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1. SUMMARY
When dealing with health-related matters, there are a plethora of available resources to help
people understand medical information and track their own personal health. If these resources are
delivered through the use of technology, they are collectively known as examples of a telehealth
service. However, there are some issues with the telehealth, such as wide-spread information
from the internet, the validity problem of the information, and inconvenient usage.
Therefore, there exists a clear market for a central health-related application to deal with these
issues. An application that combines all of the various resources previously required to keep up
with health would make individuals much more likely to actually utilize these resources.
Launching one application to look up reliable information about an illness, or to search
physicians or medicines’ information, would drastically reduce the amount of time required to
complete each of these tasks.
From the heuristic evaluation on existing healthcare applications and comparison analysis, the
researchers found that (1) the diagnostic procedure was not intuitive; (2) the applications could
not provide an accurate diagnosis without users’ medical record and history; (3) the applications
included unnecessary information; (4) they still lacked the functions and information users
needed based on our survey results. The researchers resolved these problems with the creation of
the HealthAdvisor mobile application.
From the heuristic evaluation on existing healthcare applications and comparison analysis, the
researchers found that (1) the diagnostic procedure was not intuitive; (2) the applications could
not provide an accurate diagnosis without users’ medical record and history; (3) the applications
included unnecessary information; (4) they still lacked the functions and information users
needed based on our survey results. The researchers resolved these problems with the creation of
the HealthAdvisor mobile application.
The functions include six main parts: (1) chatting with the conversational agent to diagnose
diseases; (2) searching physicians and making an appointment; (3) searching local common
diseases; (4) searching medication and setting reminders; (5) a patient’s forum to ask and answer
questions or share stories with other users; (6) managing physician’s appointments, medications
reminders and health history. The target users are the people who own and actively and
frequently use smartphones. The user age range is from 18 to 65.
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Five HCC cycle stages are included in this report: (1) finding problems and defining user needs;
(2) designing low-fidelity prototypes; (3) evaluation and redesign iterations on low-fidelity
prototypes; (4) designing high-fidelity prototypes; (5) usability testing.

2. STAGE 1: FINDING PROBLEMS AND DEFINING USER NEEDS
The researchers used four techniques to define user needs, including previous-paper studying, a
heuristic evaluation on an existing health care application (iTriage), surveys, and follow-up
interviews.
2.1 Previous paper studying
2.1.1 Telehealth
Based on the definition from U.S. department of health and human services, telehealth is using
technology to deliver health care or health information remotely [6]. However, this information
is spread in a wide-variety of places [4]. For instance, if an individual would like to research an
illness that they are currently dealing with, information can be obtained from the internet – but
the validity of this information is always of concern, especially when the information seems to
differ between individual websites [4][2]. Alternatively, that person could go to their personal
physician – but it might take some time to get an appointment or be too cost-prohibitive, and the
actual process to setup an appointment can be less-than-pleasant. Furthermore, when the person
is interested in tracking their personal health, yet another separate resource is required to be
utilized. The most common form of this process for most, especially those of older age, is likely
writing down anything important that needs to be remembered [1]. Simply writing down this
information, however, is not conducive to easily keeping up with this information and changes to
it. Moreover, if this person now wants to have a reminder to complete a health-related task, such
as taking medicine at a specified time, they must employ yet another resource to provide this
reminder. Utilizing all of these resources is not convenient and as a result many skip past all or
part of these steps in keeping up with their health.
2.1.2 Health applications
Due to the aforementioned issues with tracking health, a clear market for a central health-related
application was derived. The existence of this kind of applications on an individual’s personal
phone would also make all of these resources available almost anywhere at any time. When
speaking about the utilization of one health application in particular, mHealth, a study came to
the conclusion that the patients in the study were able to use the application successfully,
interpret data from it, and apply this data to their health management [7]. This provides evidence
that the utilization of a mobile health application can benefit the user when dealing with a
chronic illness and its management.
2.2 Heuristic Evaluation on iTriage
Based on the understanding of the background of health care applications, the researchers did a
heuristic evaluation on an existing health app iTriage. iTriage puts the users at the center of their
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healthcare - anywhere, anytime. Users can search for symptoms, doctors, facilities, conditions,
medications and procedures. Though it is almost a fully functional health app, as users, it has
some drawbacks in regard of user experience. Ten usability heuristics by Jakob Nielsen are used
to evaluate the application. Three tasks were listed to supply the evaluators with a typical usage
scenario:
1) As a female user, I feel flank pain. I want to use iTriage to find the causes and further
instructions (for example, find which medicines to take, where to get them)
2) Suppose iTriage suggests me to see a doctor, I need to find a doctor and make an appointment
with him/her.
3) After getting the medicine from the doctor, I want to add the medicine to my iTriage account.
Heuristic H2 (match between system and the real world) was violated for four times, which was
the biggest usability problem. Firstly, the diagnostic procedure is not intuitive from the users’
perspective. Next, after selecting one disease (a possible cause), the first thing evaluators expect
to see is the basic information about this disease. While in actuality, on this page, again, a
complicated menu is shown. Evaluators need to find the “description” button from the long list to
see the basic info. It is not intuitive at all and not in a natural and logical order (see figure1).
Another problem related to H2 is that after calling the doctor and making an appointment,
evaluators are automatically guided back to the doctor information page. They want to set a
reminder for this appointment, but there is no button to accomplish this. They can only go to “my
iTriage”, and tap “my appointments” to add a new one. It should provide a shortcut, which would
follow real-world conventions (see figure2). Moreover, even after evaluators add an appointment
following P12, there is no function for setting an alarm on that appointment day. It functions just
like a notepad that records the information. In the “medications” module of the main menu, users
can check all information of a specific medicine by searching the name of it. Users also have the
option to add this medication to “My iTriage”. Users expect to use this function as a medicationtaking reminder, but it has the same problem with P13 - there is no function for setting an alarm,
thus making it less useful (see figure3).
Heuristic H1 (visibility of system status) was also violated. When looking up symptoms, a
diagram of human body is shown. Evaluators tap on the abdomen, then they are immediately
guided to the next page to see the possible causes. But no feedback is given to inform evaluators
if they tap on the accurate part. Just a little tapping deviation will cause big difference. Even a
red circle or zooming in function on the tapping part will help (see figure4). When looking up
symptoms, a diagram of human body is shown. Evaluators tap on the abdomen, then they are
immediately guided to the next page to see the possible causes. But no feedback is given to
inform evaluators if they tap on the accurate part. Just a little tapping deviation will cause big
difference. Even a red circle or zooming in function on the tapping part will help.
The result of heuristic evaluation indicates current health care application has many usability
issues which need to be solved.
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Figure 1

