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AN ABSTRACT OF THE THESIS OF

Maher Bassam Al Ghalayini  for Master of Engineering
Major: Engineering Management

Title: Methods to Evaluate and Reduce Data Overload in Electronic Medical Records

Electronic medical records (EMRs) provide physicians with several important functions
that help improve hospital operations. However, the introduction of EMRs has also resulted in
unforeseen delays in operations and new types of medical errors. These problems have been
found to largely stem from the poor design of the EMR interface, and in particular from the issue
of data overload. Nevertheless, it is still unclear how best to design and evaluate an EMR in
order to minimize data overload and optimize physician performance. To this end, the goal of
this research study is to compare the benefits and limitations of a range of interface evaluation
methods for their ability to reflect the performance of physicians using an EMR. In addition,
these metrics should be able to pinpoint usability issues in EMRs. The application domain for
this research will be the AUB Department of Family Medicine. This research will contribute to
the literature on interface evaluation and will help usability professionals develop EMRs that
maximize safety and efficiency.
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CHAPTER |

INTRODUCTION

Data overload, or the presence of high data density in an interface, is a problem that
negatively affects operators in a variety of domains, such as aviation (Alexander, Stelzer, Kim,
& Kaber, 2008), driving (Yang et al., 2013), medicine (Singh, Spitzmueller, Petersen, Sawhney,
& Sittig, 2013), graphic design (Grahame, Laberge, & Scialfa, 2004), and cartography (Ruth
Rosenholtz, Li, & Nakano, 2007). The concern about data overload stems from its negative
effects on attention and performance (Wickens & Schons, 1993); namely, slowing down visual
search (Beck, Lohrenz, & Trafton, 2010). In particular, data overload in the medical domain can
have severe consequences on patient safety and well-being (Singh et al., 2013). The most
prominent example of data overload in medicine is in the Electronic Medical Records (EMRs) —
i.e., digital medical charts — used by physicians (Farley et al., 2013).

However, to date, researchers have not been able to determine the best way of detecting
and measuring data overload in the medical domain. Several methods and metrics have been
proposed in the literature, such as subjective assessment (Kim et al., 2012; Schraagen, Chipman,
& Shalin, 2000) and image processing (e.g., Berg, Cornelissen, & Roerdink, 2009; Rosenholtz et
al., 2007). Nevertheless, it is still unclear which of these measures is best suited to the medical
domain. On the other hand, there are alternative metrics whose potential for measuring data
overload has not yet been fully assessed, such as eye tracking.

Thus, the overall goal of this research is to systematically and critically compare the
benefits and limitations of different metrics to measure data overload in EMRS. These metrics

will be evaluated based on their ability to reflect physician performance while using EMRs and
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pinpoint usability (i.e., ease of use) problems in EMRs. The application domain for this research
will be the AUB Medical Center (AUBMC) Department of Family Medicine (FM), who have
developed an in-house EMR that they use for patient assessment. In addition, one of the
physicians in the FM Department, Dr. Joumana Antoun, has developed another version of this
EMR, where elements that had been on separate pages have been combined in one page. While
this change could be highly-useful in terms of reduced page-switching time, the concern is that
the effects of data overload might offset these benefits. The presence of these two systems
provides a unigue opportunity to detect the presence of data overload on what is essentially the
same system. The hypothesis is that data overload will lead to longer response times to different
tasks and this will be reflected by various metrics. From a human factors perspective, the ground
truth will be considered to be the response time; in other words, a display will be considered to
have data overload if it leads to longer response time for the same task, all else being equal
(Alexander et al., 2008).

The specific aims of this research will then be to 1) outline all the functionalities of the
EMR in the FM Department, 2) understand the user needs of physicians in the FM Department
with respect to the EMR; and 3) conduct a controlled experiment to gather and evaluate the
different suggested metrics in order to identify the most appropriate ones for evaluating data
overload. This work is expected to result in improved guidelines for the evaluation and
assessment of data overload in EMRSs. In turn, this will allow for increased efficiency and, more

importantly, safety at AUB and other medical environments.



CHAPTER II

BACKGROUND

A. EMRs

EMRs are considered digital equivalents of patient medical charts and store a wide
variety of medical information, including physicians’ notes, medical reports, laboratory test
results, family medical history, past medication, and treatment (Zakaria & Ghani, 2013). EMRs
can thus help make medical operations faster and more efficient, which benefits medical
providers and patients alike.

However, current EMRs have failed to fully support this goal. A recent study estimated
the number of deaths related to preventable medical errors at 440,000 per year (James, 2013), up
from the previous estimate of 98,000 in 1999 (Kohm, Corrigan, & Donaldson, 2000).
Increasingly, there is a growing realization that errors involving EMRs are not due to a lack of
training or negligence on the part of the doctors, but rather stem from poor EMR display design
(Karsh, Weinger, Abbott, & Wears, 2010). Design-related issues can thus present a considerable
threat to the efficient operation of hospitals and, more importantly, to the health and well-being
of patients. The term poor usability is largely considered the result of poor display design.
Several factors can contribute to the poor usability of EMRs, such as poor display feedback
(Tasa, Ozcan, Yantac, & Unluer, 2008) and faulty input mechanisms (Clarke, Belden, & Kim,
2015), as well as the problem of data overload (Zakaria & Ghani, 2013), which will be the focus

of this research.



B. Data Overload

Data overload can be defined as the presence of a high density of poorly-organized data
that leads to negative performance decrements ( Moacdieh & Sarter, 2012). Also referred to as
display clutter, data overload is a problem that affects users in many complex domains, such as
aviation (Alexander et al., 2008) and medicine (M. S. Kim et al., 2012). In the medical domain,
data overload has figured most prominently in the EMRs used by physicians (e.g., Farley et al.,
2013; Karsh et al., 2010; Singh et al., 2013; Van Vleck, Stein, Stetson, & Johnson, 2007). EMR
data overload can take on many forms, such as a high density of alerts (Singh et al., 2013) or
simply a large amount of poorly-organized, irrelevant medical information (Bobillo, Delgado, &
Gomez-Romero, 2008; Hammond, Efthimiadis, & Laundry, 2011; Weir et al., 2007; Zeng,

Cimino, & Zou, 2002; Zhang, Pakhomov, Mclnnes, & Melton, 2011).

C. Negative Effects of Data Overload
The concern about data overload stems from the reported negative effects it has on

performance (Bravo & Farid, 2006; Moacdieh & Sarter, 2015; Yeh, Merlo, Wickens, &
Brandenburg, 2003). Data overload has been proven to degrade the detection of change in an
interface (Moacdieh & Sarter, 2014), increase memory load (Westerbeek & Maes, 2004), lead to
confusion (Ewing, Woodruff, & Vickers, 2006), instill confidence in wrong judgments (Baldassi,
Megna, & Burr, 2006), delay visual search (Duftschmid et al., 2013; Henderson & Smith, 2009;
Murphy, Reis, Sittig, & Singh, 2012; Ruth Rosenholtz et al., 2007), negatively affect object
recognition (Bravo & Farid, 2006), and decrease situation awareness (S. Kim & Kaber, 2009).
Other negative effects of data overload include committing errors when extracting information
(Zeng et al., 2002) and the presence of a higher likelihood of missing data (Singh et al., 2013).
Data overload can also increase mental workload (Yang et al., 2012).

4



When it comes to the medical domain, and in particular to EMRs, data overload has been
shown to prevent physicians from quickly and accurately extracting EMR information, which
can compromise both efficiency and safety in the hospital (e.g., Moacdieh & Sarter, 2012; Singh
etal., 2013; Wu, Zhu, Cao, & Li, 2015). For example, research has shown data overload to lead
to increased EMR use time and difficulty finding relevant information (Duftschmid et al., 2013;
Murphy et al., 2012). In addition, EMR data overload can lead to errors when extracting medical
information (Zeng et al., 2002), physicians reporting higher workload ratings (Ahmed, Chandra,
Herasevich, Gajie, & Pickering , 2011), an inability to obtain the “big picture” of a patient’s
medical condition (Tully et al., 2013), and difficulty identifying information among noise (Van

Vleck et al., 2007).

D. Methods for Assessing Data Overload

Despite the negative effects of data overload in EMRYs, it is still unclear how best to
evaluate data overload in a given display or set of displays. Several different approaches have
been used, the most prominent of which rely on subjective input and feedback from physicians.
In one study, for example, a survey was used to determine whether practitioners thought there
were too many medical alerts in the EMR (Singh et al., 2013). In other cases, interviews with
physicians were carried out to obtain their insight on data overload (Van Vleck et al., 2007). In
addition to the more prominent subjective methods, researchers have also occasionally used
other techniques. Image processing algorithms (pixel-based algorithms that provide a measure of
display usability) have sometimes been used, such as the redundancy measure of Zhang et al.

(2011). Only rarely have researchers gathered performance measures such as response time and



error rate as a measure of display usability (e.g., Duftschmid et al., 2013; Murphy et al., 2012;
Zeng et al., 2002).

Despite this attention to EMR usability, there are significant gaps and limitations in the
existing literature. The opinions of users, while certainly beneficial and informative, can often be
biased and misguided (Andre & Wickens, 1995). Rather, from a user-centered or human factors
perspective, what matters most when evaluating or rating interfaces is the performance of users.
However, relatively few studies have focused on performance measures. At the same time,
performance measures alone are vague and can only suggest whether a display is potentially
useful, but not where the problems within the display are. In addition, performance metrics need
to be calculated through an experiment, whereas other metrics, such as image processing
algorithms, may be calculated without the need for an experiment to be set up. However, there
has not been, to my knowledge, a systematic evaluation of which other measures and approaches
are most suitable evaluating EMRs. There is a need to determine which measures correlate best
to performance and, crucially, can provide additional information about the problems within a
display. These measures will then form a framework for the systematic and objective evaluation
of EMRs. The proposed measures for evaluating data overload that I will investigate in this
research are eye tracking, mouse clicks, image processing algorithms, and GOMS (Goals,
Operators, Methods, and Selection Rules). These can then also be used to create a model of data

overload in EMRs that is based on multiple factors.

