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1. ABSTRACT

Measuring walking speed, which some medical professionals refer to as “the sixth vital sign,” is
an uncommon but insightful means to providing information about the overall patient health that
can provide another layer of patient information to compliment other vital signs, such as blood
pressure and body temperature. Although walking speed shows promise as a standard vital sign
measurement according to some professionals, standardization in measuring walking speed is still
far away due to biases and methods to conduct a walking speed test which can lead to inaccurate
results. To combat this issue, the LionSpeed device was created as an automated device that
standardizes how to measure walking speed. While the device itself can standardize the
measurement procedure, providing an interface for healthcare practitioners to collect and review
information is necessary for making this a feasible method of providing accurate and trackable
information about patient health and recovery. Therefore, we developed a prototype of an interface
to complement the LionSpeed device. This interface provides the user with a record-based
platform where they can create, add, or update their patient’s record based on the walking speed,
fatigue, breathlessness, pain, and other physical characteristics. A previous usability study was
conducted with Interface 1 for the first iteration (N=12) and improvements were made upon that
interface. To streamline the second iteration of the interface, we conducted another usability study
with Interface 2 (N=10) for the second iteration. Specifically, we focused on Interface 2 in this
report, where we gathered data through verbal protocol analyses (VPAS) and keystroke logs that
evaluate the users’ interactions with the LionSpeed interface. Results from this study provided us
with ways to improve the LionSpeed interface and the usability of the interface, such as tackling
issues with the ease of use and improving overall interaction with knowing what buttons to click,
depending on the task. Future work would be dedicated into improving the interface prototype and
making a fully-programmed version that works with the LionSpeed device itself, which then can
be tested in a clinical setting.

2. INTRODUCTION

In the medical field, walking speed has been identified as an additional vital sign that can
be used to indicate the overall health of a patient, similar to heart rate, body temperature, blood
pressure, and pulse rate (Lusardi, 2012). Specifically, walking speed can be used to predict medical
conditions and gauge patient recovery (Lusardi, 2012), and can indicate risk of falls (Guimaraes
& lsaacs, 1980), a patient’s functional dependency (Woo0, Ho, & Yu, 1999), and recovery time
upon having a stroke (Brach & VanSwearingen, 2002). Walking speed has also been used in
predicting peripheral artery disease (McDermott et al., 2011), a disease that causes decreased blood
flow to legs, stomach, arms and head (Kullo & Rooke, 2016), as well as hip fractures
(Ingemarsson, Frandin, Mellstrom, & Modller, 2003).

Traditionally, to measure walking speed, patients are asked to walk a certain distance; first
at a normal pace, and then as quickly as they can (Middleton, Fulk, Beets, Herter, & Fritz, 2016).
Such distances range from 6 to 15 meters, and a timing device such as a stopwatch can be used to
record the time it take to walk a specified distance, which is then converted into the walking speed
value (Dobkin, 2006). However, most practices with measuring walking speed are flawed in the
sense that results can be inaccurate due to lack of reliability of measurements, as it can be difficult
for various people to measure walking speed the exact same way, and setting up areas to accurately
record walking speed can be difficult (Kong et al., 2016). This is problematic, as the ability to
track a patient’s walking speed and identify reductions in walking speed has been shown to provide



critical insights regarding the patient’s health (Odonkor et al., 2013), but this cannot be done
without a systematic and automated method that allows medical practitioners to measure walking
speed.

Around Fall 2019, an engineering capstone project team designed and constructed a
prototype of an automated walking speed sensor device called “LionSpeed.” This device uses
Lidar technology to determine the walking speed of a patient. While the device’s functionality is
sufficient for operation, there is still a need to understand how the device would be implemented
in clinics, and what the optimal experience of interacting with the device would look like. To
understand this better, our team was approached by Dr. Everett Hills and Dr. Sven Bilen to identify
how the current LionSpeed sensor can be implemented in clinical practice, and how this product
can be effectively launched into the market. Specifically, using techniques from the risk-driven
spiral model (Pew & Mavor, 2007), we created multiple iterations of a prototype of an interface
while running usability studies and consulting with stakeholders throughout the process.
Therefore, the goal of this paper is to introduce the process leading up to the development of
designing a user interface for medical practitioners who will be measuring walking speed with the
already-existing walking speed measurement device, LionSpeed.

3. LITERATURE REVIEW

In this section, we review the literature on walking speed with respect to various types of vital
sign measurements, including walking speed, and expand this to clinical walking tests. From there,
we look at walking speed gait devices and how they compare. We also review such studies that
use digital applications to measure walking speed from a human-computer interaction standpoint
and describe how our work builds on the gaps in making measuring walking speed an easy and
accurate vital sign measurement.

3.1 Vital Sign Measurements and Walking Speed

In medical practice, vital signs are used to provide information about a person’s health,
typically using blood pressure, respiratory rate, body temperature, and pulse rate as common
measurements (Chester & Rudolph, 2011). Recently, prior studies have shown promise for
establishing pain and walking speed as standard vital signs in medical practice (Fritz & Lusardi,
2009; Lusardi, 2012; Middleton, Fritz, & Lusardi, 2015), however implementation for walking
speed specifically has been slow due to issues accuracy in measurement (Kong et al., 2016). This
is problematic, as walking speed is dependent on the synchronous functioning of physiological
systems, such as the cardiovascular, respiratory, nervous and musculoskeletal systems (Ferrucci et
al., 2000), where detecting issues with walking speed could help identify underlying conditions
that other vital signs may not. Furthermore, depending on the age and health status of a patient,
changes in walking speed are usually an indication of reduction in functional ability (Brach &
VanSwearingen, 2002), and tracking increases or decreases in walking can help monitor whether
patients’ conditions are improving or declining. Specifically, walking speed has been used in
patients recovering from strokes (Bijleveld-Uitman, van de Port, & Kwakkel, 2013; Witte &
Carlsson, 1997), peripheral artery disease (McDermott et al., 2011), back pain (Mdiller, Ertelt, &
Blickhan, 2015), hip fractures (Ingemarsson et al., 2003), and spinal cord injuries (van Hedel,
2009), emphasizing its potential impact for widespread use in medical practice.

Independent of age, walking speed has also been used for early diagnosis of medical
conditions, specifically linking slower walking speeds during individuals’ mid-life years to
declining health and an increased risk of mortality (Elbaz et al., 2013). Furthermore, meta-analysis
shows that several studies point to a connection between slower walking speeds and cognitive



decline, as well as inability to function (Cooper et al., 2010). In addition to identifying possible
medical conditions, walking speed has been shown to explain to what extent a patient has recovered
from a stroke through their own classification system (Bowden, Balasubramanian, Behrman, &
Kautz, 2008). This aligns with findings from short rehabilitation settings, where walking speed
was successfully implemented in determining improvements of patients’ conditions from the time
of admission to time of discharge (Barthuly, Bohannon, & Gorack, 2012). As a result of these
findings, walking speed shows promise as a standard vital sign in medical practice, but only if a
measurement technique via a physical device and easy-to-use interface that promotes accuracy in
measuring walking speed can be implemented.

3.2 Clinical Walking Tests

In medical literature, walking tests are split between the categories of endurance, speed,
and quality. Particularly, the six-minute walking test is the most common test used in clinical
practice for measuring endurance, where the patient’s evaluation is based on how much distance
they can walk in a six-minute period (Faggiano, D'Aloia, Gualeni, Brentana, & Cas, 2004). These
tests are typically performed on a 30-meter track and the distance is determined by the number of
laps walked (Faggiano et al., 2004). Although this method is easy to perform and interpret for
measuring and monitoring functional limitations (Faggiano et al., 2004) and has been expanded to
successfully covering conditions such as chronic obstructive pulmonary disease, lung cancer,
coronary artery disease, diffuse parenchymal lung disease, non-cystic fibrosis bronchiectasis, and
adults with fear of falling (Bohannon & Crouch, 2017), constraints due to the distance needing to
be covered can make this method difficult to implement in smaller areas. In exchange, clinical
walking speed tests, which require less physical space and take less time, can be implemented to
measure a patient’s walking speed and still convey information on the patient’s overall health
(Graham, Ostir, Fisher, & Ottenbacher, 2008).

