarin
Group 2:
Total =22 « On coumadin

 Drug interaction (increase in INR)
« Cipro instead
« insufficient Hx
« Coumadin
On coumadin
« Interact with warfarin
Group 3:
« dose duration not appropriate
« increase in INR
Group 4:
« Previous UTI, interact?
« penicillin allergy
« coumadin interference
« Not first line treatment for UTI in elderly
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« would want to know sensitivity first
« length of time

2. 29/F Patient who has
penicillin allergy is being
prescribed Amoxicillin
(Amoxil), 500 mg 1 g8h for 7
days, Qty: 21.

Dx Current: sinusitis

Dx Past: endometriosis, mild
asthma

Meds: Folic acid 0.8 mg
Specific Allergy: urticaria

Correct Prescribing Decision:

Do Not Prescribe

Prescribe | Group 4:
« Pt's name not written
Group 1=3 . sinusitis
Group 2= 1
Group 3=1
Group 4=6
Group 5=0
Total = 11
Do Not Group 1:
Prescribe « Penicillin allergy
« Pen allergy
Group 1=9 « Allergy to penicillin
Group 2= 12 « Pen allergy
Group 3=11 « Allergy to Penicillin
Group 4= 17 o Allergic to PCN
Group 5=3 « Ptallergic to penicillin - urticaria
o Allergy
Total =52 o Allergy
Group 2:
o Allergy

o Allergic to penicillin

« Allergy to PCN

« q8h dosing

« PEN allergic

. No evidence of bacterial infection
o Insufficient Hx

« Urticaria w. Pen

« Penicillin allergy

« Pen allergy

« Allergic to penicillin

Group 3:

« Allergy to penicillin

« Possible allergic reaction
o Allergy

« why need this?

« Penicillin allergy

o allergy

« All to penicillin

o ptallergy — penicillins - clarify first
. allergies (pen/eryth)

« pt. has all. to penicillin

« Cross reactivity
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Group 4:
« Allergy data

« penicillin allergy
« Allergy to penicillin
« Penicillin allergy
« allergy penicillin
« allergy to penicillin
o Allergy
o Allergic to penicillin
o Allergy
« Allergic
« Allergy to penicillin
o Allergic to penicillin
« penicillin allergy
o allergy
o Allergy

Group 5:
« Allergy listed
« Penicillin allergy

o Allergy

3. 85/M Patient taking Prescribe
Warfarin (Coumadin) long-
term, 2 mg 1 OD, requires Group 1=0
refill/dose continuation for 30 | Group 2=2
days, Qty: 30. Group 3=0

Group 4=4
Dx Past: pulmonary Group 5=0
embolism, atrial fibrillation,
thyroid tumour Total = 6
Labs: INR 3.0 (2 weeks ago), Do Not Group 1:
INR 3.7 (current), creatinine Prescribe « INR 3.7
130 pmol/L « INR 3.7
Meds: Coumadin 2mg, Group 1=12 . INR 3.7
Metoprolol 50 mg, Group 2= 10 « INR 3.7
Vitamin D 1000 IU, Group 3=12 « INR supratherapeutic
Levothyroxine 0.125 mg Group 4=20 « INR too high

Group 5=3 « Need INR checked
Correct Prescribing Decision: « INR increased
Do Not Prescribe Total = 57 « INR = 3.7. Pt may require lower dose.

« INR 3.7; as per INR
« INR greater than therapeutic level
« Needs instruction for INR monitoring
Group 2:
« Warfarin - INR high, greater than 3
« Not clear about INR check
« High INR; F/U? (Should hold + re-evaluate 1
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week with FP)
« High INR
« Supratherapeutic INR
« INR 3.7
o Outside therapeutic range (INR too high, 3.7)
« INR 3.7
« INR is 3.7 (high target)

Group 3:

« INRis 3.7

« INR 3.7 last. Want to recheck first.

. INR

o decrease dose as INR increased

« changing dose?

« INR is above therapeutic level, need it in 2-3
range

« Giving reg dose - but INR increased to 3.7

« INR 3 before, don't know previous coumadin
dose

- monitor INR, don't prescribe for 30 days

« not enough info

« INR=3.7

« adjust dose for therapeutic range

Group 4:

« lessen strength, INR, add on Rx hold or as
per INR protocol

« INR 3.7 - hold coumadin as INR not
therapeutic

« INR too high

« INR high at 3.7

« unsure of fall risk

o Recent INR 3.7

« INR supratherapeutic at last visit

« INR?

o INR 3.7 last visit

 high INR

« INR is high

« INR 3.7

« Last INR high on warfarin 2mg - "as per
INR" needed.

« 85 yr old with 1 month supply and no
mention of INR check frequency

« would comment on the Rx, as directed by
MD. May need to adjust dose in future, INR
high.

« INR 3.7 on Mar. 3, 2010

« INR 3.7
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. INR high

Group 35:
« Most recent INR 3.7, high
« INR 3.7 - need to decrease dose
« High INR beyond therapeutic range

4. 35/M Patient is being
prescribed Acetaminophen-
Codeine (Tylenol #3), 300/30
mg 2 every 4-6 hours, as
needed, Qty: 90. Patient is
already taking Acetaminophen,
650 mg QID.

Dx: Crohn’s disease, recent
bowel resection

Labs: serum albumin 28 g/L
Meds: Acetaminophen 650
mg, Mesalamine 400 mg,
Budesonide 9mg,

Correct Prescribing Decision:
Do Not Prescribe

Prescribe | Group 2:
« Tylenol regular 650x4; #3 4-6 hrs
Group 1=4 Group 3:
Group 2= 28 « pain = missed work
Group 3= 10 « has GI history, no known liver issue
Group 4=9 N0 reason not to
Group 5=0 Group 4:
« indication, chron's
Total = 31
Do Not Group 1:
Prescribe « Decrease # tabs
« Already taking 650 mg tylenol QID
Group 1=28 « Already on acetaminophen
Group 2=3 « Already taking Tylenol 650 QID
Group 3=2 « Too many pills Rx. Give fewer pills +
Group 4= 14 investigate pain.
Group 5=3 « Also on Tylenol, decrease no. tabs
« Put (Ninety) after qty. so pt. cannot alter qty.
Total = 30 Group 2:

« Already on 650 mg QID Tylenol
o check pain mgmt
Group 3:
« Chron's flare up? other tx
« b/c acet. already on
Group 4:
« Crohn's Dx
« Dr's name not written

« also taking acetaminophen 650 QID, too

much in combo

« too many given - indication for such pain

meds?
« indication, chron's

o Already taking 650 mg Tyl QID - need to d/c

« Already on Acetaminophen

« Tylenol, too much

« Ptison Reg T. + too many pills for 1
prescription

« no clear etiology for pain

« Pt on another acetaminophen dose and
directions need to be specific
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Already on Tylenol 650 mg QID
Already on Tylenol 650 mg QID

Group 35:

Pt on Acetaminophen 650mg po QID, too
much Tylenol

Already on acetaminophen 650mg - would
be too much

Already on acetaminophen 650 QID

5. 82/M Patient is receiving
prescription renewal for
Digoxin (Lanoxin), 0.125 mg 1
OD for 30 days, Qty: 30.

Dx: recent rapid atrial
fibrillation admission (30 days
ago), CHF, hypertension
Labs: creatinine 130 umol/L,
potassium 3.8 mmol/L, serum
digoxin 0.8 nmol/L

Meds: Digoxin 0.125 mg,
Metoprolol 75 mg,
Hydrochlorthiazide 25 mg

Correct Prescribing Decision:
Prescribe

Prescribe

Group 1=9
Group 2= 35
Group 3=8
Group 4= 16
Group 5=2

Total = 40

Group 1:

if previously done
cautious with high Cr, low K

Group 2:

CHF
level o.k. with chronic renal insufficiency
Dg level ok, creat 130

Group 3:

Repeat
A.fib
similar dose, therapeutic range 0.8

Group 4:

Afib., pt. is getting serum levels checked
Rapid A-fib

has had before, renewal

Dig level ok, previously prescribed

no contraindication, long term Rx

Group 35:

Pt has Afib., likely for Rate Control

Do Not
Prescribe

Group 1=3
Group 2=8
Group 3=4
Group 4=4
Group 5=1

Total = 20

Group 1:

High Cr
high creatinine
needs digoxin/K+ levels monitored

Group 2:

Metop/Dig

Chronic kidney disease (possible increase in
Dig level); follow up with FP

Need more info on CHF

Don't know pt's New York Heart Association
classification

Hx A.Fib, CHF

Dose too high (loading) - should be 0.0625
daily

Group 3:

CHF, AFib, worsen CHF

Due to narrow therapeutic index, try
something else for Afib

metoprolol not maximized - only daily dose
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not BID
« no clear indication
Group 4:
« Needs to check Dig level + adjust
. would want digoxin normal value with the

test value
. Age, renal function, on beta blocker
Group 35:
. baseline Cr
6. 67/M Patient taking Prescribe | Group 2:
antibiotic combination of « But need LU code for Cipro
Ciprofloxacin (Cipro) and Group 1=7 Group 3:
Metronidazole (Flagyl) 500 mg | Group 2= 6 « Increased risk of infection with diabetes
& 1 g 1 each ql12h for 14 days, | Group 3= 8 Group 4:
Qty: 28 each, is receiving a Group 4= 10 « Diabetic foot - needs Rx
refill. Group 5=1 « good Rx for diabetic ulcer
Dx Current: diabetic foot Dx | Total =32
Past: hypertension, diabetes
Labs: HbAlc 0.08, creatinine Do Not Group 1:
130 pumol/L, HDL 1.3 mmol/L, | Prescribe « 2 drugs should be prescribed separately
LDL 4.1 mmol/L « High creatinine
Clinical Notes: Temperature Group 1=5 « the prescription can make Pt confused
normal. Breathing normal. Group 2=6 « Drug doses
Foot looks improved. Group 3=4 « Separate Rx for each drug
Meds: Ciprofloxacin 500 mg, | Group 4= 13 | Group 2:
Metronidazole 1 g, Metoprolol | Group 5=2 « Not sure of indication
50 mg, Rosuvastatin 10 mg « query past history
Total = 30 « ? Infection - need to confirm

Correct Prescribing Decision:
Prescribe

« CRI
« Unknown indication?
« Need to renally dose cipro
Group 3:
« Already presc.?
. where is the indication for it?
« not appropriate flagyl dose - not adj. cipro for
renal impairment
« why flagyl?
Group 4:
« each drug separate line
« what is the indication?
« Have to prescribe separately
« indication?
« no swab done, do not renew Abx if not
effective & no swab
« need separate prescription
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. no clear indication

« very confusing instructions/directions for pt.
« would separate both, confusing

« no reason for refill

« I 'would separate the 2 drugs into separate Rx

Group 35:

« What is the indication for 2 antibiotics
« Consider change Abx, already received
course

7. 89/F Patient is being
prescribed Risperidone
(Risperdal), 0.5 mg each night
for 7 days, for insomnia.
Patient lives alone and has
normal mental status.