1. Eye Tracking

Eye tracking is a non-invasive, infrared-based technique that is used to trace where a

person is looking on a screen (Poole & Ball, 2006). Eye tracking has several advantages as a



display evaluation technique. In particular, it is a non-invasive and objective measure (Ellis,
2009). Eye tracking also it makes it possible to trace changing information access strategies over
time at a fine-grained level of analysis (Zelinsky & Sheinberg, 1997; Zelinsky, 2008). It can also
be used for real time processing, which could form the basis of an adaptive display (Sills, 2015).
Moacdieh and Sarter were the first to use eye tracking to systematically evaluate the effects of
EMR data overload on physician performance while making diagnoses (2015). They suggested a
number of eye tracking metrics that proved to be very beneficial, such as convex hull area and
spatial density (Goldberg & Kotval, 1999). However, it is not certain if these metrics generalize
to all EMR displays. These metrics will thus be further tested in this research.

The output from an eye tracker is a series of screen coordinates that allow researchers to
assess when and for how long users were looking at screen elements. The raw coordinates are
used to determine eye fixations, or when a person looks at something for a minimum period of
time (Munn, Stefano, & Pelz, 2008), and saccades, which are rapid jumps between fixations
(Findlay, 2004). Fixations and saccades then form the building blocks for several eye tracking
metrics, such as mean fixation duration (Beck et al., 2010), mean saccade length (Goldberg &
Kotval, 1999), and nearest neighbor index (Di Nocera, Camilli, & Terenzi, 2007).

The metrics are classified into three types Spread, Directness, and Duration. The lower
their values the better off, since they suggest that the user was able to find what he/she is
searching for easily. Spread metrics are concerned with how much dispersion the fixations were.
They represent how much the user sampled from the display to find the information he/she
needs. Directness metrics are concerned with the path users followed to find the information.

Finally, Duration metrics represent the time the user spent searching and finding what he needs.



Table 1 contains the full list of the different eye tracking metrics that will be used in this

research.

Table 1 List of Eye Tracking Metrics that will be tested

Name

Explanation

Spread Metrics

Convex Hull Area (pixels?)

(Hegarty, De Leeuw, & Bonura, n.d.)

Spatial Density
(Cowen, Baht, & Delin, 2002)

Nearest Neighbor Index
(Di Nocera et al., 2007)

Minimum convex area which contains the
fixation points.

Number of grid cells containing gaze points
divided by the total number of cells.

The ratio between (1) the average of the
observed minimum distance between points
and (2) the mean random distance expected if
the distribution were random.

Directness Metrics

Scanpath Ratio (/sec)
(Moacdieh & Sarter, 2015)

Mean Saccade Length (pixels)

Backtrack Rate (/sec)
(Goldberg & Kotval, 1999)

Rate of Transitions (/sec)
(Goldberg & Kotval, 1999)

Length of the distance from the center of
screen to the target, divided by the sum of all
saccades lengths.

Average of all saccades lengths.

Backtrack is defined as an angle between two
saccades that is greater than 90°.

Rate of transitions between equal grid cells.

Duration Metrics

Mean Fixation Duration
(Moacdieh & Sarter, 2012)

Mean duration of all fixations within a
defined period



Total fixations divided by the time to

Total Fixation Rate (count/sec) complete task

Although this is a promising measure for evaluating data overload, it does present some
challenges. One main challenge is that the eye-mind hypothesis, which states that where a person
is looking is where that person’s attention is focused (Just & Carpenter, 1978) may not always
hold. Other problems could arise during calibration, as not all eyes can be easily traced.
Additionally, for some eye trackers, users have to keep their heads steady which could affect

their performance.

2. Image Processing Techniques

Image processing techniques based on pixel characteristics have also been used to
measure data overload (Berg et al., 2009; Chang, Zhang, Liu, Yang, & Li, 2010; Lohrenz,
Trafton, Beck, & Gendron, 2009; Ruth Rosenholtz et al., 2007). In some approaches, the
algorithm produces a scalar value that represents the level of overload (Berg et al., 2009). Other
algorithms create what is called a data overload or clutter map by outputting a number of scalar
values that represent the data overload in different locations in the display (Jansen & Van
Kreveld, 1998; Musicki, Suvorova, Morelande, & Moran, 2005). One example of such a metric
is the color-cluster metric that relies on the definition of data overload as a function of color
variation (Lohrenz et al., 2009). One of the most cited techniques is that of Rosenholtz, Li and
Nakano (2007) who proposed the feature congestion, sub-band entropy, and edge density

metrics. This approach proposed will be adopted in this research given its widespread use and



validation (e.g., Holy, Jezek, Snajberk, & Brada, 2012; Miniukovich & De Angeli, 2014; Pereira
& Castelhano, 2014).

The three image processing technique metrics of Rosenholtz et al. (2007) depend on a
clutter map to compute the different scalar measurements to estimate the data overload level. The
feature congestion metric is based on the notion that it is hard to add an object that can capture
attention, sometimes referred to as salient, to a cluttered display. This metric depends on clutter
maps that are used to show the difference of a certain characteristic between one area and
another to output a measure of clutter. These maps are first developed for color, orientation, and
texture separately. For example, the color clutter map shows the difference in color in the
display. Then these maps are merged into one complete clutter map to provide a scalar measure
of the information in the display.

The sub-band entropy metric assumes that the more clutter in a display the less amount of
redundancy present. This method, similar to feature congestion, creates a clutter map and
calculates a scalar measure. This metric is best used for local clutter or clutter around a target
(Asher, Tolhurst, Troscianko, & Gilchrist, 2013). Finally, the edge density method depends on
the number of edges present in the display. The density of edge pixels is calculated as a
percentage of the total number of pixels to get a measure of clutter. The three measurements
calculated give an estimation of the data overload present in the display. While image processing
measures can be highly useful and will be tested in this research, their applicability in human

factors research is limited given that they are not affected in any way by user factors.
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3. GOMS

Goals, Operators, Methods, and Selection Rules (GOMS) decomposes the task into goals
and sub-goals (Berry et al., 2016) to determine the amount of time needed to complete a task
(Saitwal, Feng, Walji, Patel, & Zhang, 2010). Goals are the tasks to be completed, operators are
the different actions taken to accomplish the goals, and methods are the operators’ sequences that
should be followed. Finally, selection rules are responsible for choosing the best method to
accomplish the goal (Saitwal et al., 2010).

GOMS is one of the methods used to perform Cognitive Task Analysis (CTA), which is
used to study human performance in real world situations (Saitwal et al., 2010). GOMS is a
technique that evaluates the interface as a whole to quantify its complexity and efficiency
(Saitwal et al., 2010). It predicts the execution time, learning time, and errors of a task (John &
Kieras, 1996). The limitations of GOMS is that it is originally developed to represent error-free
performances done by an expert (Segall, Kaber, Taekman, & Wright, 2013). As such, GOMS
cannot account for performance errors that even expert users may commit (Segall et al., 2013).
In general, as the predicted time to complete a task increases in a display, the usability of this

display decreases.
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CHAPTER II

METHODS

This study will be divided into three main phases, which will address the three specific
objectives: 1) outline all the functionalities of the EMR in the FM Department, 2) understand the
user needs of physicians in the FM Department with respect to the EMR; and 3) conduct a
controlled experiment to gather and evaluate the different suggested metrics in order to identify

the most appropriate ones for evaluating data overload.

A. Phase |

Phase 1 tackled the first objective of this research, which is to outline all the
functionalities of the EMR. As a first step, | had several meetings with Dr. Jumana Antoun, an
Assistant Professor of Clinical Family Medicine, to learn more about the EMR system and how it
is used by physicians (see Figure 1 for an example of a page in the EMR). This EMR had
originally been created by Dr. Ghassan Hamadeh at the department of FM, with additional
modifications along the years by him and Dr. Antoun. Dr. Antoun explained about the different
tasks that physicians perform as part of their work, and how the EMR supports these tasks.

In addition, Dr. Antoun showed and illustrated the use of another version of the EMR that
she has developed. This version has not been used in the clinic yet. It was adjusted as part of this
study and compared to the original design as a means of assessing the proposed metrics.
Following is the description of the EMR functionalities along with the explanation on the current

EMR and the redesigned one.
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1. EMR Functionalities

The current EMR being used in the FM Department was developed over several
iterations following its first release. The new version developed by Dr. Antoun has only been
developed recently and has never been tested yet. However, although the interface is different, it

provides the same functionalities as the original EMR.

a. Current EMR

The EMR contains several functions that physicians use to improve their operations,
including writing notes using the “Progress Notes” tab, reviewing patients’ medical history using
the ROS tab. The complete set of tabs can be found in Table 2. In this system, every set of data
has its own page to be presented in. As a result, these pages have more spaces and lesser data to
be read. Therefore, it was considered to be the low-data display in our last phase of this research.

Figure 1 presents the interface of the Progress Notes tab of this system.

Table 2: EMR tabs and their uses

Tab Usage

Front Desk Open patient encounter for a new visit.

Enter current patient’s vitals, enter diagnosis, and check if he/she

Triage . . .
requires special services.

Review all patient’s vitals, check his/her vaccination reports, and

Preventive Services . . . .
check if he/she requires any special services.

ROS Review and update patient disease history.
Review and enter notes related to the patient, check if the patient
Progress Notes requires special services, check his/her current vitals, and enter
diagnoses.
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Dx Review and update the diagnosis of the patient.

