
Medship: Affective Computing for Building
Empathetic Behaviors Toward Patients with

Substance Use Disorders

by

Caleb M. Harris

S.B. Computation and Cognition, Massachusetts Institute of
Technology (2022)

Submitted to the Department of Electrical Engineering and Computer
Science and the Department of Brain and Cognitive Sciences

in partial fulfillment of the requirements for the degree of

Master of Computation and Cognition

at the

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

September 2022

© Massachusetts Institute of Technology 2022. All rights reserved.

Author . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Department of Electrical Engineering and Computer Science and the

Department of Brain and Cognitive Sciences
August 05, 2022

Certified by. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rosalind W. Picard

Professor of Media Arts and Sciences
Thesis Supervisor

Accepted by . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mehrdad Jazayeri

Director of Education, the Department of Brain and Cognitive Sciences



2



Medship: Affective Computing for Building Empathetic

Behaviors Toward Patients with Substance Use Disorders

by

Caleb M. Harris

Submitted to the Department of Electrical Engineering and Computer Science and
the Department of Brain and Cognitive Sciences
on August 05, 2022, in partial fulfillment of the

requirements for the degree of
Master of Computation and Cognition

Abstract

Opioid use is on the rise, with overdose deaths quadrupling since 1999 [34]. Con-
sequently, so is substance use disorder (SUD), an illness caused by repeated use of
substances such as alcohol or drugs that result in clinically significant impairment.
Although physician interactions with patients with SUDs are dramatically increasing
in frequency, the majority of medical training still fails to address the importance of
building empathy and minimizing stigma in such clinical interactions. Furthermore,
physicians receive only minimal instruction regarding the expression of empathy and
its role in building rapport and eliciting positive responses from patients with SUDs.
Such strategies not only improve the immediate clinical interaction by contributing
to a warm, stigma-free environment, but also improve the long-term outcomes of
the patient by driving them toward care instead of away from it. This thesis both
identifies the affective features and expressions most attributed to positive clinical per-
ception, from the perspective of actual patients with SUDs, and introduces Medship,
a web-application-based tool embedded with affective computing models to provide
real-time affective training for medical school students and physicians in simulated
clinical interactions with patients with SUDs.

Thesis Supervisor: Rosalind W. Picard
Title: Professor of Media Arts and Sciences
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Chapter 1

Introduction

1.1 Motivation

Substance overdose deaths in the U.S. topped 100,000 annually, for the first time ever,

for the 12 month period ending in April 2021. It is estimated that of those deaths,

75,673 were overdose deaths from opioids, a 35% increase of that from the year prior

[33]. The modern-day patient-physician relationship in substance use disorder (SUD)

is flawed due to widespread stigma toward patients, yet the healthcare field has not

created engaging and targeted tools to help future physicians decrease their biases.

Physician attitudes toward patients with a SUD are more negative than attitudes to-

ward patients with other medical and psychiatric conditions, and these biases worsen

over the course of one’s career [13][4][14][15][32]. Furthermore, individuals with a SUD

from marginalized populations face compounded discrimination [16][41][36][39]. This

stems from both a lack of physician knowledge about SUD and patients’ tendency to

relapse care [46]. As a result, physicians’ communication, display of empathy, and in-

volvement with patients deteriorates [9][30][5]. Nevertheless, the majority of medical

training fails to improve physician awareness and management of affective expressions

toward patients with a SUD [38][25][23].

This thesis introduces Medship, a platform and technology aimed at helping medi-

cal trainees both understand their own outward expressions and practice contextually-

relevant clinical situations in which affective expression, engagement and empathy
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building are paramount. Medship is designed with the goal of improving empathetic

communication and behaviors, and relies on the following principles:

1. Empathy is malleable.

2. Empathetic communication can be learned.

3. Successful clinicians rely on empathetic communication and behaviors.

4. Clinician behaviors have an impact on the emotional state of patients.

5. Improving the ability to detect and empathetically respond to a patient’s emo-

tional state improves clinical interactions.