Dx Current: insomnia

Dx Past: hypertension,
osteoarthritis, breast tumour,
depression

Labs: HDL 1.8 mmol/L, LDL
3.1 mmol/L, creatinine 130
umol/L

Clinical Notes: Mental status:
Normal.

Meds: Metoprolol 50 mg,
Naproxen 500 mg

Correct Prescribing Decision:

Do Not Prescribe

Prescribe | Group 3:
. appears stable, will not abuse
Group 1=4
Group 2=5
Group 3=6
Group 4=4
Group 5=0
Total = 19
Do Not Group 1:
Prescribe « Indication unknown
« ? Insomnia
Group 1=6 « Risperidone is not for use for insomnia. Not
Group 2=7 a short term medication (7 days!)
Group 3=6 « What indication?
Group 4= 19 « No indication
Group 5=3 Group 2:
« Atypicals increase risk in elderly
Total =41 « ?indication

« insufficient Hx
« I don't know that drug, sorry

Group 3:

« Short term use, already feels tired

« Re-evaluate - depression & need for that med
. not indicated for insomnia

« not necessary

« increased mortality in elderly

Group 4:

« increased risk of all-cause mortality in
elderly pts on atypical neuroleptics

« No Dx to support

« no indication? normal mental status

« indication?

« Not to use in elderly

« indication?

« Not indicated as first line for insomnia
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« indication?
« indication unclear
« no indication
« need to assess the pt
« 1o clear indication
« Antipsychotic for just 7 days?
« need to know reason for med; lives alone
« alcohol use + children in house
. old age
Group 35:
« No indication
« No indication
« Inappropriate use

8. 56/M Patient is being
prescribed Hydromorphone
(Dilaudid), 1 mg 1 QID, as
needed, Qty: 60. Patient has
COPD and severe CO,
retention.

Dx Current: pain

Dx Past: COPD, pneumonia,
asthma, depression

Labs: serum CO; 59 mmol/L,
creatinine 130 pmol/L
Clinical Notes: Breathing
difficulties. Severe CO,
retention.

Meds: Salbutamol 100 mcg (2
pump PRN), Advair 250 mcg
(1 puff BID)

Correct Prescribing Decision:

Do Not Prescribe

Prescribe | Group 2:
« But watch for breathing difficulties
Group 1=4 Group 3:
Group 2=4 « but w/ resp concern
Group 3=3 Group 4:
Group 4=3 « ok to use with dyspnea
Group 5=2
Total = 16
Do Not Group 1:
Prescribe « Decrease # tabs
. COPD
Group 1=28 « COPD - Resp. depression
Group 2=8 « COPD; CO2 retention
Group 3=8 « decrease tabs; CO2 retention
Group 4=20 « Resp. depression
Group 5=1 « Put (Sixty) after qty. so pt. cannot alter qty.
Group 2:
Total = 45 « Dilaudid - CO2 high - too much in the

prescript

« Resp. difficulties

« Hx breathing difficulties; severe CO2
retention

« Large doses, Hx CO2 retention, change in
level of consciousness with Dilaudid

« Breathing difficulties

« CO2 retention

« CO2 retention

« Breathing difficulties

Group 3:
o Try lower pain med first
« resp. depression with high CO2 already

82




MSc Thesis - W. Wiercioch; McMaster University - Health Research Methodology

« Long acting might be more appropriate. Very
potent analgesic.

. breathing troubles, do we want to further
Resp. depression

» severe COPD

« pt has resp. problems - clarify first?

« clinical notes - try other analgesic first

« not enough information

Group 4:

« COPD/asthma

o breathing difficulties - risk of resp.
depression/CO2 retention

« no other pain meds documented as initial
choice

« 1o obvious indication for medication

« NO name

« Not 1st line for pain, i.e. no indication

« CO2 retention

« no other pain meds prev. tried

« prefer less potent Rx for narcotic — alcohol
use

« CO2 retention, resp. depression

« CO2 retention, prescription not written
correctly

« Breathing difficulties and severe COPD,
PRN not good

« Time on script not given and not proper
directions for patient

« narcotic, need to specify quantity and
dispensing instructions

« Alcohol use, CO2 retention

« severe CO2 retention

Group 5:
« What other medications have been tried prior

9. 64/M Patient who has Prescribe | Group 1:
allergy to Statins, small rise in « ok with small AST/ALT rise, watch LFTs
AST and ALT, is being Group 1=4 Group 2:
prescribed Atorvastatin Group 2=3 « Ml in past
(Lipitor), 10 mg 1 OD for 60 Group 3= 10 « Only small rise AST/ALT
days, Qty: 60. Group 4=9 o Only small rise in AST/ALT

Group 5=0 Group 3:
Dx: hypercholesterolemia, MI « Needs just follow LFT
(1 year ago), hypertension Total = 26 . High LDL

Labs: creatinine 120 pmol/L,
potassium 3.8 mmol/L, LDL
3.2 mmol/L

« has Hx of hypercholesterolemia and MI, may
be preventative
« Dx registry + allergies (small rise) adjust
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Meds: ASA 80 mg, Ramipril
10 mg

Specific Allergy: AST, ALT
small rise

Correct Prescribing Decision:
Prescribe

dosage approp.
« dyslipidemia despite small rise ALT AST

Group 4:

« Only small rise AST+ALT

« would need BW for LFTs, CK info -
myopathy

« indicated, no clear contraindications

« High cholesterol

Do Not
Prescribe

Group 1=9
Group 2= 10
Group 3=2
Group 4= 16
Group 5=3

Total = 40

Group 1:

« previous drug reaction

o higher dose needed; follow up AST/ALT
« increase dose of lipitor; MI, high cholesterol
« increase in transaminasil with statin
« Insufficient dose

« AST, ALT increase

« small rise AST,ALT

o Allergy

« Allergy - small rise AST/ALT

Group 2:

« Lipitor - rise in AST/ALT in past

« Says liver enzymes raise

« Statin allergy

« Documented statin allergy, needs
clarification

- Hx statin adverse reaction with rise in AST
etc.

o Allergy to statin

« Statin allergy

o Allergy to statin

« Known reaction to statin

« LDL normal, and causes rise in LFT in this

pt

Group 3:

« Allergy to statin - small rise in AST/ALT
« AST/ALT rise last statin

Group 4:

« Allergy to statin? Investigate

« increase in AST/ALT although "small rise
may not be an issue

« Allergy to statins

. Pt's name & Dr's not written

« Allergic to statin

. statin allergy

« Cr 120. Previous statin transaminitis. Need
more info.

. allergies

n

84




MSc Thesis - W. Wiercioch; McMaster University - Health Research Methodology

« Allergy, AST, ALT rise

« All to statins

« Statin allergy

o Allergy

« Pt has some CV risk factors and dose might
be low - no liver enzymes seen

« Evidence of previous rise in AST/ALT on

statin
« Should be QID; allergic
Group 35:
« Rise in AST/ALT listed in allergies; labs to
repeat
« Check baseline ALT + CK - previous rise in
ALT
o Current AST/ALT adverse rxn; if ok, need
higher dose
10. 60/M Patient is being Prescribe | Group 1:
prescribed Clopidogrel « but pt should stop naproxen
(Plavix), 300 mg loading dose, | Group 1=7 « Stop naproxen!
followed by 75 mg 1 OD for Group 2=9 Group 2:
90 days with 3 repeats, for Group 3=6 o Trops elevated
acute coronary syndrome. Group 4= 13 « ACS - although no ECG/Hx
Patient is already taking Group 5=3 Group 3:
Aspirin (ASA), 80 mg 1 OD. « ACS hospitalization
Total = 38 « ASA, Plavix
Dx Current: hospitalization « vascular Hx - on ASA but plavix might be
for acute coronary syndrome synergistic
Dx Past: hypertension, Group 4:
osteoarthritis . ACS
Labs: troponin 0.09, HbAlc
0.06, creatinine 130 umol/L, Note: Naproxen was included in current medications
Meds: ASA 80 mg, Ramipril list in scenario presented to Group 1, and removed
10 mg, Vitamin D 1000 IU, from the scenario for all groups thereafter.
Metoprolol 50 mg Do Not Group 1:
Prescribe « 1 yr prescription needed
Correct Prescribing Decision: « 1 year needed
Prescribe Group 1=6 « troponin 0.09; ACS hospitalization
Group 2=4 « D/C naproxen Ist
Group 3=6 « On naproxen, potential G.I. bleed
Group 4= 11 « Duration too short
Group 5=0 Group 2:
« No loading as outpatient. Only 75 OD.
Total =27 « Creat 130

« On ASA already. ACS confirmed?