Print referral requests to specialty physicians outside the FM

Referrals department.

X-Ray Request X-rays images.

Lab Request lab tests.

WebLab Check the results of previous lab tests.

Sick Leaves Give official sick leaves for AUB personnel.

Rx Renew medications.

Med Hx Review previous medications.

ER visits Check and review the patient’s visits to the emergency room.

However, this EMR does lack some functions that are typically used by physicians. The
system lacks the ability to connect to other AUBMC departments, due to the fact that it was
designed for the FM department only. Because of this problem, FM physicians cannot use this
EMR to get the patients’ records from other AUBMC departments. To try and solve this
problem, physicians usually connect to another system that contains additional information, like
updated surgical history, Emergency Room visits, etc. Additionally, this EMR does not have the
ability to keep physicians updated on the availability of medicines. So, physicians usually use a
website that shows them what medicines are available in the market and what new releases are

currently there.
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Figure 1. Current EMR interface for the Progress Notes tab

b. Redesigned EMR

The EMR developed by Dr. Antoun contains the data of the three pages ROS, Progress
Notes, and Preventives Services in one. This page, which she named Physician, has the same
font size, colors, nature, and organization of information as the original EMR, except that the
information is stacked together. This has led to an interface that has more data than any one page
of the original system. Resulting with a display with high amount of data which risks creating
data overload. Figure 2 presents the interface of this new system. Thus, this new EMR page is a
good option for the high-data display in the third phase of my research. Therefore, two systems,

current and redesigned EMR, will be used in this research to assess the effects of data overload.
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Figure 1. Redesigned EMR interface

a. Coqnitive Task Analysis.

Following from my meetings with Dr. Antoun, | conducted a Cognitive Task Analysis
(CTA) of the EMR. This is an approach that involves breaking down the use of a system into a
series of tasks, and then breaking down each task into its constituent steps. A CTA was
performed for each of the displays that formed part of our participant tasks in Phase 111 (an
example of a CTA for one task can be seen in Figure 3). The full results of the CTA can be found

in Appendix A.
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Figure 3. Cognitive Task Analysis for the task of reading previous notes

2. Discussion

This introductory phase formed an important first step in this research. This phase
provided in-depth insight into the functioning of the EMR, which was necessary in order to be

able to carry out Phases Il and Ill. The main conclusions from Phase | are:

a. Wide Range of Functionalities

The current EMR being used provides a wide number of functionalities for FM

physicians, ranging from entering notes to reviewing lab information.
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b. Set of Steps to Complete Tasks

There are several steps involved in each of the different tasks physicians carry out,

involving multiple mouse clicks and/or scrolling.

c. Multiple Ways to Complete Tasks

Due to the multiple design changes and iterations that the EMR has gone through, as well
as the need to cater to different physician needs, there are often multiple ways to achieve a given
task. For example, physicians can enter the diagnosis using both “Progress Notes” and “Dx” tab,
and they can check if any preventive services are needed using both “Preventive Services” and
‘Progress Notes™ tabs. This means that physicians often have a choice when it comes to selecting
which approach they want to use. This lack of consistency also suggests not all physicians may

be using the EMR in an optimal fashion.

B. Phase Il
While Phase | provided the in-depth, fundamental knowledge of the system, it was
provided by an expert user in Dr. Antoun. What was lacking in Phase | was a better
understanding of how the main users of the system, the other physicians and residents in the FM
department, actually use the system. Thus, in Phase |1, the main goal was to understand the needs
of physicians. This includes understanding 1) the typical workflow of FM physicians, 2) what
specific tasks physicians perform using their EMR as part of this workflow, and 3) exactly what

steps are undertaken using the EMR to achieve these tasks. In order to obtain this information, it
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was necessary to gather input from several FM physicians to build on what was obtained from

Dr. Antoun.

1. Participants

The participants in this phase were 5 residents and 1 attending physician, all of whom are
currently in the AUB FM Department. An email was sent to all physicians in the FM Department
and physicians were asked to respond if they would like to participate in this study. | got in touch
to schedule a session at the convenience of the physicians. No monetary compensation was
provided to any of the medical personnel. This study was approved by the AUB Institutional

Review Board.

2. Experiment Procedure

Before meeting with the participants, screen-recording software was installed on their
computers by staff at the FM department. Physicians were then asked to record their screens for
one clinic session, which typically runs for around four hours and includes a combination of
adult and child patient appointments. Each appointment typically lasts for about 20 minutes,
including EMR usage time and patient checkup. Physicians were asked to exclude patient names
from their screen recordings by only selecting the area that encloses the tabs and the body of the
EMR display to be recorded. Any area that showed patient identifiers was thus excluded.
Immediately prior to the clinic session, I briefly met with each physician to provide final
instructions, solicit any questions/concerns, and provide the consent form for the physician to
sign. I was not present during the clinic session. Then, immediately following the completion of

the clinic session, | met with the physicians for one hour. The physicians were asked to replay
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the screen recording and perform a cognitive walkthrough for all of their patient scenarios. In
other words, while watching the recording, | asked them to explain all of their different steps and
thoughts each time they used the EMR during their clinic session.

For each physician encounter, | then noted what parts of the EMR were used for each
task, the sequence in which these tasks were carried out. At the end of the interview, I also asked
the physicians for their opinions on what they thought should be changed in every display, what
areas they thought contained data overload, and any other comments that they may have. The full
questionnaire can be found in Appendix B. The recorded video was destroyed at the end of the

meeting.

3. Results
Both the performance and subjective results of the six participants were analyzed in order

to better understand how physicians and residents currently use their EMRs.

a. Tabs Visited

Table 2 shows an overview of the number of patients seen by each physician during the
one clinic session observed. On average, each clinic session took 4 hours and had 6 (SD=2.8)
patients. Overall, participants visited 4 tabs per patient on average, where a tab visit consists of

any time a participant clicked on a tab to move to that page.

Table 3: Participants and their respective number of patients and tabs visited

. . - Average number of
Participant Number of patients Number of tabs visited tabs per patient

1 4 17 4.3
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2 9 39 4.3
3 7 23 33
4 5 21 4.2
5 3 9 3
6 10 33 3.3
Total 38 142 3.7

As can be seen in Figure 3, participants used almost all of the tabs that are available.
However, the tabs that were used not use these tabs in equal numbers. The most visited tabs
across all participants were the Progress Notes, ROS, Lab, and Triage tabs with 73, 16, 11, and
10 visits (across all participants), respectively. The complete set of visits is present in Figure 3.

The only tabs that no participant used were the X-ray and ER visits tabs.

Tabs Visited by all Participants
Med Hx | | Referrals Rx Front Desk
WeblLab 4% 2% 2% 1%
4%

Sick Leaves
4%

Preventive Services

6%

Progress Notes
51%

Triage
7%

Lab
8%

ROS
11%

Figure 4: Overall proportion of tabs visited per patient across all participants
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In general, the high use of the Progress Notes tab was consistent throughout participants
(see Figure 4). Only one participant, Participant 5, visited the Preventive Services equally as

much as the Progress Notes tab.

Tabs visited by each participant
25

23
21
20
15
10 9 S
8
5 5:5
5 4
3 3 _ 3 3
2 ”I 2
|I|| N
5 L l TN il I 0 j
1 = 5 6

M Progress Notes @ ROS W Lab m Triage W Preventive Services M Sick Leaves ' Weblab m Med Hx M Referrals B Rx B Front Desk

Figure 5. Tabs visited by each participant

b. Sequences

In addition to the tabs that were used, the sequence of these tabs was also of interest.
Table 4 shows the general sequence that each participant usually uses during his/her clinic
sessions. These sequences are aggregated from all the patient visits for each participant. In other
words, for each participant I checked what was the most visited first tab among the patients and

placed it as the first one. The same was done for all of the other tabs.
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Table 4: Sequences of the Tabs Used by Participants

Participant General Sequence of Tabs
1 Triage — ROS — Preventive Services — Lab — Progress Notes
9 Progress Notes — ROS — Weblab — Lab — Preventive Services — Front Desk —

Referrals — Progress Notes — Front Desk

Triage — Progress Notes — Preventive Services — Med Hx — Referrals — Lab —

3 Referrals — Sick Leaves — Progress Notes

4 ROS — Progress Notes — Triage — Lab — Progress Notes

5 Progress Notes - Prever_1tive Services — Progress Notes — ROS — Triage — Front
Desk — Preventive Services — Progress Notes - ROS

6 Progress Notes — Lab — Med Hx — Rx — Progress Notes — Sick Leaves

As can be seen in Table 4, half of the participants used the Progress Notes tab as their

first tab, and two others used it as their second tab.

c. Levenshtein Distance

Levenshtein Distance is the minimal number of character substitution, deletion, and
insertion needed to transform string A to string B. The output of this method is a positive integer
with a minimum value of zero. The numerical output is the number of changes done on one
string to transform it to the other. Thus, a value of zero means that the two strings are perfectly
the same, and the highest value of the output is the length of the longest string. In this study, the
sequence of tabs of each participant was transformed into a string input and used to calculate the

Levenshtein distance. Each participant’s sequence of tabs was transformed into a string of letters,
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with each letter representing a particular tab (for example the Preventive Services tab was
represented by P, the Progress notes tab was represented by N, the ROS tab was represented by
R, etc.). In this case, the length of each string was the number of tabs included in the
corresponding sequence. The maximum length of all strings was five, which represents the
shortest participant sequence, as well as the length of the sequence provided by Dr. Antoun. This
was done to make sure that all strings have equal lengths. The goal was to determine the
differences in sequence of tabs used between each two physicians as a measure of the degree of
similarity between how physicians use their EMR.

