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ABSTRACT 

Patients with life-threatening conditions require constant monitoring of their vital signs, 

such as heart rate and respiration rate. This task is usually performed by a nurse using a 

bedside monitor for each patient. These devices require a nurse to remain physically close 

to the patient at all times and each device allows for the monitoring of only one patient at a 

time. Although nurses can remotely monitor patients from the nursing station, they must 

remain near the nursing station or bedside. In addition, there are functions that are only 

available at the bedside monitor, such as silencing an alarm. This project presents an 

alternative to a bedside patient monitor by utilizing a tablet as a mobile patient monitor, 

giving the nurse more flexibility. The goal of this study was to establish a set of design 

guidelines for a mobile patient monitoring application with a user-friendly and efficient 

interface.  To achieve this, a prototype mobile patient monitor application was created and 

subjected to user testing. The application was then redesigned and once again subjected to 

user testing. All feedback from users was analyzed to establish future design guidelines.  

Keywords:  

Tablet User Interface, Patient Monitoring, Human-Computer Interaction, Medical 

Application Interface, Iterative Design 
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CHAPTER 1. INTRODUCTION 

1.1 Scope and Significance 
The scope of this research was to establish a set of design guidelines for a mobile patient 

monitoring application with an efficient, user-friendly interface. A mobile patient 

monitoring prototype was created after gathering user requirements and the product was 

user tested by nurses from the Kapiolani Medical Center for Women and Children. To 

ensure appropriate evaluation of the prototype, user testing was designed based on 

established performance metrics, including task success rate and time on task. 

1.2 Literature Review 
Importance of Continuous Patient Monitoring 
In medicine, patient monitoring is primarily intended to detect changes (or the absence of 
changes) in the vital signs of an individual. Common parameters include heart rate, 
respiration rate, electrocardiogram (ECG), and blood pressure. The need for patient 
monitoring is crucial “in situations where the patient is: 

 In unstable physiological regulatory systems, for example in the case of a drug 
overdose or anesthesia. 

 In a life threatening condition, for example where there are indications of a heart 
attack. 

 In risk of developing a life threatening condition.”[1] 

 
Current Monitors 
A patient monitoring system or medical monitor is a device used by healthcare 
professionals to track the vital signs of a patient. The information provided by the monitor 
helps determine the patient’s needs and status. A medical monitor usually consists of one or 
more sensors, processing components, and display devices (as shown in Figure 1). Some 
patient monitoring systems can sound an alarm to alert healthcare providers when certain 
criteria are met, such as when a patient’s vital signs fall outside of the clinically-defined 
appropriate ranges. 

 
 

Figure 1. Bedside Monitor 
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Bedside monitors are the most common form of patient monitors found in hospitals. The 
monitors are usually “attached to wires, called leads. At the other end, the leads are 
attached to sensing devices attached to the patient's body. The sensing device sends 
electronic signals to the monitor, which displays the readings [vital signs] for the specific 
body function being monitored.”[2] Bedside monitors have alarms that signal the nurse if a 
patient’s vital signs require attention. These monitors are frequently used in the Intensive 
Care Unit (ICU) for the most critical patients [3].  
 
The information provided by a bedside monitor is needed for patient care, but these 
monitors have the following disadvantages:  

 Inflexible - The display device has to be physically attached to the sensors, requiring 
the staff to be at the patient’s bedside frequently to check the monitor.  

 Limited amount of data - The display device is generally compact and shows a 
limited amount of data.  

 Limited alarm range - While they have an alarm function, alarms cannot be heard if 
the staff is far away from the patient.   
 

Mobile Patient Monitors 
Mobile patient monitors are detached from the sensors and can be carried around. These 
monitors use a wireless network and are relatively new technology in patient monitoring. 
There are a few prototypes available, but there has yet to be a study done on their 
effectiveness. [4, 5, 6] 

Mobile monitors have the following advantages compared to bedside monitors:  

 Mobility - The staff is able to carry the monitor around. 
 Timely alerts – Notification of an  abnormal vital sign reading occurs immediately 

since the staff has access to the mobile monitor at all times. 
 More interface choices - It is easier to switch between different 

interfaces/applications on a mobile monitor compared to switching between 
bedside monitor applications. 

Some patients require constant monitoring of vital signs, including heart rate, respiration 
rate, ECG, and oxygen saturation. A drastic change in any of the above measurements could 
be an indicator of a life-threatening condition. Current monitoring systems generally 
require the patient to stay in bed, where measurements are taken through wired sensors. 
Vital signs are then displayed on a monitor, connected to the sensors, next to the bed. Vital 
signs are displayed in real-time in both graph and numerical format. They are monitored by 
a healthcare professional, such as a nurse, who will report unusual vital signs to the doctor 
or act accordingly in case of an emergency. Since the monitor is physically connected to the 
sensors, the nurse must remain close to the patient at all times. 
 
As mentioned by Mancini, “wireless continuous monitoring of key vital signs holds the 
promise to substantially change this [patient monitoring in hospital settings] and allow 
early detection of patient deterioration and enable rapid response by constantly monitoring 
all vital signs.” [7] This project presents an alternative way to monitor patients by utilizing a 
tablet as a mobile patient monitor, giving nurses more flexibility as well as providing a user 
interface that displays additional information. The mobile patient monitoring interface, 
implemented via JavaScript was studied through two rounds of user testing and 
development. The goal was to establish a set of design guidelines for mobile patient 
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monitoring applications. These guidelines are intended to assist in the creation of an 
interface that is user-friendly and efficient. 

 
Similar Products in the Market 
One existing product past the prototype stage is the Visi Mobile system. [7] This system uses 
non-invasive sensors and is able to wirelessly transmit core vital signs (blood pressure, 
heart rate/pulse rate, 3-lead or 5-lead ECG, SpO2, respiration rate, skin temperature). Data 
is displayed on a small device worn by the patient in the shape of a sports watch. While 
patients can look at the data with the portable watch, clinicians have no options for viewing 
data through a mobile display and can only monitor their patients’ vital signs through a 
desktop application. [8] 
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CHAPTER 2. METHODOLOGY 
 

This chapter outlines the intent, design, and data collection methods of the research 

conducted. 

2.1 Framework 
The intent of this research was to propose important guidelines for designing a user 

interface for a mobile patient monitoring system through user testing of prototypes.  

Stake classified single case studies into two categories: intrinsic and instrumental. [9] An 

instrumental case study is the study of a case (e.g., person, specific group, occupation, 

department) to provide insight into a particular issue, redraw generalizations, or build 

theory. In instrumental case research, the case facilitates understanding of something else. 

The intrinsic case is often exploratory in nature, and the researcher is guided by her interest 

in the case itself rather than in extending theory or generalizing across cases. In an 

instrumental case study the case itself is secondary to understanding a particular 

phenomenon. [10] 

Due to the nature of the research, an instrumental case study was appropriate. In this study, 

the unit of analysis was a prototype of a mobile patient monitoring application. 

2.2 Prototype Development Frameworks 
The prototypes created for this case study were built using Sencha Touch 2.0, a JavaScript 

User Interface (UI) framework specifically built for the mobile web.  MySQL was used as the 

backend for data storage. Sencha Touch was chosen for its built-in, mobile-friendly UI 

elements, which were designed for creating an application that looks and feels like a native 

application. [11] 

2.3 Research Environment 

2.3.1 Access to Participants 

The nurse manager in the Pediatric Intensive Care Unit (PICU) department at Kapiolani 

Medical Center for Women and Children assisted in recruiting five participants for this 

study.  Participants were chosen based on the diversity of their occupational backgrounds. 