Although the previously mentioned methods of performing clinical walking tests output a
numerical value to characterize patients’ walking abilities, many practitioners still prefer to
conduct qualitative observations of their patients’ gaits, which are used to classify different
walking patterns during the gait cycle (Wang, Lin, Yang, & Ho, 2012) and are defined as stance,
push-off, swing, and heel-strike phases (Godha & Lachapelle, 2008). Specifically, length and
width of a stride, stride consistency, sway (balance), and double-support duration (time where the
patient stands with both feet on the ground without moving) have been used to characterize gait
qualities (Maki, 1997). Abnormal gaits have been shown to indicate malfunctions in multiple
bodily systems (Imms & Edholm, 1981), as well as higher risks of falls that can lead to more severe
injuries (Maki, 1997). For these reasons, patients’ gaits tend to be used over numerical measures,
as the qualitative observations provide information on the quality of how patients walk. This is
problematic, as providing all facets of information from walking tests, specifically numerical data,
provides medical practitioners with a trackable view of how patients’ walking capabilities improve
or decline over time. Although gait observations can be used to observe situations such as the
ability to get out of a chair or climb stairs (Imms & Edholm, 1981), without a numerical measure,
medical practitioners lack this level of detail to accurately track progress in patients. Therefore, a
method of being able to combine these aspects derived from walking tests is necessary for pushing
walking speed tests towards establishment as a standard vital sign measure, specifically in the form
of an electronic device and interface.



3.1 Walking Speed Gait Devices

Generally, medical practitioners conduct walking speed tests using one of the two types of
traditional approaches; walking a specified distance, which is then divided by the time recorded
on a stopwatch, or walking on a treadmill (Green, Forster, & Young, 2002; Kiss, 2010; Peters,
Fritz, & Krotish, 2013). However, both methods are highly subjective and are subject to
inaccuracies in recording. To improve the validity of gait tests, researchers developed devices to
measure gait in a more accurate and reliable manner.

In recent years, an iOS application called, “The 6th Vital Sign” was developed as a
smartphone-based method of assessing population health (Morey et al., 2017), however it was
found that this application underestimates the subject’s walking speed in comparison with manual
measurement and demonstrated poor validity overall (Martin et al., 2019). Another product used
to measure walking speed is the Gait Mat |1, which is a computer-interfaced system paired with a
level pressure mat system (measuring 3.66 m or 11.91 ft long) that transfers data to an Excel sheet
and has been shown to produce reliable results when used in nursing homes (Samantha Fien, Tim
Henwood, Mike Climstein, Evelyne Rathbone, & Justin W. L. Keogh, 2019; Samantha Fien,
Timothy Henwood, Mike Climstein, Evelyne Rathbone, & Justin William Leslie Keogh, 2019).
Wearables such as wrist sensors can also be used to determine the speed of an individual while
walking or running, but recent developments show that such technologies produce errors if wrist
sensors are applied in a “one-size-fits-all” approach and not to specific individuals (Soltani,
Dejnabadi, Savary, & Aminian, 2020). Other methods of measuring walking speed rely on
gaitspeedometers (GSMs), where results show high validity when compared with actual time
measurements, however it has not yet been validated for a clinical setting (Jung et al., 2019).

Although many of these devices have been shown to produce valid results, how easy is it
for users in the medical field to operate these devices while maintaining validity in the results? To
answer this question, it is necessary to investigate the usability of an interface that the user must
rely on to perform the appropriate actions and retrieve necessary information. Specifically,
analyzing the effectiveness, efficiency, and satisfaction based on users’ interactions with an
interface can be used to determine overall usability (Hornbak, 2006). Furthermore, ensuring that
an interface meets requirements based on usability heuristics increases the chances for success
(Nielsen, 1992, 1994). Such issues with ignoring criteria for usability have been shown with
electronic health record systems, where systems that lack prior usability tests score low in terms
of usability, asserting the message that usability testing could improve the chances that a design is
integrated with existing workflow processes in a clear and efficient manner (Corrao, Robinson,
Swiernik, & Naeim, 2010). Moreover, previous research with comparing tasks of a drug-
monitoring program showed that looking at measures of usability such as number of clicks and
time to complete a task can help to understand how improve tasks within an interface overall (Poon
et al., 2016). In addition, it is important to understand how learning curves could play a role in
interface usability, where tasks get faster with practice and tasks that are very similar in difficulty
task can be modeled with a similar learning curve (Ritter & Schooler, 2001). Based on these
principles of usability, this paper aims to combine such evaluations of usability with our novel
interface design to promote walking speed as a viable vital sign to be recorded in clinical settings.

4. RESEARCH OBJECTIVES

The main objective of the current paper was to understand how users interact with the
LionSpeed interface through various analysis techniques, with the goal of creating a more viable
interface. Specifically, the following research questions (RQs) were explored:



RQ1: What is the perceived and measured usability of the current LionSpeed interface
when tested with target users?

Our hypothesis was that the time to complete both Task 1 and Task 2 in the newest iteration of the
interface (created in Axure RP 9) would take less time in comparison to the previous interface
(created in Adobe XD). This is important to analyze, as iterations of designs have been shown to
improve the overall quality (source from ACM creativity paper?). Performing this analysis would
show whether the current iteration actually improves the usability of the interface. For these
reasons, we would also expect the satisfaction of users to increase, as we included more features
that had been suggested before from Interface 1’s study.

RQ2: How does the time on task relate to number of clicks in task?

The purpose of this RQ was to explore how using number of clicks and time for each task from
keystroke data complements usability metrics in RQ1. Specifically, this RQ aims to show how
keystroke data from Recording User Input (RUI) software can be used to explore users’
interactions with an interface (Kukreja, Stevenson, & Ritter, 2006). Because a higher number of
clicks tends to point to greater usability issues with an interface (Bevan, 1997), as shown in
previous studies with interfaces for medical purposes (Poon et al., 2016), we wanted to explore the
if any noticeable trends existed with respect to the time and the number of clicks from participant
data.

RQ3: What are the factors that impact positive and negative satisfaction of users with the
interface?

The purpose of this RQ was to explore what positive and negative qualitative measures impact
users’ satisfaction, based on the verbal protocol analysis (VPA). Comments from the VPA can be
used to understand what aspects of the interface help users perform the tasks better, and what
harms their abilities to perform the tasks.

5. METHODOLOGY

To answer the research questions presented above, empirical studies were conducted
remotely due to COVID-19 restrictions. To answer these research questions, two datasets are
utilized. The first dataset was taken from a previous study conducted for the Interaction Design
(IE 548) course at The Pennsylvania State University, while the second dataset was conducted for
the Human-Computer Interaction (IST 521) course at The Pennsylvania State University. More
details about the participants, metrics, and procedure are highlighted in this section.

5.1 Participants

The first dataset was taken from a previous study (N=12) that aimed to compare the
usability of the LionSpeed Interface created in AdobeXD. A total of three medical practitioners
from family medicine, geriatric medicine, and physical therapy participated in this study, and
nine nursing students in their junior or senior year enrolled at The Pennsylvania State
University participated in this study. For the second dataset, data was analyzed based on a new
usability study (N=10) conducted with medical professionals and nursing students as well. A
total of two physician’s assistants from the cardiology department of a hospital in southwestern
Pennsylvania participated in this study, and eight nursing students in their junior or senior year
enrolled at The Pennsylvania State University were recruited for this study. Each participant
in both studies was given a unique identification number, and no personal identifiable



information was used. Both studies were conducted following IRB guidelines, and participants
were compensated with a $15 Amazon gift card.

