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Abstract

Medical patients face significant challenges for managing their health information. In
particular, cancer patients have a uniquely difficult experience where they must en-
dure the physical and emotional effects of their illness while simultaneously navigating
overwhelming amounts of medical information. In this thesis, I focus on the challenge
of capturing, reviewing and extracting information from medical appointments for
patients enduring serious health conditions such as cancer. First, I propose a novel
multimodal interface to help patients review and understand information they received
from conversations with their doctors. This interface captures medical conversations
as text and audio, with important positive and negative information highlighted. I
conducted 25 user studies where I enacted fictional conversations between a doctor
and a patient to evaluate whether this method of representing information would
help patients review and understand their appointments. Results from the user studies
show that the web interface serves as a useful tool for reviewing the content of the
conversations, however its effect on patient understanding cannot yet be determined.
Second, I propose a machine learning algorithm to automatically classify the positive
and negative information in medical conversations based on analysis of the text and
prosody in speech. The model with the highest performance on my dataset achieved
an accuracy of 90.6% and F1-score of 0.888. While I focus on challenges within the
medical field, findings from this thesis may be relevant to emotional conversations in
any setting such as sportscasting, political debates and more.
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Chapter 1

Introduction

On May 4, 2018, my father died due to a rare complication from a bone marrow
transplant for an extremely uncommon form of leukemia. The time from his diagnosis
in September 2017 to his passing eight months later were wrought with uncertainty,
desperation and hope. Before the bone marrow transplant, I remember my father
pouring over binders of information about the side effects, complications and quality
of life during and after the procedure. This treatment was undoubtedly risky, with
only 60% success rate among all bone marrow transplant patients and several years
before full recovery.

Three weeks into the bone marrow transplant, the doctors and nurses were all
very positive. They said my father was fairing remarkably well and sent him home a
week early. Ten days later, my father was intubated in the ICU with multiple organ
failure. The team of doctors expressed to us the severity of the situation but they
maintained optimism that they could still save my father's life. With each day that
passed, their optimism faded and it became clear my father would not survive.

Since my father's passing, I have been trying to create sense from the chaos of
cancer, starting from diagnosis, through treatment, and death. I have listened to my
mother agonize over whether she missed something the doctors said or failed to tell the
doctors enough. I looked through the spiral-bound notebooks my parents used during
visits to the clinic: only short phrases and a few keywords were recorded. We had no

records from my father's final weeks. I recognized that managing medical information
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during cancer treatment is an incredible challenge. And even more specifically, I
recognized that keeping track of everything a doctor says is an enormously difficult

task with the greatest burden placed on patients and their caregivers.

My father's experience with cancer and the healthcare system was not uncommon.
Patients in medical environments face a host of challenges ranging from extended stays
in inpatient care, long periods in the waiting rooms, confusion about treatment op-
tions and misunderstandings of insurance coverage, to name a few. Researchers and
industry professionals across multiple disciplines have conducted ethnographic studies
to formally identify unmet needs of patients in hospitals and medical clinics. Among
their findings are the recurring challenges of passive exchange of information from
doctors to patients (i.e. doctors speak and patients listen), patients' low information
retention, unmanageable amounts of information per appointment, and exam rooms
ill-equipped for patients to interact with their health data [1]-[3]. Traditionally these
topics may not have been considered real problems because patients were expected
to unequivocally trust their doctor's instructions. However, as medical information
becomes increasingly available online and personal health monitoring technology be-
comes more accessible, people are taking a more active role in maintaining their own

health [4].

Along with the general challenges of medical environments and managing health
information, cancer patients have a uniquely difficult medical experience. Not only is
diagnosis emotional for patients and their loved ones, treatments are often a harrowing
test of mental and physical endurance. Oncologists may prescribe combinations of
surgeries, chemotherapy, radiation, immunotherapy, or medication, to name a few
[5]. The effects of these illnesses and their treatments cannot be adequately described
with words. Patients endure a range of symptoms from the cancer itself as well as
side effects to their prescribed therapies. Such experiences may include, but are not
limited to, pain, nausea, fatigue, or diminished mental state [6]. In addition, patients
may experience changes in their physical appearance, may be unable to work, and

may be required to relocate or travel long distances to receive their treatment.

Cancer patients are also burdened with the responsibility of managing their per-
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sonal health information. After diagnosis, patients must immediately begin coordi-
nating treatment and appointments with multiple physicians. During clinic appoint-
ments, cancer patients receive verbal information about their diagnosis and instruc-
tions for treatments from doctors and nurses. They must process this information,
record comprehensive notes, ask questions, and make life-altering decisions within
these meetings. Outside of the clinic, patients must be fastidious about their medi-
cation regimen which can include upwards of ten types of medications with various
timing instructions and dietary restrictions. They must review and organize their
decontextualized notes and information pamphlets from their oncologists. Patients
and their caregivers often find the sheer quantity of information from this process

overwhelming.

Despite the tens of thousands of health apps available online, very few address the
specific needs of cancer patients. Many apps are targeted for preventative care such
as fitness trackers, diet logs and medication schedulers. Only recently have applica-
tions specific to patients with medical conditions begun to emerge [7]. Within the
past decade, researchers have conducted ethnographic studies to identify the unique
conditions and needs of cancer patients at all points of their treatment journey. Can-
cer and its associated medications introduce significant hardship to patients ability
to capture and retrieve information during treatment [8], [9]. Such challenges include
diminished attention due to stress or treatment side effects, inability to accurately
capture different types of information, and uncomfortable physical accommodations
in the clinic environment. Based on these studies, researchers and medical informa-
tion enterprises have begun developing new systems for information management,

social support, improved patient-oncologist communication, and data visualization.

In this thesis, I address the challenge medical patients face for managing their
health information. In particular, I focus on the challenge of capturing, reviewing
and extracting information from medical appointments for patients enduring serious
and often emotionally demanding health conditions, such as cancer. First, I hypoth-
esize that a multimodal interface presenting information from medical appointments

through text, audio and labels identifying positive and negative information will help

19



patients review and understand information from conversations with their doctors.
Second, I hypothesize that important positive and negative information can be ex-
tracted from a conversation with machine learning algorithms using features from the
textual content and prosody of speech. In this context, I define positive information
as information that should cause a patient to feel optimistic about their treatment
options, health outcome, diagnosis, or health resources. I define negative information
as information that should cause a patient to feel pessimistic about their treatment
options, health outcome, diagnosis, or health resources. And I define neutral in-
formation as information that should not cause a patient to feel either pessimistic
or optimistic about their treatment options, diagnosis, health outcome, or health

resources.

To evaluate my hypothesis, I developed (1) a web interface that represents a con-
versation through a text transcript and an audio recording with labeled positive and
negative information, and (2) a machine learning algorithm using features from text
and prosody to classify important positive and negative information from a medical
conversation. I conducted 25 user studies to collect fictional medical conversation
data to be used in the machine learning algorithm and evaluate the effectiveness of
my web interface for facilitating information review and understanding. In these con-
versations, I assumed the role of the doctor and participants assumed the role of the
patient. Results from the user studies show that this multimodal representation of
information using audio and text facilitates review of medical conversations. More
specifically, the positive and negative labels of the text influence users' perception and
encourage reflection about the information. However, the effect of the web interface
on participants' understanding cannot be determined from this study. Results from
the machine learning algorithms show that, with a dataset containing speech from
a single speaker, positive and negative information can be identified from text and

prosody with an accuracy of 90.6% and an Fl-score of 0.888.

While I focus on conversations between doctors and patients, I propose that find-
ings from this thesis may be relevant to emotional dialogs in general. Instances of

emotional dialogs could include political speeches, debates, sportscasting, psychol-
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ogy or theater. In these examples, a tool identifying information based on textual
and prosodic analysis of speech could be useful for external observers to navigate
and understand important information from these events. Alternatively, more per-
sonal instances of emotional conversations may include couples' counseling, important
presentations, or art and design critiques where a person may be too overcome with
emotion to hear and understand the other side of the conversation. In these scenarios,
having a multimodal record that shows what and how information was communicated
could help a person review the conversation from a new perspective and improve un-

derstanding.
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Chapter 2

Related Work

2.1 Medical Information Management

Patient engagement with their health information has a positive influence on their
experience in the clinical environment and overall health outcome [10], [11]. This
finding has encouraged researchers and industry experts to rethink how patients and
doctors could interact with health information. Advancements in telehealth such as
remote-patient-monitoring and secure electronic data transfer have made healthcare
services more available, particularly in rural and underserved regions [12]-[14]. Mo-
bile applications and wearable sensors for monitoring health metrics are empowering
individuals to become more engaged with their health, contributing to positive health
status [15], [16]. Interactive visualizations of medical data within medical environ-
ments offer the potential for predictive models and clearer communication between
medical professionals and patients [17]-[19].