Work experience of participants ranged from 3 to 22 years. Of the five participants, three 

worked as Registered Nurses while the remaining two were Charge Nurses. A Charge Nurse 

is responsible for and oversees the immediate functioning of a particular ICU.  Also, a 

Charge Nurse ensures that all the patients in the unit are receiving adequate care. 

2.3.2 Study Location 

Since all participants had busy work schedules, user testing was conducted at their 

workplace, Kapiolani Medical Center for Women and Children. This was also advantageous 

as it allowed the study to be carried out in the intended context of use. 



5 
 

 
 

2.3.3 Participant Demographics 

 A total of five participants. Three of them were regular nurses monitoring 2-3 beds 
at a time, while two were Charge Nurses monitoring the unit (up to 12 beds). 

 The participants worked at the PICU, a 12-bed unit. 
 The number of years participants have worked as nurses ranged from 3 to 22. 
 All participants had daily experience working with traditional bedside monitors. 
 None of the participants had prior experience in using a mobile patient monitoring 

system. 

2.4 Study Design Decisions 
An iterative design approach, commonly used in the development of human computer 
interfaces, was used for this project. This approach involved a cycle of developing a 
prototype, testing it via user testing, identifying issues with the prototype, and refining the 
prototype. [12] 
 
After shadowing a nurse, user requirements were identified and a mobile monitoring 

application prototype was created. The prototype displayed real-time patient vital signs 

including respiration rate, heart rate (pulse), oxygen saturation percentage, and ECG.  For 

user testing, participants were required to use the prototype to perform tasks. They were 

then asked to complete survey questions and provide insights on their experiences 

completing the tasks. After collecting feedback from participants, another prototype was 

created to address issues reported in the first prototype. User testing was repeated with the 

second prototype and users were asked to perform the same tasks as before. This 

information was compared to the data collected from the first prototype. All participants 

performed the tasks for the walkthrough on an Apple iPad tablet with a 10-inch display.  

The process is described in detail as follows: 

1 Shadowing a Nurse: A Registered Nurse, whose daily tasks included monitoring 
patient vital signs using a bedside monitor, was shadowed during her shift at the 
PICU. Observations were made to better understand how nurses use bedside 
monitors, which helped with determining necessary features to be included in the 
mobile application prototype that would be later developed. The nurse was then 
asked questions regarding her opinions on having a mobile patient monitor. A list of 
the questions can be found in Appendix A. 

2 User Testing 1: A prototype (as shown in Figure 2 and 3) was made based on 
observations from shadowing as well as suggestions from existing literature on the 
topic. Five nurses were invited to spend 15 minutes with the prototype. They were 
given tasks to complete and their experience with the application was recorded. 
Afterward, they were interviewed to provide feedback. 
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Figure 2. Screenshot of a Page in Prototype 1.  

The tab in Figure 2 shows four vital signs (heart rate, respiration rate, SpO2, and pulse) as 
well as a live graph for heart rate and respiration rate. 

  

 

Figure 3. Screenshot of the Heart Rate/Respiration Rate (HRRR) Tab for Prototype 1.  
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The tab in Figure 3 shows real-time vital signs and graphs for HRRR. The graphs can be 
zoomed in and out to look at vital signs in the past. 

3 User Testing 2: After analyzing the feedback received from the nurses, 
improvements were made to the original prototype to address issues discovered 
during user testing. Figure 4 shows one of the screens in prototype 2. Participants 
were asked to complete the same tasks as before using the second prototype. Their 
experiences with the application were recorded and participants were later 
interviewed for further feedback. 

 

Figure 4. Screenshot of the Current Data Tab for Prototype 2.  

This screen replaces the old Overview tab (Figure 2) based on results from user testing 1. 
Changes made include placing vital signs and graphs next to each other, color coding the 
numbers and graphs, and adding patient information. 

2.4.1 Tasks 

The tasks for user testing were chosen based on observations made while shadowing a 
nurse. Here is a brief description of the tasks for user testing: 
 
Task 1: Participants were asked to provide their initial impression of the application before 
use. 
Task 2: Participants were given time to freely explore the application on their own, and 
then were asked to provide their initial impression of the application. Participants were told 
to make note of any features they believe did not work as expected. 
Task 3: Participants were asked to demonstrate to the researcher how to check on a 
patient’s ECG status. 
Task 4: Participants were asked to demonstrate how to check if a patient was out of their 
bed. 
Task 5: Participants were asked to demonstrate how to change the setting for the heart rate 
alert. 
Task 6: Participants were asked to demonstrate how to check on the patient’s condition 
after being away from the patient for 10 minutes. 
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Task 7: Participants were asked to use the prototype to compile a summary of the patient’s 
condition in the past hour that could then be reported to the patient’s physician. 
 
All tasks except Task 4 were tasks considered to be performed most frequently by the nurse 
during the shadowing session. Task 4 was a task that could only be performed on the mobile 
patient monitor but not on the current bedside monitor. A complete list of tasks and 
questions can be found in Appendix B. For the purpose of this research, no real patient data 
was used since the focus of this study was on the usability of the application. Mock patient 
data was generated for display on the monitor. 

2.4.2 Testing Protocol 

 Participants were asked a series of questions that captured demographic 

information, their work experience, and any other experiences related to the context 

of this research. 

 Participants were then asked to complete a set of tasks (see Appendix B). 

Throughout the process, the participants’ verbal responses were recorded for 

analysis. Any requests made by the nurses for guidance from the researcher were 

declined to avoid unintentionally influencing the results.  

 After participants completed all the tasks, they were interviewed for overall 

feedback and recommendations. 

2.4.3 Tools Employed 

The following tools were used in this study for data collection: 

 A tablet (Apple iPad) was used as the platform for showing the mobile patient 

monitor application. 

 At the time of testing, video screen capturing was not available on the iPad. All user 

actions in the tasks were recorded by mirroring the iPad output to a laptop through 

third party software and performing screen capturing on the laptop. 

 All user verbal responses were recorded onto a recording device for transcript and 

data analysis. 

2.4.4 Performance Metrics 

2.4.4.1 User Success Rate 

User success rates were used to measure user performance. Nielsen defines success rate as 

the percentage of tasks users complete correctly. He believes “simplified success rates are 

best used to provide a general picture of how your site supports users and how much 

improvement is needed to make the site really work.” [13] The percentage of participants 

who successfully completed each task was calculated to compare success rates for each 

task. 

2.4.4.2 Time on Task 

“Time on task” is the time it takes a participant to finish a task. In this study, a stopwatch 

was used to calculate the time it took a user to finish a task. 
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2.5 Assumptions 
This study was designed and performed under the following assumptions:  

 Participants had sufficient first-hand experience operating a bedside monitor to 

assess the usability of the application. Many of the questions required participants 

to have experience working with a bedside monitor to provide a comparison 

between using a standard bedside monitor and the mobile application prototype.  

 Participants provided honest feedback. To encourage an environment of honesty, all 

data was collected anonymously. 

 Participants were volunteers and understood their right to withdraw from the study 

at any time. This encouraged participants to provide honest feedback without 

coercion. 

 Participants’ feedback was subjective and context-bound.  
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CHAPTER 3. RESULTS 

3.1 Phase 1: Shadowing a Nurse 

3.1.1 Goal 

A nurse at the PICU department was followed during her shift at work. The goal was to 

identify user requirements for a mobile patient monitor through observing her use of the 

current bedside monitor. These observations were used to identify features essential for 

creating a mobile patient monitor prototype.  