Group 3:
« Increased risk of bleeding - using ASA

already
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« not appropriate loading clopidogrel if already
on

. indication not clear

o values + ASA - not nec.

. only 75, already loaded!

Group 4:

. cannot see all allergies

« write separately

« Plavix is given only 3 months. Do not agree
with repeats.

« I would not Rx for 1 yr. without follow-up

. already on ASA

. ASA

« 3x repeats, monitoring needed

. script flagged because pt already on a blood
thinner

. would specify if loading dose is x1 or for
how many days

Note: Naproxen was included in current medications
list in scenario presented to Group 1, and removed
from the scenario for all groups thereafter.

11. 68/M Patient currently
taking lithium, with an
outdated last blood level of 0.9
umol/L, is being prescribed a
refill for Hydrochlorthiazide
(Apo-Hydro), 25 mg 1 OD for
60 days, after taking it for 1
month.

Dx Past: hypertension, bipolar
disorder, depression

Labs: HbAlc 0.08, creatinine
120 pumol/L, lithium 0.9
umol/L (1 year ago)

Clinical Notes: Patient
presents with ataxia.
Complains of dizziness,
nausea, and weakness. Meds:
Lithium 300 mg,
Hydrochlorthiazide 25 mg

Correct Prescribing Decision:
Do Not Prescribe

Prescribe | Group 2:
« Chronic kidney disease or acute? If acute
Group 1=5 renal failure, no Rx.
Group 2=4
Group 3=6 Group 3:
Group 4= 5 « no Hx of diabetes, has hypertension
Group 5=0 « appropriate for htn
Total =20
Do Not Group 1:
Prescribe « lithium (flagged)
« HCTZ; lithium toxicity
Group 1=7 « hypotension (dizziness/weakness)
Group 2=9 « high Cr=120
Group 3=6 « Pt on lithium; inc levels
Group 4=20 « Lithium toxicity secondary to renal failure
Group 5=3 . weakness = check K+
Group 2:
Total = 45 « HCTZ + Lithium - with symptoms of lith tox

« assess for postural hypotension
« Start with ACE

« Dizziness could be low Na+

o Li+ HCTZ — hypercalcemia

o Interaction with Li
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« Interacts with lithium

 Renal failure

o Interaction btw. Lith./HCTZ - causing
hypercalcemia

Group 3:

« Already on HCTZ 25 mg

o Can affect dizzy; HCTZ

« Another BP med. Not related to clinical notes
o Linarrow therapeutic window - Li toxic

« address clinical complaints

« worsening kidney - leading to Ch. Li tox.

Group 4:

« Pt on lithium

« on lithium, x diuretics

o lithium + diuretic - dehydration risk

« lithium toxicity in notes

« May affect lithium levels

o What's BP?

« Dr's name & pt's name not on the script

« dizzy? hypotension

o lithium toxicity - possibly diuretic induced

« Possible lithium toxicity with electrolyte
imbalance

« most recent electrolytes? most recent bp?

« Concern re: Li toxicity with presenting
complaints - HCTZ may worsen

. needs ACE

« ? orthostatic hypotension

« HbAlc =0.08, can further worsen

o risk of fall

« on Li, high Cr

« Poor kidney function - investigate further

« Script flagged as pt on lithium

« History of dizziness and ataxia

Group 35:

« Diglevel 0.8? Normal range. Lithium Tox.
« Check electrolytes + pt. dizzy
« Needs electrolytes, Li level

12. 45/M Patient currently
taking Insulin 30/70, 30 units
BID, is being prescribed
Metformin (Glucophage), 500
mg 1 BID for 30 days, Qty: 60.
Patient has reduced renal
function.

Prescribe

Group 1=3
Group 2= 35
Group 3=4
Group 4= 12
Group 5=0

Group 2:

« T2DM (on insulin first?)

Group 3:

- on insulin
« High Alc, high creatinine - need something
to add to insulin

Group 4:

« quantity should be 120 though
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Dx Past: diabetes, pneumonia,
asthma

Labs: HbAlc 0.085,
creatinine 250 umol/L

Meds: Insulin 30/70 30 U

Correct Prescribing Decision:
Do Not Prescribe

Total = 24 « DMII, high HgA1C, no obvious

contraindication
Do Not Group 1:
Prescribe High Cr

would increase insulin

Group 1=10 Cr 250

Group 2=8 high Cr

Group 3=8 high Cr

Group 4= 13 Creatinine 250 (high); Poor kidney function

Group 5=3 high Cr
Creat 250

Total =42 Cr 250

Poor kidney function

Group 2:
o Metformin - CRT

High Cr

Creat high

Cr 250 with chance of lactic acidosis
Creatinine high

Cr-250

CRI

Creat 250

Group 3:
« Creatinine of 250

Impaired renal function.

odd, Met + Insulin

HbA ¢ high, change antiglycemic
metformin in setting of renal impairment
Cr elevated

30/70 30U BID - hypo?

kidney disease

Group 4:
« creatinine high

high Cr 250

High creatinine

elevated creatinine

Creatinine 250 - risk of lactic acidosis
needs insulin fully , A1C

poor renal function

Cr 250

T1 vs T2 DM?

Does not mention when to take it

Cr too high, 250; metformin contraindicated
Renal function poor (Cr 250)

« Cr250
Group 5:
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« Pt on insulin regimen; other meds? high Cr

o Check LFTs

o Already on insulin with renal impairment -
change to MDI

* Transcribed verbatim from questionnaires, no corrections made (e.g., short forms and
abbreviations not expanded).

Table 10: Prescribing Score by Screen Design

Screen Design Correct Incorrect Total
D H P n (%) n (%) N
- - - 31 (51.7) 29 (48.3) 60
- - + 46 (73.0) 17 (27.0) 63
- + - 48 (77.4) 14 (22.6) 62
- + + 40 (63.5) 23 (36.5) 63
+ - - 42 (72.4) 16 (27.6) 58
+ - + 37 (60.7) 24 (39.3) 61
+ + - 47 (75.8) 15 (24.2) 62
+ + + 46 (73.0) 17 (27.0) 63

Grand Total: 337 (68.5) 155 (31.5) 492

- 528 responses with 36 missing = 492

Table 11: Correct vs. Incorrect Prescribing Decisions by Screen Design Factor

Screen Design Correct Incorrect Total
Factor n (%) n (%) N
Density

+ 172 (70.5) 72 (29.5) 244
- 165 (66.5) 83 (33.5) 248
Highlighting
+ 181 (72.4) 69 (27.6) 250
- 156 (64.5) 86 (35.5) 242
Placement
+ 169 (67.6) 81 (32.4) 250
- 168 (69.4) 74 (30.6) 242
Grand Total: 337 (68.5) 155 (31.5) 492
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Table 12: Screen Design and Prescribing Accuracy — Main Effects

Test of Model Effects
Source of Variance B Standard Wald Chi- Degrees of
Error Square Freedom p-value
Main Effects
Density 0.480 0.333 2.076 1 0.150
Highlighting 0.817 0.256 10.213 1 0.001
Placement - 0.030 0.266 0.013 1 0.910
Covariates Wald Chi-Square Degrees of Freedom p-value
Prescribing scenario 43.533 7 <0.001
Run order 17.059 7 0.017
Study session 13.466 4 0.009

* Correct decision modeled as the response, with incorrect decision as the reference
category, for design factors set at the optimal level (i.e. +)

Table 13: Screen Design and Prescribing Accuracy — Interactions

Test of Model Effects
Source of Variance Degrees of
Wald Chi-Square Freedom p-value
2-way Interactions
Density * Highlighting 1.662 1 0.197
Density * Placement 0.294 1 0.587
Highlighting * Placement 2.653 1 0.103
3-way Interaction
Density * Highlighting * 0.015 1 0.903
Placement

Table 14: Participants Preferences All Groups by Factors Investigated

- Prefer Hypothesized | Prefer Hypothesized | Total
actor

Worse Screen Better Screen n
Investigated

n (%) n (%)

Density 58 (44.3) 73 (55.7) 131
Highlighting 26 (19.7) 106 (80.3) 132
Placement 65 (49.6) 66 (50.4) 131

90




MSc Thesis - W. Wiercioch; McMaster University - Health Research Methodology

Table 15: Participant Preferences All Groups by Paired Comparison

e Screen 1 Screen 2 Prefer Prefer et | @
Investigated DiH | P |D|HP S;r(;;j ! S;rj:/: 2 n Square* p-value
Density -+ |+ |+ | 3147.7) | 34(52.3) 65 0.138 0.710
Highlighting | + | - | + | + | + | + | 8(12.1) | 58(87.9) 66 37.879 | <0.001
Placement + |+ | - |+ | + | + |34(51.5) | 32(48.5) 66 0.061 0.806
Density - -+ + | -+ ]27@09)| 39(59.1) 66 2.182 0.140
Highlighting | - | - | + | - | + | + | 18(27.3) | 48(72.7) 66 13.636 | <0.001
Placement + | - -+ | - |+ | 31(47.7) | 34(52.3) 65 0.138 0.710
* Degrees of freedom = 1 for all paired comparisons
Table 16: Participants Preferences by Study Session

Study Factor Screen 1 Screen 2 Prefer Prefer Total

Session |Investigated | D | H | P | D | H | P Sereenl | Sereen2 !

n (%) n (%)

1: SJHH | Density -+ |+ |+ |+ |+ | 11(84.6) 2 (15.4) 13
Highlighting | + | - | + | + | + | + 1(7.7) 12 (92.3) 13

Placement + |+ - |+ |+ |+ 9 (69.2) 4 (30.8) 13

Density - -+ |+ - | | 11(84.6) 2(15.4) 13
Highlighting | - -+ - ] 12(923) 1(7.7) 13

Placement + | - -+ -]+ 8 (61.5) 5(38.5) 13

2: HGH | Density SO s s S B B 6 (46.2) 7 (53.8) 13
Highlighting | + | - | + | + | + | + 3(23.1) 10 (76.9) 13