In particular, by focusing on simulated clinical situations with patients experienc-

ing or recovering from SUDs, Medship targets the specific lapse in medical training

aforementioned. As a web application, Medship combines educational resources spe-

cific to SUDs with affective coachware designed to provide tangible feedback on ex-

pressions and contextually-informed responses. Furthermore, the logic governing the

feedback of expressions in Medship is informed by real-world patients with a current

SUD or a history of SUDs, through data collected in our multi-phase collaborative hu-

man clinical trial with Weill Cornell Medical College. Having such patient-informed

data is critical, as expressions, reactions and engagement in clinical scenarios with pa-

tients with SUDs are highly contextually-dependent. This feature places Medship in a

unique position among the market of affective computing based coaching technologies

and coachware, as no other technology captures these medical nuances.

1.2 Background

1.2.1 Addiction and Stigma

Addiction is a treatable, chronic disease characterized by a loss of free will, with

complex interactions between the environment, genetics, life experiences, and the

brain regions associated with executive function, reward, memory, and stress [47][46].
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Despite often harmful consequences, people with an addiction are often unable to

stop substance use due to compulsive behaviors and substance interactions. Over

time, these changes compound and dramatically increase an individuals risk, making

it substantially more difficult to stop using substances. This counters the widespread

belief, even among physicians, that individuals with a SUD are simply lacking in will

power to stop their use.

Addiction is one of the most stigmatized social problems today, bringing extreme

burden to the social lives of those experiencing a SUD. Stigma, a socially discrediting

behavior, prohibits individuals with SUDs from proper care and recovery, even within

hospitals. We know that prevention and treatment approaches are often highly suc-

cessful, at the level of other chronic diseases. Yet, within the medical community, a

long-standing, deep-rooted stigma toward patients with SUDs stands in the way of

this treatment.

1.2.2 Physician Attitudes and Education

A primary goal of Medship is to bring awareness to clinicians about the importance

of their interaction quality with patients with SUDs, through repetition and empha-

sis during the training. Empathy, the physician’s ability to understand and relate

to a patient’s emotional state and communicate that, is highly related to the degree

of stigma toward a patient with a SUD [17][27]. A physician’s ability to communi-

cate effectively with patients, which is a strong proxy for their ability to empathize

with patients, is associated with better outcomes, through adherence to medication,

fewer mistakes, and higher patient satisfaction [38]. However, the outward display of

empathy decreases across medical training [23][25].

Physicians often hold deep biases toward individuals with SUDs, more than any

other group of individuals with a medical or mental health diagnosis [4][13][14]. Physi-

cians, psychiatrists, psychologists, nurses, and social workers have less regard for

individuals with SUDs than they do toward individuals who suffered from other ill-

nesses, such as diabetes and depression [19][40]. Further, these attitudes worsen over

time. For example, residents just a few years post-graduation have significantly worse
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attitudes toward patients with SUDs than recent graduates [14][4].

These negative attitudes dramatically worsen quality of care. Physicians who

stigmatize patients with SUDs hold biases that the patients are manipulative and

violent, among other negative traits [5][9]. Consequently, physicians express less em-

pathy toward these patients, which is a critical aspect of medical care. As a result, the

interactions between patients with SUDs and physicians deteriorate, causing poorer

clinical outcomes [30][9]. However, it is not the case that all physicians hold deep-

rooted negative biases toward these patients. Rather, a single group has much less:

physicians who work with these patients [19][13]. This highlights the importance of

providing medical school students and physicians time with and exposure to patients

with SUDs.

1.2.3 Marginalized Populations

Marginalized populations are at a higher risk for developing SUDs. For example, over

20% of the LGBTQ+ community have a SUD, compared to 9% in the general popu-

lation [42][2][22]. This is due to a variety of reasons, such as access to care, baseline

discrimination, and structural inequalities [24][16]. These biases in healthcare are well

known, and detract from the quality of care–resulting in shorter conversation length,

poor interpersonal relations, and diminished patient recall of appointment content

[26][16]. This disrupts the patient-physician relationship, causes anxiety, and worsens

outcomes [3][37]. As a result, these individuals face compounded discrimination, and

have some of the worst outcomes of any population [41][36] [35][39]. This further

highlights the importance of providing medical trainees exposure to patients in these

populations.