Figure 2

Figure 3

Figure 4

2.3 Target Users
Our target users are people (age 18-65) who own smartphones, and who actively and frequently
use them. From the cell owners report from Pew Research Center, people in age group 18-65 use
smartphones most frequently [5].
2.4 Survey
A survey was conducted to define user needs in-depth. The researchers distributed the on-line
questionnaire to 56 participants using Survey Monkey, including friends, classmates, and family
members from the team members’ network. The survey is available at the following URL:
https://www.surveymonkey.com/r/75NKPF6. The participants consisted of 32 males and 24
females. There were 19 participants from 18 to 24 years old; 33 participants from 25 to 34 years
old; 1 participant from 45 to 54 years old; 2 participants from 55 to 64 years old; and 1
participant from 65 to 74 years old. Four questions were selected as important questions and
shown below.
2.4.1 Q3: Have you used any health mobile app or online website before?
From Figure 5, more than half of the
participants reported that they had used
health mobile app or online website
before, such as searching symptoms,
medications, or doctors.

Figure 5. Question 3
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2.4.2 Q4: How often do you use health mobile app or online health website?

From Figure 6, 55.35% participants
sometimes or often use health apps or
websites. Four participants responded that
they would use them almost every time
they had a symptom.

Figure 6. Question 4

2.4.3 Q5: If there is a mobile application that can provide your health service,
which information/functions do you expect it would provide? Please rate them.
58.93% participants need the function searching for information about medicine; 57.14%
participants need searching for information about a condition; 50% participants need the function
making an appointment with a physician and setting a reminder; 47.27% participants need
searching symptoms; 44.64% participants need searching for physicians with specialties; 41.82%
participants need setting medication reminders; 41.07% participants need checking the ratings,
reviews, and estimated cost of a physician; and 47.27% participants need the function that
posting questions about a condition.
2.4.4 Q7: What will attract you to use the health app? (Multi-choices)
From Figure 7, 83.64% participants
answered time saving (get all information I
need related to one symptom instead of
searching online by sorting through dozens
of links); 65.45% participants selected
convenience (make an appointment with a
physician and set a reminder; create
medication reminders); 58% participants
selected money saving (compare the costs
of physicians); and 52.73% participants
answered finding other useful information,
such as users’ comments.