Placement + |+ - |+ |+ |+ 7 (53.8) 6 (46.2) 13

Density - o T i S 6 (46.2) 7 (53.8) 13
Highlighting | - | - | + | - | + | + 1(7.7) 12 (92.3) 13

Placement + | - -+ -]+ 8 (61.5) 5(38.5) 13

3: MUMC | Density N B 7 (58.3) 5(41.7) 12
Highlighting | + | - | + | + | + | + 2 (16.7) 10 (83.3) 12
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Placement + |+ - |+ ]+ |+ 6 (50.0) 6 (50.0) 12
Density - -+ |+ -+ 3 (25.0) 9 (75.0) 12
Highlighting | - I I 2(16.7) 10 (83.3) 12
Placement + | - -+ -] F 6 (50.0) 6 (50.0) 12
4: SFHC | Density -+ + ]+ 7 (29.2) 17 (70.8) 24
Highlighting | + | - | + | + | + | + 2 (8.0) 23 (92.0) 25
Placement + |+ | - |+ |+ |+ | 11(44.0) | 14 (56.0) 25
Density - I S I 7 (28.0) 18 (72.0) 25
Highlighting | - - + | - |+ |+ 3(12.0) 22 (88.0) 25
Placement + | - -+ -]+ 8 (33.3) 16 (66.7) 24
5: MFP | Density SO e I o s o 0 (0.0) 3 (100.0) 3
Highlighting | + | - | + | + | + | + 0 (0.0) 3 (100.0) 3
Placement + |+ - |+ |+ |+ 1(33.3) 2 (66.7) 3
Density - -+ -+ 0 (0.0) 3 (100.0) 3
Highlighting | - o S 0 (0.0) 3 (100.0) 3
Placement + | - -+ -]+ 1(33.3) 2 (66.7) 3
- Screen 2 is hypothesized better screen design with factor investigated at +
Table 17: Screen Preferences and Prescribing Accuracy
McNemar Test Statistics
Paired Comparison® . . E,X%t
Asymptotic | significance
N Chi-Square” | significance (2-tailed)
Pl:—++vs.+++ (D) 61 0.300 0.584 -
P4: ——+vs. +—+ (D) 60 1.091 0.296 -
P2: +—+vs. +++ (H) 60 1.885 0.170 -
P5: ——+vs.—++ (H) 62 0.148 0.700 -
P3:++—vs. +++ (P) 61 - - 0.503°
P6: +——vs. +—+ (P) 55 - - 0.078"

a. Continuity Corrected
b. Binomial distribution used
* Pairs comparing (D) — density, (H) — highlighting, (P) - placement
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Table 18: Study Feedback

Question Score Total
mean (SD) n
I was able to fully understand what I was asked to 5.4.(14) 65
do in this study.
I felt that I had an adequate amount of time to
make my prescribing decision when presented with | 4.2 (1.7) 65
the cases.
Overall, I did not have difficulty completing this 49(15) 65
study.
Table 19: Participant Comments
et Yes No Total
n (%) n (%) n
Were any of the
prescribing cases 22 (35.5) 40 (64.5) 62
unclear?
If yes, which e Case 6 (S6 cipro and metro for diabetic foot) 18
cases were ¢ Don't remember
unclear? e Can't remember
e Context, was in family office or in hospital?
e 4 (S5 digoxin and potassium level) & 11 (S7 risperidone)
e Just general unfamiliarity with system
e Occasionally could not find reason for why we were
prescribing the drug
e case 7 (S8 hydromorphone to COPD pt)
e most were unclear
e cannot recall specifics but mainly those where clinical Hx
diff. to identify
e cannot remember
e Case 6 (S6 cipro and metro for diabetic foot)
e can't recall
e Unsure. (statins, small rise in AST, ALT)
e can't recall
e several, cannot remember
e Most, as I was unaware of this assessment I was not sure
what to do and found it a bit irrelevant to prescribing online
system
e Most of them, limited time and small font size
Is there anything
you would change 22 (35.5) 40 (64.5) 62

about this study?

If yes, what

e Increase time per case
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would you
change?

e More time

¢ Can give slightly more time to answer, and use same format
for all cases

e Trial runs before actually doing studied cases

e Might be helpful to use one kind of EMR screen so can at
least see all the info, then decide from there

e Setting, visit date to correlate findings

e Possibly a few practice cases prior to case 1

e Perhaps a brief description of each patient/visit

circumstances prior to prescribing screen would put it more

into context. As a physician using this system you would

have completed a H/P.

Bigger screen, longer time for making decisions

Ist slide was confusing whether it was 1st case

Few more seconds to make Rx decision.

More time for each case (to gather all info)

More time, a few practice scenarios, more consistent images

from case to case (re: info)

e Was confused about the number of each cases

e Would be much more valid if we were able to sit in front of
a computer screen each.

¢ Giving more time per case (1 min would be better)

o I think there are a lot of confounding factors and
conclusions cannot be made just based on a screen, because
when making decisions we have the ability to clarify
information

e Maybe a few less cases. A lot of prescribing decisions are
based on a case-by-case basis. Ex. - I may still prescribe a
statin if a pt had slight elevation in LFTs, depending on
clinical context

e [f you can provide paper version of cases or each participant
can each use computer - it was difficult to see most of the
cases - it made it difficult to answer the question.

e Some prior clear indication on completing this assessment. I
would also suggest having an online assessment utilizing
one of the computer rooms at McMaster and individuals
completing this survey can complete it on a computer one
on one and this makes the assessment more practical and
realistic.

¢ Time and font size

e | could have used more time to process info - can't pick out
the needed info.
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Table 20: Additional Participant Comments

Study Session Additional Comments*
1: SJHH e Very practical and useful study. Well done.
2: HGH e Difficult for a clerk to Dx and Tx in 45 seconds!
¢ Fun and interactive
3: MUMC e Interesting concept and study
4: SFHC e Should clarify again/better where to find if a certain medication has

been Rx before

e Took a lot of time to find information in cases in screen with too
little time for cases.

e A bit arbitrary to decide screen layout preference when viewing for
few seconds, vs. using all day/every day

e Interesting study. Colour is better for EMR templates.

e 1) There are two assessments here; a) the script program and b) the
physician. And the responses of the survey could be biased due to
one of two factors or both (for e.g. the system is right but the
physician missed something or vice versa). 2) Limitation of screen,
all information to consider may not be on just one screen.

* 9 of the 66 respondents provided additional comments
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Appendix 1: Literature Search Strategies and Results

Search Strategies:

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and
Ovid MEDLINE(R) (1946 to Present)

Search strategy:

Date of search:
05/09/2014

LONIIUL A WDNR

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

exp Electronic Prescribing/

exp Medical Records Systems, Computerized/

exp Medical Order Entry Systems/

exp Hospital Information Systems/

exp Medical Records/

exp Electronic Health Records/

exp Decision Making, Computer-Assisted/

exp Decision Support Systems, Clinical/

(e-prescribing or electronic prescribing or prescribing electronic* or CPOE or order entry or
electronic medical record* or electronic health record*).ti,ab.
lor2or3ord4or5or6or7or8or9

exp User-Computer Interface/

exp Software Design/

exp Human Engineering/

(usability or user test* or user-test* or user interface* or interface* or human factors).ti,ab.
1lor12o0r13o0r 14

exp Randomized Controlled Trial/

exp Random Allocation/

exp Cross-Over Studies/

(random* or cross-over or crossover).ti,ab.

16 or 17 or 18 or 19

10 and 15 and 20

Records Retrieved 539

Database: Embase (1974 to Present)

Search strategy:

Date of search:
05/09/2014

O NI E WD

10.
11.
12.
13.

exp electronic prescribing/

exp computerized provider order entry/

exp hospital information system/

exp medical information system/

exp medical record/

exp electronic medical record/

exp decision support system/

(e-prescribing or electronic prescribing or prescribing electronic* or CPOE or order entry or
electronic medical record* or electronic health record*).ti,ab.
lor2or3ord4or5or6or7or8

exp computer interface/

exp computer graphics/

exp human computer interaction/

exp human factors research/

96




MSc Thesis - W. Wiercioch; McMaster University - Health Research Methodology

14.
15.
16.
17.
18.
19.
20.

(usability or user test* or user-test* or user interface* or interface* or human factors).ti,ab.
10or1lorl2or13orl4

exp randomized controlled trial/

exp randomization/

(random* or cross-over or crossover).ti,ab.

16 or 17 or 18

9and 15 and 19

Records Retrieved 194

Database: PsycINFO (1987 to Present)

Search strategy:

Date of search:
05/14/2014

bl A

© 0N w;

10.
11.
12.

exp Decision Support Systems/

exp Information Systems/

exp Medical Records/

(e-prescribing or electronic prescribing or prescribing electronic* or computerized provider
order entry or CPOE or hospital information system* or medical information system* or
decision support system* or computerized decision support or CDSS or order entry or
electronic medical record* or electronic health record*).ti,ab.

lor2or3oréd

exp Human Computer Interaction/

exp Human Factors Engineering/

exp Systems Design/

(usability or user test* or user-test* or user interface* or interface* or human factors).ti,ab.
6or7or8or9

(random* or cross-over or crossover).ti,ab.