1.3 Thesis Overview

Central to the completion of this thesis was a multi-step, prospective, longitudinal

study which was used to inform the design and creation of Medship. The aim of the

study, which was a collaborative effort with Weill Cornell Medical College, was to
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define the outwardly communicated affective states of physicians that were perceived

most favorably by patients with SUDs. This was done by recording the clinical

interactions between physicians and a group of diverse patients with SUDs, drawn

from both majority and minority populations, including those in the LGBTQ+ and

Black communities. Following this, additional individuals with SUDs observed the

video and audio recordings and annotated timestamps with information on affective

expressions and states.

The results of this study were used to create Medship, designed to improve physi-

cian awareness and management of affective states toward patients with SUDs. It

is not enough for a physician to feel empathetic or think empathetically—they must

also outwardly emote empathetically with their patients. The proposed technology

addressed this head-on by providing real-time training feedback on expressive states.

Embedded in the web-application are affective computing models aimed at determin-

ing, in real-time, the affective expression of the trainee, which is used as an estimate

for how they might be perceived. The latter is important as it is the proxy for how em-

pathetically the trainee is outwardly emoting, which drives the feedback that enables

them to improve the affective signals they send to patients.

1.3.1 Part 1: Interviews

In a collaboration with Weill Cornell Medical College, we conducted an IRB-approved

human clinical study to observe genuine interactions between physicians and patients

with SUDs and then evaluate the aspects of these interactions that were viewed as

most and least empathetic, from the perspective of individuals with SUDs.

The first phase of the study, detailed in Chapter 3.2, was conducted from Jan-

uary through March of 2022, involved collecting video and audio recordings of struc-

tured interviews between physicians and patients with SUDs. These interviews were

structured such that the physician walked the patients through a series of questions

related to their present substance use, history of addiction, and positive or negative

experiences along the way. However, beyond this script, the interactions, which oc-

curred through Zoom, were highly realistic and genuine to a modern patient-physician
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telemedicine interaction.

1.3.2 Part 2: Raters

The second phase of the study, detailed in Chapter 3.3, which started in April 2022

and is ongoing as of July 2022, involved administering surveys to individuals who had

or who were in recovery from a SUD. In these surveys, the participants were asked to

view segments of the video and audio recordings from the clinical interactions from

the first clinical trial and answer questions regarding affective expressions and rapport

building: including if the physician is seen as favorable, what emotion they evoked

in them and what emotion they believed the physician to be communicating. All of

these were critical to helping us understand which expressions are most appropriate

when dealing with patients who have a SUD, as well as which contexts they fit. This

is the foundation on which Medship operates, as a science-backed coachware platform,

informed by real-world patients with SUDs.

1.3.3 Medship

Finally, we created Medship, a web-application detailed in Chapter 4, where a trainee,

such as a medical school student, interacts with a virtual patient in a clinically relevant

situation. Medship is a virtual tool containing a source of resources related to SUDs

and trauma-informed care, and an interactive experience designed to help physicians

get feedback on how they might appear when interacting with patients with SUDs.

Within Medship, there are two distinct training modules, each with a specific training

goal. During each module, the trainee can use their webcam to be monitored by

real-time affective computing models. Following the completion of the module, the

trainee is given feedback on their interaction, informed by the results of our study.

Further, within each module, the actors with whom the trainee interacts, change

their emotional state. This allows medical school students and physicians to practice

clinically-relevant situations related to SUD in an environment where there are no

negative consequences.
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1.3.4 Impact

Medship is a low-cost, web-application-based educational asset for use by both in-

dividual physicians and academic centers as a part of their addiction medicine cur-

riculum. There are a total of 94,242 medical students currently enrolled in medical

schools in the US, thereby offering a significant area to integrate the tool [1]. Given

both the void of current affective training and lack of emphasis on SUD, and the sig-

nificant number of potential trainees– this technology could reasonably help improve

clinical outcomes for patients with a SUD across the U.S. with minimal cost. Current

physicians and medical school students may both benefit from the virtual tool, which

is first and foremost designed to improve patient outcomes.