3.1.2 Description 

The nurse was shadowed for an hour and a half. Notes were taken on how the nurse was 

interacting with the current bedside monitor and summarized in the following section. The 

session was also taped on an audio recorder and later transcribed.  The nurse was then 

interviewed for her opinion of the bedside monitor as well as mobile monitors. The head of 

nursing of the PICU was also interviewed for her opinion on the potential use of mobile 

patient monitors.  

3.1.3 Observations  

Summary of Key Observations from Phase 1: 
1. The target audience for this application should be ICU nursing units with a capacity 

of at least 10 beds that require constant monitoring of patients.  According to the 
nurse, this application “would not be useful for a small unit” such as those with less 
than four beds occupied per day on average, since nurses can monitor all the rooms 
easily.  

2. The head of nursing for the PICU found the application promising since it utilizes 
modern technology (i.e., tablets) and has the potential to improve the efficiency of a 
nurse. 

3. The ability to automatically export data to an Electronic Medical Record (EMR) is a 
top priority. Nurses mentioned feeling hesitant about using any system that does 
not support this feature. 

4. Other essential components for a mobile monitoring system may include an 
interface that shows the status of at least two patients simultaneously while 
providing an audio alert. 

5. The nurse frequented the patients’ beds at least once per hour, depending on the 
condition of the patient, and the bedside monitor was always used to monitor the 
patient during these visits.  

6. The nurse usually spent less than one minute interacting with the bedside monitor 
for a routine check. When the patient had an abnormal condition, she spent up to 
three minutes using the bedside monitor. 
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3.2 Phase 2 and 3: User Testing with Prototypes 1 and 2 
Figure 5 shows the average clicks for each task in user testing for prototypes 1 and 2. None 

of the participants completed task 6 using prototype 1 and as a result, zero clicks were 

recorded.   

 
Figure 5. Average Clicks for Each Task in User Testing for Prototypes 1 and 2. 
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Figure 6 shows the average time spent on each task in user testing for prototypes 1 and 2. 

None of the participants completed task 6 using prototype 1 and as a result, no completion 

time was recorded. 

 

Figure 6. Average Time for Each Task in User Testing for Prototypes 1 and 2. 
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Figure 7 shows the user success rate for each task in user testing for prototypes 1 and 2. 

None of the participants completed task 6 using prototype 1. Participants were able to 

complete all tasks using prototype 2. 

 
Figure 7. Success Rate for Each Task in User Testing for Prototypes 1 and 2. 

3.2.1 Comparison of Task One Results Using Prototypes 1 and 2 

For task one, participants were asked to provide their initial impression of the application 

without touching anything. 

3.2.1.1  Prototype 1 

Table 1 shows a summary of key points mentioned in task 1 using prototype 1. 

Table 1. Initial Impressions of Prototype 1 Before Exploration. 

Description Participant quotes Number of times 

mentioned 

Thought it was plain and did 

not provide enough 

information. 

“This [the application] is kind 

of plain… Where is the blood 

pressure?” 

2 

Preferred landscape mode. “Prefer landscape mode more” 1 

Liked simplicity of the interface. “Like the simple interface” 1 
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Found the tablet size to be too 

big.  

“. . . something that fits in my 

scrub pocket.” 

1 

Did not like the lack of color 

distinction between the vitals 

graphs and numbers. 

“They [the vitals] are all green” 1 

 

3.2.1.1 Prototype 2 

All of the participants were able to identify prototype 2 as an application that displays 

patient’s vitals. Two of them mentioned explicitly that they liked this prototype more than 

the first one. None of them mentioned that they did not like this prototype. Table 2 shows 

the summary of participants’ initial impressions of prototype 2 before exploration. 

Table 2. Initial Impressions of Prototype 2 Before Exploration. 

Description Participant quotes Number of time 

mentioned 

All could identify the application as 

an application that displays patient 

vitals for patient monitoring. 

“… displays vitals for 

monitoring the patient” 

5 

Liked this more than the previous 

prototype 

“this [referring to the current 

prototype] is better than the 

last one” 

2 

The layout is easy to see “I like this layout… easy to find 

what I am looking for” 

1 

Liked the feature for seeing a list of 

the patients 

“patient list is helpful” 1 

 

3.2.2 Comparison of Task Two Results Using Prototypes 1 and 2 

For this task, participants were given time to freely explore the application on their own, 

and then asked to provide their initial impression of the application. Participants were told 

to make note of any features they believe did not work as expected. 

3.2.2.1 Prototype 1 

Table 3 summarizes participants’ impressions of prototype 1 after exploring the 

application. 
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Table 3. Impressions of Prototype 1 After Exploration. 

Description Participant quotes Number of times 

mentioned 

Expected to see prompts for 

changing the heart rate and 

respiration limits upon clicking on 

the vital sign. That is the way they 

do it on  the bedside monitor. 

“[clicking on the heart rate] this 

doesn’t do anything”, “where is 

it [the prompts for changing the 

vitals limit]?” 

4 

Suggested using the overview tab, 

which displayed all four vitals 

(Heart rate, Respiration rate, SpO2, 

and Pulse), as the home screen 

“… that one [pointing at the 

overview tab] makes more 

sense… Maybe better to use this 

as home page?” 

3 

Expected to see an enlarged version 

of the graph upon clicking on the 

graph 

“it shows the whole thing when 

I click on it [refers to the 

bedside monitor at work]” 

2 

Did not like the new way of 

displaying the SpO2 

“too much is going on here” 2 

Liked the way of displaying the 

SpO2 

“I like it [referring to the SpO2 

graph” 

1 

Suggested that there is no need to 

have separate tabs for each vital 

“put everything [all the vitals] 

in one place” 

1 

3.2.2.2 Prototype 2 

Table 4 shows the summary of participants’ impressions of prototype 2 after exploring the 

application. 

Table 4. Impressions of Prototype 2 after Exploration. 

Description Participant quotes Number of time 

mentioned 

Liked the patient list. “patient list is a good touch” 1 

Loading time was a little slow “this [referring to loading time] 

is taking a while” 

1 

Liked the page with the lab results “the lab page is nice” 1 
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Was looking for a silent button “where is the mute button?” 1 

Suggested using the vitals monitor 

page as the landing page for each 

patient 

“make more sense to see this 

page [referring to the vitals 

monitor page] when I click on 

the [patient] name” 

1 

Liked the setup “I like the setup” 1 

3.2.3 Comparison of Task Three Results Using Prototypes 1 and 2 

For this task, participants were asked to demonstrate to the researcher how to check on a 

patient’s ECG status. 

3.2.3.1 Prototype 1 

All participants completed the task.  On average, participants took 1.2 clicks (σ = 0.45) and 

4.4 seconds (σ = 1.67) to complete the action. The minimum actions required for this task 

was one click, and four out of five participants were able to complete this task within the 

minimum. None of the participants considered the task to be difficult and they were all able 

to identify the location of the ECG graph. 

3.2.3.2 Prototype 2 

All participants completed the task. On average, participants took 1.4 clicks (σ = 0.55) and 

5.6 seconds (σ = 2.88). The minimum actions required for this task was one click, and one 

out of five participants was able to complete the task within the minimum. 

Two participants struggled to find the button to bring up the vitals monitor page that 

displays the ECG.  These participants suggested making a larger button for easy access to 

the monitor page. 