Figure 7. Question 7

2.5 Follow-up Interview
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To get deep insight into to the users’ expectations for our new application, a follow-up interview
was conducted. Three participants from the survey were interviewed face-to-face and via phone
call. The researchers took notes during the conversation. Here are some of the important points
summarized below:
• Users need an online forum where they can communicate with each other and share stories.
• Users need the ability to check common diseases in local area.
• The app should save user’s medical history, so it can provide information based on more than
the current situation.
• Users need information on potential cost of a physician.
• Users should be able to compare the pricing of medication.
• One participant said he needed information on natural remedies to cure the symptom he might
have.
2.6 Comparison Analysis
The researchers did a comparison analysis on two similar health care applications, WebMD and
iTriage. These two applications have similar functions and also face similar problems. First, the
diagnostic procedure is not intuitive. Second, they cannot provide an accurate diagnosis based on
the user’s health history. Third, they include unnecessary information, such as health news. From
our survey, very few participants actually needed health news. In addition, they lack the
functions and information users expect based on the survey results, such as searching local
common diseases, asking questions, and setting reminders, etc.
2.7 Design Requirements
First, the design will be a mobile application, because users are able to use it anywhere, and
anytime. Based on previously defined target users’ needs, the design should meet the following
requirements:
• Be time saving and convenient. From the survey result, saving time and convenience are two
most attracting points for using health app. 1) Users expect the health app include all the
information they need (medicine, symptom, condition, and physician information), and 2) it
should be convenient for them to set medication reminder and make appointments with
physicians.
• The diagnostic procedure should be intuitive, matching the real world. Consequently, agentbased interaction should be considered. The task of parsing the information available to an
individual has become complicated, especially since there is a wide array of medical
information that would need to be sifted through to get what is applicable to the situation. In
addition, during the process of narrowing down what is relevant to a user, the questions that the
conversational agent asks is based off of information already provided by the user. These
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aspects highlight what makes a conversational agent a better choice over alternative methods
of data input for an application similar in function to ours [3] [8].
• The app should provide more accurate diagnosis, diagnosing based on users’ previous health
history, physician synchronized record and health tracking devices (sleeping tracking etc.).
• Users should be able to search local common diseases where they plan to travel.
• Users should be able to ask questions about their conditions, or search questions and answers
other users created.

3. STAGE 2:DESIGNING LOW-FIDELITY PROTOTYPES
After defining user needs, the researchers moved forward to designing low-fidelity prototypes.
Firstly, information architecture (see Figure 5) was created. Secondly, the team created the first
version of low-fidelity prototype using Balsamic based on the information architecture. Below
listed some screen shots. Available below are some screenshots. The complete low-fidelity
version prototype version 1 can be accessed in the report folder.
Health Advisor System
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Figure 8. Information Architecture
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profile
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Figure 9

Figure 10

Figure 11

Figure 12

The HealthAdvisor has 6 sections (see Figure 9): 1) chatting with the conversational agent to
diagnose conditions, 2) searching physicians and making appointments, 3) searching local
common diseases, 4) searching medications and set reminders, 5) communicating with other
users, asking or answering questions, and 6) managing appointments, reminders and health
history.
Figure 10 shows the chatting screen. After chatting, the diagnosis report is generated as Figure
11. At the last section of the report, users can search questions or submit a new questions of their
conditions, and then find physicians with specially. The next step is selecting a physician in the
list, then make an appointment with him/her (see Figure 12).

Figure 13

Figure 14

Figure 15

8/19

Figure 16

The third function is searching local common diseases if users plan to travel somewhere. In
Figure 13, if users search Puerto Rico with current week time period, they will get a list of
common diseases in Puerto Rico with common level and severity level. Figure 14 shows next
function searching medication and setting reminder.
Users can use the patients forum to ask and answer other users’ questions, or viewing the existing
discussions (see Figure 15). In about me screen (see Figure 16), users have options to manage
their appointments with physicians, and medication reminders. They can also tap “My health
history” to enter their health history and family health history for more accurate diagnosis.

4. STAGE 3: EXPERT EVALUATION AND REDESIGN ITERATIONS
In this stage, the low-fidelity prototype was evaluated by six experts and redesigned for two
iterations. They were HCC, CS PhD or the user experience designer who worked in industry. The
researchers tested the prototype with two experts in each iteration.The method the team used was
cognitive walkthrough. All the three low-fi versions can be accessed in final report folder.
4.1 Evaluation Plan
The researchers collected both quantitative data and qualitative data in low-fidelity prototype
evaluation section. The researchers compared the time, error number, successfulness and user
satisfaction (using post-test questionnaire) between iterations, to see if the prototype was
improved through redesign. Using the post-task questionnaire, the researchers were able to know
the experts’ attitudes, feedback and problems for each single task, which helped the researchers
focused on the problems in detailed. Six task scenarios are shown below:
• Suppose you are experiencing headache, chat with the conversational agent Molly to diagnose
diseases.
• After getting the report, make an appointment with physician.
• Suppose you will travel to Puerto Rico this week, search the local common diseases there.
• Set medication reminders for Ibuprofen or Cafergot.
• Check the first discussion in Migraine group in patients’ forum.
• Check the scheduled appointments, medication reminders, and the health history.
4.1.1 Quantitative data