Cancer patients face a particularly intense challenge for managing and engaging
with health-related information. New all-in-one applications for organizing health
information are emerging in response to these challenges. For example, Klasnja et
al. developed a customizable personal health information management system for
breast cancer patients to record and link health logs, calendar events, and external
information [20]. Jacobs et al. deployed tablet devices to aid breast cancer patients

with organizing and remembering their health information [21]. Other researchers
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have incorporated interfaces for community support and online forums to address the
emotional burden of diagnosis and treatment for cancer patients [22], [23]. However,
none of these studies address the problem of capturing, reviewing and understanding

information shared in conversations between doctors and patients.

2.2 Information Capture and Retrieval

Methods for information capture and retrieval often involve note-taking and note-
review. Traditional note-taking is a situational task demanding varying levels of
accuracy, attention and technological intervention [24]. Regardless of the setting, in
the best of circumstances, note-taking is difficult [25]. While taking notes in a lecture,
an office meeting or a doctor's office, a person must take in a continuous stream of
audio and visual information, understand which elements are most important, then
record that information so they will remember what it means later. For a doctor, the
demanding nature of manual note-taking means that doctors must spend a significant
amount of cognitive effort and time writing down notes instead of interacting directly
with their patients. For patients, note-taking requires them to be mentally, physi-
cally and emotionally prepared to discuss their health information. This cognitive
burden for medical patients poses a risk for misremembering or omitting important
information given by the doctor or other medical staff.

Hundreds of note-taking programs are available online, each one supporting dif-
ferent platforms, levels of complexity and input [26]. These applications work well
for many general purposes such as taking notes in a meeting or writing down grocery
lists. But these systems still do not reduce the cognitive load on users for determin-
ing what information is important, nor do they include significant features supporting
note-review [27]. In an attempt to make information capture and retrieval more ef-
fective, several studies are exploring new methods for interacting with information
across multiple media sources. Researchers have implemented visual and voice inter-

faces for interacting with audio and other non-text-based media [28], [29]. Other
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studies have investigated how combinations of text-based media and short video-clips

can facilitate more efficient video review and content retrieval [30]-[32].

2.3 Language Processing

Imagine if you never had to take your own notes and instead all the notes were writ-
ten down for you. Since the 1960s, the solution to this idea was a designated human
transcriber or transcriptionist. This person would have the designated function of
transcribing a complete textual record of activities like court sessions, cinematic pro-
ductions, doctors' notes, or academic lectures. Recently, human transcription has
been shown to be very successful within the medical field, particularly for aiding
doctors with note-taking during appointments with their patients [33], [34].

Advances in machine learning have enabled significant development in automatic
speech recognition (ASR), speaker recognition (SRE), and natural language process-
ing (NLP). Commercial ASR products offer transcription services with accuracies
near 90% [35], [36]. However, there are many remaining challenges associated with
automatic speech recognition including context-specific vocabulary and linguistic am-
biguities. Researchers are investigating multimodal strategies for combining textual
speech data with video to help machines disambiguate the meaning of sentences within
a given visual context [37]. Along with semantics, speaker identification is an ongoing
challenge and current technology in ASR and SRE primarily address a single person
dictating or a simple phone conversation. Researchers in ASR and SRE have created
new tools to differentiate several speakers in group conversations using triangulation
of sound and voice identification vectors [38], [39].

Automatic speech recognition shows promising applications in the medical field.
Academic researchers and industry experts have begun developing new speech recog-
nition models specifically for medical conversations between doctors and patients [40],
[41]. While the examples here focus on the benefit that ASR and SRE may provide
to medical professionals, such a system could also be beneficial to medical patients

who must record and revisit information from their appointments. Patients may find
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that accurate records of these conversations serve as important resources when trying

to understand their diagnosis and make treatment decisions.

2.4 Language Understanding

Transcribing a conversation is part of the solution, but the problem of extracting
meaning from a conversation still remains. There are several ways to interpret the
meaning of a conversation, and certainly human-human communication is interpreted
through multimodal channels. In this section, I focus on the meaning of the textual
content of the conversation. Work related to a computer's understanding of text is
an important topic in machine learning and natural language processing. Researchers
have constructed new systems that demonstrate understanding of language in text by
generating relevant answers to factual queries [42] and relating textual statements to
visual descriptors [37]. Still more are investigating applications of artificial intelligence
for story interpretation and evaluation of author intention [43].

Language understanding and information extraction are becoming increasingly
relevant for healthcare applications. For over 20 years, natural language processing
and machine learning systems have been developed to extract important events from
clinical notes and construct the timeline at which they occur in a patient's healthcare
experience [44]-[46]. Recently applications of this work have extended to interpreting
clinical notes to facilitate clinical decision-making for cancer care, palliative care and
psychology [47]-[49]. While these studies explore the applications of language under-
standing for healthcare professionals, in this thesis I developed a tool for language

understanding for patients.

2.5 Affect and Paralinguistics

Nonverbal communication plays a central role in how we understand and interact with
other people. In fact, emotional expression is so important to human communica-

tion that we often impose affective characteristics onto non-emotive objects: consider
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times when you have gotten angry at your computer or when you have become emo-
tionally attached to a toy. Studies in affective computing assert that integrating
emotional intelligence into computers will create better interactions between people
and machines [50]. Such interactions apply to applications including emotion coaches
for those on the autism spectrum and adaptive educational environments [51], [52].
Paralanguage is the study of extralinguistic vocal cues that inform human com-
munication. These cues include tone of voice, grunts, sighs, pauses or exclamations
that inform human traits and states such as gender, age, mood or emotion [53], [54].
Prosody, a subset of paralanguage, studies extralinguistic qualities of speech with
specific regard to tone, pitch, accent and rhythm. Because how we say things is of-
ten indicative of our emotional state, researchers have developed machine learning
models based on the prosodic elements of speech for emotion recognition [55], [56].
Others have taken a multimodal approach to the challenge and developed models
based on combinations of textual and prosodic analysis of speech [57]. However, par-
alanguage informs us about more than just emotional state. Medical professionals
and researchers have manually and computationally developed methods for identi-
fying mental disorders and physical illness based on qualities of speech [54], [58],
[59]. And other researchers have utilized multimodal systems of face-tracking and
acoustic analysis for determining participant interest and boredom in unstructured

conversations [60].
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Chapter 3

Representing a Conversation

3.1 Design of a Prototype Multimodal Interface

The first task in this thesis was to determine whether a multimodal interface contain-
ing text and audio records of a conversation, with annotations identifying positive and
negative information, would help a patient review and understand the information
discussed in their medical appointments. For this purpose, I constructed a simple
prototype web interface with HTML, CSS, and JavaScript, hosted locally on my per-
sonal computer with node.js. The primary features of the interface include a text
transcript of a recorded conversation, an audio playback interface for the recorded
conversation, a chart to visualize the total number of positive and negative speech
events the doctor contributed to the conversation, and filters to isolate positive and
negative information in the transcript (Figure 3-1). This design enables users to nav-
igate through the conversation through multiple modalities: they can choose to only
read the text, only listen to the audio, or some combination of the two. Users can
click on a speech event in the transcript and the audio cursor will update to the cor-
responding time in the recording. Conversely, users can click on a time in the audio
playback interface, and the transcript will scroll to the corresponding position.
Obtaining transcripts of conversations was a multi-step process (Figure 3-2). An
audio file of a conversation was converted to MP3 using Adobe Media Encoder CS6.

The MP3 file was uploaded to Amazon Web Service (AWS) S3, the storage service for
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PATIENT  Thank you.

DOCTOR Okay. So according to the test results, the cancer appears to
be fairly aggressive. It's already at stage two. And what that
means is, before when you came in the level of betacytes was
around three percent, a little bit lower than three percent,
which meant we had to monitor it, but it wasn't cancerous yet.

o o And now the labs are showing it's around five percent, which

ﬁ Y SHOWALL w means, uh, it definitely is at a cancerous level and we need to

start thinking about treatment.

=

2

. ) . @ nNegatve (@ Positive
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fairly common. And there's a lot of research, and a lot of
treatments available with very good success.

DOCTOR Okay? It's usually treated with chemical-therapy. such as
chemotherapy and targeted bodies. And we deliver those
through IV to attack the cancerous cells in your body. Do you
have questions so far?
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Figure 3-2: The pipeline for obtaining transcripts of conversations.

AWS machine learning tools, and then submitted to AWS Transcribe, a transcription
service. AWS Transcribe returned a full transcript of the audio file, timestamps
associated with each recognized word and estimated speaker segmentation. However,
due to the inaccuracies of the transcription, I manually separated by speaker and
corrected transcription errors for each conversation. In this first task, I also manually

labeled the speech events as positive, negative or neutral.