5and 10 and 11

Records Retrieved 137

Database: Full Text Journals @Ovid

Search strategy:

Date of search:

05/16/2014

1. (e-prescribing or electronic prescribing or prescribing electronic* or computerized provider
order entry or CPOE or hospital information system* or medical information system* or
decision support system* or computerized decision support or CDSS or order entry or
electronic medical record* or electronic health record*).mp. [mp=title, abstract, full text,
caption text]

2. (usability or user test* or user-test* or user interface* or interface* or user-computer
interface or user computer interface or human factors or human-computer interaction or
human computer interaction).mp. [mp=title, abstract, full text, caption text]

3. (random* or cross-over or crossover).mp. [mp=title, abstract, full text, caption text]

4. land2and3

Records Retrieved | 584

Database: Journals @ScholarsPortal

Search strategy:

Date of search:
05/20/2014
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1. usability OR interface OR interfaces

2. randomized OR randomly OR random

3. electronic prescribing OR e-prescribing OR order entry OR decision support OR
electronic medical record OR electronic health record OR electronic medical records
OR electronic health records

4, land2and3

5. Limit 4 to Subject Areas: Engineering, Health Sciences, Information Technology, Library
and Information Sciences, Life Sciences, Medical Sciences, Social Sciences,
Telecommunications Technology gives

Records Retrieved | 1642

Summary of Searches:

Search

Total no. retrieved: 3096
Medline: 539
Embase: 194
PsyciInfo: 137
Full Text Journals 584
@Ovid:
Journals @ Scholars 1642
Portal:

Duplicates: 205

Total no. without duplicates: 2891

Screening (Title and Abstract Review)

No. excluded: 2854

Included for full text review: 37

Selection (Full Text Review)

No. Excluded: | 21

Reasons for exclusions:
1. Conference abstract (2)
Study protocol (1)
Did not evaluate system usability or user interface (5)
Non-clinician study participants (3)
Compared electronic tool versus paper (2)
Did not use randomization in study design (7)
7. Did not use a control tool or interface in study design (1)
Included: 16

ok wN
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Summary of Included Studies:

Study

Participants,
Sample Size

Study Design and Randomization
Method

Intervention

Control

Outcomes Measured

Crossover and Experimental Studies with Randomization

Ahmed et al.
2011

20 off-duty
ICU physicians

Randomized crossover study with
participants randomized to
complete a standardized task
(answering a set of questions) with
4 patients’ data using intervention
or control user interface, then
crossed over to the other interface
to complete task with 4 more
patients’ data.

Novel user interface EMR
presenting and grouping
frequently utilized data on a
single screen in systems based
manner most commonly
encountered in ICU setting
(developed based on systematic
observation and analysis of ICU
provider needs)

Standard EMR with

required data
presented on
multiple screens

. Physician task load index

(measured with NASA
task load index)

. Errors of cognition
. Time to task completion

(in seconds)

. Total quantity of data

presented

Avansino &
Leu 2012

7 surgeons at
pediatric
hospital

Randomized crossover study with
participants block-randomized (in
groups of 4) to use intervention or
control order sets to complete 2
clinical scenarios (perforated and
nonperforated

appendicitis), with washout period
of 4 hours minimum, followed by
use of other order set to complete
the clinical scenarios.

Systematically developed order
set for postoperative
appendicitis with review by
multidisciplinary team

Ad hoc developed

order set

. Physician task load index

(measured with NASA
task load index)

. Order set usability

measured with System
Usability Scale (SUS)

. Time spent
. Click counts
. Number of free text

orders required

Bauer et al.
2010

12 physicians
from academic
medical centre

Experimental design with repeated
measures. Participants presented
with 4 patient data cases on one
display, followed by slightly
altered versions of the same 4
cases on the other display. Case
order randomized for first display
type viewed, and deliberately set
according to rule for second
display type.

Graphical display of laboratory
data

Table display of
laboratory data

. Time to complete case
. Interpretation of case
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Bostrom et al.
2011

12 participants
comprising of
trainees and
staff urologists

Crossover study with participants
randomized to complete one
clinical scenario using intervention
or control, then crossed over to
complete a second clinical
scenario using the other system.

BlGdd
eCancerCare ""* system

developed with input and
consensus from clinicians,
specific for patients with
bladder cancer, which included
features such as color-coded
icons that provide clinically
significant results, and visual
timeline display of data

Standard
electronic patient
record

. Time to complete chart

review and produce
clinical report

. Quality of clinical report

using predetermined
quality parameters

. Accuracy of answers

about patient’s history

. User satisfaction

assessed with
questionnaire

Chan et al. 27 participants | Experimental design with repeated | User centred design prototype 1. Standard CPOE . Time to complete order
2011 comprising of measures. Participants completed | CPOE order set interface order set set
staff four ordering tasks using (developed based on heuristic system . Number of times
physicians, intervention and control usability evaluation) 2. Pre-printed participants requested
residents and interfaces, with randomization of paper order set assistance
medical the order of interfaces and the forms . Errors in submitted
students ordering tasks presented. orders
Doig et al. 15 critical-care | Crossover study with participants Graphical display of arterial Numerical display . Accuracy of answers to
2011 nurses and 15 | randomized to complete a blood gas data of arterial blood standardized task
nursing standardized task (answering a set gas data . Response time for
students of questions) using intervention or correct answers
control, then crossed over to . Task load index
complete the task using the other (measured with NASA
display. task load index)

. Usability and subjective
evaluation, assessed
with survey

Khajouei et 10 physicians Crossover study with participants CPOE interface with predefined CPOE interface . Excess number of mouse
al. 2010 (1 attending randomized to complete a clinical order sets without predefined clicks and keystrokes

and 9
residents) in
hematology/
oncology
department

scenario using intervention or
control, then crossed over to
complete the same clinical
scenario using the other interface.

order sets (i.e.
ordering
medications one
by one )

(the difference between
number of mouse clicks
and keystrokes used and
the minimally required
numbers to accomplish
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the ordering tasks)

. Frequency of usability

problems identified
through observation by
usability experts

Koch et al. 12 burn Crossover study with participants Integrated information display Traditional displays . Accuracy of responses
2013 trauma ICU randomized to answer 3 clinical prototype (paper booklet (paper booklet for clinical scenarios
nurses scenarios using intervention or mockup) with information on 14 | mockup) with . Time to complete task
control, then crossed over to pages such as scheduled and information on 31
complete the same clinical current medication, vital signs, pages
scenarios using the other display ventilator settings, fluid balance
on a separate day within a week’s | and temperature, and recently
time. changed settings and orders
highlighted (developed based on
user-centred approach and user
testing with ICU nurses)
Lamy et al. 11 general Experimental design, with Graphical interface based on Textual interface . Accuracy of responses to
2008 practitioners participants asked to answer anatomical diagram of human to display drug questions
medical questions about fictitious | body displaying excerpts from monograph . Time to complete
drug monographs presented on drug monograph (e.g. drug information responses
intervention or control interface, properties, contraindications, . User satisfaction
with randomization of the order of | adverse effects) through
interfaces and order of questions interactive icons
presented.
Marian et al. 60 anesthesia Experimental design, with Medication buttons arranged by | Medication . Number of medications
2012 residents, participants asked to enter categories (e.g. tabs labelled buttons arranged entered in 2-minute time
anesthesiolog- | medications from a list of 25 using | fluids & electrolytes, alphabetically (e.g. span
ists, and intervention or control interface, coagulation, antibiotics, etc.) in tabs labelled A-C, . Entry errors
certified with random assignment to the simulated anesthesia D-H, I-O and P-Z) in
registered first interface viewed and information management simulated
nurse medication order set deliberately. | system anesthesia
anesthetists information
management
system
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Saleem et al. 16 ambulatory | Experimental design, with Redesigned clinical reminder Standard Veterans | 1. Time to complete clinical
2007 clinic nurses participants assigned to complete | system prototype, with Health reminder
5 simulated clinical scenarios using | reminders labeled for nurse or Administration 2. Usability, assessed with
intervention or control interface, physician, dialog box accessible (VHA) clinical guestionnaire
then complete 5 similar scenarios via single click from main page, reminder system 3. Task load index
with the other interface. Order of | dialog box format standardized, (measured with NASA
presentation of interfaces was and an electronic visit checklist task load index)
counter-balanced (e.g. participant | (developed based on usability
1 viewed intervention first, principles and findings from
participant 2 viewed control first, previous studies)
etc.) and order of scenario
presentation was randomized.
Tsopra et al. 38 general Crossover study with participants ‘At-a-glance’ interface ‘Expand-contract 1. Perceived usability,
2014 practitioners randomized to answer one set of (developed according to interface’ measured with System

clinical cases using intervention or
control, then crossed over to
complete a second set of clinical
cases using the other interface.
Clinical cases for each set selected
through stratified random
sampling from a pool of 150 cases,
and participants were randomized
to first view intervention or
control interface.

usability principles) displaying
decision support for antibiotics
(based on clinical practice
guideline) in a decision table
and segmented graphical
display, including recommended
actions highlighted in intuitive
colours

displaying decision
support for
antibiotics (based
on clinical practice
guideline) in a
hierarchical tree
that requires
clicking through
levels

Usability Scale (SUS)

. Accuracy of responses

for clinical scenarios
(considered correct if
matching action
recommended in
guideline)

. User confidence level

measured with 4-point
Likert scale

Randomized Controlled Trials

Del Fiol et al.
2008

104 clinicians
at hospitals
and clinics of
Intermountain
Healthcare

RCT with matched participants
(according to median session
duration and total number of
sessions during pre-study period)
randomized to intervention or
control interface for patient care
and order entry.