The quantitative data contains performance data and preference data.
1) The three performance data measurements were recorded during performing these tasks,
including:
• Time spend for each task
• The number of errors occurred for each task
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• The successfulness for each task
2) Two questionnaires provide preference data. After each task, a post-task questionnaire was
given to each expert, including the questions:
• Rate the ease or difficulty of performing this task (1very difficult-5very easy)
• Rate the time it took to complete this task (1more time than expected-5less time than expected)
• Rate the likelihood that you would use this feature/task (1not likely at all-5very likely)
3) After finished all tasks, the experts were required to finish the post-test questionnaire. The
researchers selected SUS (System Usability Scale) as standard post-test questionnaire.
4.1.2 Qualitative data

The experts were also asked to think aloud when they performed the tasks, so that the researchers
could collect qualitative feedback.
4.2 Low-fidelity iteration 1 (version1-version2)
In this stage, the team tested the first version low-fi prototype, collected both quantitative data
and qualitative data, and then redesigned the prototype. From the quantitative data collected
during evaluation 1, the team found the numbers of errors for task 1 (Chatting and diagnosis)
were higher than other tasks (0.67 errors), and the successful rate of task 1 is only 66.7%.
Moreover, from experts’ think aloud, some useful qualitative feedbacks were collected and used
in the redesign. Several changes were made:
In home screen, “My Record”
was changed to “About Me” for
better understanding.
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At the end of diagnosis chatting,
there should have an “End Chat”
button to finish chatting and
generate the report.

In the report, first, the users’
questions section in the
“Conditions” page was
connected to the “Patients
Forum”, that means when users
post questions or search
questions, they actually post or
search in patients’ forum. Next,
“Find physicians with specialty”
button was moved to the bottom,
since this the last step to do in
this screen.

In physician profile, the
physician’s phone number was
added.
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In making appointment screen,
the default value was removed
from “Available time” slots.

In appointments managing
screen, first, “add a review” was
added for previous appointments.
Second, the “cancel”
appointment option was provided
for upcoming appointments.

4.3 Low-fidelity iteration 2 (version2-version3)
A few more changes were made after the evaluation on the redesigned version 2.
The source of the conversational
agent Molly was provided, “all
information provided by Harvard
Medical School”.
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In home screen, “Local
Conditions” was changed to
“Local Common Diseases” for
better understanding.

In my health history, allergies
information option was added for
more accurate diagnosis.

4.4 Performance Data and Post Task Questionnaire Result
Performance data
Time
spent on
task
Task 1

Task 2

Task 3

Preference data

Number of Successfu Ease of
errors
l rate (%)
using

Expected
time

Likelihood
to use
again

Low-fi 1

4min, 08s

0.4

100

4.6

4.2

4.8

Low-fi 2

4min, 02s

0

100

4.7

4.2

5

Low-fi 1

3min, 14s

0.2

100

5

5

5

Low-fi 2

3min, 03s

0

100

5

4.9

5

Low-fi 1

54s

0

100

5

5

5
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Performance data
Time
spent on
task

Task 4

Task 5

Task 6

Preference data

Number of Successfu Ease of
errors
l rate (%)
using

Expected
time

Likelihood
to use
again

Low-fi 2

1min, 02s

0

100

5

5

5

Low-fi 1

2min, 23s

0.2

100

4.8

5

5

Low-fi 2

2min, 12s

0

100

4.9

5

4.9

Low-fi 1

1min, 17s

0

100

5

5

4.6

Low-fi 2

1min, 31s

0

100

5

5

4.8

Low-fi 1

43s

0

100

5

5

4.6

Low-fi 2

51s

0

100

5

5

5

4.5 Usability scores comparison using post-test questionnaire (SUS)
The SUS scores of the first and second iterations are 63 and 68. The result shows the overall
usability satisfaction has been enhanced through our redesign.
5. STAGE 4: DESIGNING HIGH-FIDELITY PROTOTYPE
The team created the high-fidelity prototypes after the low-fidelity prototypes iterations, using
Just-in mind software. The high-fidelity prototype can be accessed in final report folder (go to
high-fi_1 folder, open index.html in the browser). Some screen shots are shown below:

Figure 17

Figure 18

Figure 19
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Figure 20

Our high-fidelity prototype has the same six sections as the low-fidelity prototype (see Figure
17). Figure 18 shows the chatting screen, and figure 19 shows the diagnosis report. In Figure 20,
users can search questions or submit a new questions to patients forum, and search physician s
with specialty as we introduced in low-fidelity prototype.