3.2.4 Comparison of Task Four Results Using Prototypes 1 and 2 

For this task, participants were asked to demonstrate how to check if a patient was out of 

their bed. 

3.2.4.1 Prototype 1 

Two out of the five participants completed the task successfully. On average, participants 

took two clicks (σ = 1.30) and 7.5 seconds (σ = 4.94). The minimum actions required for this 

task was one click, and one out of five participants was able to complete this task within the 

minimum. 

Participants felt this was an ambiguous task. Of the three participants that did not complete 

the task, one participant mentioned that there was “no way to tell [if the patient is out of 

bed] for sure from the monitor” and did not continue with trying to complete the task. The 

two other participants who did not finish failed to identify the correct solution: checking for 

the bed exit alarm. Instead, they waited for any sudden stop in data collection by the 
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monitor. The lack of vital signs from the monitor could be due to the sensors attached to the 

patient being removed, thus suggesting the patient was out of the bed. 

3.2.4.2 Prototype 2 

Four out of the five participants completed the task successfully. On average, participants 

took 0.8 clicks (σ = 0.5) and 3.6 seconds (σ = 1.29). Minimum click required was 0 if they 

were on the right page and some participants did not have to click since they were on the 

correct page already before starting the task. 

While four participants found the task to be straightforward, one participant was unable to 

locate where the alarms would be and gave up attempting the task. The participant 

mentioned that they were expecting a brighter, more visible icon. 

3.2.5 Comparison of Task Five Results Using Prototypes 1 and 2 

For this task, participants were asked to demonstrate how to change the setting for the 

heart rate alert. 

3.2.5.1 Prototype 1 

All participants completed the task.  On average, participants took six clicks (σ = 1.22) and 

17.8 (σ = 4.82) seconds. The minimum actions required for this task was five clicks, and two 

out of five participants were able to complete this task within the minimum. Three of the 

participants completed the task with ease. The remaining two participants struggled to 

complete the task as they attempted to use their past knowledge and techniques from their 

experiences with existing bedside monitors to complete the task. 

3.2.5.2 Prototype 2 

All participants completed the task.  On average, participants took 5.6 clicks (σ = 1.52) and 

14.5 seconds (σ = 1.82). They found it easy to perform the task with the application. More 

than one participant mentioned that “the task was straightforward” and “easy.”  

3.2.6 Comparison of Task Six Results Using Prototypes 1 and 2 

For this task, participants were asked to demonstrate how to check on a patient’s condition 

after being away from the patient for 10 minutes. 

3.2.6.1 Prototype 1 

None of the participants completed the task. Participants seemed confused and 

unanimously searched through the interface to “look for a ‘Trends page,” a feature available 

in the bedside monitor they use at work. Trends pages provide a snapshot of the patient’s 

vital signs at intervals. Upon realizing this page was unavailable in the prototype’s interface, 

two participants responded by saying that they would “check the [existing] bedside 

monitor” for vital signs instead. 



18 
 

 
 

Participants were expected to use the time interval selector of the graphs, which would 

provide patient data collected in the last 10 minutes.  Since none of them completed the 

task, no completion time was recorded. 

3.2.6.2 Prototype 2 

With the addition of the “Trends” screen to the prototype, all participants completed the 

task.  On average, participants took 4.5 clicks (σ = 2.41) and 14 seconds (σ = 4.95). 

Participants used two different approaches to find patient data, and both approaches 
worked depending on the vitals they were looking at. The first approach was to look at the 
“Trends” screen to locate patient data. The second approach was to look at the tablet and 
adjust the elapsed time period to see vital signs collected in the past 10 minutes. 

3.2.7 Comparison of Task Seven Results Using Prototypes 1 and 2 

For this task, participants were asked to use the prototype to compile a summary of the 

patient’s condition in the past hour that could then be reported to the patient’s physician. 

3.2.7.1 Prototype 1 

All participants completed the task. On average, participants took 0.8 clicks (σ = 0.44) and 

2.6 seconds (σ = 0.55). The minimum actions required for this task was 0 clicks as the 

required information is gathered from the “Overview” tab. One participant was already on 

the “Overview” tab and completed the task within the minimum time.  

All participants were able to complete this task with ease. This was partly due to the 

participants’ familiarity with the “Overview” tab from exploring the application prior to use.  

3.2.7.2 Prototype 2 

All participants completed the task. On average, participants took two clicks (σ = 1.22) and 

4.2 seconds (σ = 1.92). All participants completed this task with ease. They were all aware 

of the monitor screen that provides the information they needed.  

3.2.8 Comparison of Post-Tasks Interview Results 

After performing tasks, participants were asked a series of questions regarding their 

experience with the prototype. Refer to Appendix B for the list of questions.  

3.2.8.1 Prototype 1 

Tables 6 to 17 in Appendix C contain detailed results for all questions asked during the 

interview regarding prototype 1. Here is a summary of the results: 

1. Participants were asked to rank the design and usability of prototype 1on a scale of 

1 to 10 (1= terrible, 10 = excellent). Participants rated the application’s design with 

a mean rating of   5.8 out of 10 while the application’s usability was given a mean 

rating of 6.4 out of 10. The most frequent complaint about the design was the lack of 

a Trends page. This was reflected by the fact that no participants completed Task 

Six. 

2. Four out of five participants noted the lack of a Trends page in prototype 1. 

Implementing such a page may be beneficial as it provides a snapshot of the 



19 
 

 
 

patients’ vitals in intervals and it is an existing feature in bedside monitors used by 

participants. 

3. Three participants thought prototype 1 would improve their workflow efficiency. 

4. Three participants preferred a layout that could display all vitals (heart rate, 

respiration rate, ECG, etc.) on one page instead of having separate pages for each. 

5. When asked whether they preferred the interface of the traditional bedside monitor 

or the mobile monitor, participants said they could choose neither over the other 

and that the interfaces for both devices worked well together. Ultimately, 

participants believed the mobile monitor could not replace the traditional one, but 

would serve as a good supplement to existing technologies. 

6. Two participants mentioned that the color scheme of the graphs and numbers were 

not consistent with the bedside monitors used at the hospital. 

3.2.8.2 Prototype 2 

Tables 18 to 30 in Appendix D contain detailed results for all questions asked during the 

interview regarding prototype 2. Here is a summary of the results: 

1. Participants were asked to rank the second prototype for its design and usability, 

using the same previous 10-point scale (1 = terrible, 10 = excellent). This 

application’s design was given a mean rating of 7.25, while usability was rated an 

average of 8. These results were an improvement from 5.8 and 6.4, respectively, 

from the previous prototype.  

2. All five participants could see themselves using this application in the future. 

3. All five participants believed the application would improve their workflow 

efficiency, an improvement from three participants that agreed with this statement 

for the previous version. 

4. Four participants would recommend this application to their coworkers.  

5. Three out of five participants suggested adding a control for the audio alarm setting. 

3.3.9 Issues Identified in Prototype 1 

The following issues were identified in prototype 1 during user testing 1: 

 The method used to update limits for tracking vitals and triggering alarms was 
inefficient. All participants expected the prototype to be able to update its limits in 
the same way as the bedside monitor. With the bedside monitor, when the 
participant clicked on the vital sign, a prompt appeared that allowed for  increasing 
or decreasing the limit by pressing the up and down arrows. 

 Participants stated that having separate tabs for each vital sign was inconvenient. 
They preferred seeing all vital signs on a single page, with each vital sign having its 
own graph to display changes in recent status. 