Topic-specific links
(“Infobuttons”) in EMR order
entry module to common
information needs (e.g. adult
dose)

Nonspecific links in
EMR order entry
module that
displayed a drug
summary
document,
requiring users to
browse and scroll
to find the topic of

. Session duration (i.e.

time spent seeking
information using the
link)

. Number of sessions (i.e.

frequency of use of links)

. Positive or negative

impact of session,
assessed with survey of
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interest

participants

Hettinger & 46 emergency | RCT with participants randomized 1. CPOE interface with patients’ | Simulation of . Recognition of patient
Fairbanks medicine to one of three different simulated names bolded with increased | standard CPOE selection error
2012 providers at radiology CPOE interfaces font size and unique colour system interface . Stage in which patient
academic (programmed to cause patient 2. CPOE interface patients’ selection error was
medical centre | selection error) to complete 3 names bolded with increased recognized
clinical scenarios. font size and unique colour . Time interval from
and additional contextual selection of wrong
information (e.g. location patient to recognition of
and chief complaint) error
Rosenbloom 148 house RCT with house staff randomized Placement of decision support Access to decision . Access to the decision
et al. 2005 staffon 7 in clustered blocks during monthly | content links directly in the user | support content on support feature
study wards at | rotations to use intervention or interface, with highlighting of separate page . Mean estimated
Vanderbilt control interface for patient care active links when opportunities through “Bells and expenditures per order
University and order entry. for relevant decision support Whistles” link entry session
Hospital were available
Scheepers- 902 alerts for RCT with patients admitted to ICU 1. Pop-up alert in EHR window n/a . Compliance (within 24
Hoeks et al. 384 1CU assigned to intervention or control | 2.Alerts displayed when ‘CDSS hrs) with
2013 patients, methods of alerting in CDSS, with tab’ in EHR clicked recommendation
treated by 10 4 methods based on the same 3. Physician alert list, with Excel generated by alert
physicians clinical rules and providing same document of alerts placed on . Physician user

information.

electronic desktop of
physicians

4. Pharmacy intervention, with
Excel document of alerts
placed on electronic
pharmacy desktop, and
subsequent consultation with
ICU physician

satisfaction survey
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Appendix 2: e-Prescibing System User Interface Configurations

Note: The order of factors represented by the symbol (i.e. - - -, + + +) is density, highlighting, placement.

1. Screen Design: - - -

[ e-rx case#1 [L)[F)X)

File “iew Task Records Tools Help

/ N BT L) \

Staff: Dr. John Mils RO VPH S8 HEEt| @) (s B
Patient: Adrien Matthews  Visit Date: 2010-02-24  Health Card: 2960-100-599-PG Chart No.: 10183 Address: 1245 King St. m Ld. g
Age: 35 Gender: M Last Visit: 2010-01-22  DOB: 1974-06-16 Home: (905) 337-9140 Burlington, ON, L4J 3P4 LY
Family History + » /|| Soclal History + ||| Personal Notes + #|| Patient Compliance
GI Cancer: Father, Unde Hypertension: Brother ] Smoker: No Caffeine: No Married: Yes Pain has resulted in Last checked: 22-Jan-10

missed waork In recent Y N
Heart Disease: Grandfather  Skin Cancer: Aunt || Aiconal: No Exercise: Yes Children: No alll woeks. v [FYes [ONo

[ Consultations 4+ A Step 1 Search the Crug = Step 2 Select the Desired Drug > Step 3 Write the Prescription [ Dx Registry + Al
Gastroenterol Crohn's Disease
E:docnmggofgv | Generic Name: | |Acataminophan-ﬁodeine e 17-Apr-04 lvl
ga diol . [ | | #

rdiology Brand Name: Tylenol #3 : + -~
Respirology v “Bowel Resechon '

i Start Date: || [2010-02-25 -15-Jan-10
Clinical Motes + A : - Broken Leg  ...17-Aug-02
Patient compiains of [Take  w fa v| (Tabs  +] (PO ~| (To ~| PRN Tonsils Remaoved
pain over last few days. .v. w26-Mar-97 4

0 : [For: | w/| [ Days v]

Allergies + & Reminders a
Erythromycin T Tan | . Mone
Al o | || [Quantity: IRED | « Caloulated: |90 =

: : Repeats: o | | Last Refill Date: | [ yyyy-mm-dd —
. a1l || i S— oy
Serum albumin 28g/L Long Term Medication: [[]  Past Medication: [] No Substitutions: [] Mesalamine 400 MG 2 BID

.21-Jan-10 o Budesonide 9 MG 1 OD
Instructions: Acetaminaphen
o == as needed A 650MG1QID
ms : Acetaminophen-Codeine (Tylenol #3) TAB 300/30 MG A as directed
Annual Physical Take 2 Tabs PO E 46 H As neaded bafore meals
Lab Requisition a .E a very GLIES, Neede after meals Health Maintenance + N
CES-D ! Qty: 90 with meals Annual Physical
X-Ray Repeats: 0 in the morning o 26-Jul-09
Vascular Tracker " in the evening w Colonoscopy  ...3-Aug-09
2 Minute Walk - ) Influenza vaccing
MRI ...05-Dec-09
Ultrasound L) Prescription Written Date: | |2010—02-24 Prescribed By: Mills, John h..]
[ Update ] ’ Update and Get New Drug ] ’ Print Prescription ] [ Print to Fax ] [ Back ]
= =
Fatient || Patient Documents | Patient Uist | Case Management Chart Wiewer [ Cancel ‘ [ o J
Enter prescriptions to be printed. % 100% w
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2. Screen Design: + - -

case#s (C)[F]()
File Wiew Task Records Tools Help
' i ¢ | 2 . i\ ) o | [ lege ]
Staff: Dr. John Mills e , H S8 HHvvt @) [sah | [2 Logout
Patient: Gary Jones ’ &
Age: 85 DOB: 1924-11-26 Palient Slalus: Active  Address: 1458 Park Rd., Hamilton, ON, LN 7R8 83 U9
Gender: M Health Card: 3542-105-448-LK Chart No.: 2458 Home: (905) T29-6563 Employer: Retired
Sacial Histqw + A Step 1 Search the Drug = Step 2 Select the Desired Drug = Step 3 Write the Prescription Fgm”}. HHUH" + _‘\J
Smoker: No ) - . Prostate Cancer — Brother
Aleohol: Mo Generic Name: | ' [warfarin GI Cancer — Father
{Elzﬂ‘ellne: Ho - Heart Disease — Uncle
ercise: No I . T ] COPD = Aunt
S Brand Name: | | Coumadin = |
Children: 2 T
I Start Date: | [2010-02-24 I-Cleglth Mamtmagsoegep 09+ ~l
Surgical History + 4 Annual Physical - ‘
Thyroid tumour remaved Take v 1 ~| (Tab v| (PO v| (oD w| PRN ] 19-Aug-09
) ...05-May-06 Hearing ... 19-Aug-09
Hip replacement For: | a0 v| [Days | Prostate  ...19-Aug-09
Knee replacenggtz-JU|-05 | : Influenza Vaccine
T . 1 ...14-Dec-09
095eps ([ | Quantity: | 30 | . ™|
| == . - R Labs + al
Prescriptions + Al |f | [Repeats: || fo v LastRefill Date: | |2010-01-24 . R37 .2eFep10
Coumadin 2 MG 1 0D o o o INR 3.0 .. 10+HFeb-10 _
Metoprolal 50 MG 1 BID = Long Term Medication: Past Medicafion: No Substitutions: [_] Creatinine 130 pmol/L
VIT D 1000 [U OD | ...10-Feb-10 VJ
Levothyroxine Instructions: .
QLISMG10D . Forms + A
Warfarin (Coumadin) TAE 2 MG | Annual Physical '_J
Fatient Compliance | Take 1 Tab PO OD for 30 Days Lab Reguisition F
Last checked: 24-Jan-10 Qty: 30 X-ray VJ
Yes | Repeats: 0 : —
Ne [] 3 Allergies + _“J
Sulfa — Hives r I
Ox Registy T A PGila:tTr:s — Anaphiylaxis
Pulmaonary Embalism | L ~|
- 26-0c-00 S . -
Atrial Fibrillation S . Persanal Notes + A
_ -.20-Jun-09 Prescription Written Date: | |2010-02-24 Plans to attend
Thyroid Tumour ) grandson’s wedding in 3
. 20-Apr-06 manths. |
= [ Update ] [ Update and Get New Drug i [ Print Prescription ] [ Back ] ~
Visit Date: 2010-02-24  Last Visit 20100215 Preferred Language: English [ cance ][ Cose
Enter prescriptions to be printed. ®100% -
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3. Screen Design: - + -

case#s [C)F)X)
File Wiew Task Records Tools Help
) 4 : \ ~% n et )
Staff: Dr. John Mills @ @ o ] E (= @ !.‘:IE:;I[ \e2y 'K} @) |[Search 2l
Patient: June Elder Visit Date: 2010-02-24  Address: 58 Parkside Dr. Hamilion, ON, LP6 4G7  Health Card: 2961-115-599-PG & a0
DOB: 1934-03-15 Last Visit: 2010-02-10 Home: (805) 521-7825 Patient Status: Active Employer: Retired .J L/
Famiy Histor g GinicalNotes ———+
Diabetes: None in the family  Hearing Loss: Father Annual Physical ...09-Feb-05  Mammogram «.23-Feb-09  Suspected bacterial LTI Penicillin
Patient also noted recent pain
GI Cancer History: None Longevity Breast Exam  ..09-Feb-00 Influenza Vacdne..07-Dec-09 | in hands. Peanuts
Stap 1 Search the Drug > Step 2 Select the Decired Drug > Step 3 Writa the Prescription
Cataract nldAug (7 | Generic Name: | [SULFAMETHOXAZOLE & TRIMETHOPRIM Smoker: (] Yes
Broken Arm .. 18-Feb-01 - [¥] Mo
tions ” |Brand Name: | | NU-COTRIMOX AT []es
Coumadin2MG 10D T Start Date: | [2010-02-25 No
Exercise: [ es
Meinprs 0 RCITHD Take f ] (Tab v| (PO v| (BID v] PRN ] NB
Naprasxen 500 MG 1 BID
Calcium 1200 MG 1 0D For: | & v| (Days o] e 7] Yes
: — [INe
Dx Regist + fty: .
Quantiy ] @ st [ o o
uTl 24-Feb-10 || - "
Repeats: 0 +| |Last Refill Date: | | yyyy-mm-dd [INo
Atrial Fibrillation ~ ...13-Jan-10 =R ||
Qsteoporosis 2607 Long Term Medication: []  Past Medication: [] No Substitutions: [ | || Meiifslualiuss
— Last checked: 10-Feb-10
Csteoarthritis ... 18-Apr-06 Instructions: as needad ~ Yes
SULFAMETHOXAZOLE & TRIMETHOPRIM | 2 drected v
An - (NU-COTRIMOX) TAB 400/80 MG P
nual Physical after meals
Take 1 Tab PO BID for 7 Days with meals
X-Ray Quantity, 14 L in the marning
Lab Requisition | Repeats: 0 v in the evening v || mRs . 22-Feb-10
GFR 55 ... 22-Feb-10
- Prescription Written Date: | | 2010-02-24 Prescribed By: | Mills, John Creatinine 111pmol/L
Schedule annual physical E - - ...22-Feb-10
[ Update ] [ Update and Get New Drug ] [ Print Prescription ] I Prift to Fax ] [ Back ]
= =
PallentAge: 75  Patient Gender: F Charl No: 13513 Preferred Language: English [ camcet ][ cise
Enter prescriptions to be printed, # 100% -
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4. Screen Design: + + -

casess [C)E)K)