To ensure this potential is met, the actual virtual tool must be reliable– which

involves establishing acceptability and feasibility outcomes, including tool quality,

system usability, and acceptability of the tool. Given the multi-institutional nature

of this project, our collaborators at Weill Cornell Medical College will be taking

this on as a next step. Acceptability will be assessed with various measures. We

will use the System Usability Scale. A score of greater than 72.75 is considered the

benchmark for “good” or satisfactory [6]. Regarding tool quality, we will use the

Computer Tool Rating Scale. An average of 3 or greater is considered acceptable

[29]. We will also examine general treatment acceptability, with a target benchmark

of greater than 28 on the Abbreviated Acceptability Rating Profile [45]. Further, we

will administer a questionnaire to participants in our pilot study of medical students,

specifically: before the study, immediately following the study, and six months later.

This includes the Medical Condition Regard Scale (MCRS) [10].
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Chapter 2

Related Work

2.1 Virtual Training

Medship is designed to integrate goal-directed scenarios with real-time feedback,

within an easy to use and fun environment. Similar work has shown that medical

trainees prefer using technology that is fun, develops clinical skills, or is goal-directed

[8][21]. Thus, in the design of Medship, we took care to incorporate each of these.

Furthermore, Medship offers personalized routes to cognitive and emotional im-

provement with interactions with patients with SUDs. Research has shown that there

are a variety of benefits to training with this structure, such as real-time feedback

[44][11] and a non-accusatory approach—providing a low-stakes environment for the

physician to learn within [31].

Virtual training methods have been proven to help individuals restructure and

relearn cognitive-emotional responses to certain situations. Such technologies have

been helpful ranging from counseling for preconception care, chronic disease care, and

mental health [7][28][12][43]. Applying standardized technology within addiction care

can ensure reliable, valid and unbiased evaluation of trainees as well.

The most similar related work is a technology called MACH (My Automated

Conversation coacH), a coachware designed to help improve interviewing skills using

affective computing [20][17][18][38]. Similarly to MACH, Medship interacts with live

affective data to provide real-time, personalized feedback, which is used to train
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attitudinal change robustly.

2.2 Coachware

Broadly, Medship can be considered a novel form of coachware. Coachware, although

in its infancy, describes the emerging market of automated coaching technology, which

is just beginning to be incorporated into a variety of industries– such as public speak-

ing, improving emotional intelligence, executive coaching, personal coaching, and

video coaching. However, Medship is set apart by its research and institutional back-

ing, whereas the majority of publically available coachware is commercial. To name

a few, Orai and Speeko are in public speaking coaching; Cogito and Nice are in

emotional intelligence coaching; Sounding Board, CloverLeaf, and Get Mee are in

executive coaching; Replika and Rocky are in personal coaching; and Poised, uSpeek,

Sesh, and Yoodli are in video coaching. Most of these companies rely on inputs from

audio or other formats, with Poised, uSpeek, Sesh, and Yoodli being exceptions using

video inputs. Combined, these companies have tens of millions of USD in funding,

and are rapidly expanding and defining the emerging coachware industry. Although

Medship is not currently poised to enter the commercial coachware market, there is

a clear demand for affective coachware with tangible expression feedback.
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Chapter 3

Study Design

3.1 Description

Central to the completion of this thesis was a multi-step, prospective longitudinal

study in collaboration with Weill Cornell Medical College. Although the study is

still ongoing, with lingering data collection from the final phase, the majority of it

has been completed and preliminary results are available. The purpose of the study

was to identify the affective expressions seen as most favorable, from the perspective

of patients with SUDs. This aligns with one of the central beliefs of Medship– that

it is not enough to think and feel empathetically, one must also outwardly express

empathy.

Before beginning the study, we had to submit and get IRB approval for our study

design protocol, at both MIT and Weill Cornell Medical College. Due to delays in

processing, this took from August 2021 to January 2022.