The analysis was done using the freely available MATLAB function, strdist, which was
downloaded from the MATHWORKS main website. This function takes as input any two strings
and provides the Levenshtein distance as output. As can be seen in Table 5, the smallest
Levenshtein distance between any two participants’ sequences was 3. The average Levenshtein
distance across all participants was 4.

To check how closely physicians’ sequence of tabs mirrored the one that they were
taught, the sequence of each physician was also compared to the sequence provided by Dr.
Antoun. This reference sequence consists of Triage, ROS, Progress Notes, Preventive Services,

and Lab. The results can be seen in Table 5 also.

Table 5: Levenshtein Distance for the sequences

Reference
Participants 1 2 3 4 5 6
Sequence
I 1 1 1 3 1 3 1 3 1 5 1 4 1 2
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3 4 4 4 3
| 4 | | | | s 4 3
| 5 | | | | | IV 4 |
. - . . . . . . —

Among the six participants’ sequences, the one that are the closest to the reference
sequence is that of Participants 1. This sequence only needed two changes to become the same as

the reference sequence.

d. Subjective Evaluation

There were two main issues that were highlighted by participants. The first, mentioned by
four participants, is that they typically do not have enough time during the clinic session to finish
all the required tasks, so patients end up waiting in the waiting area. The second main issue,
mentioned by three participants, is that the fonts are not user-friendly and cannot be edited. In
other words, the fonts are small and users cannot change the size of words even if the tabs were
maximized. As a result, physicians end up taking more time and putting more effort during their

work on the EMR. The complete list of issues brought up by participants can be seen in Table 6.
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Table 6: Problems faced by the participants when Using the EMR

How many
Issue . .
participants
Not enough time to complete all the necessary EMR tasks 4
The fonts and colors in the WebLab, Progress Notes, Lab, and ROS tabs in 3
particular are not user-friendly
The Triage tab should be the default tab. 2
More simplified way to edit old ROS data.
Revising the Lab tab for tests arrangement, missing tests, and searching
methodology.
Link to Up-to-Date page from the EMR.
Showing the patients who are waiting in a certain place in the EMR.
1

Slow system.

Old scanned files are not completely present in the EMR.

The EMR is not accessible to other departments.

Entering new notes and editing old ones should be done in more efficient way.

Separating the messages sent to the physicians and replies from the notes.

4. Discussion
The tabs used, their sequence, and the differences between the sequences suggested a
number of findings about how physicians use their EMR interface. In particular, the main

findings from Phase 11 of this research were:

a. Importance of the Progress Notes Tab

The results of the different tabs visited during the different patients encounters suggest
that participants rely heavily on the Progress Notes tab. They use this tab with every participant,

and often more than once. The sequence of tabs shows that it is usually visited early in the
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patient encounter, as well. Despite the prominence of this page, half of the participants
mentioned problems related to its font selection and font color. Given how much it is being used,

addressing these issues could significantly impact the experience users have with the display.

b. Consistency Among Participants

What Phase |1 established clearly is how differently each physician uses his/her EMR
display. Despite all participants having been trained in the same way, there were at best three
differences between any two physician sequences. With three physicians, there were as many as
five differences, for a sequence of length 5, which means that the sequences of these participants
were completely different from each other. Moreover, none of the physicians matched the
reference sequence that was taught to them by Dr. Antoun, with most physicians showing three,
four, and five differences as compared to the reference sequence. This points to a lack of
consistency when it comes to the use of the EMR, a fact that has been confirmed in numerous
previous studies (e.g. Lanham et al., 2014; Terry, Brown, Bestard Denomme, Thind, & Stewart,
2012). In general, this diversity in the adopted approach is a hallmark of medical practice, where

dealing with patients can differ significantly from one physician to another(Terry et al., 2012).

c. Time pressure is an issue.

The number one complaint that participants had about their display was that they do not
have enough time to use it properly. This suggests that measures taken to improve EMR displays

and reduce operation time would be welcome and necessary.
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5. Conclusion.

In Phase |1, I was able to further understand how physicians work with their EMR during
clinics, and what tabs they mostly use. | explored the sequences followed by each participant and
inferred that every physician follows his/her own way during clinic sessions, which most of the
times was different than the reference one. Additionally, | was able to record the main
frustrations and problems faced by the participants when using the EMR.

All of the above were some of the goals of Phase I, but one of the main goals was the
selection of the tasks to include in Phase III. Given physicians’ limited time, it was important to
adopt the tasks that correspond to the tabs that 1) they use the most and 2) have the most
problems related to design and information overload. Another important consideration was
whether the tab underwent any changes in the new interface designed by Dr. Antoun. Otherwise,
comparing across the two interfaces would not result in any differences. For these reasons, we
selected the Progress Notes, ROS, and Preventive Services tabs to carry out the tasks of Phase
I11. Although the above factors also apply to the Lab tab, but it was not changed in the new

interface of Dr. Antoun, thus it will not be considered.

C. Phase 111
In this third phase, a controlled experiment was conducted with the goal of assessing the
proposed data overload evaluation methods. The methods and metrics that were evaluated are:
eye tracking, mouse movements and clicks, image processing algorithms, and GOMS. Of these,
only the image processing algorithms and GOMS were calculated prior to the start of the
experiment since they do not require any participant involvement. The GOMS analysis was done

using the CTA that | developed earlier, whereas the algorithms were done through MATLAB
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using the freely-available algorithms of Rosenholtz et al. (2007). The eye tracking measures and
mouse movement and clicks, on the other hand, in addition to the performance measures of

response time and error rate, were all collected during the experiment.

1. Participants

The participants in this Phase were 13 residents (6 males and 7 females) from the FM
Department at AUBMC. Their average age was 29 years (standard deviation (SD) = 2.68) with
an average of 2.46 (SD = 1.00) years of experience in the FM Department. Participants had self-
reported normal or corrected to normal vision; contact lenses and glasses were allowed. The eye
tracking data of one participant was not collected due to problems with the eye tracker software,
resulting in a count of 12 residents for the eye tracking results. Participants’ self-ratings of
proficiency had a mean of 4 (SD = 0.39) on a scale of 1 (poor) to 5 (excellent).

Participants were recruited via email in the same way as in Phase |1, and signed an
informed consent document at the beginning of the experiment. As an incentive, participants
were awarded a $25 gift card to a restaurant, Casper and Gambini’s. This study was also

approved by the AUB Institutional Review Board.

2. Experiment Setup

The location of this experiment was the Cognitive Psychology and Human Computer
Interaction Lab of the Psychology Department at AUB (Jessup Hall, Room 107), which contains
a Tobii T120 eye tracker. The eye tracker is embedded in the computer screen of size 17 inch
with a resolution of 1280 x 1024 pixels. Participants were seated at a distance of about 60 cm.

They were asked to provide their answers out loud; for this reason, | sat adjacent to them in order

29



to hear their answers. I also had to be close to the participants in order to tell them what trial to

do next, as detailed later.

3. Experiment Design

The independent variables were the amount of data (low vs. high) and the type of task (a
total of 4 different tasks, as determined from Phase I1). The low-data condition refers to the case
where relatively little medical data is present on the display. In this study, this corresponds to the
original EMR system. On the other hand, the high-data level condition refers to displays that
contain a relatively large amount of poorly-organized and irrelevant data, based on the adopted
definition of data overload. The high-data display in this study will be the redesigned EMR.

For this experiment, participants had to perform a set of 48 tasks that represent typical
patients’ cases in the FM Department. Of those 48 tasks, 24 were performed in the case of low-
data display (in other words, with the original EMR system), and 24 were performed in the high-
data display case (with the new system). There were six trials of each task (i.e., each task was
repeated for six different patients’ scenarios), for a total of 24 scenarios per experimental
condition. Each task took a maximum of two minutes. These scenarios were created by Dr.
Antoun, and they were further refined and adjusted after the completion of Phase Il of this study.
Patients’ names and personal information were fictitious but the actual patient data was real (the
data were devoid of any names or identifying information). Trials 1, 2, and 3 had the same
imagined patient, John Doe, and trials 4, 5, and 6 had the patients John Doe 1, John Doe 2, and
John Doe 3 respectively. As a result, the first three trials had the same patient information, and

each remaining trial had different information.
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The order of presentation of the trials was counterbalanced because the same patient was
used for the first three trials and to eliminate the learning effect among trials. To counterbalance
the trials, | took the first and the fourth trials together, the second and fifth trials together, and the
third and sixth trials together and considered each pair to be a block, after which |
counterbalanced the blocks using a Latin Square approach. In this way, the first, second, and
third trials never followed each other. The displays were also counterbalanced, such that the odd-
numbered participants started with the low-data display, and the even-numbered participants
started with the high-data display.

For each trial of each task, physicians were given some background information on the
patient that is relevant to the task at hand. The tasks that were used in this experiment are the
following:

e Task 1: Review Patient Disease History: In this task, physicians used the ROS display
(see Figure B1 in Appendix B). They reviewed patient’s disease history and identified
whether or not the patient had a given disease/condition within a particular timeframe. An
example of this task can be found in Table 9.

e Task 2: Read Previous Notes: In this task, physicians used the Progress Notes display
(see Figure 1) of the EMR. They were asked to go through the patient’s physician notes
and find the most recent note from a given physician.

e Task 3: Check if Preventive Services are Needed: In this task, physicians used the
preventive services display (see Figure B2 in Appendix B). They were asked to check the

blood pressure, weight, and height of the patients.
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e Task 4: Check Vaccination: In this task, physicians used the preventive services display
(see Figure B3 in Appendix B). They were asked to check whether a particular vaccine
was given to the patients or not.

The first trial of the four tasks is present in Table 7. The complete set of trials and tasks
are included in Appendix D. For each trial, there was one patient to do all four tasks on. The

name of the patient associated with each trial is also included.