 All participants requested the implementation of a Trends page. On current bedside 
monitors, the Trends page displays a snapshot of a patient’s vital signs at intervals 
of a preset amount of time. The Trends page is an essential feature that all 
participants used frequently.  

 Participants found the color scheme for vital signs to be uninformative. In this 
prototype,  green was used for all vital signs that were within limits and red for any 
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abnormal readings.  Participants were used to color coded vital signs and graphs 
where each vital sign had a predefined color for easy recognition. For example, 
oxygen saturation rate is always displayed in blue. With the bedside monitor, any 
abnormal vital sign was emphasized through flashing text instead of a change of 
color. 

 Participants did not like that only one patient’s vital signs could be displayed at any 
given time. 
  

3.3.10 Improvements to Prototype 1 Based on Feedback 
The following improvements were made to the prototype: 

 A Trends page was added since it was one of the most requested features. 

 A list of patients was added, which allows the user to see more than one patient’s 

vital signs at any given time. 

 A monitor screen showing all the vital signs and graphs on one page was added. 

Vital signs listed include: heart rate, respiration rate, ECG, and blood pressure. 

 Vital signs were each assigned a different color following the color scheme used by 

the existing bedside monitor at the hospital for easy recognition. 

 The prompt for updating limits was redesigned to address the participants’ needs 

by making it similar to the method of updating limits on the bedside monitor. 

3.3.11 Suggestions for Improving Prototype 2 

The participants made the following suggestions for improving prototype 2: 

 Since nurses usually monitor two patients simultaneously, a split screen or having 
other patient’s information on the top toolbar would be helpful. 

 For easy access to data, add a “My Patients List” function that would allow nurses to 
bookmark the patients they are caring for at the moment. 

 Implement a “bump” function that would allow for easy transfer of patient data 
between nurses. This would be particularly useful when a nurse finishes her shift 
and needs to pass on information to the next nurse on duty. 

 Make sure the device can fit in the scrub pocket. A scrub pocket can at most fit a 7 
inch tablet. 
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CHAPTER 4. DISCUSSION AND CONCLUSION 

4.1 Design Guidelines and Key Findings 

4.1.1 Size of Mobile Device 

Mobile devices in the market can be broadly categorized into two categories: tablets which 
are between 5 to 10 inches long and mobile phones which are less than 5 inches long. In 
general, it is expected that users prefer a larger device to have more screen space to view 
information. Current trends amongst mobile device manufacturers seem to support this 
assumption as new, larger phones are constantly being introduced into the market. For 
instance, the iPhone – arguably one of the most popular phones on the market – has a 
screen size that has been getting progressively larger with each new generation. Another 
example is the introduction of phones that are larger than the normal size (commonly less 
than 4 inches long) such as the Samsung Galaxy Note. It is between the size of a cell phone 
and a tablet. Based on these examples users generally prefer a larger screen. [14] However, 
observations from this study suggest that a larger device is not always better. Although 
large devices have the luxury of more viewing area, our study has shown that there are 
situations where portability may be an important factor. 
  
Four out of the five nurses interviewed expressed their concerns about the 10’’ tablet being 
too big.  Despite being able to display more information on the screen, the nurses could not 
see themselves carrying such a large device around with them. Two participants stated they 
“want something small that fits in my scrub pocket.” This suggests that the ideal size of the 
mobile device depends on the purpose of the application and the user’s needs.  

4.1.2 Learning Curve 

One issue with introducing new technology is user resistance rooted in awareness of 
learning curves associated with new technology. With the popularity of the smart phone, 
most people own at least one mobile device and are familiar with using one. All five nurses 
that participated in this study had no problems using the mobile device. They were all 
familiar with using a touch screen device and there was no learning curve when it came to 
the use of the tablet. The participants knew instantly to tap on buttons and tabs and to scroll 
for more information.  

4.1.3 Audio Alarm 

Audio alarms triggered by abnormal patient vital signs are critical for a patient monitoring 
application. According to interviews with participants, more than one of them stated that an 
audio alarm was one of the most used features and that it was “very important.”  
 
While having a voice that reads aloud messages such as “Patient exceeded heart rate limit” 
is seemingly straightforward and useful, feedback during interviews suggested that non-
verbal sounds such as melodies were preferred. Because participants were used to hearing 
non-verbal alerts, hearing a voiceover warning may cause them to “wait again to hear what 
that is about.” One participant stated that shorter sounds and tones were preferred as they 
would be more easily recognized. 

4.1.4 Purpose of a Mobile Patient Monitoring Application vs. Bedside Monitors 

One nurse mentioned that she was reluctant to use a mobile patient monitoring application 
due to the fear of making patient care too convenient. It may make nurses “lazy” and allow 
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them to stop physically checking on patients as frequently. Three out of the five nurses said, 
“[a mobile patient monitoring application] cannot replace the bedside monitor.” When 
asked to elaborate on the reason, one of them believed the patient monitoring application 
was not as robust as the bedside monitor when it came to generating graphs for patient 
data (such as heart rate, respiration rate) over time. Default settings on the prototype were 
set to show the current waveform of vital signs (10 seconds of the most recent vital signs). 
There was a buffering time of 2-4 seconds for generating graphs involving a large dataset. 
One participant said “three seconds is the longest I can stand.” The other main reason 
participants did not see the mobile application replacing a conventional bedside monitor 
was that they could not “imagine not having a [stationary] bedside monitor next to the 
patient.”  
 
When asked how they perceive the use of a mobile monitor, most participants said the 
mobile monitor serves a different purpose compared to the bedside monitor. The mobile 
monitor was considered to be “a supplement to the bedside monitor instead of a substitute.” 
For example, participants viewed it as a way to remotely control the alarm setting for the 
bedside monitor. Currently, they can only control the alarm if they are physically at the 
monitor. Another participant stated the mobile monitor would be useful for checking on a 
patient quickly when they are unable to be at bedside or at the nurse’s station. 

4.1.5 Similarities to Existing Bedside Monitors 

Due to the mobile patient monitoring application’s size constraints and potentially different 
purpose as stated above, the application might have a very different interface compared to 
existing beside monitors. Nurses, however, are used to certain interface layout features due 
to years of working with the bedside monitor. Based on testing, participants reacted much 
better to an interface that was similar to the existing bedside monitor. In particular, they 
wanted the same features in a mobile monitor including a live vital signs page where all 
current vitals (heart rate, respiration rate, ECG, blood pressure) are shown in both graph 
form and in numeric form, as well as color-coded vitals, and audio alarms for alerts for 
unusual vital signs. 

4.1.6 Interfacing with EMR 

Medical charting is the process used to keep track of all interactions with patients in a 
clinical environment. It is one of the activities nurses often do when they check on a patient. 
According to the site wisegeek.com, “charting provides a medium of communication for 
caregivers. Nurses record vital signs and note when medications are administered, along 
with other information of note, while doctors record the outcome of patient meetings and 
procedures performed on the patient. Missing a step in medical charting can be legally 
dangerous and potentially bad for the patient. For example, if a nurse administers a 
medication and fails to record it, another nurse may note that the medication had been 
ordered but not administered according to the chart, and the medication would be 
administered again, putting the patient at risk.” [15] In order to minimize the risk, the 
current bedside monitor is able to interface with an Electronic Medical Record (EMR) and 
populate the patient’s data automatically. Being able to automate information transfer not 
only minimizes the risk of human input error but also lessens the nurse’s workload. The 
nurses interviewed all suggested that they would not use a monitoring system that is not 
able to interface with the hospital’s EMR system and do medical charting.  
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4.1.7 Showing Data for Multiple Patients 

The mobile monitor should support showing data for more than one patient by having a 
patient list. According to the participants, they usually take care of at least two patients at a 
time. They want to be able to easily “see data of [their] patients.” A participant suggested 
using the toolbar to show a snippet of the other patient’s data and alarms for easy access. 