The first phase of the study, conducted from January through March of 2022, in-

volved collecting video and audio recordings of structured interviews between physi-

cians and patients with SUDs. The second phase of the study, conducted from April

through August of 2022, and still ongoing, involved administering surveys to indi-

viduals who had or who were in recovery from a SUD. Both of these were critical

to helping us understand which expressions are most appropriate when dealing with

patients who have a SUD, as well as which contexts they fit.
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3.2 Part 1: Interviews

The structured interviews between physicians and patients occurred over Zoom, with

myself or a collaborator on-call to facilitate the introduction and video capture. There

were a total of 19 interviews conducted, between 5 patients and 10 physicians. A 20th

interview was scheduled, but the patient did not show, and thus we cancelled it. The

interviews were primarily run by the physician on-call and divided into a variety of

tasks: setup, introductions, alcohol use, drug abuse, recovery, and experiences in the

healthcare system.

In recruiting both the physicians and the patients for the study, we took care

to ensure that both Group 1 (physicians) and Group 2 (patients) were diverse and

representative. A full demographics breakdown can be found in the following figures

in the appendix: A-1, A-2, A-3, A-4, A-5, A-6, A-7.

3.2.1 Setup

Upon entering the call, participants were asked to do the following:

• Find a quiet and safe environment.

• Ensure your computer is plugged into a charging source.

• Try to find a plain background.

• Ensure that there is light originating from in front of your computer (such that

your face is well lit on the Zoom video feed).

• Situate yourself in front of the camera so that no more than 5 inches below your

collarbones are visible in the frame.

This was in order to ensure that the video quality was high, for use by the raters

in part 2, as well as potential use by affective computing algorithms. At this point,

the facilitating research turns off and hides their microphone and video, allowing the

call to be just between the physician and patient. From this point onward, the call

is run by the physician, who follow a series of defined tasks.
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3.2.2 Task 1

The first task is a simple introduction, in which the physician is asked to greet the

patient and let them know that they are about to perform a substance use assessment

that involves questions about their experiences with substances, their recovery, and

their experiences with the healthcare system.

3.2.3 Task 2

Moving forward, the physician carries out a comprehensive alcohol screening called

AUDIT: Alcohol Use Disorder Identification Test. AUDIT contains the following

questions:

• How often do you have a drink containing alcohol?

• How many drinks containing alcohol do you have on a typical day when you are

drinking?

• How often do you have 5 or more drinks on one occasion?

• How often during the last year have you found that you were not able to stop

drinking once you had started?

• How often during the last year have you failed to do what was normally expected

of you because of drinking?

• How often during the last year have you needed a first drink in the morning to

get yourself going after a heavy drinking session?

• How often during the last year have you had a feeling of guilt or remorse after

drinking?

• How often during the last year have you been unable to remember what hap-

pened the night before because you had been drinking?

• Have you or someone else been injured as a result of your drinking?
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• Has a relative, a friend, a doctor, or another health worker been concerned

about your drinking or suggested you cut down?

3.2.4 Task 3

When the AUDIT is complete, the physician moves on to a drug screening called

DAST: Drug Abuse Screening Test. Prefacing DAST, the physician indicates the

following, for clarity:

"The various classes of drugs may include cannabis (e.g., marijuana, hash), sol-

vents, tranquilizers (e.g., Valium), barbiturates, cocaine, stimulants (e.g., speed),

hallucinogens (e.g., LSD) or narcotics (e.g., heroin, or other opioids). Remember

that the questions do not include alcohol or tobacco"

Then, DAST contains the following questions:

• Have you used drugs other than those required for medical reasons?

• Do you abuse more than one drug at a time?

• Are you always able to stop using drugs when you want to?

• Have you had blackouts or flashbacks as a result of drug use?

• Do you ever feel bad or guilty about your drug use?

• Does your spouse or parents ever complain about your involvement with drugs?

• Have you neglected your family because of your use of drugs?

• Have you engaged in illegal activities in order to obtain drugs?

• Have you ever experiences withdrawal symptoms when you stopped taking

drugs?