File Wiew Task Records Tools Help

h 4 y ¥ Tl " e e \

Staff: Dr. Kemp Stephens @ ﬂ 'o | g (= @_ HE»’ 2 '{} 9) | Search | R
Patient: Patrick Johnson ) &
Age: 67 Gender: M Chart No.: 11554 Address: 75 Homelands Dr., Burlington, ON, LP7 M4 Palient Status: Active 83 U9
DOB: 1942-09-16 Home: (805) 336-4256 Health Card: 1970-200-404-LG Preferred Language: English

Al || step 1 search the Drug = Step 2 Select tha Desired Drug > Step 3 Write the Prescription Patient Compliance

r 7] Yes No
Vastular Tracker [Generic Name: | |[CIPROFLOXACIN and METRONIDAZOLE =
2 Mewte ok . | = =
Stress Tet Brand Name: | [cIPRO and FLAGYL Ciproficxach 500 MG 1 BID
Lab Requisition | | Start Date: | | 2010-02-25 Metronidazole 1 G 1 BID 3
Metoprodol 50 MG 1 BID
Annual Physical
Take v (1 v| [Tab v| [PO v| [qi2h w| PRN ] o
X-Ray o v|
L - c

Cane 1 |For: | [14 v| [Days  ~| = = + L
HbAIC0.08  ..15Jan-10 | Quantity: | |28 Diabetes: Father
HDL 1.3 mmol/L ; - - - Prostate Cancer: Father

" 153en10 | ||| [Repeats: | [o | [LastRefill Date: | | 2010-02-10 o Brother 1

LDL 4.1 mmol/L o o _

15-lan-10 Long Term Medication: [[]  Past Medication: No Substitutions: [_] Dx Registry g~
detadrelind S|l mstructions: Diabetic Foot ...10-Feb-10
e + B CIPROFLOXACIN (CIPRQ) TAE 500 MG - | Hypestension ... 17-Aug-06 —
METRONIDAZOLE (FLAGYL) Tab 1 G Diabetes  ...18-Aug-05 o
Peanuts = Take 1 of each Tab PO g12h for 14 Days
: Qty: 28 Each =
Eggs v Repeals: 0
) : Smoker: Oves =
“~ - Ex-smoker No —

Temperature normal. L = Alcohol: [ Yes
Breathing normal.

Foot laoks improved. : : o } ) No o

™| | Prescription Written Date: | | 2010-02-24 _l
Schedule diabetes follow-up
[ Update ] [ Update and Get New Drug i [ Print Prescription ] [ Back ]
= =
Visit Date; 2010-02-24  Last Visit: 2010-02-10 [ canca | [ Close
Enter prescriptions to be printed, # 100% -
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5. Screen Design: - - +

Fila VWiew Task

Records

Tools  Help

case#a [0)[F[X)

- F. - - al X
Staff: Dr. Kemp Stephens @ Ej 'o ) ¥ g (= @ *IE? \/k 'Lg f_)‘) | Search | Rl
Patient: Thomas Alexander Visit Date: 2010-02-24 Health Card: 2140-220-508-LM Chart No.: 4875 Address: 480 John St m u ’ &
Age: 82 Gender: M Last Visit: 2010-01-25 DOB: 1927-04-28 Home: (205) 536-6318 Hamilton, OM, L4N 2G7 .—J <4
Family History + | Surgical Histary + Personal Notes +
Hypertension: Brather Prostate Cancer: Uncle Braken Foot ...16-Jun-99 Patient is planning to attend granddaughter’s wedding in 2
weeks.
Heart Disease: Father, Unde Lung Cancer: Mother
Health Maintenance + Stap 1 Search the Drug = Step 2 Sslect the Dasirad Drug > Step 3 Write the Prascription Social History +
Ll vasigww_ 4o ||| Prescription Details for: Thomas Alexander &2/ Smaker: [dves
— " Mgy
m llgﬁgrgg | Generic Name: | | Digoxin Dx Registry | . &
Influenza Vaccine ; Rapid Afrial Fib "'25’16“'&0 = (EEEE Cdves
< Brand Name: Lancxin CHF - 0%-Apr-09
~.06-Dec-09 (|| ! Hypertension  ...30-0ct-03 he
' [ ' - Yes
Patient Compliance [ Start Date: [2010-02-24 | crreine: O
Last checked: 25-Jan-10 Prescriptions + & o
(Take  w| 1 v| [Tab v| (PO v (oD w| PRN [] || Digoxin 0.125 MG 1 0D
Yes Metopralal 75 MG 1 0D Exercise: tes
N [ Hydrochlorthiazide
[]No |For. 30 v| [ Days v| 25 MG 1 0D - [#] Mo
orms + ||| | Quantity: 30 ¢« Calculated: |30 ||| Marriea: Yes
Vascular Tracker ' ot rer D te' 2U1ulu1 5 [ 130umolfL s oL
Lab Regustion [Repeats: ¢ ¥ [Last Refih Date: | | ..22-Feb-10 Children: Yes
Annual Physical Long Term Medication: Past Medication: No Substitutions: [] I rnrl'lzczil.-fIF_en 10 [CIno
: Serum Digoxin 0.8 nmalfL Occupation: Retired
S Instructions: as neeted & .22Fep10 g |l| Seems socilly wel
Stress Test Digoxin {Lanoxin) TAB 0.125 MG L | befora meals | placed, Has Family
CES-D Tak'a 1 Tab PO OO for 30 days after meals pr— = suppaoet.
X-Ray E‘;,‘;;‘:S. o 1| |yt meels Suifa - Urticaria Il | consuttations +
. g ~ | 9 | Barbiturates : Cardiology
: = || | Respirology
Ultrasou | Prescription Written Date: | | 2010-02-24 |Prescribed By: | | Stephens, Kemp | i
Oncology
[ Update ] [ Update and Get New Drug ] [ Print Prescription ] [ Print to Fax
= =
Patient Patient Documents Patient List Case Management Chart Viewe
SR Lomem |t | (e J o=
Enter prescriptions to be printed, # 100% -
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6. Screen Design: + - +

case#7 [O][F]X]

File Wiew Task Records Tools Help

/ N B [ e \

Staff. Dr. Kemp Stephens l{b b . * g ia B el 22 '{} @) |[Search e
Patient: John Stevens . &
Age: 56 Gender: M Visit Date: 2010-02-24 Health Card: 3960-200-699-FH Home: (905) 339-4512 Address: 745 Plains Rd. E. m E_a J "j
DOB: 1853-07-27 Last Visit: 2008-11-18 Chart NMo.: 2525 Patient Status: Active Burlington, ON, L45 7G2

Step 1 Search the Drug = Step 2 Select the Desired Drug = Step 3 Write the Prescription
Patient Compliance
Last checked: 19-hNov-09 Prescription Details for; John Stevens 56/M
Yes ; -
D No | Generic Name: | Hydromarphone Dx Registry + A
: Pain .-24-Feb-10
Earmil + Brand Name: Dilaudid CoPD - 14-Now-07
f&gﬁgf - - | Pneumonia ..12-Jan-05
{Died) | start Date: [2010-02-25 B 2R
Heart Disease: Grandfather | [} | Depression .o18-Jan96 o
Hypertension: Brother Take v = v| [Tab ¥ (PO v [aD v| PRV — R
- + Prescriptions L
Social History - i r Salbutamol 100 mcg
Smoker: Mo | For: | v] Days "] 2 pump PRN
Alcohol: Yes ; : Advair 250 mcg
Married: Yes Quantity: B0 1 puff BID v
Children: Yes : ol e :
Personal Notes + | Repeats: i} w | | Last Refill Date: yyyy-mm-dd Labs + A
Patient notes that chronic Serum OC; 59 mmol/L
pain is making daily tasks Long Term Medication: [ ] Past Medication: [] No Substitutions: [] B ..22-Feb-10
difficult to accomplish. Creatinine 130 pmol/L
Fatient has family Instructions: w21-dan-10 o
support. ) ) ) ;
Hydromorphone (Dilaudid) TAB 1 MG - Allergies + A
F\?'“‘s * Take 1 Tab PO QID, As needed Ragweed
ascular Tracker itv: 60 Eggs =
2 Minute Walk Quantity: Peanuts =~
Stress Test Repeats: 0
Lab Requisition = Clinical Notes + o
Annual Physical = Breathing difficulties. Severe C0,
Remasiers —A retention. 3
Schedule annual ' T
physical, Prescription Written Date: | | 2010-02-24
[ Update ] [ Update and Get New Drug ] [ Print Prescription
=
(o ][ ]
Enter prescriptions to be printed, # 100% -
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7. Screen Design: - + +

; McMaster University - Health Research Methodology

File Wiew Task Records Tools Help
= - T \

Stat:Dr. Joh Wil RO N2H &8 HEQ @ s oI
Patient: Elizabeth Randall Visit Date: 2010-02-24 Health Card: 2950-105-589-PG Chart No.: 3589 Address: 512 Wast Ave. ﬁ Ca i
Age: 89 Gender: F Last Visit: 2009-12-30 DOB: 1920-04-16 Horme: (905) 545-8120 Hamilton, ON, L7N 5J3 - .—J -/
Lung Cancer: Mather Diabetes: Mane in the family Annual Physical  ...16-Feb-09 Breast Exam . 16-Feb-05 Influenza Vaccine ...07-Dec-0%  Patient notes fatigue has

; ] : made daily tasks difficult.