4.1.8 Trends Page 

A Trends page is a crucial feature that nurses frequently use on current patient monitors. It 
is a page where patient data is continuously collected and graphed at a preset interval of 
time such as 15 minutes. It provides a snapshot of all vital signs at those intervals. This 
provides the nurse with a better overview of the patient’s clinical state, compared to just 
having a single data point.  Being able to see the change of a patient’s condition over time, as 
with a Trends page, not only helps nurses better understand a patient’s condition but also 
serves as a good resource when updating the patient’s medical records.  

4.1.9 Minimize Loading Time 

One noticeable difference between the prototype and the bedside monitor was the loading 

time between screens and graph plotting. This is a performance issue that has to be 

addressed for any real-time patient monitoring device. Given all data is transmitted 

wirelessly to the device, all graphs are queried wirelessly from the database and this can 

cause a noticeable delay in graph plotting. As mentioned earlier, one participant said she 

expected loading time for a patient monitoring device to be no longer than three seconds 

and having to wait any longer than that would make her hesitant to use it while caring for 

her patients. 

4.2 Researcher Bias 
The author was both the researcher of this study as well as developer of the application. As 

the developer of the application, the author may have hoped that participants approved of 

the product and may have been tempted to defend design decisions. 

4.3 Limitations 
The following limitations apply to this study: 

 This study was limited by the availability of participants. The participants in this 

study were busy professionals and the study was conducted at their workplace for 

their convenience. The PICU department, like any ICU department, was busy most of 

the time and participants were taking care of two patients at all times. 

Consequently, it was unavoidable and not unusual to have a user testing session 

interrupted by an unexpected emergency. In certain sessions, this happened 

multiple times. Such interruptions could have affected the participant’s feedback 

and responses.    

 Participant feedback was subject to bias. Along with natural personal bias, 
participants had extended experience with traditional bedside monitors and less 
exposure to a mobile monitoring application. As a result, a participant’s familiarity 
with the technology in this study may have also affected their feedback. 
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 Findings from this study may only apply to the participants interviewed as only one 

nurse was shadowed and all participants were all from the same hospital. Due to the 

use of human subjects for this study, IRB approval was required and attained from 

the University of Hawaii (refer to Appendix E for IRB approval). Yet, hospitals have 

their own IRB review process as well, which is more rigorous and lengthy. As a 

result, this study focused on nurses from one hospital.  

 Participants all worked at a Pediatric Intensive Care Unit. For this study, experts in 

the field who had extensive experience with traditional bedside monitors were 

preferred. As a result, Registered Nurses with working experience were selected 

instead of nursing students. An Intensive Care Unit was selected because the nurses 

there fit our participant portfolio the best: they monitor patients closely and 

continuously since any abnormal change in patient vitals can be critical. 

 This study did not examine the usability of the application on tablets other than the 
iPad. Due to financial constraints, only the iPad was used as a platform for this 
study.   

4.4 Improvement for Future Studies 
1. Use task success rate, which indicates the amount of the task completed, instead of 

only complete and fail. This will provide more insight on how the users are doing 

with the application. 

2. Carry out more rounds of iterative design to gather more data. 

3. Improve on the current prototype. There are improvements that can be made to the 

current prototype, according to feedback collected from user testing. Some 

improvements that can be made include: 

a. Adding the ‘My Patient List’ feature. 
b. Improving the application’s performance to avoid unnecessary loading time 

for generating graphs. 
c. Using a smaller tablet to improve the device’s portability. 

4.5 Future Studies 
1. Test the effect of tablet size on usability. Most of the participants suggested using a 

smaller tablet. A possible study would be to have the same prototype shown on two 
or more devices and conduct user testing. 

2. Test the usability of the mobile patient monitor in more than one department. The 
department interviewed in this study was a fairly small one (12 beds). It would be 
helpful to conduct the study at a larger establishment to see if the results would be 
the same for nurses that have to deal with more patients or have to spend more time 
commuting between beds in the larger departments. 

3. Test the prototypes using standardized questions and scales, such as the System 
Usability Scale (SUS), which is considered to be “an industry standard.” [16, 17] The 
SUS consists of 10 items, with odd-numbered items worded positively and even-
numbered items worded negatively. [18] See Appendix F for the list of items.  
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4.6 Potential Use of This System and Problems to be Solved 
Based on the results of the user testing, participants believed that mobile patient monitors 

will make them more efficient and save them time. Working with a mobile monitor means 

that nurses do not have to always be present at a patient’s bed, and nurses may be able to 

take care of more patients. In this sense, the mobile monitor could reduce health care costs 

by increasing the number of patients that a nurse cares for. One participant mentioned such 

monitors would be especially useful in the isolated patient rooms, where all personnel must 

be disinfected and wear sterile gowns before entering the room. Having a remote device 

would allow nurses to easily change settings and address false alarms without having to 

undergo the elaborate preparation required for entering the isolated patient rooms. This 

would effectively allow them more time to tend to other patients.  

The second prototype was better-received compared to the first one as indicated by the 

higher score for interface and design during the interviews. It also had a greater user 

success rate in task completion.  

However, there are potential problems regarding mobile monitors that have to be 

addressed in future research, such as patient privacy and system reliability. Since all data is 

transmitted wirelessly to the mobile monitor, extra attention needs to be paid to secure 

sensitive patient data during data transmission. [3, 19, 20]  
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Appendix A 

Questions Asked During Shadowing of Nurses  

 
1. Have you used a mobile monitor before? 

2. Can you see yourself using a mobile monitor? 

3. What features do you consider mandatory for a mobile monitor? 

4. Do you think a mobile monitor would improve your work efficiency? And how? 

5. Is there anything you could think of that can be done on a mobile monitor but not on the 

current bedside monitor? 
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Appendix B 

User Testing Questions 
 

Pre-Tasks survey questions: 

1. How long have you been working as a nurse? 

2. How many beds do you monitor each time during your shift? 

3. How many trips do you have to make to the patient’s bed per day on average? And how 
often? 

4. How much time do you usually spend on checking the bedside monitor for each patient 
per day? 

5. How much experience do you have working with bedside monitors?  

6. What do you check for using the bedside monitor during rounds? 

7. What do you like about existing bedside monitors? 

8. What do you not like about existing bedside monitors?  

9. Regarding bedside monitors, is there anything that you would like to change? Do you 
have any experience with a mobile bedside monitor?  A mobile bedside monitor would 
allow you to monitor patients from any location in the hospital. 

Tasks 

Data to be Collected 

1) Time to complete a task 
2) Number of clicks for completing each task 

Computed Data 

1) Number of users competing a task successfully  

This is the hand-on experiment part where the nurses will be shown the application 

prototype and be asked to complete some or all of the following tasks: 

Task 1: 

This is the homepage of a web application. Please give me your initial reactions to this 

application. Feel free to explore this application as you normally would but please don’t tab 

on any buttons until you are told to. 

 

Researcher will ask: 

● Please give me your initial impressions about the layout of this application and what 
you think of the colors, graphics, buttons, etc. 