3.2 User Study Procedure

With the working prototype, I designed a controlled study to evaluate how this repre-
sentation of information may assist patients in reviewing and understanding informa-
tion from their medical appointments. The study protocol was approved by the Com-
mittee on the Use of Humans as Experimental Subjects (COUHES) at Massachusetts
Institute of Technology. The study consisted of two phases: (1) Appointment Phase,
and (2) Review Phase. Each session of the study took place in a private room reserved
in the Architecture and EECS CSAIL facilities on MIT campus.

Before beginning the study, participants were informed of the full procedure and
provided their consent. They were informed that the study was investigating methods
of information capture within the medical setting. The true intent of the study was
withheld to prevent any bias for or against the proposed representation of information.
Participants were also informed that the study required them to participate in a
fictional cancer diagnosis. Due to the emotional nature of this type of conversation,

I felt participants needed to be fully aware of their role in the study.
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For the Appointment Phase of the study, participants and I (the study proctor)
enacted a fictional appointment between a patient and a doctor in a private room.
The participant assumed the role of patient and I assumed the role of doctor. Par-
ticipants were provided with a single fact-sheet of backstory information for their
role including the nature of their make-believe health-condition, the nature of the
appointment and a pseudonym to use during the conversation (Appendix A). During
the conversation they were allowed to use this sheet of paper to take notes. As a
fictional doctor, I used a predefined script to deliver a fictional cancer diagnosis to
the participant using the SPIKES protocol (Table 3.1). This protocol is a method
used by medical professionals to deliver bad news in an empathic and humane manner
[61]. In the script, I informed the acting patient that they had been diagnosed with a
fictional cancer called, “betacyte carcinoma” (Appendix B). I included relatively pos-
itive information such as high 5-year survival rates with treatment, several available
treatment options, and successful research supporting the disease. I also included
negative information such as the cancer diagnosis, uncertain long-term prognosis and
severe side effects from the treatment. The acting patient was allowed to ask questions
at any time during the conversation. Conversations lasted anywhere from 5 minutes
to 15 minutes, depending on the user's engagement and responses. I recorded each

conversation using the Voice Memos app on an iPhone 5S.

After completing the conversation in the Appointment Phase, I collected partici-
pants' notes and participants departed for four to five hours. This break was included
to simulate the time a real patient may experience between receiving a real diagnosis
and returning home to discuss the information with their family. During the gap
between the appointment phase and review phase of the study, I prepared the audio
recording for the web interface. As described earlier, this process involved transcrib-
ing the audio to text and manually annotating speech events within the conversation

as positive, negative or neutral.

After the designated break, participants reconvened with me in a private room
for the Review Phase of the study. In this phase, participants completed a ques-

tionnaire about their experience in the earlier appointment first by referencing only
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SPIKES Protocol

Arrange to speak to the patient in a private room.

Setting
Make eye contact and offer gestures of reassurance.
. Ask the patient about what they are expecting from the
Perception ) ' ]
appointment and what information they already know.
L Ask the patient how much information they would
Invitation ] o _
like to know about their diagnosis.
Deliver information about the diagnosis in small chunks
Knowledge

using nontechnical language.

Assess patient's emotional reaction. Offer comfort and/or
Empathy ask patient how they are feeling. Let the patient know you

are connected with how they feel.

Ask the patient if they are ready to hear about treatment plans
Strategy & | for the future. Explore the patient's knowledge and expectations
Summary | of treatment. Create a dialog where patients can express their

fears and concerns.

Table 3.1: SPIKES protocol for delivering bad news.

their handwritten notes and then by using the web interface. Before using the web
interface, participants were required to watch a 1-minute video introducing the basic
functionality of the interface. The survey was designed to evaluate changes in partici-
pants' understanding and perception of information in the acted conversation as well
as their experience using the web interface (Appendix C). The survey consisted of 31
questions: five binary questions (yes or no), one trinary question (positive, negative
or neutral), 12 short answer questions and 13 rubric questions rated on a Likert scale
of 0 (least) to 4 (most). The survey was divided into three sections. In the first sec-
tion participants could only reference their manual notes to answer questions about
the acted conversation. In the second section, participants could reference the web
interface and their manual notes to answer questions about the conversation. In the
third section, participants answered questions about their experience using the web

interface.
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After completing the questionnaire, I conducted short interviews with participants
about their experience in the acted scenario and their reactions to the web interface.
An outline of the interview questions can be found in Appendix D. I asked participants
about their trust in the classification of information and their reactions when the
system disagreed. I asked them to reflect on challenges they faced and their sense of
control over their health information in their role as patient. I also asked participants
when they thought audio would be useful for managing their health information.
Finally, I asked participants to share how they would want a system like the one I
designed to be integrated into their healthcare experience. At the end, participants

were rewarded with a $20 Amazon gift card.

3.3 User Study Results

In total, 25 participants between ages 18 to 50 years old agreed to participate in the
study. There were 17 female participants and 8 male participants, all from the MIT
community. The average age was 25 years old, the youngest was 19 years old and the
oldest was 44 years old. The group included 13 graduate students, 7 undergraduate
students and 5 members of MIT staff. Participants came from several departments
and programs including MIT Media Arts and Sciences, Electrical Engineering and
Computer Science, Architecture, Aeronautics and Astronautics, Mechanical Engi-
neering, Math, Physics and Urban Studies and Planning.

I was first interested to determine whether the representation of information in
the web interface affected how participants felt they understood the conversation. I
asked participants to respond to the question, “How well do you feel you understand
the content of the conversation?” using a Likert scale of 0 (Not at All) to 4 (Very
Well). Participants ranked their understanding first using only their manual notes
and again using the web interface to review the conversation. Unexpectedly, the
average reported level of understanding was identical for the initial condition using
only manual notes and for the final condition using the web interface, with a score of

3.28 out of 4. However, there were changes in understanding at an individual level.
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Figure 3-3: Magnitude of change in Figure 3-4: Change in participants’
participants’ understanding after us- level of understanding of the conver-
ing the web interface. sation after using the web interface.

I computed the difference between participants' reported levels of understanding
with their manual notes compared to their understanding with the web interface to
identify changes per individual. From this comparison, 13 out of 25 participants
reported no change in their understanding of the conversation. The remaining 12 out
of 25 participants reported an absolute change of up to 2 on a scale of 0 (no change)
to 4 (maximum change), as shown in Figure 3-3. Of the participants who indicated a
change in understanding, 6 showed a positive change in understanding and 6 showed a
negative change in understanding (Figure 3-4). The positive change in understanding
indicates that participants gained additional comprehension of the conversation after
viewing the web interface.

Among the reports of negative change in understanding, three may be interpreted
to mean that the participants realized how little they originally understood the con-
versation after using the web interface. In an interview, one participant who reported
a negative change in understanding expressed that she would have wanted to do

additional research because she realized:

“It's common knowledge that there is chemo and these effects, but
there is nothing new I left [the appointment] knowing, just the name of
the cancer.”—Guadalupe Babio, Graduate Student

35



Indication that a change in understanding did actually occur for these three partic-
ipants is further supported by reported changes in their perception, confidence and
optimism about the conversation. However, the remaining three negative changes in
understanding do not exhibit consistency with the other responses in the survey nor

comments in the interviews.

Based on the positive responses regarding usability and comments in the inter-
views, the results describing changes in participant understanding were not due to
confusion using the interface, but from ambiguity in the survey questions. In hind-
sight, these questions should have been phrased more clearly. The question “How
well do you feel you understand the content of the conversation?” after viewing the
web interface may have had mixed interpretations. Participants may have responded
with their current level of understanding or they may have reassessed their original
level of understanding. A clearer set of questions may have been, “Now that you
have used the web interface, how well do you think you understood the conversation
originally?” and “How well do you understand the conversation now?” This change
would account for cases when a participant overestimates their understanding of a
conversation initially, then after reviewing the web interface, discovers they actually
did not understand the conversation very well from the beginning. However, based
on the current responses, the effect of the web interface on participant understanding
is inconclusive. Additional user studies and methods for evaluating comprehension
would be required to determine a significant relationship between this representation

of a conversation and changes in patient understanding of information.

Delving further into participants' understanding of the conversation, I was inter-
ested to see whether the interface influenced participants' perspective of the positive
and negative information in the conversation. I calculated the difference in par-
ticipants' reports of the valence of the conversation using only their manual notes
compared with their reports using the web interface. The results showed that 16 out
of 25 participants experienced an absolute change up to 2 on a scale of 0 (no change)
to 4 (maximum change) and 9 participants experienced no change in their perception

of the information (Figure 3-5). Of the participants who did report a change in their
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Figure 3-7: The web interface’s influence on participants’ opinion of the conversation.
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perceived valence of the information, 8 experienced a positive change and 8 experi-
enced a negative change (Figure 3-6). A change in the positive direction may have
arisen when a participant exited the appointment feeling the overall diagnosis was
very negative, but after viewing the web interface they realized there was positive

information to consider. One participant who reported a positive change said:

“I was also surprised by how much positive was in [the appointment].
So, it kind of also made me think, oh maybe it wasn't as bad as I thought

it had been.”—Anastasia Ostrokowski, Design Researcher

In the opposite direction, a participant may originally have left the conversation
feeling that the conversation went very well and that the prognosis was promising,
but upon seeing the interface they realized the conversation was not as positive as

they originally perceived. A participant who experienced a negative change said:

“During the conversation, I thought we had more positive information.
But when I saw the interface, I realized that there was so much less positive
information, like there was only one part. So, I was kind of amazed.”