5.2 Materials

To conduct this study, several tools were used. For verbalizations from the VPA
task, the participants consented to being recorded via Zoom. Particularly, video and audio
were recorded for each participant, and transcriptions were generated in otter.ai from audio
files that had been cleaned up in Adobe Audition 2020. From there, one of the
experimenters checked the transcriptions with the original audio file to correct any errors
in transcription. The transcriptions were coded using the NVivo Software on Windows OS,
which was run on a 13-inch 2018 Dell Inspiron laptop with 1.6 GHz Intel Core i5 processor
and 8 GB of RAM, and Mac OS, which was run on a 13-inch 2015 MacBook Pro with a
3.1 GHz Intel Core i7 processor and 16 GB of RAM.

5.3 Interface Design

A LionSpeed interface was created and a usability study was conducted in a
previous class using Adobe XD. Using the positive features of the interface and
incorporating the improvements from the previous usability study, a similar but improved
design of the interface was created in Axure RP 9. This interface can be found on the
following link: https://706ssr.axshare.com/. With this, the participants from the second
study had to complete the same two tasks as the first usability study but utilizing the
LionSpeed 2.0 interface. The main screen of the interface is shown in Figure 1, and it
provides the user with a list of the patient records that they currently have, with an option
of searching for a specific patient. The user can click on the patient profile and click on

“View” to view the record of the patient.
LionSpeed 2.0

Patient Search

Ashley Katchadurian

Courtney Cole
Jessica Gonzalez

Figure 1: Main Screen

For each of the patients, the user can go directly to observe the patient’s record,
speed or trends, as shown in Figure 2.


https://706ssr.axshare.com/#id=p9l319&p=home_page

Figure 2: Menu that shows the available options for obtaining patient records

When the user clicks on the Existing Records option, they will be able to observe
the different patient date records for that specific patient, as shown in Figure 3. By clicking
the “View Record” button, they will observe the specific patient record for that date, as
shown in Figure 4. If the user decides to click on “View” for the Speed graph, they will be
directed to the menu in Figure 5. Moreover, if the user clicks on “View” for the Fatigue

LionSpeed 2.0 Patient: Ashley Katchadourian ﬁ_"'u\

Patient Home

< Patient Search

n r
Add New Record Existing Records Trends & Graphs
Review

Add data from a new examination iew the records from this Analyze graphs of physical
for this patient patient's

jous appointments changes over time for this patient

graph, they will be directed to the menu in Figure 6.

LionSpeed 2.0

Existing Records

< PATIENT HOME

PATIENT DATE RECORDS

Eeoemberu 2019
fne 17, 2018
i.lly 8, 2018
Eeoember 2, 2017
ﬂ.lgust 1,2017

Figure 3: Menu with the Patient Existing Records

Patient: Ashley Katchadourian



LionSpeed 2.0 Patient: Ashley Katchadourian ﬁ

December 12, 2019

< EXISTING RECORDS

o

R

Walking Complaints: Symptoms Other Recommended
Speed Body Parts Notes Treatment
23mis None Fatigue: 2/5 None None

ADD VIDEO

EDIT

Speed Fatigue
Figure 4: Patient Date Record

LionSpeed 2.0 Patient: Ashley Katchadourian ﬁ

Speed

< TRENDS & GRAPHS

Date Records Speed

December 12, 2019 2.3 m/s
June 17, 2019 2.4 mfs
July 8, 2018 2.3 mfs
December 2, 2017 2.5 mf:
August 1, 2017 2.6 m/s

Figure 5: Screen showing the speed of the patient over time



LionSpeed 2.0 Patient: Ashley Katchadourian ﬁ

Speed

< TRENDS & GRAPHS

Date Records Fatigue (1-5)

December 12, 2019 2
June 17, 2019 2
July 8, 2018 1
/_ December 2, 2017 1

August 1, 2017 0

Figure 6:Screen showing the fatigue of the patient over time

If the user clicks on “Trends & Graphs” in Figure 2, they will be directed to the
screen in Figure 7. This screen allows the user to observe the patient’s trends over time and
determine any patterns with a visual inspection. Moreover, if the user clicks in “View” in
the Speed and Fatigue graphs, they observe the menus in Figure 5 and Figure 6,
respectively.
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LionSpeed 2.0 Patient: Ashley Katchadourian ﬁ

Trends & Graphs

< PATIENT HOME

seed  EZEE  Fatioue

Pain [ vew | Unsteadiness [IEED

Trembling Breathlessness

Figure 7: Screen with the patient's trends over time

If the user decides to conduct a new walking speed test for a specific patient, they
can create a new record by clicking “Add New Record,” as shown in Figure 2. This action
will redirect the user to the menu in Figure 8. Then, the user can see the screen in Figure 8
and choose between two options: (1) From Sensor, which allows the user to initiate a
walking speed test using the LionSpeed device (via Bluetooth), or (2) From Records, which
allows the user to manually enter the speed of a new patient.
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LionSpeed 2.0 Patient: Ashley Katchadourian ﬁf&
Add New Record
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Figure 8: Screen that shows the method to record speed

After the speed is obtained using the LionSpeed device, the user will be redirected to the

screen in Figure 9 and the user will be able to record additional information pertaining to other
aspects of the patient’s gait.

LionSpeed 2.0 Patient: Ashley Katchadourian ﬁ
Add New Record

Sensor-Detected Speed TS
he walking speed collected by the sen

Try Again

Add Another Speed
Record Reguiar Walking Speed

Record Fast Walking Speed

¢ B 7 8 kK

Oty Recommendad Save &
MNotes Treatment Review

Figure 9: Menu that shows the recorded speed using LionSpeed

First, the user has the option of selecting the body parts that the patient has reported pain

in while walking, as shown in Figure 10. Users also have the option of skipping this screen if
the information is not relevant to them.

omplaints,
Body Parts
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LionSpeed 2.0 Patient: Ashley Katchadourian ﬂ

Add New Record

Complaints: Body Parts Gl

O ™
¢ ¥ Rk @
Walking o Other Save &

Symptoms Recommended
Treatment

Speed Notes Review

Figure 10: Screen that shows the patient’s body parts to indicate if they are hurt or injured

Following this, users will have the option to rate the patient’s gait on Likert-like scales
based on a number of metrics pre-selected by the user (Figure 11). For example, if a patient
reports extreme pain while walking, the user might give a rating of 5 on the pain scale.

LionSpeed 2.0 Patlent: Ashley Katchadourian /“"\’_‘
Add New Record Symptoms
2ate the qualiies of the patient's
Lo ] [ o ]
” .
Lo ] Lo ]
. .
Lo ] [ o ]
0

TR Y B K

Walking Complaints Symplom: Other Recommended Save &
Speed Body Parts Notes Treatment Review

Figure 11: Menu that shows the patient's characteristics and their ratings

Then, as shown in Figure 12 and Figure 13, the user will be able to write any additional
notes and the recommended treatment for the patient.
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LionSpeed 2.0 Patient: Ashiey Katchadourian ﬂf{}

Add New Record
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Figure 12: Menu that allows the user to write additional notes

LionSpeed 2.0 Patient: Ashiey Katchadourian ﬁ
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Speed Bady Parts Noles tment Review

Figure 13: Menu that allows the user to indicate the recommended treatment

Finally, the user will be able to review and save the record by clicking the “Save” button,
as shown in Figure 14.
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LionSpeed 2.0 Patient: Ashley Katchadourian |/J§’1}
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Figure 14: Screen that shows a summary of the data and allows the user to save the data

5.4 Quantitative Metrics
The following quantitative metrics were utilized for both studies conducted:

Time on Task: Prior research has shown that time on task is a valid metric to
measure the effectiveness in a usability study (Hornbaek & Law, 2007). To measure how
effective were the interfaces for a participant to navigate through them, in both studies we
measured the time taken to complete each task.