● Without clicking on anything yet, please describe the options you see on the home page 
and what you think they do. 

● Without clicking on anything yet, if you were exploring, what would you click on first? 

● What do you think is the purpose of this application? 
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● Who do you think this application is intended for? 

Task 2: 

I'm going to give you three minutes to freely explore this application. You may click on 

anything or go you would like to go in this application, but please speak aloud as you do so. I 

will tell you when the time is up. 

 

Task 3:  

You were told to check on the patient’s ECG status. How would you do that? Please show the 

researcher step by step how you would do so. 

 

Task 4:  

Your patient is known to have the tendency to leave the bed when he should stay in bed for 

continuous monitoring. How do you check if he is still in bed? 

 

Task 5:  

You have a new patient who has a higher than usual heart rate which is normal to her/him. 

How do you change the application setting so that the application wouldn’t constantly alert 

you of higher than usual heart rate condition when it is normal for that patient? 

 

Task 6:  

You were told to summarize the patient’s condition in the past hour to his physician. Please 

demonstrate how you will use this application for this purpose. 

 

Task 7:  

You were helping a colleague out for the last 10 minutes and haven’t checked out on your 

patient. What are the first 3 items you would check for? How do you check for those items 

on the application? 

 

Section 3: Post-task survey: 

● What are your overall impressions of the application? 

● What are the three things you like best about the application? 

● What are the three things you like least about the application? 

● If you could make one significant change to this application, what change would you 
make? 

● Would you use this application on your own in the future? Why/why not? 

● What would entice you to use this application again? 

● Are there any features that you would like to change/remove? If so, which ones? 

● Are there any features that you would like to add? If so, which ones? 

● Would you recommend this application to a colleague? 
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● Do you have any other questions or comments about this application or your 
experiences with it? 

● Which one do you prefer? The traditional bedside monitor or this application? Please 
explain. 

● Do you think this application will improve your work efficiency? Please explain. 

● How would you rate the design of this application and why? 1 = terrible, 10 = excellent 

● How would you rate your experience with the application and why? 1 = terrible, 10 = 
excellent. 
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Appendix C 

User Testing Results for Prototype 1  

 
Table 5. Overall Impression of Prototype 1. 

Good Neutral Bad 

This app is a good start Prefer portrait layout The tablet size is too big, 

prefers something that can 

fit in the scrubs pocket 

Nice layout  Weight is a concern since 

the user imagines she will 

put it in her pocket to carry 

it around 

Easy to use  It is hard to follow as there 

is a delay 

The user likes it   

 
Table 6. Three Things Participants Liked Best about Prototype 1. 

Description Participant quotes Number of 

times 

mentioned 

The colored vitals (such as 

heart rate) 

“I like how they [the vital signs] are 
colored” 

2 

It is portable “I like that it is portable” 2 

It has touchscreen “[it has] touchscreen, easy to use” 1 

The ECG tab “ECG is there” 1 

Being able to see multiple 

vitals all at once 

“I can see all the vitals in one page” 1 
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Table 7. Three Things Participants Liked Least about Prototype 1. 

Description Participant quotes Number of 

times 

mentioned 

There is no ‘Trends’ screen “…need to add a Trends screen” 4 

Color scheme used for the 

vital signs do not match the 

one used at their hospital 

“they [the vital signs] should not be all 
in green”, “… have a color scheme 
here” 

2 

It is landscape, prefers it to be 

in portrait. The user thinks it 

will be easier to look at all the 

information that way 

“The other way [portrait] should be 
better…. Can see everything” 

1 

The layout is different from 

the existing monitor 

“it is different from the one we use 
one” 

1 

The waveforms (such as the 

heart rate graph) should be 

bigger 

“the waveforms are too small” 1 

The graphs and corresponding 

numbers for each vital are not 

in the same color 

“The color doesn’t match. Reading is 
green, waveform(graph) is yellow” 

1 
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Table 8. One Suggested Change from Each Participant for Prototype 1. 

Description Participant quotes Number of 

times 

mentioned 

Make it more portable “Make it smaller, more portable” 2 

Change the color scheme for 

the vital signs 

“Make it [the color scheme] match the 
one here” 

1 

To be able to see the ECG live 

wave 

“I want to see the live reading” 1 

 

Table 9. Likelihood of Participants Using Prototype 1 in the Future. 

Response Explanation 

Yes The participant likes that it is portable and thinks that it is good to be 

able to see all the vital signs at all time. 

Yes The participant likes that it is convenient and likes the fact one can 

silent an alarm away from the bedside. 

No There is lack of information compared to the current beside monitor, 

such as the trends page. 

Yes The participant thinks this is a good idea that will save time if it is more 

well-developed 
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Table 10. Modifications That Would Entice Participants to Use Prototype 1 Again 

Response Explanation Number of times 

mentioned 

Have a silent feature for 

alarms 

The participant wants a way to mute 

the alarms completely, which is 

something not available for current 

bedside monitors, which allow a nurse 

to lower the volume but not mute it. 

2 

To make it available to 

them 

The participant will use it if the 

department decides to use it 

2 

Nothing The participant is afraid having a handy 

device would make her too lazy to 

check on her patient 

1 

 

Table 11. Features Participants Want to Change or Remove from Prototype 1.  

Response Explanation Number of times 

mentioned 

Include all vital graphs and 

signs on the home screen 

instead of having to click on 

the ‘overview’ tab 

That is the first thing they 

check for when they check on 

the patients 

3 

To be able to see the ECG life 

wave 

It is one common vital to look 

at when the participant checks 

on the patient  

1 

To be able to see the data for 

more than one patient at a 

time 

They usually monitor two 

patients at a time and such 

feature would be helpful  

1 
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Table 12. Features Participants Want to Add to Prototype 1.   

Response Explanation Number of times 

mentioned 

Add a ‘Trends’ screen which 

shows snapshot of patient 

data at intervals in the past 

That is a helpful feature they keep 

going to on the current bedside 

monitor 

2 

To be able to see the data for 

more than one patient at a 

time 

They usually monitor 2 patients 

at a time and such feature would 

be helpful  

1 

Couldn’t think of anything N/A 2 

 

Table 13. Participants’ Response to Recommending Prototype 1 to a Colleague.   

Response Explanation Number of times 

mentioned 

No It doesn’t have the features she deems necessary, 

such as the Trends screen 

1 

Yes The participant finds this to be a good start and 

would recommend it 

1 

Yes The participant likes the portability 2 

Yes The participant finds it easy to use 1 

 

Table 14. Participants’ Preference: Traditional Bedside Monitor or Prototype 1.  

Response Explanation Number of times 

mentioned 

Both They think the mobile application cannot 

replace the traditional beside monitor. They see 

it as a good supplement to the current monitor. 

3 

The bedside 

monitor 

The bedside monitor is next to the patient so 

you can see what is going on with the patient 

1 

The bedside 

monitor 

The mobile app doesn’t have the features she 

wants, such as the Trends page 

1 
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Table 15. Participants’ Response: Would Prototype 1 Improve Work Efficiency? 

Response Explanation Number of times 

mentioned 

Yes It would save them time from needlessly 

going into the patient’s room. For example, 

when they know clearly it is a false alarm 

that has been set off 

3 

Couldn’t tell right 

now 

The application is lacking data she wants to 

see 

2 

 

Table 16. Participant’s Rating for the Design of Prototype 1. 