• Have you had medical problems as a result of your drug use?
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3.2.5 Task 4

Next, the physician asks an open ended question related to the patient’s recovery

journey:

“For the next portion of this study interview, I’d like to ask a bit about your

recovery journey. What has your recovery been like for you? What has helped?

What barriers have you encountered and how have you dealt with them?”

3.2.6 Task 5

Finally, the physician asks another open ended question related to the patient’s ex-

perience with the healthcare system:

“For the next portion of this study interview, I’d like to ask a bit about your

specific experiences with the healthcare system. What have your experiences been

like in treatment? What have you appreciated from your providers in supporting your

treatment? What haven’t you found helpful from your providers as it relates to your

recovery or therapeutic relationship?”

3.3 Part 2: Raters

Before conducting part 2 of the study, we had to first create five surveys utilizing

clips from the video recordings in part 1. To create these clips, we had to manually

annotate each of the 19 videos for the points in which the physician was most or least

expressive. We chose to select according to this metric, as we are interested in the

expressions which patients with SUDs view as most and least appropriate, given a

context. Furthermore, modern emotion detection algorithms work best with expres-

sions that are further from neutral. Thus, we clipped the 19 videos into 104 segments,

applied a de-identification algorithm such that only the physician was visible while

the audio of the patient was distorted, and then organized these segments into subsets

of 2-4 by video. Then, we organized the subsets into surveys, such that each of five

surveys contained six subsets. This was done so that the raters could get a feeling
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for the context specific to a single interview, while also being able to rate multiple

interviews in a single session.

Following the completion of the video clip segments of the survey, we organized a

series of questions for each rater to answer. First, nonspecific demographic questions:

• What is your age?

• Which of the following describes you[r identity] best?

• Which of the following describes you[r race] best?

• Do you identify in the LGBTQ population?

• How many years have you had opioid use disorder? Please enter whole numbers.

(For example: 7)

• How many years have you been in recovery? Please enter whole numbers. (For

example: 7)

The breakdown of answers to these for the first 9 raters can be found here: B.1,

B.2, B.3, B.4, B.5, B.6, B.7. Then, for each of the 2-4 clips within a subset, the rater

was asked the following questions:

• Please put yourself in the patient’s shoes. I found the way the physician re-

sponded...

• What was most helpful/likeable about their facial expression?

• What was most unhelpful/unlikeable about their facial expression?

Next, upon rating each of the clips within a subset, the rater was asked the

following question about the physician in them:

• Please put yourself in the patient’s shoes and respond to the following four

questions regarding the four clips from this doctor. You will then move onto

the next section with a new doctor presented. 1 (disagree) to 5 (agree).
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– I feel that the doctor appreciates me.

– I believe the doctor likes me.

– I am confident in the doctor’s ability to help me.

– The doctor and I trust one another.

Finally, we recruited and administered the survey to individuals with SUDs. Cur-

rently, 9 raters have completed the survey, and we expect to administer it to a total

of 20 raters.
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Chapter 4

System Design

4.1 Overview

Medship is a web-application compatible with major web browsers such as Chrome,

Firefox, and Safari, created with Flask and hosted through Heroku. Heroku is a

platform which enables the cloud operation of the app and facilitates easy deployment

of updates. This was chosen as it enables us to easily push updates and stay secure, all

while helping us avoid holding specific hardware. Given the multi-institutional, long-

term, and collaborative nature of this project, we thought that maintaining a physical

server would be excessive and challenging. Currently, upon directing to Medship’s

URL, new trainees are required to supply an email, create a username, and choose

a password. Furthermore, we are currently planning to implement access-control via

Weill Cornell Medical School’s secure single-sign-on, which will keep Medship only to

our target trainees within the medical school.