Number of Errors: Hornbaek & Law (2007) showed how the occurrence of errors
correlates with usability metrics like satisfaction, completion rate, and task completion
time. Therefore, we measure the number of errors participants had when interacting with
both interfaces. We classified an error as being a mistake that is inherent to the interface,
rather than a slip-up. As an example, we would count as an error, when the participant
repeatedly clicked on a text that was not a button or would produce an action. However,
slip-ups like typos and incorrect data entries, that are not inherent to the interface will not
be counted as errors.

Number of Clicks: To measure how the number of clicks relate to the time that
participants took to complete each task, data from a Recording User Input (RUI) was used.

5.5 Qualitative Metrics
The following qualitative metrics were utilized for both studies conducted:
Verbal Protocol Analysis: Prior research has shown how usability can be measured
by asking participants to verbally articulate their thought process when conducting a task
(Benbunan-Fich, 2001). Therefore, in these studies we asked participants to “verbally

articulate their thought process” when they completed the two different tasks in the
interface.
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5.6 Surveys

This study also counted with participants completing a pre-survey prior to the study and a
post-survey provided at the end of the study.

Pre-Survey: Participants were asked to complete a pre-survey to gather information
about their demographics, occupation, and specialty (when they were a medical
practitioner). The purpose of this pre-survey was to differentiate results according to the
different group of participants.

Post-Survey: Participants were asked to complete a post-survey with the purpose
of understanding their satisfaction with the interface. The post-survey is based on the
Nielsen’s 10 Usability Heuristics that allow us to understand the usability of the interface
with valid metrics (Nielsen, 1994). Participants had to indicate their level of satisfaction
regarding the duration of time they took to complete the tasks, learnability of interface, and
legibility of content. Participants that were medical experts like practitioners or physician
assistant, they had to indicate the applicability of the interface in their job, if the interface
met their needs, and their likelihood of using it in their job.

5.7 Prototype Testing Procedure

Both studies followed a similar methodology and prototype testing procedure shown in
Figure 15. Each usability study was conducted for approximately 25 minutes. Initially, the
participants were asked to provide consent to participate in the study, as required by the
IRB guidelines and were asked to choose a date available to conduct the usability study.
The usability studies were conducted virtually using the Zoom platform. Prior to the study,
some background information was provided and consent to record the session was
obtained. Participants were initially provided with a link through the Zoom Chat for them
to access and complete the Pre-Survey. For the first study, participants were provided with
a link through the chat that allowed them to access the interface and they were asked to
share their screen during the study. Participants had the task descriptions in their chat for
them to reference it as many times as they preferred. However, for the second study,
participants took control of the proctor’s screen to interact with the interface and had the
task descriptions in an email tab for them to reference it as many times as they preferred.
Before interacting with the interface, they had to start the recording for a “Recording User
Input (RUI)” that provides data about the location of the mouse and clicks pressed when
interacting with the interface. A different RUI recording was recorded for each of the two
individual tasks.
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Figure 15: Methodology for Usability Study

The first task had the purpose of allowing the participant to interact with the interface and
observe a specific patient, Ashley’s existing records and report her last recorded speed and
fatigue level. The prompt of the first task is shown below. Participants in were asked to
verbally articulate their thought process while completing the task. If the participant went
quiet, we prompted the participant to continue articulating their thought process. After
participants completed the first task, they were provided with the second task description.

"Ashley is an 82-year-old patient who has been complaining about pain in her
lower hip and feels like she has been walking slower. She comes into your clinic
and wants to get your opinion. Check Ashley's speed and trends for the past year
and report her speed and fatigue level recorded during her last visit.”

The second task aimed for the participant to interact with the interface and create a new
record for a specific patient, Ashley. Similarly, to the first task participants were asked to
verbally articulate their thought process while they complete the task. The prompt of the
second task is shown below.
“You then conduct a walking speed test with Ashley using the LionSpeed device.
Ashley specifies that she has pain in her hip, and is experiencing moderate
breathlessness and severe pain while walking. When asked to rate her pain and

17



breathlessness on a scale from 1 to 5, she reports a 3 from breathlessness and a 4
for pain. She does not report issues with anything else. Create a new entry for
Ashley."

After participants completed both tasks, they were provided with a link in the Zoom chat
to access the Post-Survey. Then, the participant was thanked for their time.

6. RESULTS AND DISCUSSION

To answer our research questions, we collected data from nine undergraduate (junior or senior)
nursing students, as well as three medical and healthcare professionals for the first iteration
(created in Adobe XD) of the interface. For the second iteration of this interface (created in Axure),
we collected data from another set of eight undergraduate nursing students, as well as two medical
professionals. In the first interface, it took an average of 1.4409 minutes (SD=0.432 minutes) to
complete Task 1 and an average of 2.248 minutes (SD= 0.97214 minutes) to complete Task 2. In
the second interface, it took an average of 3.91 minutes (SD= 1.915 minutes) to complete Task 1
and an average of 2.858 minutes (SD= 0.571 minutes) to complete Task 2. The statistical data were
analyzed via the SPSS v.26. A value of p < .05 was used to define statistical significance (Fisher,
1925).

6.1 RQ1: What is the perceived and measured usability of the current LionSpeed
interface when tested with target users?

The objective of our first research question was to determine the perceived and measured
usability of the current LionSpeed interface. Moreover, this research question provides the
measured usability of the current LionSpeed interface and compares it to the measured
usability of the first version of the LionSpeed interface. To measure the usability, we used
three quantifiable metrics; number of errors to measure the effectiveness, time taken to
complete each task to measure the efficiency, and the rate of satisfaction collected at the
post-survey to measure the satisfaction.

Effectiveness:

To collect the number of errors, the zoom recordings were observed and quantified. When
comparing Task 1, we obtained that the first interface had a mean number of errors of 1.91
with standard deviation of 2.879 and for the second interface we had a mean number of
errors was 2.20 with a standard deviation of 1.229. When comparing the number of errors
for the Task 2, for a first interface we obtained a mean number of errors of 5 with a standard
deviation of 4.219 and for the second interface we obtained a mean number of errors of
3.60 with a standard deviation 1.35. A boxplot of these results can be seen in Figure 16 and
Figure 17, respectively.
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One of the errors that was common and frequent between the two interfaces, was the speed
recording screen in Figure 8 during the completion of Task 2. Participants seemed to
confuse themselves where they had to record their screen, rather the LionSpeed sensor or
manually entry the data. Therefore, participants that made this error click the “From
Records” option rather than the “From Sensor” option as the task asked them to do. Another
frequent error observed in Interface 2 was in Figure 9, where participants seemed to get
confused by the multiple options available to record the walking speed. When asked as to
why this screen caused them confusion, they mentioned that they expected the speed to be
automatically displayed rather than them clicking or choosing one of the options available.

Number of Errors (task 1)

M Interface 1 M Interface 2

i

1

Figure 16: Number of Errors for Task 1

Number of Errors (task 2)

-

1

Figure 17: Number of Errors for Task 2
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Another frequent error in the second interface was in Figure 1 since participants seemed to
click the name of the participant rather than clicking the “View” option available. It seems
that participants were expecting that by clicking the name of the patient in the search box,
they would be able to access the patient’s record.

A paired t-test was conducted between both groups of participants to compare if there were
significant differences in the number of errors depending on the type of interface. Results
from this paired t-test showed that there was not a statistical difference in number of errors
between both interfaces when completing either Task 1 or Task 2. Participants in the
Interface 2 study made more errors in Task 1 (M = 2.20, SD = 1.229), as opposed to the
number of errors in the Interface 1 study (M = 1.80, SD = 3.011); although this was not
statistically significant. Participants in the interface 1 made a greater number of errors in
Task 2 as well (M = 5.30, SD = 4.322) as opposed to the Interface 2 (M = 3.60, SD =
0.427), failing to establish statistical significance.