—Graduate Student

In support of these findings, when asked how much the web interface influenced
their opinion of the conversation, Figure 3-7 shows that 18 out of 25 participants
also reported a score of 2 or higher on a scale of 0 (no influence) to 4 (completely
influenced). In this respect, the web interface did influence participants' perception
of the positive and negative information shared in the conversation.

The survey included questions regarding participants' feelings about their treat-
ment options. Participants were asked to respond to the question, “Based on the
conversation, how would you rate your optimism about your treatment options?” on
a Likert scale from 0 (Not At All Optimistic) to 4 (Very Optimistic) using only their
manual notes as reference. Later they responded to the question, “After viewing the
web interface, how do you feel about the treatment options discussed in the conver-
sation?” on a Likert scale from 0 (Very Pessimistic) to 4 (Very Optimistic). Results

from the survey showed that 11 participants reported an absolute change of up to 2
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Figure 3-10: No clear correlation was found between participants’ change in percep-
tion and their change in optimism.
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(on a scale of 0 to 4) and 14 participants reported no change after viewing the web
interface (Figure 3-8). Of the 11 participants who reported a change, seven partici-
pants became more optimistic and four became less optimistic after viewing the web
interface (Figure 3-9). Surprisingly, based on the survey responses, there does not
appear to be a strong correlation between participants' change in perception of the
information and their reported change in optimism. Of the four participants who
became less optimistic, three also reported a negative change in perception of infor-
mation. However, of the seven who became more optimistic, two reported no change
and two reported a negative change in perception of the information. It is possible
that the imprecise wording on the Likert scales did not have equivalent meaning to

all users and therefore resulted in ambiguous results.

Additionally, I was curious to find whether the web interface impacted partici-
pants' confidence about making a decision for their treatment. First, I asked partici-
pants to respond to the question, “Based on this conversation, how confident would
you feel about making a decision about your treatment?” on a Likert scale of 0 (Not
At All Confident) to 4 (Very Confident) using only their manual notes. Then I asked

participants, “After viewing the web interface, how confident do you feel about mak-
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ing a decision about your treatment?” with the same Likert scale. Based on the
difference between the responses, 10 participants indicated an absolute change of 1
or more (on a scale of 0 to 4) and 15 participants indicated no change in confidence
after viewing the web interface (Figure 3-11). Of the 10 participants who indicated a
change, 7 felt more confident about making a decision after viewing the web interface

and 3 felt less confident (Figure 3-12).

In terms of usability, how would
you rate the web interface?
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Figure 3-13: Usability of the web interface.

Results regarding the usability and experience with the web interface were very
positive. All participants reported a score of 2 or higher on a scale of 0 (Not Easy to
Use) to 4 (Very Easy to Use) when asked about the usability of the interface (Figure
3-13). More specifically, 19 out of 25 participants rated the usability as “Very Easy
to Use.” When asked whether the web interface was helpful for finding important
information, 23 out of 25 participants indicated a score of 3 or higher on a scale of 0
(Not At All Helpful) to 4 (Very Helpful), as illustrated in Figure 3-14. Going further,
20 out of 25 participants also indicated that the positive and negative labels were
helpful for understanding the content of the conversation (Figure 3-15).

Participants provided feedback about features that they found successful, features
they found unsuccessful and improvements they would have liked to experience. The

most successful features in the web interface were the highlighted positive and negative
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Figure 3-14: Helpfulness of the web interface for finding important information in the
conversation.
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Figure 3-15: Helpfulness of the positive and negative labels in the web interface for
understanding the conversation.
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content, the transcript, the filters, the ability to navigate the transcript by clicking
on the audio track, and the visualization of positive and negative information on the
audio track. The least successful aspect of the web interface was that the positive and
negative labels did not capture all of the important information in the conversation.
As a result, participants suggested that more categories of information be labeled in
the interface, particularly information about the treatment regimen.

In the final part of the user studies, I interviewed participants about their experi-
ence receiving the diagnosis. Obviously, a fictional scenario where the acting patient
is already aware they will receive a cancer diagnosis is not equivalent to a real-life
experience. However, most participants did make an effort to put themselves in the
patient's shoes by imagining how they might react if the situation were real. De-
spite these limitations, several participants reported that receiving even a fictional

diagnosis was somewhat emotional. One participant shared:

“Even though it's a fictional conversation, I think the first thing that
came to mind, when you said, oh this is what you have, was like shock.

You're totally bewildered.”—Parul Koul, Undergraduate Student

I consistently observed a delay between a participant hearing the cancer diagnosis
and responding to it in a way that indicated they understood what was happening.
After hearing the cancer diagnosis, participants often responded with the phrase,
“Okay,” and did not begin asking questions about their health options for several

minutes, if at all. One participant described his experience acting:

“It took a while, there was a period where, the conversation progressed
pretty far before I realized like, let's backup to square one to, what exactly
is this disease? What is the prognosis? How is chemotherapy going to
impact my life? Questions I didn't really think to ask when you first

presented the news.”—Justin Lueker, Graduate Student

This lag in reaction time was also apparent in participants' manual notes. From
the note records of 24 participants (one record was lost), 10 participants completely

forgot to take notes during the conversation, five participants wrote less than six
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words and one participant recorded information about the fictional doctor's bedside
manner instead of about the diagnosis. Of the remaining eight participants, only one

took very thorough notes although, as she commented later:

“Afterwards they [the notes| can easily become confusing and the in-
formation is not clear. Also as I reached the bottom [of the page] then I
had gone back and written up top and I realized I didn't know what order
that had come in or what exactly it [my notes| were referring to. I had
written down the 5-year and 20-year survival rates, but I wasn't sure if
that was after one of the specific treatments or in general. I think it's easy

for it to get out of order and scattered.” —Graduate Student

I asked participants about the specific challenges they experienced during the
fictional diagnosis and whether the web interface helped them deal with any of those
challenges. Participants commented that keeping track of all the medical terms and
thinking of what questions to ask was very difficult. Some also found that even
within the 4 to 5-hour break, they had forgotten some important information from
the conversation. The web interface did not help alleviate those challenges during
the conversation, but participants commented that it did serve as a useful tool for

reviewing the conversation and could be helpful for further independent research:

“It gives a good overview of the whole situation and helps you view all
the information in one context. And maybe it could be useful for figuring
out what information you have and what information you still need to get.
It would be useful to be able to look at it and then figure out, what are
the next steps? Where do you go from here? What more do you need to

know?” —Graduate Student

Receiving a serious diagnosis, such as cancer, can be a remarkably disempowering
experience. Regarding this aspect of the patient experience, I asked participants
about their sense of control over their health information during the conversation and
whether the interface changed their sense of control. Most participants commented

they felt reasonably in control of their health information during the appointment,
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primarily because the fictional doctor answered all of their questions. Had this been
a real diagnosis, I may have encountered different responses. With the web interface,
13 participants commented that they felt more in control of their health information
because they had a tangible record of information for reference. Unexpectedly, three
participants commented that the web interface actually made them feel less in control

because they felt the positive and negative labels were telling them how to think.

Although the positive and negative classification of information was annotated
manually for the user studies, in Chapter 4 of this thesis I develop an algorithm to
automatically classify the information. Because this type of system would become an
application of Al in healthcare for interpreting the valence of information, I was curi-
ous about participants' trust in the system. It is important to note that participants
were not aware of how the information in the web interface had been labeled. All
participants assumed that the conversations were labeled algorithmically. With this
assumption 24 out of 25 participants expressed that they trusted the classification of
information because it mostly agreed with their personal opinion. When the labels in
the system did not match their personal opinion, 13 participants said it caused them
to question the classification system overall. Some saw this as reason to pay more
attention to the rest of the information in the transcript, just in case the classifica-
tion did not accurately capture positive or negative important information. Others
simply disregarded the system as wrong. Still others said the labels encouraged them
to consider how the information could be interpreted differently. Two participants
commented they were concerned that the labels might be misleading and cause users
to ignore other important information that is not labeled as positive or negative, but

is otherwise equally or more important.

I also discussed the multiple modalities of information review and representation
in the web interface. Only eight participants said they used the audio as a tool to
review the information. Most participants preferred to use the transcript because
it was much faster to review and because they did not want to listen to their own
voice. However, participants who did not use the audio commented that access to

the audio record was valuable as a source of ground truth or for confirming the tone
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of the conversation. Nine participants said that the audio helped them trust the
information in the interface and six said that the audio added a human aspect that
was not captured in the transcript.