A primary consideration for keeping Medship desktop-based was the requirement

of access to microphones and webcams. Although mobile devices often have these,

we had to deal with the additional requirement of proper backgrounds and lighting,

which often are not provided in settings in which trainees would be using a mobile

device. Thus, we decided to restrict access to desktop computers and laptops which

have microphones and webcams, and prime trainees to set up their background and

environment to help our affective computing work optimally.
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On the backend, Medship is built from HTML, CSS, and JavaScript, with a few

Python scripts to run the affective computing and set up Flask, a package for Python-

based web application development. The primary interface is built off of CoreUI, a

free package for clean interfacing and design. Using CoreUI allowed us to focus less on

creating various HTML and CSS objects and designs, and focus more on designing

Medship to suit our needs and host our computation. All of these design choices

were intended to simplify the web development aspect of this system, while easily

supporting Python-based computation.

Structurally, Medship is composed of eight sections: authentication, landing,

home, about, expression practice, training, background information, and references.

• Authentication - contains the Login and Register pages

• Landing - contains the phrase "How do your patients experience you?" (See

Appendix A-8)

• Home - contains information about the project and collaborators (See Appendix

A-9)

• About - contains information about the motivation of the project and the prob-

lems in care toward patients with SUDs (See Appendix A-10)

• Expression Practice - contains a game-like module to practice facial expressions

(See Appendix A-11, A-12)

• Training - contains simulated clinical scenarios to practice outward expression

of empathy toward patients with SUDs (See Appendix A-13, A-14, A-15)

• Background Information - contains information about SUDs, OUDs and caring

for patients with addiction (See Appendix A-16)

• References - contained references for the cited information in texts across the

web application
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For most of these sections, the material is very straight-forward and easy to ma-

neuver. However, the sections of Expression Practice and Training contain more

sophisticated modules with a variety of nested pages.

4.2 Expression Practice

The first of the two major modules of Medship is Expression Practice, where trainees

can practice expressing themselves visually with some minor feedback. The idea

behind Expression Practice is that many people might not understand how they

appear at certain times. It is one thing to think you are happy, angry, or empathetic;

it is another thing to appear that you are one of these. Further, there are not great

practice tools out there for helping you learn to make different expressions appropriate

to a given context. Although the rise of web meetings like Zoom have given people

a lot of time to look at themselves during meetings, for many, it is not intuitive to

make an expression. Also, while listening intensely to a patient, it is easy to forget

what one’s own face might do, what messages it might send. Thus, we developed

Expression Practice to help with this.

Within Expression Practice, there are two sections. The first is a landing page

where trainees can select an expression they want to practice. For this, we simply

embedded a few large buttons for ease of operation. When a trainee selects a button

for an expression, they are taken to the second section: expression matching. In

expression matching, for example, trainees see a certain expression that most people

would label as "happy" on the right side of the page, and a video stream of themselves

on the left side. The task here, is simply to match their face with the emoji, which

can be surprisingly harder than it seems. Upon completing the expression matching,

the trainees return to the landing page to select a new button.

Another purpose of this section is to give transparency for how well the system

works or does not work on the individual trainee. A major limitation of this type of

affective computing is that it may not work as well as we intend, based on a variety of

factors including but not limited to individual differences, facial hair, clothing, acces-
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sories and jewelry, background noise, and computer hardware. Thus, the expression

matching section gives the trainees an opportunity to evaluate for themselves how

well the models work on them. When they make an expression that they and others

might perceive as happy, does the model predict that their expression is happy? If

not, might this be due to simple fixes, such as lighting in the room or removing a

hat? In the case that it simply does not work as intended, this trainee should be

fully informed, and they can proceed or not with that in mind. If that is the case,

Medship has been designed to still provide informative value to trainees, even in the

absence of perfectly functioning models.

4.3 Training

The second major module of Medship is Training, where the primary study-informed

logic will be housed. The idea behind Training is that trainees will select a clinical

scenario with a simulated patient and practice contextually-relevant skills, specific

to the patient. The general flow is that a trainee will choose a clinical scenario

on the landing page, test their webcam setup, read some background information

specific to the issues addressed within the scenario, read a short prefacing text to the

scenario, and then engage in a series of tasks with a simulated patient in a variety

of emotional states– such as asking a sad patient about their history of opioid use.