Efficiency:

To collect the time taken to complete each of the two tasks, the recordings were observed
and the time where each participant started and acknowledge that they finished with the
task was quantified. When comparing Task 1, we obtained that the first interface had a
mean time to complete of 1.4409 minutes with standard deviation of 0.432 minutes and for
the second interface we had a mean time to complete was 3.91 minutes with a standard
deviation of 1.915 minutes. When comparing the time to complete for the Task 2, for a first
interface we obtained a mean time to complete of 2.248 minutes with a standard deviation
of 0.97214 minutes and for the second interface we obtained a mean time to complete of
2.858 minutes with a standard deviation 0.571 minutes. A boxplot of these results can be
seen in Figure 18 and Figure 19, respectively.

Time on Task (task 1)
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Figure 18: Time on Task 1
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Time on Task (task 2)
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Figure 19: Time on Task 2

A paired T-Test was conducted between both groups of participants to compare if there
were significant differences in the time taken to complete each task, depending on the type
of interface. Results from this paired T-Test showed that there was a statistically significant
difference in time taken to complete Task 1 between both interfaces. Participants in the
Interface 2 study spent more time performing Task 1 (M =3.9120, SD = 1.9142) as opposed
to the Interface 1 study participants (M = 1.4320, SD = 0.4546), a statistically significant
mean increase of 2.48, 95% CI [1.1825, 3.77746], t(9) = 4.324, p < .05. However, results
showed that there was not a statistically significant difference in time taken to complete
Task 2 between both interfaces. Participants in the Interface 2 study took more time to
complete Task 2 (M = 2.8580, SD = 0.1804) as opposed to the Interface 1 participants (M
=2.3470, SD = 0.3051); failing to establish statistical significance.

Satisfaction:

The satisfaction was measured by the ratings that participants provided in the Post-Survey.
Participants had to rate their overall satisfaction on a 7-point Likert-scale that ranged from
“Extremely Dissatisfied” to “Extremely Satisfied”. For the first interface, 8 participants
indicated that they were Extremely Satisfied with the interface, while 4 participants
indicated that they were Moderately Satisfied with the interface. Participants were asked
to justify their ratings, and results from this are the following:

“Very user friendly, | think a nurse of medical assistant could obtain and enter most data, with the

physician reviewing and making recommendations....an additional "vital sign" or more formal way
to track components of the geriatric assessment.” — Doctor at the Hershey Medical Center

“I thought the design on the interface was very pleasing and simple, which made it easy to navigate
through. Even when | wasn't 100% sure what to do, I still was able to back track and figure it out,
without direction from the study leaders. Overall, | really think this interface could be of use to
many people.” — Nursing student at the Pennsylvania State University
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For the second interface, 2 participants indicated that they were Extremely Satisfied with
the interface, while 4 participants said they were Moderately Satisfied, 2 participants said
they were Slightly Satisfied, 1 participant said they were Slightly Dissatisfied, and 1
participant said that they were Moderately Dissatisfied. When participants were asked to
justify their ratings, they mentioned the following:

“The interface was very easy to navigate. Things were clearly marked and even when I made a
mistake it was easy to correct. Everything was relatively easy to find and the tasks were very easy
to complete. It was very clear and obvious what to click next and to figure out how to work the
interface.”- Nursing student at The Pennsylvania State University

“I would say that I found it difficult without any training prior to using the interface to navigate it.
The place where you add data maybe could have been better as a list laid out instead of a sequence
of entries you have to move through. It is easier to see all the options in front of you that you can
move through on one page versus seeing the area of pain then hitting next to the ratings. 1 did like
the actual look of the interface. | do think once trained on the interface it would be easy to use but
overall there could be improvements to make it more efficient when filling out new records. ”-
Nursing student at The Pennsylvania State University

“Easy to make adjustments, view entry, and navigate different tasks.”-Physician’s Assistant at
University of Pittsburgh Medical Center

A graph showing a comparison of the overall level of satisfaction between the two
interfaces is shown in Figure 20.

How satisfied are you with the overall interface?

0% 20% 40% 60% 80% 100%
Extremely dissatisfied Moderately dissatisfied
Slightly dissatisfied B Neither satisfied nor dissatisfied
B Slightly satisfied B Moderately satisfied

B Extremely satisfied

Figure 20: Overall satisfaction with both Interfaces

To verify if there were significant differences in the level of satisfaction depending on the
type of interface, a Mann-Whitney U-Test was conducted between both groups of
participants. A Mann-Whitney U test was run to determine if there were differences in
overall satisfaction ratings score between interface 1 and interface 2. Distributions of the
engagement scores for both interfaces were similar, as assessed by visual inspection.
Overall satisfaction ratings score was statistically significantly different between interface
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1 (Mdn =7) and interface 2 (Mdn = 6), U = 24, z = -2.561, p < .05, using an exact sampling
distribution for U (Dineen & Blakesley, 1973). These result show that overall satisfaction
with the first interface was higher than the second interface.

The post-survey provided us with more information about the level of satisfaction of each
participant according to the Nielsen’s usability heuristics (Nielsen, 1994). The purpose of
these satisfaction statements was to identify which aspects of the interface the users were
more satisfied with. Results of the satisfaction with each statement for both interfaces are
in Figure 21. Moreover, the participants were also asked to provide their ratings when
asked to indicate the level of difficulty when interacting with the interface considering the
ability of correcting mistakes, learnability of the interface, and legibility of text on the
screen. Results of the participants ratings for both interfaces is shown in Figure 22.

Interface 1

Messages were appropriately
positioned on the screen

The sequence of tasks was
appropriate

The interface allowed me to
complete the task in an
appropriate period of time

The design was aesthetically

pleasing

All objects, actions, and options
were visible

The interface was clear and
prevented any errors

Use of terminology and
appropriate and consistent

0% 20% 40% 60% 80% 100%

Strongly disagree Disagree
Somewhat disagree B Neither agree nor disagree
W Somewhat agree H Agree

B Strongly agree

Interface 2

Messages were appropriately
positioned on the screen

The sequence of tasks was
appropriate

The interface allowed me to
complete the task in an
appropriate period of time

The design was aesthetically
pleasing

All objects, actions, and options
were visible

The interface was clear and
prevented any errors

Use of terminology and
appropriate and consistent

0% 20% 40% 60% 80% 100%

Strongly disagree Disagree
Somewhat disagree H Neither agree nor disagree
B Somewhat agree W Agree

B Strongly agree

Figure 21: Participant indicated Extent of Agreement with Usability Statements
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Interface 1

Correcting any navigation
mistakes made

Learning to use the interface

Readability of text on the
screen

0% 20% 40% 60% 80%

Extremely difficult Moderately difficult

Slightly difficult B Neither easy nor difficult
m Slightly easy W Moderately easy

M Extremely easy

100%

Interface 2

Correcting any navigation
mistakes made

Learning to use the interface

Readability of text on the
screen

0% 20% 40% 60% 80% 100%

Extremely difficult Moderately difficult

Slightly difficult B Neither easy nor difficult
H Slightly easy B Moderately easy

B Extremely easy

Figure 22: Participants’ Level of Difficulty in Interacting with the Interface

6.2 RQ2: How does the time on task relate to number of clicks in task?

The second research question looked at how the number of clicks of each participant in
each of the two tasks relate to the time in each task. Taking the data from the Recording
User Input (RUI), we used the total number of clicks in each of the two tasks and graphed
them together, as shown in Figure 23. The average number of clicks on Task 1 resulted in
an average of 70.5 clicks with standard deviation of 42.11 clicks, with a total sum of 705
clicks. For Task 2, the average number of clicks was 45.7 clicks with a standard deviation
of 5.56 clicks, and a total sum of 457 clicks. This shows that the participants had a greater
number of clicks of Task 1 when compared to Task 2. This may be due to the participants
having never seen nor interacted with the interface prior to the first task, therefore they had
a greater number of clicks as a result of following a learning curve.
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Figure 23: Graph of total number of clicks per each task

The RUI provides data about regarding when the participant pressed a key, moved, and the number
of clicks to conduct an action. The total number of counts per key, clicks, and movements are
graphed in Figure 24. The participants had a higher number of movements when compared to key
and clicks. This can be due to the participant moving around through the interface since to find the
different keys they should press to complete each of the tasks. The difference between movement
and clicks and keys could be due to the learning curve participants experienced when interacting
with the interface (Ritter & Schooler, 2001).