Finally, I asked participants how they would want this type of interface to be
integrated into their healthcare experience. Most participants wanted this system to
be available through an online health portal and wanted medical staff to be responsible
for recording the conversations. When asked if they thought the web interface would
be helpful for sharing information with or receiving health information from a loved
one, 16 participants thought it would be valuable. Of those 16, 9 participants thought
the audio feature could be helpful to hear exactly what the doctor said.

“My mom will tend to ask a lot of follow up questions when we have
stuff. And like, I can imagine, particularly, if you get something that's a
lot of bad news, you don't want to respond to a million follow up questions,
particularly things that may not have been answered by the doctor, that it
would be nice to give that [web interface] and they [parents] could see

exactly what the doctor said.”—Gabriel Terrasa, Undergraduate Student

“Not everybody is capable of transmitting this information. So, for
example, if my grandma goes to the doctor, probably she doesn't go alone,
but if she goes alone, it's good that then she can show this [web interface]

to my mother or other people.”—Guadalupe Babio, Graduate Student

One participant thought it could be a useful tool to monitor doctor performance and
another thought it could be a useful tool to ensure patient compliance with physician
instructions. Several participants commented they would have liked to see more
features in the interface such as linking medical vocabulary to external resources and

a summary page of the conversation.
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3.4 Discussion of User Study Results

Based on the quantitative and qualitative results from the user study, I conclude that
the prototype web interface is a helpful tool for reviewing medical conversations. In
particular, a transcript with indications marking the positive and negative content is
helpful for revisiting a conversation and finding important information. And although
the audio playback feature was not useful for reviewing the information, the feature
offered an element of truth and helped participants trust the content of the interface.
However, further investigation is necessary to determine if the web interface positively

affects patient understanding.

Additional improvements of this system might include labeling major topics in a
conversation such as diagnosis or treatment details, a summary page describing the
main points of the conversation, or linking external resources to keywords within the
transcript. Of course, more user-testing with real medical patients is also necessary
to determine what tools and features would be most helpful for managing information

from medical conversations.

Reviewers from previous presentations of this thesis have expressed concerns that
the visualization of the positive and negative content in the web interface may nega-
tively affect a patient's psychological state, and thus result in poor health outcomes.
This is an important topic that should be considered in future studies. However, this
thesis is not about the psychological effect of information on patient outcomes; it is
about helping patients gain better understanding and control over their health infor-
mation. Studies in the United States and Europe found that patients want honesty
and transparency regarding their health information, particularly when a diagnosis
is grave [61]. Based on my personal experience with my father's disease, having the
ability to reflect on a conversation, considering all the positive and all the negative
information, is valuable. When a prognosis is extremely poor, patients and their
caregivers need to know so they can make the necessary preparations with their fam-
ily and choose how to live their remaining days. Alternatively, when a prognosis is

uncertain, patients should have access to information that clearly identifies the risks
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and benefits of their treatment options. While my tool is a far cry from this vision
of information management for patients, it is a step towards helping patients engage

with their health information.
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Chapter 4

Extracting Information From a

Conversation

The second task of this thesis was to develop a machine learning algorithm to iden-
tify important positive and negative information from medical conversations using
text and prosody. The dataset for this system consisted of the 25 recorded fictional
medical conversations from the user studies in Chapter 3 and two additional recorded
conversations from pilot studies. In total, these conversations amount to 3 hours, 25
minutes and 56 seconds of audio data, of which 2 hours, 37 minutes and 39 seconds
the doctor character (me) is speaking. In this study, I analyzed only the doctor's

speech to identify important positive and negative content in the conversations.

As mentioned in section 3.1, the collected audio recordings were transcribed to
text, manually separated by speaker, and manually labeled as positive (1), negative
(-1), mixed (2) and neutral (0). The definitions of these classes are described in Table
4.1. T manually separated speech events by listening for pauses and topic changes
within the dialog. The length of speech events ranged from 0.68 to 56.47 seconds,
averaging approximately 9.9 seconds overall (Figure 4-1). The labels for each speech
event were determined by a majority vote from my opinion and the opinions of three
additional people. Initial tests with all labels showed that the mixed category did not

improve the classifier, therefore mixed speech events were omitted from the set.
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Figure 4-1: Histogram of speech event durations.

Category Definitions

Information that should cause a patient to feel
Mostly Positive 1 optimistic about their treatment options, health
outcome, diagnosis, or health resources.

Information that should cause a patient to feel
Mostly Negative -1 pessimistic about their treatment options, health
outcome, diagnosis or health resources.

Information that should not cause a patient to feel
Neutral 0 either pessimistic or optimistic about their treatment
options, diagnosis, health outcome, or health resources.

Information that contains a roughly even distribution
Mixed 2 of positive and negative information about treatment
options, diagnosis, health outcome, or health resources.

Table 4.1: Definitions of positive, negative, neutral and mixed categories.

50



4.1 Dataset and Feature Extraction Methodology

For this task I used a multimodal approach to language understanding by analyzing
a conversation by the content of the text along with the prosody in speech. In this
study, I analyze only the doctor's speech to identify important positive and negative
medical information for the patient. However, future studies may also incorporate

the patient's response into the analysis.

4.1.1 Text Features

I used IBM Natural Language Understanding (IBM NLU) to extract sentiment and
emotion measurements from the text [62]. IBM NLU required text passages to be six
words or longer to perform the sentiment and emotion analysis. Speech events that
were shorter than six words were omitted from the dataset. In total, I extracted four
features related to the textual content of the conversations from IBM NLU: sentiment,
joy, fear and sadness.

The sentiment analysis from IBM NLU returned confidence scores as decimal val-
ues on a range from -1 to 1. The more negative or positive a value, the more confident
the model was that the text was negative or positive, respectively. Confidence scores
close to zero meant the model considered the text content to be neutral. I empirically
selected threshold values as follows: scores less than -0.5 were assigned -1 (negative),
scores greater than 0.5 were assigned 1 (positive), and scores between -0.5 and 0.5
inclusive, were assigned 0 (neutral).

Emotion scores were returned on a different scale. IBM NLU returned probabilities
for five emotions: joy, sadness, fear, anger, and disgust. Probability scores of 0.5
meant the model was uncertain if that emotion was present in the text. Scores higher
than 0.5 meant the model was more certain that the emotion was present and scores
lower than 0.5 meant the model was more certain that the emotion was not in the
text. From these metrics, I thresholded the emotion scores as follows: scores higher
than 0.5 were assigned 1 (emotion present) and scores lower than 0.5 inclusive were

assigned 0 (emotion not present). I did not expect anger and disgust to be present in
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the doctor's speech events, so I only considered joy, sadness and fear measurements
from this analysis.

I thresholded the IBM NLU emotion and sentiment scores to ensure that my
machine learning algorithm was correctly interpreting their values. From initial tests
with decision tree classifiers, I found unexpected and illogical operations at decision
nodes such as low joy scores or high fear scores corresponding to positive information.
Thresholding the emotion and sentiment scores reduced these types of artifacts in the
algorithm.

In addition to language understanding, I also used Python's Natural Language
Toolkit (NLTK) to identify features from the words in the text [63]. I tokenized each
speech event and considered contractions such as “can't” or “won't” to be single
words. I then computed lexical diversity and average word length. With initial
tests, lexical diversity and word length did not show significant variance between
positive, neutral, and negative speech events in this dataset. These features may
become more relevant with a larger dataset containing more diverse conversations
such as conversations from annual checkups, routine appointments during treatment,

or diagnosis of serious illnesses.

4.1.2 Prosodic Features

I used Affectiva Automotive Al via Affectiva Emotion as a Service Ul to analyze
the audio recordings for prosodic features [64]. This service returned a time-based se-
quence of values corresponding to detected anger, laughter, and levels of vocal arousal
in the audio recording. Vocal arousal is a measurement that accounts for loudness,
pitch and phonemic duration. Because I was considering only the doctor's speech in
my analysis, I did not expect anger and laughter to be relevant vocal features, and
therefore only used the vocal arousal data for prosodic feature extraction. Future
studies may also consider the patient's contribution to the conversation, in which
case anger may become a relevant vocal feature.

The raw vocal arousal data consisted of 1.2 second speech events sampled every

0.3 seconds. This meant that a 1.5 second audio sample would have five sequential,
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but overlapping arousal measurements. As a starting point for analyzing this data, I
applied a box filter with a window size of 5 to approximate the visualization tool on
the Affectiva Emotion as a Service Ul. Next, I applied a Guassian convolution filter of
window size 11 and standard deviation of 1.5 to smooth the signal. I then applied a
linear transform to scale the data to a range between 0 and 1. Finally, the smoothed
signal was separated into segments defined by the start and end time of each speech
event in the conversation.