Rating  (1 = 

terrible, 10 = 

excellent) 

Explanation 

5 There is no Trends page and the layout needs to be improved to 

resemble the bedside monitor screen 

7 The design is good and it is easy to navigate. There was no learning 

curve 

4 Nothing stands out. She prefers a design that resembles the bedside 

monitor screen. 

7 She liked the Overview page. She finds it easy to read but it is 

missing features she wants such as a Trends page 

6 It is simple to use but nothing outstanding 
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Table 17. Participant’s Rating for the Experience with Prototype 1. 

Rating  (1 = 

terrible, 10 = 

excellent) 

Explanation 

5 It is not great but not bad either. She finds the app easy to use but the 

functionalities are limited. She suggested adding features mentioned 

earlier 

8 She finds a couple features unnecessary (such as the separate tabs for 

each vital) but thinks it is good otherwise. She finds it easy to use  

4 She doesn’t like the delay encountered in this app. Occasionally the app 

takes a couple seconds to responds to user response. 

9 She finds it straight forward and very easy to use. 

6 It is user friendly but lacks some necessary features. 
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Appendix D 

User Testing Results for Prototype 2 

 
Table 18. Overall Impression of Prototype 2. 

Good Neutral Bad 

The participant liked this 

better than the last 

prototype 

None Too much information that 

confused the participant at 

first 

The participant liked how 

this application has a 

monitor screen similar to 

the existing bedside 

monitor 

  

Easy to use   

The participant liked that 

this prototype gives more 

information compared to 

the last one 

  

 

Table 19. Three Things Participants Like Best about Prototype 2. 

Description Participant quotes Number of times 

mentioned 

The vitals monitor screen where it 

shows living reading of all the vital 

signs (Heart rate, Respiration rate, 

ECG)  

“I like this page [the vital 
monitor page]” 

2 

It has patient identifiers “I like that it shows the 
patient name on top” 

1 

It shows a list of the patients present “Patient list is nice” 1 

The vital signs are color coded “The color [of the vitals] is 
right this time” 

1 

There is a Trends page “I like the Trends page” 1 

Easy to use “It is easy to use” 1 
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Table 20. Three Things Participants Like Least about Prototype 2. 

Description Participant quotes Number of times 

mentioned 

Couldn’t think of anything at the 

moment 

“Can’t think of 
anything” 

2 

Too much information on the screen “Too much going on 
here” 

1 

The page where it shows lab results 

should shows normal data for 

comparison 

“Would be nice to have 
the normal [data] to 
compare to”  

1 

For the medication tab, the participant 

wanted to see when the last medicine 

was given and when the next one is due 

“Show when the last 
med was given…. 
Know when I should 
give the next one” 

1 

 

Table 21. One Suggested Change from Each Participant for Prototype 2. 

Description Participant quotes Number of times 

mentioned 

Adds control for audio alarm settings “… to change the alarm 
setting” 

3 

Too much information at a glance “this is too much, hard 
to see” 

1 

Change the color of the vital signs to 

match the one they are using right now 

“This one [referring to 
the color of one of the 
vital] is off, we use 
green for that” 

1 

 

Table 22. Likelihood of Participants Using Prototype 2 in the Future. 

Response Explanation 

Yes The participant can see herself using it during rounds. She thinks it will 

enhance participation and will be useful for when she is charting. 

Yes The participant thought it was a good monitoring system 

Yes The participant can see herself using it for charting 

Yes The participant thinks it will save her time 

Yes The participant thinks it will be convenient 
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Table 23. Modifications That Would Entice Participants to Use Prototype 2 Again. 

Response Explanation Number of times 

mentioned 

The participant would use it 

during breaks 

The participant sees it as a 

time- saving tool that will save 

her time from going to the 

patient’s room  

2 

To make it widely available 

to them 

The participant will use it if 

the department decides to use 

it 

1 

It is time saving The participant think it will 

save them time and improve 

work efficiency 

1 

Couldn’t think of anything at 

the moment 

N/A 1 

 

Table 24. Features Participants Want to Change or Remove from Prototype 2.   

Response Explanation Number of times 

mentioned 

Adds control for audio alarm 

settings 

Audio alarm is an essential 

feature 

3 

For the medication tab, the 

participant wanted to see 

when the last medicine was 

given and when the next one 

is due 

That would save the 

participant trouble in 

calculating when she should 

give the medicine again  

1 

Couldn’t think of anything at 

the moment 

N/A 1 
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Table 25. Features Participants Want to Add to Prototype 2.  

Response Explanation Number of times 

mentioned 

Adds control for audio 

alarm settings 

Audio alarm is an essential 

feature 

3 

Couldn’t think of anything at 

the moment 

N/A 2 

 

Table 26. Participants’ Response to Recommending Prototype 2 to a Colleague   

Response Explanation Number of times 

mentioned 

No It doesn’t have the features she deems 

necessary 

1 

Yes It seems nurses-friendly and easy to use 1 

Yes It has all the information the participant 

wanted 

2 

Yes It seems useful 1 

 

Table 27. Participants’ Preference: Traditional Bedside Monitor or Prototype 2.  

Response Explanation Number of times 

mentioned 

Both They think the mobile application 

cannot replace the traditional beside 

monitor. They see it as a good 

supplement to the current monitor. 

2 

The bedside 

monitor 

The bedside monitor since she is more 

familiar with it 

2 

The bedside 

monitor 

The bedside monitor cannot be lost 

easily while the tablet one can be lost 

more likely 

1 
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Table 28. Participants’ Response: Would Prototype 2 Improve Work Efficiency? 

Response Explanation Number of times 

mentioned 

Yes It would save them time from 

going to the patient’s room 

when not necessary 

4 

Yes It allows her to remote 

monitor 

1 

Yes It would save them trouble of 

walking with paper and pen. 

Sometimes they need to carry 

a lot of paper with them. 

1 

Please note that the number of times a reason was mentioned exceeded the number of 

participants since one participant gave two reasons.  

 

Table 29. Participant’s Rating for the Design of Prototype 2. 

Rating  (1 = 

terrible, 10 = 

excellent) 

Explanation 

7 The participant liked the live vital signs monitor and also liked the 

alarm screens. She found both useful 

7 Same reason as above 

8 This one has more information compared to the last one and the 

vitals are color coded. She also liked the addition of the Trend 

feature 

8 This one provides a lot of information 

9 The participant liked the live vital signs monitor page 
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Table 30. Participant’s Rating for the Experience with Prototype 2. 

Rating  (1 = 

terrible, 10 = 

excellent) 

Explanation 

6 She found this user friendly. She did not need any instructions on 

using it. 

8 It is very straight forward to use 

8 This one is easier to navigate compared to the last one 

9 She liked the live vital signs monitor page 

9 She found it very easy to use once you get used to clicking on the 

buttons. 
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Appendix E 

University of Hawaii Human Studies Program Approval 
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Appendix F 

System Usability Scale 
 

The System Usability Scale is a 10 item questionnaire with 5 response options that ranges 

from Strong Disagreement to Strong Agreement. 

1. I think that I would like to use this system frequently. 

2. I found the system unnecessarily complex. 

3. I thought the system was easy to use. 

4. I think that I would need the support of a technical person to be able to use this 

system. 

5. I found the various functions in this system were well integrated. 

6. I thought there was too much inconsistency in this system. 

7. I would imagine that most people would learn to use this system very quickly. 

8. I found the system very cumbersome to use. 

9. I felt very confident using the system. 

10. I needed to learn a lot of things before I could get going with this system. 

Response options:

 