RUI Recordings
20000
18000
16000
14000
12000
10000
8000
6000

Number of RUI Recording

4000

2000

[ — W
Key Clicks Moved

Type of RUI Recording
W Task1 mTask2

Figure 24: Number of clicks, key, and movements
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The number of clicks that the participant took to complete each task was plotted related to the time
that the participants took to complete each task as shown in Figure 25. We can see that for Task 1,
the participants had a more variable number of clicks across participants and participants tended
to take more time to complete the task. When compared to Task 2, due to the learning curve that
participants had experienced (Ritter & Schooler, 2001), they had a more consistent number of
clicks across participants and tended to take less time to complete the task. These findings support

our findings from RQ1.

Amount

Time related to clicks on task 1
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20 20
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0 0
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Participants Participants
Time on Task 1 RUI Click 1 Time on Task 2 RUI Click 2

Figure 25: Time related to number of clicks

6.3 RQ3: What are the factors that impact positive and negative interactions with the
interface?

The objective of our third research question was to identify positive and negative factors
regarding the Axure interface. To answer this question, we conducted a qualitative content
analysis with principles of deductive content analysis (Hsieh & Shannon, 2005) with a
verbal protocol analysis, having participants follow a think aloud procedure (Ericsson &
Simon, 1980). Specifically, we analyzed the verbal protocol analysis to identify general
factors that might be positive or negative based on satisfaction metrics such as ease of use
and attitudes towards content (Hornbak, 2006). Initially a codebook was created with a
total of 3 main high-level themes and a total of 5 sub-level themes, and in each of these
sub-levels a positive and negative category was created. The first and second level themes
were obtained by Hornbak (2006) as validated metrics to measure satisfaction. To view
the full codebook, see Appendix D. To ensure the interrater reliability, two raters, who are
both PhD Industrial Engineering students coded using the same codebook at an overlap of
20% (MacPhail, Khoza, Abler, & Ranganathan, 2016) of the verbal protocol analysis data
(VPA) using Nvivo Pro. An interrater reliability (Cohen’s Kappa) of 0.79 was reached,

which was considered acceptable (Landis & Koch, 1977).
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The discussion topic that was most frequently discussed by the participants was Users’
Attitudes and Perceptions (f=122), Satisfaction with the interface (f=96), and Others (f=11). The
number of coding for each of these topics per each participant is shown in Figure 26, Figure 27,
and Figure 28, respectively. Therefore, we can conclude that based on frequency, the interface
needs improvements in the Users’ Attitudes and Perceptions and Satisfaction with the Interface
categories. Thus, looking into what made those categories have higher frequency, we evaluated
the positive and negative sentiment of each coding category.

Users' Attitudes and Perceptions - Coding by Item
30

27

Number of coding references

Item

Figure 26: Frequency for Users' Attitudes and Perceptions
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Mumber of coding references

40

36

Satisfaction with the Interface - Coding by Item

Item

Figure 27: Frequency for Satisfaction with the Interface
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Other - Coding by Item

Number of coding references

Item

Figure 28: Frequency for Others

Knowing that there was a high frequency for the Users’ Attitudes and Perceptions and Satisfaction
with the Interface, we wanted to compare them in terms of positive and negative sentiment to
evaluate how was the sentiment related to each category. Therefore, to compare the positive and
negative sentiment in each of the coding categories, a graph was created in NVivo as seen in Figure
29. Specifically, we also coded the number of references into each of the sentiment for each of the
codes can be seen in Figure 30: Users' Attitudes and Perceptions Sentiment Coding, Error!
Reference source not found., and Figure 32 to see the frequency for each level of coding.
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Figure 29: Sentiment Coding

As shown in Figure 30: Users' Attitudes and Perceptions Sentiment Coding, there were some
negative and positive codes for “Users’ Attitudes and Perceptions.” Specifically, in relation to
perception of the interface, there were more negative sentiment comments than positive sentiment
comments. For “Perception of Outcomes” and “Attitudes Towards Content,” there were
approximately the same quantity for positive and negative sentiment comments.
To improve our interface, we evaluated the negative sentiment which is related to users clicking
the hips in the Figure 10, confusion with who the speed is being recorded in Figure 8 and Figure
9, and looking for the patient name in the search box for Figure 1. These can be seen in some of
the following expressions:
“So I'm clicking this because the pain is in her lower hip, but I don't know why |
can't click any other side?”

“How do I go to like conduct the tests?”
“I'm trying to like kind of click her name.”

When observing the features that caused negative sentiment in the perception of outcomes, we
found that users had confusion with the hips in Figure 10 and recording the speed in Figure 9.
Some of the participants’ expressions specifically mentioned the following:

“Okay, I can only click one area it seems like.”
“Oh, so I can skip the walking speed, did she get a walking speed?”

Finally, when observing the negative sentiment for attitudes towards content, some participants
expressed negative sentiment towards the physical characteristics graphs in Figure 7, the recording
the speed with the sensor in Figure 8 and Figure 9, and hips in Figure 10.
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“The graphs for, say, if I select it, I'm selecting just the view of the speed graph,
and it looks like the data points or graphs just aren't labeled, which it would be
something I think that would be beneficial.”

“It does not say which hip so I guess I would put.”
“Um, am I recording from the sensor?”

Number of coding references

Users' Attitudes and Perceptions Coding
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Perception of interaction Perception of outcomes Attitudes towards content

Users' Attitudes and Perceptions

Figure 30: Users' Attitudes and Perceptions Sentiment Coding

Participants expressed negative and positive sentiments for “Ease of Use” and “Context-dependent
Questions” in when related to satisfaction with the interface. When identifying the negative
sentiment for “Ease of Use,” participants mentioned that they were confused with the search box
in Figure 1, identifying which patient record they were looking at, clicking the hips in the Figure
10, confusion in the process of conducting a walking speed test, comparing actual medical record
with reviewing past records, and feelings of not knowing which is the next step in the interface.

>

“I’m trying to like kind of click her name.’
“How do I go to like conduct the tests?”
“I don't know what I did before.”

“So you don't really know how to get to the record to compare it from her trend
from last year.”

“I feel like I'm kind of stuck at this point.”

For the “Context-dependent Questions,” participants expressed negative sentiment related to the
recommended treatments the patient should have, type of hip in which the patient is expressing
pain, and recording the speed.

“Any, should I put any recommended treatments in or is that just like an option?”
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“It doesn't...pain in her lower hip, it doesn't say which.”

“I don't know if I want it back here to do like a fast-walking speed too, | don't
know if it worked.”

Satisfaction with the Interface Coding

50

Number of coding references

1 4 &
®, =2 () Q.
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® “’@/ 2
Ease of use Context-dependent Questions

Satisfaction with the Interface

Figure 31: Satisfaction with the Interface Sentiment Coding

In the last category, Other, participants expressed positive and negative sentiment with the
usability study. The negative sentiments where related to confusion about what they should do
and the Zoom interface.

“Okay, I don't know, oh, yeah, we'll do that.”