Table 7. Tasks for trial 1

Tasks for Trial 1: John Doe

Before you ask the patient to come into the room, you want to find his chronic
diseases. List his problems.

Your patient is presenting for dysuria; when you started to prescribe an
antibiotic; he reports that few months ago, around May-June he had similar

2 episode and the doctor gave him medication that caused itching. He did not
report it to the clinic. He is afraid to take it again. Please find the antibiotics he
was prescribed.

The patient is worried about high blood pressure today. Check his previous

readings in the clinic. Give examples of previous BP readings and their dates.
It is winter time and you want to give him flu vaccine and pneumococcal
4 vaccine. He does not recall if he took them ever. Please check his vaccinations

status.

The dependent measures in this phase were response time, error rate, the number of
mouse clicks recorded while performing the different tasks, and the various eye tracking metrics
listed in Table 1. Physicians had to give their answers orally during the experiment and | checked

their answers while the experiment was ongoing. The time to complete a task, the number of
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mouse clicks, and the raw eye tracking data were obtained through the Tobii Studios eye tracking

system. The eye tracking metrics of Table 1 were then calculated using MATLAB.

4. Experiment Procedure

When the participants arrived to the lab to perform the experiment, they were first given
an overview of the experiment and asked to read and sign the consent form. Next, participants
were shown the new EMR page and explained how to use it. They were then given the
instructions for the experiment and told what the experiment tasks would entail. Each participant
was next asked to do a practice scenario with both the original and new EMR pages to become
familiar with the experiment process. After this step, the eye tracker was set up and calibrated,
which involved asking participants to look at a set of nine points on the screen in order. This first
part of the experiment took around 10 minutes. Once calibration was complete, the experiment
started. Participants carried out 24 tasks that corresponded to one of the two data-levels
conditions. When all the tasks on that one interface were done, participants were given a 5-
minute break and then continued the experiment with the other data overload condition. At the
end of the experiment, participants were given a questionnaire in which they were asked to rate
the amount of data they perceived on each display, as well as providing ratings of mental
workload, among other performance assessment questions. This questionnaire can be found in

Appendix E.

5. Results
The analysis of results for this research involves analysis of the GOMS and image

processing algorithm results, both of which were done prior to running the experiments, as well
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as the subjective, performance, and eye tracking measures of this experiment. Significance was
setat p =0.05.
a. GOMS

The results presented here are based on the results of the CTA in Phase I. KLM-GOMS
was used to calculate the times for each task, and the operators used in this model are presented

in Table 8 (Card, Moran, & Newell, 1980).

Table 8. CTA GOMS KLM model operators

Step Time (sec)
K: Key Stroke or button press 0.2
P: Pointing to a target using mouse 1.1
H: Hovering hand over mouse or keyboard 0.4
M: Mentally preparing for doing physical actions 1.35

An example of the analysis that was done for each task of each trial is presented in Table
9 and the full results across each interface and task is shown in Table 10. The complete set of
tasks for the two interfaces are presented in Appendix F. As can be seen the time for each task
was slightly larger for the high-data interface as compared to the low-data interface. However,
given the small sample size and low (in some cases zero) variance, no statistical analysis was
performed for these results. The results of these metrics were not correlated with the

performance measure and were not tested for difference in the means between the two interfaces
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since for every task, the trials were very similar to each other, making the variance between each

set of results negligible (and sometimes zero).

Table 9. CTA GOMS for task 1 trial 1

Original Interface Task 1 Trial 1

Search for the "ROS" word M 1.35
Hover hand to mouse H 0.4
Drag mouse to "ROS" word P 1.1
Click using the left mouse button K 0.2
Look at the medical history M 1.35
Drag mouse to the first note P 1.1
Click using the left mouse button K 0.2
Click using the left mouse button K 0.2
Read the note M 1.35
Total 7.25
Table 10. CTA GOMS times for each trial.
Interface Trial Task 1 Task 2 Task 3 Task 4

1 7.25 9.6 8.05 7.05

2 7.25 94 8.45 7.05

3 7.25 11.6 8.45 7.05

Original

4 7.25 8.8 7.25 7.05

5 7.25 8.8 5.75 7.05

6 7.25 8.8 5.75 7.05

Average 7.25 9.5 7.2833 7.05

Redesigned 1 7.65 10 8.45 7.45
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2 7.65 9.8 8.85 7.45
3 7.65 12 8.85 7.45
4 7.65 9.2 7.65 7.45
5 7.65 9.2 6.15 7.45
6 7.65 9.2 6.15 7.45
Average 7.65 9.9 7.683333 7.45

b. Image Processing

The results of the image processing algorithms are presented in Table 11. For all three
metrics of feature congestion, subband entropy, and edge density, the average value for the low-
data display was lower than for the high-data display. Looking at the individual pages, the high-
data page is higher on feature congestion than two pages, Progress Notes and ROS, of the
original interface. On the other hand, the high-data interface has higher subband entropy than all
four pages. Edge density for the high-data page is higher than all but one of the four pages of the
original interface. As in the results of GOMS, the results of these metrics were not correlated
with the performance measure and were not tested for difference in the means between the two

interfaces since we only had one measurement for each interface.

Table 11. Image processing values

Interface Tab Feature Sub-band Edge
Congestion Entropy Density
Preventive 8.6163 3.9285 0.1256
Original Services
Progress Notes 7.4764 3.7015 0.1102
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ROS 7.9533 3.8894 0.1135

Vaccination 8.785 3.8193 0.1136
Average 8.207 3.834 0.115
Redesigned Physician 8.3281 3.9783 0.1173

c. Subjective Metrics

Subjective metrics of amount of data and mental workload were collected for 13
participants using a debriefing post-experiment questionnaire. The scale for both of the ratings
was from 1 (poor) to 5 (excellent). The results of this questionnaire were analyzed using a
Wilcoxon Exact sign test for ordinal data. This test was selected because it does not assume
normal distribution of the data.

Results showed that there was no significant difference in participants’ ratings of the
amount of data in the two displays (Z = -586, p =0.558), with means of 3.84 (Standard deviation
(SD) = 0.688) and 3.61 (SD = 1.04) for low-data and high-data displays respectively. On the
other hand, results showed that there was a significant difference in the mental workload (Z = -
2.04, p = 0.041) with means of 3.3 (SD = 1.3) and 2.46 (SD = 0.877) for both low-data and high-
data displays respectively.

Other than the amount of data and the mental workload required for both displays,
participants were asked to point out which display was easier to handle. All except two
participants indicated that the high-data display was easier to work with. Of the remaining two,
one indicated that the low-data display is easier and the other indicated that they were both the

Same.
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The Pearson correlation of the two subjective measures with the response time for both

interfaces are presented in Tables 12.

Table 12. Pearson Correlation between the subjective measures and response time for the both interfaces

Task Task Task Task

Interface Measure 1 5 3 4
Correlation -0.77 -0.25 -041 -72
Original Amount of Data Significance 000 040 016 0.00
g Mental Workload Correlation 061 -040 034 -63
Significance 0.03 017 025 0.02
Correlation -74 -70 -73 -73
Cedesicied AmountofData oo ificance 000 001 000  0.00
g Mental Workload Correlation -.63 -.65 -.60 -.62
Significance 0.02 0.01 0.03 0.02

d. Performance Measures

The performance measures in this research were the response time, error rate, and

number of mouse clicks needed to complete each task. Error rate was zero as all participants

performed their tasks correctly. The other performance measures were averaged across the six

trials for each participant and each task.

The performance data was analyzed using a repeated-measures analysis of variance

(ANOVA). The assumptions for the ANOVA procedure were tested for each response measure

and each task. There were some measures where the normality assumption did not hold, as

evidenced using a Shapiro-Wilk test and a normality plot. So, the data of these measures were

transformed using either the inverse or logarithmic transform. The metrics for which this was
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done can be seen in Table 13. Since we needed to compare the means across the interfaces, if one

measure violated the assumption, the data of this measure for both displays were transformed.

Table 13. Performance metrics that violated ANOVA'’s normality assumption

Task Metric Transformation
Task 1 Mouse Clicks Inverse
Task 2 Response Time Logarithmic

Response Time Logarithmic
Task 3
Mouse Clicks Inverse
Task 4 Response Time Inverse

Note that since every task has its own display and its own procedure, the differences
between measures across the tasks were not compared. ANOVA results for Response Time and

Mouse clicks can be found in Tables 14 and 15 respectively.

Table 14. Response time ANOVA results

Response  Original Interface  Redesigned Interface
Time (sec) Mean (SD) Mean (SD) Effect of Task level
6.39 4.76 F (1,1_2) = 5.546,
Task 1 (1.69) (224 0= 0.038
' | 7% =0.313
F (1,12) = 0.292,
24.48 26.37 T ~
Task 2 (5.51) (10.65) Not Significant (p = 0.559)

n3 = 0.024
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F (1,12) = 0.923,
Task 3 (é'gg) (g'gg) Not Significant (p = 0.356)
' ' ns =0.071
F (1,12) = 2.598,
Task 4 (8'52) (00'00570) Not Significant (p = 0.133)
' ' ny =0.178

Table 15. Mouse clicks ANOVA results

Mouse Clicks  Original Interface  Redesigned Interface
(count) Mean (SD) Mean (SD) ETBEEN e IS
F (1,12) = 9.836,
Task 1 0064908 8‘152 ( 0 :)0.009
(0.098) (0.16) ng = 0.45
14.78 8.85 F (1,12_) =10.717,
Task 2 (4.7) (4.58) p = 0.007
' ' N5 = 0.472
F (1,12) = 1.875,
Task 3 0062975 82? Not Significant (p = 0.196)
(0.095) (0.21) np = 0.135
2 68 5 96 F (1,1_2) =7.081,
Task 4 (0.60) (0.40) p =0.021
' ' ns = 0.371

Pearson correlation of the mouse clicks with the response time can be found in Table 16.