Using the SciPy signal library [65], I extracted peaks from the normalized data
whose maximum value was larger than 0.15. The threshold for the peak values was
determined empirically. From the extracted peaks, I calculated the average peak
height, the minimum peak height, the maximum peak height, the mode peak height
(rounded to the nearest 0.1), the number of peaks per speech event and the average
peak frequency per speech event. In addition to the peak properties in the data, I also
computed the average vocal arousal and the average curvature of the vocal arousal
data per speech event. I computed the curvature by taking the second derivative of
the vocal arousal data using a centered window of size 11.

Along with vocal arousal features, I also considered the average rate of speech in
each speech event. I computed this value as the number of words per speech event
divided by total time per speech event. Further investigation of the rate of speech
may also consider more localized speech rate or hesitations to characterize different

types of speech events.

4.2 Training Classifiers

4.2.1 Evaluation

The goal of this task was to identify important information within a conversation
using positive, negative and neutral labels. I acknowledge that neutral speech events
may also contain important factual information from a conversation, however for the

scope of this thesis I focused on identifying important information using positive and
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Positive Negative Neutral

Positive | True Positive (TP) | False Negative (FN) | False Neutral (FU)

Negative | False Positive (FP) | True Negative (TN) | False Neutral (FU)

Neutral False Positive (FP) | False Negative (FN) | True Neutral (TU)

Table 4.2: Classification prediction confusion matrix definitions.

Positive Negative Neutral MACRO
Precision TP TN TU X (Precision)
(Pre) | TP ¥ FPy, + FBuy | TN + FNyp, + FNpyy | TU + FUpy, + FlUng 3
Recall TP TN Ty  (Recall)
R —
(ReS) | TPYFN,,, +FU,,, | TN+ FPyy + FU,, | 1V + Fhreu+ FlNyey 3
Fl-score | 2*PTe€Cpos * ReCpos | 2% Precy,, * Recye 2 * Precueu * ReCneu | 5 (F1-score)
(Precyes + Recp,s) (Precuey + ReCoey) (Prec,e, + Recney) 3
Accuracy TP +TN +TU
ALL

Table 4.3: Accuracy calculations.

negative valence. As described in Table 4.2, with three classification categories, there
were six possible outcomes: true positive (TP), false positive (FP), true negative
(TN), false negative (FN), true neutral (TU) and false neutral (FU). To compute the

accuracy of the classifier I considered precision, recall and accuracy (Table 4.3).

4.2.2 Training and Validation

Initial tests with this dataset showed that it contained a total of 842 speech events:
141 positive, 138 negative and 563 neutral. To correct this imbalance, I duplicated
sufficient positive and negative speech events to equal the number of neutral speech
events within the set. The resulting dataset included a total of 1689 speech events:
563 positive, negative and neutral labeled speech events. With this balanced dataset
the chance probability of choosing any particular label is exactly 1/3 (0.33).

o4



I used the balanced dataset to train decision tree models and support vector
machine models using the Python machine learning library SciKit Learn [66]. Each
model was trained with a random 70% train and 30% test split. Cross validation
scores were also computed for each model using and 80% train and 20% test split. I
trained separate models for text features and prosodic features, then combined text
and prosodic features into a multimodal classifier for comparison. Features in each
of these were selected empirically and the final models were selected according to the

highest average cross validation score.

4.2.3 Results

The final multimodal decision tree classifier achieved the highest accuracy of 90.6%,
which is 2.71 times better than chance, and an F1-score of 0.888. Unexpectedly, the
accuracy after combining text features and prosodic features did not improve the
final model. In fact, the average accuracy of the Prosody model is slightly higher
than that of the Text-Prosody model (Fig. 4-2). It is possible that by analyzing
prosody alone, the decision tree model found distinct vocal patterns in the way I
delivered positive and negative information, thus resulting in a very high accuracy
for the Prosody model. However, with the Text model only achieving an accuracy of
0.541, combining the text analysis with the prosodic analysis may have introduced
more disorder into the dataset. The final tree structure contained 216 decision nodes
and 217 leaf nodes with a minimum of 1 speech event and a maximum of 58 speech
events at a single leaf node. The average number of speech events per leaf node was
5.4 with a 7.76 standard of deviation.

The confusion matrix in Table 4.5 gives a more detailed look at the classification
results. The model achieves recall values near 100% for positive and negative speech
events, but only 65.2% for neutral speech events (Table 4.6). The model also exhibits
precision of 82.2% for positive labels, 91.5% for negative labels, and 96.2% for neutral
labels. These results suggest that the model is well-equipped to separate positive
information from negative information, but less equipped to separated neutral infor-

mation from positive or negative information. Based on the precision measurements,
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DECISION TREE MODEL ACCURACIES

1 0.9115 0.9058
0.8
0.6 0.5413
0.4
0.2
0
Text Prosody Text-Prosody
Figure 4-2: Accuracy of decision tree models.
Text-Prosody Model Cross Validation Scores
0.914 0.882 0.917 0.923 0.893
Table 4.4: Cross validation scores of decision tree model.
Positive Negative Neutral
Positive 176 0 0
Negative 0 172 4
Neutral 38 16 101

Table 4.5: Confusion matrix of classification results from decision tree model.

Positive Negative Neutral g/{;iizcs)
Recall 1.000 0.977 0.652 0.876
Precision 0.822 0.915 0.962 0.900
F1-score 0.903 0.945 0.777 0.888

Table 4.6: Accuracy results from decision tree model
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Accuracy vs Minimum Data Curvature vs Minimum Data

Points per Leaf Node Points per Leaf Node
1 0.012
0.01
0.9
) 2 0.008
® 2
308 g 0.006
O
< o7 3 0.004
0.002
0.6
1 5 9 13172125 29 33 37 41 45 49 0

. . 1 5 9 1317 21 2529 33 37 41 45 49
Min. Data Points per Leaf Node

Min. Data Points per Leaf Node

Figure 4-3: Accuracy as a result of the Figure 4-4: Curvature versus the min-
minimum data points per leaf node. imum data points per leaf node.

the model appears slightly better at separating negative information from neutral
information than positive information from neutral information. Although the cross-
validation scores are reasonably consistent (Table 4.4), the nearly perfect accuracy
and recall suggest that the model is overfitting to the dataset.

In an attempt to minimize overfitting to the training data, I modified the previous
decision trees to require a minimum of five data points per leaf node. I selected this
number by plotting the accuracy of the model against the minimum number of data
points per leaf node (Figure 4-3) to identify the point with the maximum curvature
(Fig. 4-4). This change reduced the overall accuracy of each decision tree model. The
Text-Prosody decision tree achieved an average accuracy of 79.8% and Fl-score of
0.726. Again, the Text-Prosody model faired worse than the Prosody model (Figure
4-5).

A closer inspection of Tables 4.8 and 4.9 show that all accuracy measurements are
significantly reduced with this model. Recall for neutral and positive speech events
is reduced by approximately 20%. Recall for negative speech events performs slightly
better and is only reduced by about 13%. Precision is reduced by approximately 17%
for positive speech events, 15% for negative speech events, and 25% for neutral speech
events. While the decline in accuracy in all categories is sizeable, the reduction in
precision for neutral speech events suggests that many of the deeper decision nodes in

the original decision tree were identifying true neutrals. These scores also suggest that,
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DECISION TREE 5-MIN MODEL ACCURACIES

0.8206 0.7981
0.8
06 0.5413
0.4
0.2
0
Text Prosody Text-Prosody

Figure 4-5: Accuracy of decision trees with a minimum of 5 points per leaf node.

Text-Prosody Model Cross Validation Scores
0.817 0.817 0.810 0.807

0.799

Table 4.7: Cross validation scores of Decision Tree 5-Min.

Positive Negative Neutral
Positive 140 18 18
Negative 14 149 13
Neutral 50 24 81

Table 4.8: Confusion matrix of classification results from Decision Tree 5-Min.

Positive Negative Neutral g/{;iizcs)
Recall 0.796 0.847 0.523 0.722
Precision 0.686 0.780 0.723 0.730
F1-score 0.737 0.812 0.607 0.726

Table 4.9: Accuracy results from Decision Tree 5-Min.
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SVM MODEL ACCURACIES

0.7571
0.8
06 0'5339 0.4754
0.4
0.2
0
Text Prosody Text-Prosody
(RBF) (LINEAR) (RBF)
Figure 4-6: Accuracy of SVM models.
Text-Prosody Model Cross Validation Scores
0.773 0.743 0.761 0.756 0.753

Table 4.10: Cross validation scores of SVM model.

even with more constraints on the structure of the decision tree, negative information

is most successfully identified out of the three categories.

The accuracy of the SVM model was lower than those from the decision tree
models (Figure 4-6). The Text SVM achieved an average accuracy of 53.4% and the
Prosody SVM achieved an average accuracy of 47.5%. Unlike the decision tree models,
the combined Text-Prosody SVM model resulted in significantly better accuracy than
the Text or Prosody models. This model achieved an accuracy of 75.7%, which is
2.27 times better than chance, and an F1-score of 0.721.