“I just keep moving our zoom faces around so I can see the screen.”
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Other Coding

Number of coding references

Other

Figure 32: Other Sentiment Coding

With the data collected from the negative sentiments and frequency, we can conclude that the
interface has areas of improvement to better accommodate the users' needs. Major negative
sentiment coding was related to Perception of the interactions and Ease of use. Therefore,
improvements in these two areas should be made to improve the interface. The results from this
research question provides insight into what are those areas of improvements in the interface. For
future work, it is recommended to improve the interface based on those negative sentiments to
provide a better interface for users to interact with.

7. STUDY LIMITATIONS, CONCLUSION, AND FUTURE WORK

This study aimed to analyze the effectiveness of an interface created to measure and track
walking speed tests using usability metrics from previous literature (Hornbak, 2006). Specifically,
we analyzed two iterations of an interface and compared them with various usability metrics. The
key findings from our study are as follows:

e More time was spent performing Task 1 in Interface 2 in comparison to Interface 1, but
there was not a significant difference between both interfaces in Task 2.

e There were no differences in the number of errors made in both tasks between both
interfaces.

e Overall satisfaction was higher for Interface 1 in comparison to Interface 2.

e RUI data shows greater variance in the number of clicks among participants for Task 1,
whereas Task 2 had a more equal balance across participants.

e Sentiment coding shows that many negative comments were related to the perception of
interactions, as well as the ease of use.
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Based on the findings mentioned above, several implications can be drawn. First, while no
significant difference was found between the numbers of errors between both interfaces for both
tasks, more time was spent completing Task 1 in Interface 2 in comparison to Interface 1, but no
significant difference in time to complete the task was shown in Task 2. This could be attributed
to a learning curve (Ritter & Schooler, 2001), where the participants were able to become faster
with practice from performing Task 1, familiarizing them with the interface. This could also be
seen as a limitation to our testing method, where we should have either alternated which task each
participant started with first, or all participants should have been trained on the interface in all
studies to decrease the impact of this confounding factor.

Another implication drawn from this study is that while we included features that were
requested from participants during the study for Interface 1, such as a search function for looking
up patients, as well as including multiple options to record walking speed (through a “regular
walking speed” option and a “fast walking speed option”) that was requested by one of the doctors
we were working with, these tended to confuse the participants even more. Specifically,
participants either didn’t understand why the search function wasn’t automatically filling in the
name of the patient, and didn’t know which walking speed button to click. While the issue of not
knowing which walking speed button to click could be a limitation of participants’ knowledge of
walking speed, which requires both a regular pace recording and fast pace recording (Middleton
et al., 2016), the confusion with the search function could just be a limitation of Axure itself and
getting options to automatically fill in as soon as a user interacts with the prototype of the interface.
While it is possible to get options to automatically fill in as shown in some tutorials on the Internet,
the researchers in this study were not able to get this to work, which ended up causing some
confusion for participants in the end. For these reasons, satisfaction may have dropped in the
second iteration of the interface due to such issues causing confusion for participants. A lesson
learned from this is to run a smaller pilot study with unpaid participants willing to help with
figuring out what needs debugged before running a full usability study with paid participants.

In addition to the decrease in satisfaction that could be due to issues with newly added
features, running RUI during usability studies can be a good way to check whether findings from
usability metrics make sense. For example, when we ran RUI during Task 1 for Interface 2, we
found that both the number of clicks and time to complete the task were much more variable and
typically higher than Task 2, which makes sense when compared with our findings that Task 1
took a significantly longer amount of time to complete in comparison to Task 1 from Interface 1,
but differences were not apparent in Task 2 between both interfaces. The very high number of
clicks illustrates that participants tended to spend more time clicking things in Task 1, whereas
this dropped and stabilized across all participants for Task 2, also pointing to the learning curve
that helped participants become more efficient (Ritter & Schooler, 2001), particularly in going
from Task 1 to Task 2.

Along with RUI data, sentiment coding showed that participants seemed to be more
frustrated with the usability of the interface in the form of the perception of interactions and the
ease of use. These findings complement our empirical results from the satisfaction survey, which
showed a decrease in overall satisfaction. These results convey that making the interface easier to
understand and providing something that would guide users through the interface based on what
they want to do by making the effect of the functions more explicit and easier to interpret their
meanings would be of great importance in the next iteration.

While incorporating the feedback from the latest iteration of this interface in the form of
the results, future work would involve having another team with experience in electrical
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engineering and computer programming program a full version of this interface to be paired with
the existing LionSpeed walking speed recording device. From there, studies can be run to see how
users in the medical field, such as nurses, interact with both the software and the device itself to
see if there are any usability issues. Decisions could be made while following the risk-driven spiral
model to ensure that effort is inputted when necessary to ensure the greatest chances for success
(Pew & Mavor, 2007). This would help bring this project one step closer to becoming a product
on the market for use in the medical field, or it could promote other researchers to come up with
even more innovative methods of gathering patient information.

8. DELEGATION OF TASKS

In the creation of this report, Courtney was tasked with writing the introduction and
literature review sections, as well as the limitations, conclusions, and future work section. Jessica
wrote the methodology and results sections and generated the graphs and all statistical analyses.
Both Jessica and Courtney were present during the usability studies, where Jessica read the tasks
to the participants and Courtney took notes. Both Jessica and Courtney edited other sections of the
document that the other was responsible for to ensure accuracy. This study was supported under
IRB guidelines, where consent was given by all participants and they were paid for their time.
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9. APPENDIX
9.1 Appendix A: Usability Study Script
Introduction:
Hi ,
First, we want to thank you for taking the time to meet with us today. As part of the IRB
guidelines and if you agree, you will be compensated with a $15 Amazon Gift Card that

will be provided some time soon. If you wish to have receive this compensation, let us
know so we can make the necessary arrangements to send you the compensation.

As background information we are part of the LionSpeed Team. There currently exists a
prototype of a sensor, called the LionSpeed sensor, that can automatically detect walking
speeds of patients. Our aim is to create an interface that would allow clinicians, nurses, and
physicians to effectively enter, track, and share data from walking speed tests using the
sensor. For this reason, we improved on a previous developed and interface using Axure
to provide the users with a medium-fidelity prototype to conduct our usability studies. The
goal of the usability studies is to understand the interactions and the ease of use that you as
a user have with the interface.

As you might know, this usability study will be used of our data analysis, and we require

your consent to record this meeting. We want to make sure we do not miss any of the key

information that you tell us today. For this reason, , do you consent to record this

meeting?

Perfect, thank you!

Pre-Survey:

We are going to begin by requesting you to complete the Pre-Survey on the link we just

sent you on the Zoom chat. This pre-survey will allow us to keep track of your information.

After you complete the pre-survey, let us know so we can continue to the usability study.
https://pennstate.qualtrics.com/jfe/form/SV_1N7NiUgNgG7st4V

Testing:
Team: Click on interface_https://706ssr.axshare.com
Poner Log File Location
Team: Open RUI interface

We will be screen sharing the screen with the interface,

As you can see this is the interface you will be interacting and the other screen is a
Recording User Input will be recording the clicks during your interaction with the interface.
During this study you will be prompted to verbally articulate your thought process during
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https://pennstate.qualtrics.com/jfe/form/SV_1N7NiUqNqG7st4V
https://706ssr.axshare.com/

the two different tasks. After you finish the two tasks, you will be given a link to a Post-
Survey where you can provide us with information about your interaction with the
interface. Do you have any questions?

The first task is:

"Ashley is an 82-year-old patient who has been complaining about pain in her lower
hip and feels like she has been walking slower. She comes into your clinic and
wants to get your opinion. Check Ashley's speed and trends for the past year, and
report her speed and fatigue level recorded during her last visit.”

Team: Paste description on chat (Courtney).