Table 16. Pearson Correlation between mouse clicks and response time for both interfaces

Mouse Clicks Task 1 Task 2 Task 3 Task 4
Original Interface Correlation 0.79 -0.41 -0.32 -0.47
g Significance  0.00 0.17 0.29 0.11
] Correlation -0.44 -0.21 -74
Redesigned Interface o, ificance 0,00 0.14 0.48 0.00
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e. Eye Tracking Metrics

Eye tracking metrics were collected for 12, rather than 13 participants, due to complete
eye tracker device failure for one participant. For the due to tracking and recording problems, for
2 participants, a total of 10 entries were excluded. As with the performance measures, the data
was analyzed using a repeated-measures ANOVA.

After averaging the trials for each task and each participant, the assumptions of the
ANOVA procedure were checked. In the case of violations of normality, as evidenced using a
Shapiro-Wilk test and a normality plot, the data was transformed, as can be seen for specific

metrics in Table 17.

Table 17. Eye tracking metrics that violated ANOVA’s normality assumption

Task Metric Transformation

Convex Hull Area

Task 1 Logarithmic
Scanpath Ratio
Task 2 Rate of Transition Inverse
NNI

Total Fixations Rate
Task 3 Inverse
Backtrack Rate

Rate of Transition

NNI
Task 4 - Inverse
Rate of Transition
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The results of the ANOVA procedure can be seen in Tables 18, 19, 20, and 21.

Table 18. Eye tracking metrics results of task 1

Task 1

Eye Tracking
Metrics

Original Interface

Mean (SD)

Redesigned Interface

Mean (SD)

Effect of Task level

Directness Metrics

Backtrack Rate
(/sec)

Rate of
Transitions
(/sec)

Scanpath Ratio

0.0047 (0.00219)

0.003 (0.00086)

1.13

0.005 (0.00271)

0.0032 (0.00126)

F (1,11) = 0.436,

Not Significant (p = 0.523)
ny = 0.038
F(1,11) =0.41,

Not Significant (p = 0.535)
ny = 0.036
F(1,11) =0.777,

(pixels/sec) (0.18910) 1.08 (0.23577) Not 5'92‘5'2‘%’[‘ ég; 0.397)
F (1,11) = 0.062,
Mean Saccade 63.34 P -
Length (pixels) (27.988) 61.76 (26.30) Not Slgr:;glffgf 0(86— 0.807)
Duration Metrics
TOtaIRZt)éatlon (060000833; (8'8822) Not SFlg(r% lflli;r?[ ?54370’.504)
(count/sec) ' ' np = 0.042
Mean -
Fixation 126.57 96.66 g (151:1)0‘0%47’
Duration (68.73) (37.87) 2 _ 6378
(millisecond) = "
Location Metrics
F (1,11) = 1.644,
Convex Hull 4.97 4.86 L _
Area (pixels?) (0.25) (0.3) Nt Slgnggcin(t).(lpS— 0220
F(1,11) = 1.413,
Spatial Density (88(152) (88%) Not Significant (p = 0.26)
' ’ ng = 0.114
F (1,11) = 1.457,
0.3 0.24 A\ ~
NNI (0.13) (0.1) Not Significant (p = 0.253)

n3 = 0.117
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Table 19. Eye tracking metrics results of task 2

Task 2

Eye Tracking

Original Interface

Redesigned Interface

Effect of Task level

Metrics Mean (SD) Mean (SD)
Directness Metrics
F (1,11) = 0.363,
Backtrack Rate 0.0049 0.0053 e _
(/sec) (0.0023) (0.0029) Not s|gr;]|2f "f"gtégz‘ 0.559)
p - .
Rate of F (1,11) = 0.744,
Transitions 5’99716475) (ggjig) Not Significant (p = 0.407)
(/sec) ' ' ny = 0.063
_ F(1,11) = 0.161,
Scanpath Ratio 95.35 100.94 P _
(pixels/sec) (40.70) (50.82) Not S'g?y'zf gy éﬁ n 0.696)
p - .
Mean Saccade 58.37 50.75 - (161:1)0202'2263’
Length (pixels) (18.90) (13.70) 12 = 632 4
p -_ .
Duration Metrics
Total Fixation F (1,11) = 0.308,
Rate (006000382) ?O.OOOO%S Not Significant (p = 0.59)
(count/sec) ' ' ng = 0.027
Mean Fixation F(1,11) =1.035,
Duration (16174;1%(; (15084.5671 Not Significant (p = 0.331)
(millisecond) ' ' ns = 0.086
Location Metrics
Convex Hull 280855.43 226138.60 F (161:1)0:03'2266’
Area (pixels?) (47459.28) (66561.86) % = '0051
p - .
F (1,11) = 1.186,
Spatial Density 0.14 0.13 Not Significant (p = 0.299)
(0.31) (0.03) n% = 0.097
F (1,11) = 0.027,
0.83 0.76 N -
NNI (0.34) (0.48) Not Significant (p = 0.873)

n3 = 0.002
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Table 20. Eye tracking metrics results of task 3

Task 3

Eye Tracking

Original Interface

Redesigned Interface

Effect of Task level

Metrics Mean (SD) Mean (SD)
Directness Metrics
F (1,11) = 0.059,
Backtrack Rate 261.43 255.42 L e
Not Significant (p = 0.813)
(/sec) (129.05) (109.38) n% = 0.005
Rate of F (1,11) = 0.115,
Transitions (39%8'755 (igig;‘)) Not Significant (p = 0.741)
(/sec) | | n? =001
Scanpath Ratio 55.53 42.93 3 (161:1)0202558’
(pixels/sec) (19.85) (21.98) 715 — 0315
Mean Saccade 70.86 63.17 3 (161:1)0202;?87’
Length (pixels) (21.24) (20.13) 715 — 0349
Duration Metrics
Total Fixation F (1,11) = 0.00,
Rate 511st 14368'1021 Not Significant (p = 1)
(count/sec) (51.16) (46.12) 1y = 0.00
Mean Fixation F(1,11) =5.713,
Duration 16269'2478 15217'2931 Not Significant (p = 0.906)
(millisecond) (66.27) (54.23) n% = 0.342
Location Metrics
Convex Hull 221684.02 196213.71 N : (1-’1-1) N 1'632’
T ot Significant (p = 0.223)
Area (pixels) (40994.41) (45196.38) 2 _
npy = 0.132
F (1,11) = 0.885,
Spatial Density (2018;;)’ ?61002045) Not Significant (p = 0.367)
' ' ny = 0.074
F (1,11) = 0.063,
4.15 4.035 N -
NNI (1.42) (1.41) Not Significant (p = 0.806)

n% = 0.006
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Table 21. Eye tracking metrics results of task 4

Task 4

Eye Tracking

Original Interface

Redesigned Interface

Effect of Task level

Metrics Mean (SD) Mean (SD)
Directness Metrics
F (1,11) = 0.005,
Backtrack Rate 0.0052 0.0051 L e _
(/sec) (0.0024) (0.0027) Not S'grr']';c "f‘gt égl‘ 0.946)
p - .
Rate of F (1,11) = 0.242,
Transitions (39111'338(; ?8050672€; Not Significant (p = 0.632)
(/sec) ' ' np = 0.022
: F (1,11) = 0.465,
Scanpath Ratio 39.95 36.86 P -
(pixels/sec) (12.07) (10.27) Not S'g?y'zf - éﬁl‘ 0.509)
p - .
Mean Saccade 71.65 65.31 F (161:1)02025744’
Length (pixels) (21.96) (17.63) 12 = 6301
p -_ .
Duration Metrics
Total Fixation F (1,11) = 0.0001,
Rate (88822) (00600038797) Not Significant (p = 0.998)
(count/sec) ' ' 13 = 0.0001
Mean Fixation F(1,11) =0.02,
Duration (150556519) 1(233;3 Not Significant (p = 0.889)
(millisecond) ' ' ns = 0.002
Spread Metrics
Convex Hull 204511.69 183652.55 F (;:110)0:421
Area (pixels”2) (20855.20) (25531.58) 12 = 0 317
p - .
F (1,11) = 1.496,
Spatial Density 0.0085 0.09 Not Significant (p = 0.247)
(0.016) (0.01) 7% = 0.12
F(1,11) = 0.681,
4.78 4.45 L —
NNI (0.80) (1.32) Not Significant (p = 0.427)

n% = 0.058

45



A summary of the eye tracking metrics that showed significant difference between in the

ANOVA results across all the tasks can be seen in Table 22.