Looking closer at the classification results in Tables 4.11 and 4.12, the Text-
Prosody SVM model achieved 73.6% recall for all positive speech events, 77.3% recall
for negative speech events and 63.8% for all neutral speech events. The model also
achieved 68.8% precision for positive labels, 71.4% for negative labels and 77.6% for
neutral labels. From these results, this model appears to be slightly better at correctly
classifying negative information than positive information.

To evaluate how well my models perform with other speakers, I obtained permis-

sion to use five additional conversations of doctors and nurses speaking with patients.

59



Positive Negative Neutral
Positive 128 24 22
Negative 35 140 6
Neutral 23 32 97

Table 4.11: Confusion matrix of classification results from SVM model.

Positive Negative Neutral lg/i?)izz
Recall 0.736 0.773 0.638 0.716
Precision 0.688 0.714 0.776 0.726
F1-score 0.711 0.743 0.700 0.721

Table 4.12: Accuracy Results from SVM Model.

One conversation was a training video by Canadian Culture and Communication for
Nurses (CCCN) providing a good example of how to deliver bad news to patients [67].
The four additional conversations were videos of real patients talking to real doctors
from Brown Alpert Medical School [68]-[71]. These videos included a variety of ap-
pointments such as routine checkups, disclosing medical errors, and cancer diagnosis.
There were four different medical professionals in these videos: three were female and
one was male. Again, I analyzed only the doctors' (or nurses') speech and established

ground truth by the selecting the majority vote from four peoples' opinions.

The resulting accuracy of my three models on these conversations can be seen
in Table 4.13. The original decision tree still achieved the highest accuracy of all
the models at 69.8%, but fared considerably worse than the 90.6% accuracy achieved
with the data containing only my voice. The second-best model was the SVM with
an accuracy of 63.2%, which is nearly 10% lower than the model's accuracy with the

data containing only my voice.

Taking a closer look at the confusion matrices for each of these models in Tables
4.14, 4.15 and 4.16, the accuracy is primarily due to the models' success at identifying
neutral speech events. Each model exhibits particular weakness at identifying positive

information.
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Model Accuracy F1-score
Decision Tree 0.698 0.589
Decision Tree 5-Min 0.575 0.490
SVM 0.632 0.533

Table 4.13: Accuracy of models on five additional conversations of patients speaking
with doctors.

Positive Negative Neutral Recall
Positive 6 0 7 0.462
Negative 3 9 7 0.474
Neutral 11 4 59 0.797
Precision 0.300 0.692 0.808

Table 4.14: Confusion matrix of classification results from decision tree model on five
additional conversations.

Positive Negative Neutral Recall
Positive ) 1 7 0.385
Negative ) 8 6 0.421
Neutral 20 6 48 0.649
Precision 0.167 0.533 0.787

Table 4.15: Confusion matrix of classification results from Decision Tree 5-Min model
on five additional conversations.

Positive Negative Neutral Recall
Positive 5 3 5 0.385
Negative 5 11 3 0.579
Neutral 14 9 51 0.689
Precision 0.208 0.478 0.864

Table 4.16: Confusion matrix of classification results from SVM model on five addi-
tional conversations.
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It may be worth noting that the speakers in each of these conversations had very
different paralinguistic characteristics. One female speaker had a fairly deep voice and
spoke with a very somber and slow cadence. The second female speaker had a higher
voice and could be described as shy. The third female speaker had a fairly high voice
and spoke quickly. The male speaker also had a fairly high-pitched voice and spoke in
a friendly, but very fast and clipped manner. I describe these characteristics because
the qualities of my voice that define good or bad news may not be generalizable to all
personalities, cultures or regional speech patterns. Larger and more diverse datasets
may show that a generalizable model can be trained by culture or personality type.
Alternatively, future studies may find that hyper-personalized models trained per

individual care provider are scalable and offer the highest accuracies.
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Chapter 5

Conclusions and Future Work

In the first task of this thesis, I built a novel multimodal prototype web interface that
represents information from medical conversations to facilitate patient review and
understanding of their health information. The interface included a transcript as well
as an audio playback system to revisit the content of a conversation. Information in
the transcript and corresponding time segments on the audio timeline were highlighted
to inform the user of important positive and negative information. Labels in this first
task were determined manually. Additional features included a chart visualizing the
total number of positive and negative speech events in the conversation and filters to

isolate positive or negative information.

I evaluated the prototype web interface in a controlled study with 25 participants.
Results from the study indicate that, at least in a fictional setting, the web interface
helps patients review the content of conversations from medical appointments. More
specifically, features such as the text transcript and the positive and negative labels on
information helped participants navigate through the conversation and find important
information. The web interface's effect on participants' understanding of information
and optimism about their health options cannot be determined from these results.
Further studies and additional methods for evaluation will be necessary to explore

these topics.
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In the second task of this thesis, I developed machine learning algorithms to
extract the important positive and negative information from medical conversations.
The algorithms were trained on a dataset of 27 fictional conversations where I assumed
the role of doctor. For the purpose of this study, I only used speech events containing
my voice. | considered features extracted from the text using IBM NLU and prosodic
features from vocal arousal using the analysis from Affectiva Automotive Al. The
most successful algorithm was a decision tree, achieving an accuracy of 90.6% and an
Fl-score of 0.888. Unexpectedly, the decision tree's accuracy did not improve when
combining textual and prosodic features into the learning model. A decision tree

using only prosodic features achieved an accuracy of 91.1%.

The machine learning algorithms were trained only on my voice, and were therefore
very likely to overfit to the way I speak. To test the generalizability of my models, I
collected five additional conversations from CCCN and Brown Alpert Medical School.
As expected, the accuracy results from these conversations were significantly lower
than on the conversations containing only my voice. The decision tree model still

achieved the highest performance with an accuracy of 69.8% and F1-score of 0.589.

Future work for extracting positive and negative information from conversations
based on prosody and text will require a significantly larger dataset. Particularly
within the medical context, it will be important to collect a dataset of real doctors
speaking with real patients with speakers from different geographic regions, different
personalities and of different genders. However, further studies may show that a truly
generalizable model is not realistic and that individual healthcare providers will need
personalized models to interpret their manner of speaking and conveying information.
Future algorithms may also consider the patient's reaction in addition to the doctor's

information.

A significant comment from the study participants was that the positive and nega-
tive labels did not highlight enough of the important information in the conversation.
Users indicated they would have liked additional labels to mark information such as
treatment options, medications, and side-effects. Others also indicated they would

have liked a summary page in addition to the transcript to help them quickly as-
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sess the main points of the conversation. In the future, additional machine learning
and natural language processing algorithms may be used to develop these features in
the web interface and further aid patients with review and retrieval of their medical
information.

While the focus of this study was the impact of information representation and
information extraction in the medical context, these findings may be relevant to
other fields as well. As discussed in Chapter 2, the way we speak has an enormous
influence on how information is received and understood. A machine learning system
that uses prosody and text to identify important elements in a vocal exchange could
become relevant in sportscasting, public presentations, design critiques and more.
Current tools for aiding human-human communication offer limited modalities such
as audio inputs and visual outputs. However, these systems place the burden of
interpreting, understanding and synthesizing information completely on the end-user.
In emotional communication settings, interpreting and managing information can
be overwhelming, thus rendering existing methods of information management too
limiting. With machine learning, emotionally intelligent multimodal systems may
offer new methods for interacting with information within emotional contexts. Such
systems could encourage end-users to reflect on and consider alternative perspectives,

which may improve understanding and engagement with information.
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Appendix A

User Study: Fact Sheet
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Your name:
e Mr./Ms. Doe
(If you have a preferred prefix, please inform the study proctor now)

Scenario:
e Betacytes are a cell mutation detected in the blood.

e Last year, your doctor identified a high level of betacytes in your body. At that time, the
level did not pose any serious health risks, but was higher than normal levels. As a
result, your doctor has you come into the clinic every 6 months to monitor the level of
betacytes in your body.

e High levels of betacytes are generally associated with fatigue, loss of appetite and
weight loss. You may express to the doctor that you’ve experienced any of these

symptoms.

e You are aware that betacytes in the body can sometimes lead to cancer. But so far, the
doctors say the level of betacytes in your body is not cancerous.

e You had recent labs taken a few days ago to check the current status of betacytes in
your body. Today you will get the results from your most recent medical tests.

e You are your current age (in real life).
e You came to this appointment by yourself.
e You recently got a new pet. You can share this information with the doctor if

appropriate.

DISCLAIMER:

All medical conditions mentioned in this scenario and the following conversation are fictional.
Any information you may encounter or think you know about these medical conditions external
to this conversation are not related to this study.
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Appendix B

User Study: Script
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Level of Betacytes

Healthy Not-Cancerous Stage | Stage ll Stage lll
1% <3% <4% <5% <6%
Treatments
Chemotherapy
Pegaspar Travels through the bloodstream
Methotrexamine to kill cancer cells.