Breast Cancer: Sister Hypertension: Brother Hearing ...16-Feb-09 Mammogram «.23-Feb-09

Stap 1 Saarch the Drug > Step 2 Selact the Dasirad Drug > Step 3 Write the Prascription
Erythromycin Prescription Details for: Elizabeth Randall 8%/F Smoker [ es
Il | Generic Names: | | RISPERIDONE A o

moa vt | Ao Dves

|Brand Names: | | RISPERDAL No

Last checked: 30-Dec-09 Hypertension  ...08-Jun-07
Yes | start Date: [2010-02-25 | Ostegarthritis ...14-Nov-03 Exercise: E :ﬂ

2 0

%o [Take | A | (Tab «| (PO ~| (oD ¥| PR [ || Depresson  -04FeS4 v Children: Fves

rrocroions ——+ 3 (K

| For: = v| [Days v Metoprolal 50 MG 1 BID

Schedule annual Yes

ical = - — Lives Al

physical for next visit | Quantity: 7 | « calculated: [7 ] Naproxen S00MG 1BID  |f | Hves Hone o

-
|Rapnts: (o ~| |LastRefill Date: | | yyyy-mm-dd | occupation: Retired
HOL 1.8 mmol/L ..03-Jan-10 —
Long Term Medication: [[] Past Medication:[] No Substitutions: [7] - |
Vascular Tracker - LOL 3.1 mmal/L ...03-)an-10
Instructions: as needed ~ -
Lab Requsition as directed Creatinine 130 pmolfL Cardiology
_ RISPERIDONE (RISPERDAL) TAB 0.5 MG ) befora meals -..03-Jan-10 ~|
Annual Physical Take 1 Tab PO QD for 7 Days after meals — /|l | Endocrinology
. . Clinical Notes + B
2 Minute Walk Qty: 7 with meals _ = Respaoioay
Repeats: 0 ~ in the evening w Patient exhibits some

CES-D — - weakness and appears QOncology
0 fatigued. Mental Status: |

XeRay | Prescription Written Date: | | 2010-02-24 | |Prescribed By: | | Mills, John | || Mormal. Temp: Normial. gl | Sestroenterdlagy

MRI ]

< [ Update ] [ Update and Get New Drug ] [ Print Prescription ] [ Print to Fax ] -
Fatient . Fatient Documents | Fatient List | Case Management _| Chart Viewer | | Cancel | I 5 |
Enter prescriptions to be printed, # 100% -
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8. Screen Design: ++ +

case#s [0)F)X)

File Wiew Task Records Tools Help

4 T W ey \

Stat:Dr. Joh Wil RO N2H &8 HEQ @ s oI
Patient: Ellen Walker ~ &
Age: 28 Gender: F Visit Date: 2010-02-24 Health Card: 3480-100-445-MK Home: (905) 565-4250 Employer: BMO m {_a .—J '_J
DOB: 1880-01-21 Last Visit: 2008-08-17 Chart No.: 12284 Address: 148 Oak Ave., Hamilton, ON, L4M 3P6&

Step 1 Search the Drug = Step 2 Select the Desired Drug = Step 3 Write the Prescription
Last Checked: 17-Aug-0% | || Prescription Details for: Ellen Walker  28/F

Yes  [IMNo )
Generic Name: AMOXIGILLIN Drogoy ——+ 1

Family History + K | —

) . T ! Sinusitis ..24-Feb-10
Mother died quite young Brand Name: [AMUXIL
(in her late 40s) Endometriosis ...15-Jul-06
Diabetes: Father | Start Date: |2010-02-24 Asthma-Mid  ..03Jun94 o
Heart Disease: Fathel
' | (I O Mfe ko e M0 | i o
Breast Cal + Aunt |
reast ancer For: (7 <] (Days v FolicAGd 08 MG .31u-09

Social History + h :
Smotr v Quanity E— T
Aleohol: Social Setting r Repeats: m r Last Refill Date: 1 'W—mm-dd Barhiturates — Dizziness
Exercise: Yes : Penicillin = Urticaria
Married: Yes Long Term Medication: []  Past Medication: [] No Substitutions: [ | Erythromycin — Dermatitis 3
Oce ion: Bank Teller [ m

upat AMOXICILLIN (AMOXIL) TAB 500 MG - Schedule visit for trip

Take 1 Tab PO g8h for 7 Days vacdnations,

Qty: 21
Diabetes Repeats: 0 | L
Vascular Tracker r .
.
2 Minute Walk 2
| None entered

Personal Notes +
Patient is taking 2 Prescription Written Date: | |20m-02-24
week trip to South !

Africa next month.

[ Update ] [ Update and Get New Drug ] [ Print Prescription
=
Grd | o)
Enter prescriptions to be printed, # 100% -
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Appendix 3: Questionnaire with Scoring

Centre for Evaluation of Medicines

PRESCRIBING USING AN ELECTRONIC PRESCRIBING SYSTEM:
QUESTIONNAIRE

CONSENT STATEMENT

You are being invited to participate in a research study that will investigate prescribing using
electronic prescribing systems. You have been given an introduction to the study and have been
informed about the study purpose and what is being asked of you as a participant by the research
staff. By completing the questionnaire, you consent to the anonymous data collected to be used
for the research study and to be summarized in publication.

1. Have you participated in this study before?
O Yes (1)
O No (0)

2. What is your level of training?
O Clerkship (7) O Attending Physician (8) - Other (9)

O PGY 1 (1) O PGY 4 (4)
O PGY 2 (2) O PGY 5 (5)
O PGY 3 (3) O PGY 6 (6)

3. What is your area of specialty?:

IM = 1; FM = 2; Emergency Medicine = 3; Radiation Oncology = 4; Orthopedics = 5;
Ob/Gyn = 6; Pharmacy Resident = 7

4. Imagine yourself as the physician about to make a prescribing decision. With each electronic
prescribing system screenshot presentation, please evaluate the information on the screen and
state whether you would or would not prescribe the selected drug(s) for the patient:

Scenario  Screen (D/H/P)

Case 1: [ Prescribe (0) [ Do not Prescribe (1) Scenario3 - +-

Reason:
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Case 2: [0 Prescribe (1) [ Do not Prescribe (0) Scenario 5 +--
Reason:

Case 3: [ Prescribe (0) [ Do not Prescribe (1) Scenario4  -++
Reason:

Case 4: [ Prescribe (1) O Do not Prescribe (0) Scenario 1 ++ -
Reason:

Case 5: O Prescribe (0) O Do not Prescribe (1) Scenario 7 +-+
Reason:

Case 6: [0 Prescribe (1) [ Do not Prescribe (0) Scenario 6 --+
Reason:

Case 7: [ Prescribe (0) O Do not Prescribe (1) Scenario 8  +++
Reason:

Case 8: [ Prescribe (0) O Do not Prescribe (1) Scenario 2 -
Reason:

Case 9: [ Prescribe (1) O Do not Prescribe (0) Scenario 10 - + + (factor duplicate of C3)
Reason:

Case 10: O Prescribe (0)

Reason:

O Do not Prescribe (1)

Scenario 12

+ + + (factor duplicate of C7)

Case 11: O Prescribe (1)

Reason:

O Do not Prescribe (0)

Scenario 5

+ - - (exact duplicate of C2)

Case 12: O Prescribe (0)

Reason:

L1 Do not Prescribe (1)

Scenario 11

+ - + (factor duplicate of C5)

Case 13: O Prescribe (1)

Reason:

L] Do not Prescribe (0)

Scenario 9

- + - (factor duplicate of C1)
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Case 14: [0 Prescribe (0) [ Do not Prescribe (1) Scenario4 -+ + (exact duplicate of C3)

Reason:

5. You will be shown electronic prescribing system screenshots in pairs. Please evaluate the
presentation of the interface in each screenshot and indicate for each pair which screen you
prefer (the one on your left or on your right, facing the screen):

L. Screen (D/H/P) R. Screen (D/H/P) Factor

i. O Left (0) O Right (1) +-- Vs +-+ P
ii. O Left(l) O Right (0) +++ Vs + 4 - P
iii. O Left(l) O Right (0) +++ Vs -++ D
iv. O Left(0) O Right(1) +-+ VS +++ H
v. O Left (1) O Right (0) -+ + \& --+ H
vi. [ Left (1) O Right (0) +-+ Vs --+ D
Study Feedback
6. Iwas able to fully understand what I was asked to do in this study:
(1 2) A3) “4) ) (6) (7
O O O O O O O
Strongly Disagree Neutral Strongly Agree

7. 1 felt that I had an adequate amount of time to make my prescribing decision when presented
with the cases:

(1 ) 3) 4 ) (6) (7
O O O O O O O
Strongly Disagree Neutral Strongly Agree

8. Overall, I did not have difficulty completing the study:

(1) () 3) 4 (5) (6) (7)
U U U U U U U
Strongly Disagree Neutral Strongly Agree
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9. Were any of the prescribing cases unclear?
O Yes (1)
O No (0)

If yes, which cases were unclear (use case numbers from above):

10. Is there anything you would change about this study?
O Yes (1)
O No (0)

If yes, what would you change:

Additional Comments:
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