Table 22. Summary table of significant eye tracking metrics

Eye Tracking Original Interface ~ Redesigned Interface Effect of Task
Metrics Mean (SD) Mean (SD) T
Task 1
Mean Fixation 126.57 96.66 F (1'1_1) = 0447,
Duration (68.73) (37.87) p=0.025
(millisecond) ' ' n, = 0378
Task 2
Mean Saccade 58.37 50.75 " (151:1)0:02'22 >
Length (pixels) (18.90) (13.70) ns = 0.324
Convex Hull Area 280855.43 226138.60 F (151_1)0_02'22 %
- 2 - ’
(pixels?) (47459.28) (66561.86) n? = 0.051
Task 3
Scanpath Ratio 55.53 42.93 " (151:1)0203'60 ”
(pixels/sec) (19.85) (21.98) n2 = 0315
Mean Saccade 70.86 63.17 " (1|{')1:1)0_02'Af3 o
Length (pixels) (21.24) (20.13) ns = 0.349
Task 4
Mean Saccade 71.65 65.31 " (151:1)0203'97441
Length (pixels) (21.96) (17.63) nZ = 0.301
Convex Hull Area 204511.69 183652.55 F % i%) 0'4‘2'1’
(pixels?) (20855.20) (25531.58) 2 _
ny = 0.317

The Pearson correlation between the eye tracking metrics and response time are found in

Tables 23 and 24.
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Table 23. Pearson Correlation between the eye tracking metrics and response time for the original interface

Original Interface Taskl Task2 Task3 Task4

Correlation -0.72 -0.63 -.592 -57

Convex Hull Area Significance 001 003 004 005

Spatial Densit Correlation -0.65 -0.36 -0.56 - 75

P y Significance 002 026 006 000

. Correlation -0.49 0.44 0.36 .92

Nearest Neighbor Index Significance 011 015 025 0.0
Mean Fixation Duration Correlation -0.51 -0.69 -0.49 -0.36
Significance 0.09 0.01 0.10 0.25

Correlation -0.40 0.54 0.36 -0.23

Scanpath Length Significance 020 007 026 048
Scanpath Ratio Correlation 0.50 0.55 0.51 -0.15

P Significance 0.10 0.07 0.09 0.65
Correlation -0.57 -0.72 -72 -0.52

Mean Saccade Length Significance 0.05 0.01 0.01 0.08

Table 24. Pearson Correlation between the eye tracking metrics and response time for the redesigned interface

Redesigned Interface Task 1l Task2 Task3 Task4
Correlation -73 -.70 -.83 -0.56

Convex Hull Area Significance 0.01 0.01 0.00 0.06

Spatial Densit Correlation -0.49 -.70 -.89 -.90

P y Significance 011 001 000 000

. Correlation -0.55 0.06 .61 0.54

Nearest Neighbor Index Significance 006 08 003 007
. . Correlation -0.48 -0.52 -.60 -0.11

Mean Fixation Duration Significance 041 008 004 074
Correlation -.69 -0.09 -0.12 -0.38

Scanpath Length Significance 001 077 070 023
Scanpath Ratio Correlation -0.21 -0.11 -0.12 -0.06

P Significance 0.50 0.73 0.71 0.84

Correlation -.68 -84 -.69 -.60

Mean Saccade Length Significance 0.01 0.00 0.01 0.04
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3. Discussion

The overall goal of this study was to systematically and critically compare the benefits and
limitations of different metrics to measure data overload in EMRs. These metrics will be
evaluated based on their ability to reflect physician performance while using EMRs and pinpoint
usability (i.e., ease of use) problems in EMRs. The hypothesis was that the higher-data interface
will lead to longer response times to different tasks, more inefficiencies in extracting data, more
confusion, and less satisfaction overall by physicians, and this will be reflected by various
metrics. However, it was expected that the higher-data interface will lead to fewer mouse clicks,
which was confirmed in this study for three out of four tasks. This provides evidence that even
though the new, high-data display does not reduce response time, it does reduce the steps that
physicians have to go through, which was the original aim of the interface.

Table 25 summarizes the main results of Phase I11. In general, results did not support our
hypothesis on the higher-data interface leading to longer response times. At the same time, the
high-data interface did generally lead to fewer mouse clicks, as expected. These results suggest
that the additional data in the high-data interface was not significant enough to lead to
performance decrements. Instead, the new EMR design with data combined in one location
appears to lead to better physician performance. This could be explained by the fact that the
redesigned interface, unlike the current, only contained the data that are relevant to the tasks. The
current interface contains a lot of irrelevant data that could cause confusion and inefficiency in
extracting data from the system. This finding is telling in that it suggests the benefits of
combining information in one location can offset any costs of data overload, under the condition

that this information are all relevant and usable to the tasks in hand.
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Table 25. Phase Il main results

Pinpoints usability

i ime?

Metrics Reflects response time?~ problems?
GOMS No No
Image processing algorithms
(each of the three alone) No Yes
Subjective feedback (Rate of
Amount of Data) No Yes
Subjective feedback (Rate of Yes No
Mental Workload)
Subjective feedback No Yes
(Preferences)
Eye tracking data (the ones Yes Yes

that showed significance)

a. GOMS

The GOMS approach is derived from the Model Human Processor (Card et al., 1980),
and is thus grounded in human behavior modeling. Despite this fact, the response time results
obtained using KLM-GOMS, one variation of GOMS, were very different from the actual
response times obtained, suggesting that this is not a reliable technique to estimate the time it

takes to perform an EMR task.

b. Image Processing

The image processing algorithms did not correlate with performance measures. This is
understandable, given that these measures are not related to any aspect of the human or human
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performance. This provides further validation that, from a human factors perspective, these
measures are not extremely useful as an indication of the effects of clutter.

However, their benefit lies primarily in their ability to pinpoint potential usability
problems. For example, here all three algorithms — feature congestion, subband entropy, and
edge density. An increase in feature congestion suggests there are now more variation in the
number of features — colors, luminance, etc. — present in the display, which makes sense given
the additional items. An increase in subband entropy suggests there is less symmetry in the high-
data display, which is also a by-product of the increased number of items. Finally, an increase in
edge density is also obvious given that an increase in the number of items will lead to an increase
in the number of edges.

The recommendations from these algorithms would be to decrease the variation in colors
in the display, make the display more symmetric, and remove a few of the items. Given the
performance effects obtained, these changes will likely not lead to any significant improvements
in terms of performance. The only improvement might be in aesthetics. However, it is important
to note that the algorithm values obtained are relatively high compared to other cluttered images,
where 25 distractors in one image only gave a feature congestion measure of around 6.5
(Rosenholtz, Li, Jin, & Mansfield, 2005). In this research, both the low and the high-data
displays obtained feature congestion measures above 8. It would appear that both displays are
equally high-data. At the same time, physicians are experienced enough that it does not make a
difference.

In summary, image processing measures are useful but not able to reflect the human
factors associated with medical work. The algorithms cannot reflect the fact that users were not

affected by the data load, which is evident in the low correlation values.
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c. Subjective Data

This form of data is one of the most common approaches to discovering usability
problems with EMRs. In this study as well, participants provided several suggestions as to how
the design could be improved. Another means of obtaining subjective data is through ratings of
the amount of data, as well as ratings of mental workload. However, as with performance
measures, the concern with subjective ratings is that they may not accurately reflect
performance. Users are known to be misguided about their own performance (Andre & Wickens,
1995). This concern proved to be well founded, given that the correlation between both sets of
subjective ratings (data and mental workload) were never greater than +/- 0.75. This suggests
that subjective ratings are not an ideal approach to elicit performance effects, although they are
valuable for usability problems. In addition, the subjective ratings of mental workload did

indicate that participants find the high-data display easier to use.

d. Eye Tracking

Several eye tracking metrics were significantly different in the high-data display. In
particular, convex hull area, mean saccade length, scanpath ratio, and mean fixation duration
were significantly affected and they notably all decreased in the high-data display. This indicates
that the high-data display was easier to obtain information from; in other words, participants
needed to expend fewer attentional resources in order to obtain their needed information.

These metrics also incorporate the three groups of interest and indicate which aspects of
the display were problematic. Convex hull area is a spread metric, meaning that it indicates how

much of the display the user had to cover. A lower convex hull area here means that there was
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less of the display that participants had to sample, meaning fewer dispersion of attention. Mean
saccade length and scanpath ratio, on the other hand, are directness metrics, meaning that they
indicate how efficiently the user arrive at the information they needed. The lower values in this
case suggest participants moved in systematic fashion towards the information, and there was
little confusion or uncertainty. The smaller mean saccade length means they moved in smaller
steps towards the target, usually an indication of more efficient processing. As for the lower
scanpath ratio, it indicates that participants could efficiently get to the target they were looking
for. Finally, mean fixation duration is a duration metric that indicates how much difficulty users
had with extracting data from the display. Once again, it would appear that participants had less
difficulty in the high-data case.

Of these metrics, correlation with response time showed that convex hull area and mean
saccade length were the ones that were highly correlated with response time, lending further
credence to the belief that these metrics reflect the performance effects of data overload. Spatial
density also appeared to be promising in this regard, which supports the findings of Moacdieh
and Sarter (2015). However, while these eye tracking metrics can indicate how users’ attention
was affected and the nature of the display problems (e.g., poor discriminability, no guidance to
the target, etc.), it is difficult to pinpoint exactly which areas of the display or which features led

to these problems. This would require closer inspection of the scanpath.
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CHAPTER IV

LIMITATIONS AND FUTURE WORK

There were a number of limitations in this study, chief of which was the low number of
participants in both Phase Il and Phase I1l. Moreover, all participants in Phase I11 were residents,
so | did not explore how physicians would have handled with the new EMR. As for the tasks
done in this Phase, they only represent a small portion of what physicians really do with the
EMR. Moreover, this experiment was done in a very controlled environment. Unlike the
experiment, during their clinic sessions, physicians face pressure and encounter many
interruptions and distractors which could lower their performance and cognitive ability.
Additionally, the eye tracking metrics studied were originally used for searching tasks, in which
information are placed in the same display, here they were used even though participants had to
change between tabs to get what they want. Finally, the metric “Scanpath Ratio” is usually the
ratio of the distance between the user’s first fixation and the target, and scanpath length. This
was not the case here in which | assumed that participants will start their search (i.e. first
fixation) from the center of the display, so the distance was taken to be from the center of the
display to the target for simplicity.