We have the description of the task in the other tab for you to reference it and can go to the
other tab as many times as you want to make sure you understand the task.

So now | will give you control over my screen (Team: Give control and make them click
and move mouse). Now you can click on the RUI interface “Start Recording” and begin
clicking along the interface and verbally articulating your thought process.

After finishing: You can stop the RUI recording. Thank you! Now we will take control
again really quickly to make a new RUI record.

Team: Create a new RUI recording, Poner Log File Location, Poner
Now we will give to control again of our screen.
The second task is:

“You then conduct a walking speed test with Ashley using the LionSpeed device.
Ashley specifies that she has pain in her hip, and is experiencing moderate
breathlessness and severe pain while walking. When asked to rate her pain and
breathlessness on a scale from 1 to 5, she reports a 3 from breathlessness and a 4
for pain. She does not report issues with anything else. Create a new entry for
Ashley."

We have pasted the task description in the Zoom Chat for reference. Now you can click on
the RUI interface “Start Recording” and begin clicking along the interface and verbally
articulating your thought process.

After finishing: You can stop the RUI recording. Thank you! Now we will get control again
of our screen.

Post-Survey:

Now, we will provide you the link for the post-survey through the Zoom Chat so you can
provide us with comments about the interface and how was your interaction with the
interface.

https://pennstate.qualtrics.com/ijfe/form/SV 0H9IVPbfO904GTX

https://pennstate.qualtrics.com/jfe/form/SV_1KMQrM63Kk4{5YN (med)
Thank you for your time!
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9.2 Appendix B: Pre-Survey

-4 PennState

First Name:

Last Name:

Please select your occupation:

O Doctor
QO Physical Therapist
O Nursing Student

If you are a practicing clinician, what is your area of specialty? (Please leave the question
blank and submit if you are not)
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9.3 Appendix C: Post-Survey

PennState

Please indicate your extent of agreement with the following statements:

Meither

agres
Strongly Somewhat mor Somewhat Strongly
disagree Disagree disagres disagrae agres Agree agree

Use of

terminoclogy and

appropriate and o o o o O o o
consistent

The interface

was clear and

prevented any o o o o O o o
ETors

All objects,

actions, and

ophbons were D D D D D D D
visible

The design was
sesthetically ®) o o o o O O

pleasing

The interface

had approprate

features that i i i i O 2 2
were suited for

my needs

The interface

allowed me to

complete the

complete O O O O o O O
appropriate

period of time

The sequence

of tasks was ':' ':' ':' ':' ':' ':' ':'

appropriate

Messages were

appropriately 0 0 0 0 0 0 0

positioned on
the scraen
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PennState

Pleasze indicate the level of difficulty with respect to the following criteria:

Maither
235y
Extremely Moderately Slighthy nor Slightly Moderately Extremely
e3sy e3sy =35y difficult  difficult difficult difficutt
Readability of
text on the §)] o o 1§ o O O
Soreen
Learning to
use the D D D D D D D
interface
Correcting any
mistakes _ O i O O 2 2

mads

PennState

Do you feel that this system would be a good addition to the services at Hershey Medical
Center?

() es, perfect the way it currently is

() Probably yes, with some minor changes

() Maybe needs some major changes

() Probably not, needs to be redesigned completely

() Definitely not, | don't see a use
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PennState

How likely are you to use this system in the future?

Extremely  Moderately Slightly Meither Flkely Moderately  Extremely

Slightly Ekely

unlikely unlikely unlikely nor unlikely likely likely
o o o O O O O
Please explain why:
e

PennState

How satisfied are you with the overall interface?

Extremely  Moderately Slighthy {\Jefither Slighthy Moderately  Extremely
dissatisfied  dissatisfied  dissatisfied Solo oo nof satisfied satisfied satisfied
dissatisfied
o o o O O o o

Please explain why:
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PennState

Pleasze let us know if you have any additional commenits regarding the inferface

9.4 Appendix D: Codebook for Research Question 3
Table 1: Codebook for Verbal Protocol Analysis

Level 3 Level 2 Definition Level 1
Satisfaction Context- “Users’ Positive
with  the dependent satisfaction ~ with Negative
Interface Questions specific  features
or circumstances
in the specific
context of use”
Ease of | “Broad measures of Positive
Use users’ overall satisfaction Negative
or attitudes towards the
interface or user
experience”
Users’ Attitudes | “Attitudes towards the Positive
Attitudes towards content of the interface Negative
and content when content can be
Perceptions distinguished from the
interface”
Perception “Measures users’ Positive
of perception of the Negative
interaction interaction”
Perception | “Users’ perception of the Positive
of outcome | outcome of the Negative
interaction”
Other “Other measures Positive
of satisfaction” Negative
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9.5 Appendix E: Snippets of some transcripts for Research Question 3

Unknown Speaker ©:00
I'm just trying to select Ashley's name.

Unknown Speaker 0:04
I guess maybe I'll have to type it. No?

Unknown Speaker ©:15
Okay, that's the right person.

Unknown Speaker ©:20
I'11 probably want to check the existing records.

Unknown Speaker ©:28
I can see what she's been doing the last year.

Unknown Speaker 0:34
So it'd be good to know as background information for actually going to talk to her.

Unknown Speaker ©:48
Okay, so looks like nothing has been hurting her at least on December 12. There's graphs.

Unknown Speaker 1:10
Okay, so looks like she's been becoming more fatigued as it goes on. There's more graphs.

Unknown Speaker 1:26
Okay, on her speed has been decreasing.

Unknown Speaker 1:42
Looks like just from this the pain has been increasing. We'll probably want to see what the actual levels have been.

Unknown Speaker 1:51
Shows me. ..

0:04
Okay, so I'm assuming that you click...no? So I want to add, I'm assuming, that's kind of confusing. I don't know how to get to her chart. Maybe I'll sear

0:55
Maybe I'm doing this wrong. Okay, I'm gonna try to go to the existing records. Oh, I guess I'm already in her. Oh, I see. Okay, this zoom thing was blocki

1:56
So I'm gonna view her records from her last visit, which would've been December 12. She has fatigue at a five. Her walking speed was 2.3 meters per secon

2:32
So, her average for the last visit was 2.3 meters per second. So um, it has been decreasing since her, looks like her first visit and August. And her fati

3:01
Okay. Awesome. Thank you. So now if you can click on the we think that's the bottom to stop this recording. This?

3:12
Yeah, that's about recording. Awesome. Yep. And I'm going to control again. So before we do Test, test two, let me just start another recording.

3:38
Okay.

3:45
There we go.

3:53
So the second task is you then conduct a walking speed test with Ashley using the line speed device. Ashley specifies that she has pain in her hip, and is

4:50
Click that again. Three for breathlessness, and four for pain. Create an entry. So, I'm assuming I would hit this because it says "add data from a new exa

6:03
Maybe it's the trend, this is kind of confusing to like figure out what to put it under.
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fp:eo
What was her name? Ashley?

2:e8
Can I click her?

2:49
I'm just going through and reading, manage everything I can get so I can understand what's been going on with her. Oh, I think I can only click on that o

@:58
Okay, so she's been getting kind of slower since they first saw her. Um, fatigue, let's look at that.

1:10
So she's been feeling I guess more fatigue every time we've been checking on her and pain, it looks like that's also been kind of increasing. Unsteadines

1:21
Umm, trembling, and increased breathlessness, okay, which would make sense if she's having trouble walking. So these are all things that I would expect w

1:56
So how are you recording?

2:00
Um, am I recording from the sensor?

2:05
So this, basically, you can reference the first task again, but it's just like, going through checking the speeds, and checking the trends.

2:17
0Oh, just checking the trends. Check your speed, [inaudible], record your speed, if it's [inaudible], according to during her last visit.

2:29
So if I should add when we say report, we mean to verbally state to us, so let us know what the findings are.
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