Targeted Antibodies

Arrantraxibar Latches on to cells with specific
Cytocaptopurine cancerous markers to kill them.

Radiation

Radioactive particles are
delivered either externally or
internally through IV to damage
the DNA in the cancerous cells,
causing them to die.

Statistics

5-year survival More than 90% of people live past 5 years.

65% stay in remission

20- ival
O-year surviva 35% may develop cancer again

Very aggressive — 1 year.

No treatment .
Less aggressive — 5 years.

Side Effects
Hair loss, nausea, fatigue, loss of appetite, weaker immune system.

Other Answers:
e Betacyte Carcinoma is not genetic.

e |t can spread to solid tissue.
e | don’t have that information with me today, but | will check with the care team and get back to you.

e | don’t have the specifics about that information, but the care team will provide you with additional
materials with more details about that.
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Hi Mr./Mrs. Doe. It’s nice to see you again, thanks for coming in today.

[...]

How are you today?

[...]

Wonderful. Alright, is there anyone here with you today that you would like to be here while
we discuss your information?

[...]

Well, I'd just like to start by asking how have you been feeling since we last met?

[...]

Ok, so last year we identified an abnormal level of betacytes in your system which is why we
have been having regular checkups every six months. Do you remember that?

[...]

| have the results from your most recent labs right here. How much detail would you like today?

[...]

Mr./Mrs. Doe, unfortunately it does look like the number of betacytes has recently increased
to a critical level. I'm sorry to say that this level of betacytes in your body indicates that you
now have a cancer called betacyte carcinoma.

[...]

The cancer appears to be fairly aggressive. The results from the lab show it has already
advanced to stage Il.

[...]

Mr./Mrs. Doe, | realize this is a lot to take in and I just want to let you know that | and the care
team are all here to support you.

[...]

It is important we start thinking about treatment as soon as possible. Can | tell you about some
of the treatment options now?
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[...]

Betacyte carcinoma has been widely studied for many years, which means there is a lot of
research and treatments available. With treatment, survival rates are very high.

[...]

Betacyte carcinoma is most commonly treated with chemical therapies such as chemotherapy
or targeted therapies. And how these treatments work is that we deliver them through an IV to
attack the cancerous cells to prevent them from multiplying and growing.

[...]

A combination of chemotherapy and radiation is also an effective treatment strategy,
particularly for aggressive cancers.

[...]

In your case, we will start with a chemical therapy and see how you respond. Chemical
therapies are often a cure for betacyte carcinoma, however, cancer progresses differently for
everyone and we’ll be paying close attention to make sure we apply the most effective
treatment.

[...]

The care team is going to provide you with more detailed information about your treatment
options. Take some time to look over these options and discuss with your loved ones.

[...]

Before you leave today, you'll need to schedule your next appointment at the front desk so we
determine the next steps.
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Appendix C

User Study: Survey
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Review the Appointment

The terms "positive," "negative," and "neutral" are used to describe information from
the conversation. The definitions of these terms are outlined below:

» POSITIVE information implies a good outcome or makes you feel optimistic.
* NEGATIVE information implies a bad outcome or makes you feel pessimistic.
* NEUTRAL information makes you feel NEITHER optimistic NOR pessimistic.

1. Email address *

Manual Notes

Please refer to your handwritten notes to respond to the following questions based on
the simulated doctor's appointment earlier today.

As mentioned previously, the definitions of positive, negative and neutral are as
follows:

* POSITIVE information implies a good outcome or makes you feel optimistic.
* NEGATIVE information implies a bad outcome or makes you feel pessimistic.
* NEUTRAL information makes you feel NEITHER optimistic NOR pessimistic.

2. In your opinion, was there any positive information from the conversation?
Mark only one oval.

YES
NO

3. If yes, please briefly describe each piece of positive information. (Bullet
points are fine)

4. In your opinion, was there any negative information from the conversation?
Mark only one oval.

YES
NO
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5. If yes, please briefly describe each piece of negative information. (Bullet
points are fine)

6. In your opinion, was there other important but neutral information that was
shared in the conversation earlier today?

Mark only one oval.

YES
NO

7. If yes, please briefly describe each piece of important but neutral
information. (Bullet points are fine)

8. How well do you feel you understand the content of the conversation?
Mark only one oval.

NOT AT ALL VERY WELL

9. In your opinion, the overall the content of the conversation was:
Mark only one oval.

Very Negative Very Positive
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10. Based on the conversation, how would you rate your optimism about your
treatment options?

Mark only one oval.

NOT AT ALL VERY
optimistic optimistic

11. Based on this conversation, how confident would you feel about making a
decision about your treatment?

Mark only one oval.

NOT AT ALL VERY
confident confident

Web Interface

Please respond to following questions using the web interface provided to you by the
study proctor. You may also reference your manual notes.

As mentioned previously, the definitions of positive, negative and neutral are as
follows:

* POSITIVE information implies a good outcome or makes you feel optimistic.
* NEGATIVE information implies a bad outcome or makes you feel pessimistic.
* NEUTRAL information makes you feel NEITHER optimistic NOR pessimistic.

The web interface highlights what the doctor
considers positive information or negative
information. The next three questions are designed
to help you become familiar with the web interface.

12. The interface visualizes the total
percentage of positive and negative
information in the conversation.
Approximately what percentage of
negative information does the
interface report?
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13. The transcript of the conversation can be filtered by positive or negative
information. Using the filters, please briefly summarize the second piece of
positive information in the conversation.

14. You can listen to the audio recording of the conversation through the
interface. The audio signal is highlighted to indicate times when positive
information (blue) and negative information (red) occur. All other
information is neutral. At time 2:45 on the timeline, the information is
reported as:

Mark only one oval.

Positive
Negative

Neutral

Using the web interface as an additional source of
information, please respond to the following
questions based on your understanding of the
conversation.

15. Based on your understanding, what was the positive information conveyed
in the conversation? (Bullet points are fine)
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16.

17.

18.

19.

20.

Based on your understanding, what was the negative information conveyed
in the conversation? (Bullet points are fine)

Based on your understanding, the overall content of the conversation was:
Mark only one oval.

Very Negative Very Positive

After viewing the web interface, how do you feel about the treatment
options discussed in the conversation?

Mark only one oval.

Very Pessimistic Very Optimistic

After viewing the web interface, how confident do you feel about making a
decision about your treatment?

Mark only one oval.

NOT AT ALL VERY
confident confident

How well do you feel you understand the content of the conversation?
Mark only one oval.

NOT AT ALL VERY WELL
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21. How much do you think the information represented in the web interface
influenced your opinion of the conversation?

Mark only one oval.

0 1 2 3 4
Completely
No InﬂuenceOOn My Influenced My
pinion ini
Opinion

22. Was there information that the web interface highlighted as positive that
you thought was NOT positive?

Mark only one oval.

YES
NO

23. If you answered YES to the previous question, what was that information
and why did you disagree? (Bullet points are fine)

24. Was there information that the web interface marked as negative that you
thought was NOT negative?

Mark only one oval.

YES
NO

25. If you answered YES to the previous question, what was that information
and why did you disagree? (Bullet points are fine)

Your Experience
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As mentioned previously, the definitions of positive, negative and neutral are as
follows:

* POSITIVE information implies a good outcome or makes you feel optimistic.
* NEGATIVE information implies a bad outcome or makes you feel pessimistic.
* NEUTRAL information makes you feel NEITHER optimistic NOR pessimistic.

26. In terms of usability, how would you rate the web interface?
Mark only one oval.

Not easy to use Very easy to use

27. How helpful was the interface for finding important information in the
conversation?

Mark only one oval.

NOT AT ALL helpful VERY helpful

28. In terms of understanding the conversation, how helpful were the marked

positive and negative information in the web interface?
Mark only one oval.

NOT AT ALL helpful VERY helpful

29. How would you rate your overall experience with the web interface?
Mark only one oval.

TERRIBLE VERY PLEASANT

30. What do you think worked well in the interface?
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31. What do you think did NOT work well in the interface?

32. Do you have comments or suggestions to improve the web interface?

Send me a copy of my responses.

Powered by
E Google Forms
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Appendix D

User Study: Interview Questions
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Outline of Interview Questions:
1. Did you trust the positive/negative classification of information in the transcript? Why?
2. Canyou share some of the biggest challenges during the conversation?
3. How did the introduction of the interface alleviate those challenges, if at all?

4. How much control of your health information did you feel during the conversation and
part 1 of the questionnaire?

5. Did interface change your perception of control of your health information? Why?
6. If you did not use the audio features of the interface, why not?
7. When do you think you would use the audio features, if ever?

8. How would you like a system like this to be integrated into your healthcare experience?
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Appendix E

User Study: Survey Responses
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