Future work will look to increase the sample size and perform more types of analyses,
such as modeling the effects of clutter or predicting response time. In addition, getting a larger
sample of screenshots will allow us to perform statistical analyses on the image processing
results as well. Future work will also look to diversify the tasks that physicians perform with the

interface.
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CHAPTER V

CONCLUSION

This research has provided a comprehensive assessment of the different metrics available
to evaluate EMRs. Image processing, GOMS, subjective ratings, and eye tracking were
evaluated, and this research provided an overview of the benefits and limitations of the different
approaches. In general, certain eye tracking metrics stand out from all other measures in that they
correlate best and best reflect the differences in data load between different displays. From a
human factors perspective, this is highly-valuable information that could help designers evaluate
their displays. GOMS does not appear to be promising, whereas image processing techniques do
not reflect human performance, although they can point out usability issues. Subjective
information also help point out usability issues but do not reflect the performance effects of data

load.
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|. COGNITIVE TASK ANALYSIS
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Il. EMR DISPLAYS
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I1l. PHASE Il FORM

Participant Number & Age: .............. Date:...................
Participant Experience with the EMR (# of years): .......

Display/Task | Patient # Sequence to complete a task

Where do you think data overload is present: . ... .. i




V. PHASE Ill TASKS

Table 26. Tasks of trial 2

Tasks for Trial 2: John Doe

1 Check if the patient has done any surgeries. If yes, list the surgeries.

You want to check what his last visit was about in August 2016. What was his
complaint when he presented in August 2016?

The patient is complaining of abdominal pain and weight loss. Check his weight over
the past 1 year. What was his weight in Dec 2015?

4 What was the age of the patient when he took the pneumococcal vaccine?

Table 27. Tasks of trial 3

Tasks for Trial 3;: John Doe

You want to know if this patient has chronic disease to guide your management plan?
Does this patient have Diabetes?

The patient is presenting with cough and fever. He reports that he had similar episode
2 in Dec 2015 and he was given a medication that worked a lot. What was the
antibiotics he was given?

As part of comprehensive care of the patient, you want to know if his blood pressure
is controlled below 140/90. Check his previous BP. Is he controlled for the past year?

You tell the patient that he needs to take flu vaccine vaccine when he is cured from
4 this infection. He tells you he has already taken the vaccine. Check in his chart if he
has taken the vaccine. Did he take the flu shot this year?
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Table 28. Tasks of trial 4

Tasks for Trial 4: John Doe 1

Before you ask the patient to come into the room, you want to find his chronic
diseases. List his problems.

Your patient is presenting for knee pain; he reports that he had similar pain 2-3
2 months ago, and was given a medication that really helped him. Please find the
medication he was prescribed.

The patient is worried about recent high blood pressure. Check if his previous
3 readings in the clinic in the last 2 years were high too. Give examples of previous BP
readings and their dates.

You found out that he works with machines and has risk to cut himself. You want to
check if he has taken tetanus vaccine in the past 10 years. Did he take the vaccine?

Table 29. Tasks of trial 5

Tasks for Trial 5: John Doe 2

Before you ask the patient to come into the room, you want to find his chronic
diseases. List his problems.

The patient tells you that he once complained of hearing loss and you asked for a test.
Find that note.

3 Mother is worried that he is not getting taller. Compare his height over the years.

4 Check if he took tetanus at 10 years

Table 30. Tasks of trial 6

Tasks for Trial 6: John Doe 3

Before you ask the patient to come into the room, you want to find his chronic
diseases. List his problems.

The patient wants to know when she came to the clinic and had influenza. It was after
her trip to India.
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The patient is worried about weight loss. Check her weight over the years. What was
her weight in 2013?

She wants to know if she has taken Hepatitis A vaccine

71



V. PHASE |1l DEBRIEFING FORM

Evaluation of methods for assessing the usability of electronic medical records
Debriefing form (Phase 2)
AUB
Department of Industrial Engineering and Management
Nadine Marie Moacdieh (P1), Jumana Antoun (Co-I), Maher Ghalayini (Co-I)

Participant information

Age:
Years with the AUB Department of Family Medicine:
Please indicate if you are a resident: Yes/No

\ Ratings

How proficient would you consider yourself to be with the current system that you use?
(Not proficient) 1 2 3 4 5 (Very proficient)

How would you rate the amount of data in the current system that you use?
(Very low data load) 1 2 3 4 5 (Very high data load)

How would you rate the amount of mental load involved in using the current system?
(Very low mental load) 1 2 3 4 5 (Very high mental load)

How would you rate the amount of data in the other system that you used today?
(Very low data load) 1 2 3 4 5 (Very high data load)

How would you rate the amount of mental load involved in using this other system?
(Very low mental load) 1 2 3 4 5 (Very high mental load)

In general, which interface do you think is easier to use?
e Current system

e Other, new system

(Optional) If you could adjust some things in the current system that you use, what would it be?
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| Performance assessment

1. In general, you believe that your performance on your given tasks was

(very poor)l 2 3 4 5 (excellent)
(Optional) Please explain any issues that you faced:

2. In general, the tasks, scenarios, and displays used in this experiment adequately
represented real tasks
1) Yes
2) No. If no, please explain:
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VI. GOMS RESULTS

Table 31. CTA GOMS of interface 1 task 2 trial 1

Low-Data Display Task 2 Trial 1

Search for the "Progress Notes" word M 1.35
Hover hand to mouse H 0.4
Drag mouse to "Progress Notes" words P 1.1
Click using the left mouse button K 0.2
Search for the first note M 1.35
Drag mouse to the first note P 1.1
Click using the left mouse button K 0.2
Check if it is the correct note M 1.35
Mouse Scroll K 0.2
Mouse Scroll K 0.2
Mouse Scroll K 0.2
Mouse Scroll K 0.2
Mouse Scroll K 0.2
Mouse Scroll K 0.2
Scan the notes with your eyes M 1.35

Total 9.6

Table 32. CTA GOMS of interface 1 task 3 trial 1
Low-Data Display Task 3 Trial 1

Search for the "Preventive Services" words M 1.35
Hover hand to mouse H 0.4
drag mouse to "Preventive Services" words P 1.1
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Click using the left mouse button K 0.2
Search for the date of the services M 1.35
Drag mouse to the scroll bar P 1.1
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
Search for the Blood Pressure M 1.35
Total 8.05
Table 33. CTA GOMS of interface 1 task 4 trial 1
Low-Data Display Task 4 Trial 1
Search for the "Preventive Services" words M 1.35
Hover hand to mouse H 0.4
drag mouse to "Preventive Services" words P 1.1
Click using the left mouse button K 0.2
Search for the "Vaccination Report™ words M 1.35
Drag mouse to "Vaccination Report” words P 1.1
Left click on the "Vaccination Report™ words K 0.2
Read the data M 1.35
Total 7.05

Table 34.CTA GOMS of interface 2 task 1 trial 1

High-Data Display Task 1 Trial 1
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Search for the "Physician" word M 1.35
Hover hand to mouse H 0.4
Drag mouse to "Physician™ words P 1.1
Click using the left mouse button K 0.2
Search for the Medical History M 1.35
Hover hand to mouse H 0.4
Drag mouse to the Medical History P 1.1
Click using the left mouse button K 0.2
Click using the left mouse button K 0.2
Read the note M 1.35
Total 7.65
Table 35. CTA GOMS of interface 2 task 2 trial 1
High-Data Display Task 2 Trial 1
Search for the "Physician” word M 1.35
Hover hand to mouse H 0.4
Drag mouse to "Physician™ word P 1.1
Click using the left mouse button K 0.2
Search for the first note M 1.35
Hover hand to mouse H 0.4
Drag mouse to the first note P 1.1
Click using the left mouse button K 0.2
Check if it is the correct note M 1.35
Mouse Scroll K 0.2
Mouse Scroll K 0.2
Mouse Scroll K 0.2
Mouse Scroll K 0.2
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Mouse Scroll K 0.2
Mouse Scroll K 0.2
Scan the notes with your eyes M 1.35
Total 10
Table 36. CTA GOMS of interface 2 task 3 trial 1
High-Data Display Task 3 Trial 1
Search for the "Physician" word M 1.35
Hover hand to mouse H 0.4
Drag mouse to "Physician™ words P 1.1
Click using the left mouse button K 0.2
Search for the date of the services M 1.35
Hover hand to mouse H 0.4
Drag mouse to the scroll bar P 1.1
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
left click on the arrow of the scroll bar K 0.2
Search for the Blood Pressure M 1.35
Total 8.45
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Table 37. CTA GOMS of interface 2 task 4 trial 1

High-Data Display task 4 Trial 1

Search for the "Physician” word M 1.35
Hover hand to mouse H 0.4
Drag mouse to "Physician™ words P 1.1
Click using the left mouse button K 0.2
Search for the "Vaccination Report™ words M 1.35
Hover hand to mouse H 0.4
Drag mouse to "Vaccination Report" words P 1.1
Left click on the "Vaccination Report™ words K 0.2
Read the data M 1.35

Total 7.45
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Table 38. Image processing of all the tabs in the EMR

VIl. IMAGE PROCESSING RESULTS

Tab Featur_e Sub-band Edg_e
Congestion Entropy Density
Front Desk 7.1357 3.6771 0.1017
Lab A 8.5343 3.9914 0.1344
Lab B 8.2124 3.9039 0.1279
Lab Additional 7.655 3.6962 0.1091
DX 8.7454 3.9592 0.1171
Mﬁ?;fgﬁ;on 6.8114 3.398 0.0949
LB\{Z;,?:;& Pgee‘r’\e””(fé‘s’e 8.6163 3.9285 0.1256
Progress Notes 7.4764 3.7015 0.1102
Referrals 6.8468 3.5102 0.0999
ROS 7.9533 3.8894 0.1135
Sick Leaves 7.5164 3.6614 0.1044
Triage 8.4697 3.8709 0.1114
Vaccination 8.785 3.8193 0.1136
High-Data Physicians 8.3281 3.9783 0.1173
Display
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