Figure 21

Figure 22

Figure 23

Figure 24

Users get a list of physicians, and the list can be sort by rating or distance (see Figure 21). In
physician profile, the patient reviews and feedbacks are provided (see Figure 22). After selecting
this physician, users should choose the appointment data and time (see Figure 23), then they will
be directed to a screen that setting alarms for this appointment (see Figure 24).

Figure 25

Figure 26

Figure 27

Figure 28

Figure 25 shows the function that searching local common diseases. Figure 26 shows the search
medication screen. The medication record from user’s physical physicians is at the top of the
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screen, and they can tap and check the prescription and the introduction of the medicine (Figure
27). Users can also search medication and set medication reminders by themselves as Figure 28.

Figure 29

Figure 30

Figure 31

Figure 32

Figure 29 shows the patients forum. If users search “migraine”, they will get the group searching
results, and also discussions that have the keyword “migraine” (Figure 30). Users select the
migraine group, they can see all the discussions in this group (Figure 31). Figure 32 shows one
discussion details.

Figure 33

Figure 35

Figure 34
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Figure 36

The last section of the HealthAdvisor is About Me, that users can manage their appointments,
medication reminders, and the health history (Figure 33). In My Appointment, users have options
to reschedule or cancel an upcoming appointment, and add a review for a previous appointment
(Figure 34). Users can also modify medication reminders (Figure 35). In My Health History
screen, the diagnosis record from users’ physical physicians is shown. In this screen, users are
required to add their past history and family history of illness, and their allergies information
(Figure 36).

6. STAGE 5: USABILITY TESTING ON HIGH-FIDELITY PROTOTYPE
In this stage, the high-fidelity prototype was evaluated by five users. The five participants were
team members’ friends, who were students from Clemson University; age range was from 24 to
28. The evaluation plan was the same as low-fidelity prototype evaluations (see Page 8, section
4.1).
6.1 Performance Data and Post Task Questionnaire Result
Table 1 shows all the successful rates are 100%, because the application is very concise and
explicit. The scores of ease of using, expected time spent, and likelihood to use again are good,
except task 1. From the qualitative feedback of users, the main reason is the technical defect
when simulating a conversation with the agent. Using the limited functions of the prototype
software, the prototype was unable to let user use text or voice input like chatting with Siri.
Some participants were confused how to go to next step and generate the report. When we
actually implemented the application, this problem will be solved.
Performance data
Time spent
on task

Number of
errors

Preference data

Successful
rate (%)

Ease of
using

Expected
time

Likelihood
to use again

Task 1

6min, 21s

0.4

100

4.6

4.2

4.8

Task 2

3min, 13s

0.2

100

5

5

5

Task 3

1min, 56s

0

100

5

5

5

Task 4

4min, 05s

0.2

100

4.8

5

5

Task 5

3min, 18s

0

100

5

5

4.6

Task 6

1min, 34s

0

100

5

5

4.6

Table 2. Usability Testing Data

6.2 Post Test Questionnaire Result (SUS)
The SUS scores of the high-fidelity prototype is 75. The result shows the overall usability
satisfaction has been enhanced comparing with the two iterations of low-fidelity prototypes (see
Figure 16).
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SUS
80
75
70
65
60
Low-fi 1

Low-fi 2

High-fi

Figure 37. SUS Scores

8. DESIGN IMPLICATIONS, LIMITATIONS, AND FUTURE WORK
From the project, we chose the conversational agent to diagnose users’ conditions. According to
the users’ feedback on task1, the agent-based diagnosis provided them a more intuitive way to
interact with the health care applications. However, users also have concerns that if the diagnosis
service provided by the agent is accurate enough. To address the problem, real doctors should be
involved to assist the conversational agent. The result of other 5 tasks shows good successful
rate, ease of using, less time than expected, and high likelihood to use them again.
Some limitations still exist. The first limitation is that we did not redesign the high-fidelity
prototype based on the usability testing result. More iterations should be done. Second, the
participants recruited in high-fidelity evaluation were all college students. They could not
represent the target users well. In future, more participants other than college students should be
recruited.
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