These patient interactions are relatively short, from 10 seconds to a minute, and each

focus on a particular skill or task interest. Further, the interactions are set up to

feel like a telemedicine visit with the patient, where the trainee can see the camera

of both themselves and the patient. Finally, during the interactions, the trainee’s

webcam will be recorded and analyzed using affective computing software running

in the Python back end. This analyzed recording is shown immediately after the

interaction, alongside "Dr. Superstar", a real-world expert physician, who this thesis

committee believes has responded appropriately. The trainee is then able to compare

themself against Dr. Superstar in a segment we like to call Expression Karaoke, where

the closer one is to Dr. Superstar, the better they do.
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In the current proof of concept system, there is only one Dr. Superstar with whom

the trainees can compare. This is an obvious limitation of Medship, as there are sig-

nificant differences among people, such as the culture in which they were raised, that

impacts their experiences and affective expression. Ideally, this would be accounted

for by having multiple Dr. Superstars, giving the trainee an opportunity to directly

compare themself to someone who is more like them. Further, the trainee might

choose to see the same reaction from the perspective of multiple Dr. Superstars,

which might allow them to learn different strategies for improving their interactions.

This would allow cultural nuances to be more appropriately displayed and embedded

in the training, and might improve the quality of Medship.

This Training flow involved a variety of important technical design decisions.

Namely, how to display the virtual patient, which affective computing to use, and

how to provide feedback to the trainee. With respect to the virtual patient, we had

the options of creating a cartoon, developing a more sophisticated and lifelike avatar,

or hiring actors to portray a part. Originally, the plan was to create or purchase a

lifelike avatar, but due to budgetary and time constraints, we ultimately resorted to

hiring actors. One benefit that actors provide, is that we can have them very easily

portray a variety of expressions and visual states, which computationally would be

extremely challenging.

With respect to choosing an affective computing model, we originally intended to

train our own models given the data from our trials. However, due to IRB timeline

delays, this was not possible. Thus, we resorted to two expression detection models:

haarcascades and OpenFace. Haarcascades is a simple, Python and OpenCV based

model that we use to do real-time face detection and classification of simple states

commonly perceived by people as being happy, sad, angry, disgusted, and neutral.

Primarily, this is used within Medship as a fun way to ensure trainees set up their

camera and background correctly, such that they can be seen and classified by a simple

model. Furthermore, it is used for Expression Practice. However, Haarcascades is not

elegant enough to provide substantially meaningful data, only outputting bounding

boxes around detected states with a confidence score. Thus, for the Training we
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use OpenFace, a much more sophisticated Python package for expression detection.

OpenFace allows us to do more comprehensive facial action unit detection and run

on videos, collected from trainee cameras. Although OpenFace gives us more reliable

results and more data, it is similarly not without flaws.

Modern affective computing and machine learning models for expression detection

have a variety of limitations that hinder performance. Namely, they are trained on

publically available image datasets, which are often aligned with standard US pop-

ulation demographics. A consequence of this is that many models have seen fewer

images of individuals in minority groups during their training, which might result in

worse task performance for individuals of those populations. Additionally, expression

recognition models, such as haarcascades and OpenFace, are designed to predict the

expressions that most people might perceive. Within this task, there is an inherent

variance, which is reflected in the performance of the model. Expression detection

models might not always provide results that most people find accurate. Finally,

this accuracy is dependant on a variety of conditions, such as lighting, backgrounds,

clothing, jewelry, accessories, and hair. Variations in these might cause the models to

perform expression detection less robustly. To account for this, we have designed Med-

ship such that even in the absence of accurate, robust expression detection, trainees

might still find value and be able to learn. Furthermore, Expression Practice as a

module is set up to inform trainees of how the models perform on them as an indi-

vidual. That being said, Expression Practice is not a perfect tool. It is one thing

to be accurately matched with an expression; it is another to be accurately matched

during a longer task in which one might be deeply focused on an interaction.

With respect to providing feedback to the trainee, we aim to translate the findings

from our clinical studies into Medship. Primarily, we have received data that provide

a patient viewpoint on a variety of contextually-dependant clinical interactions with

patients with SUDs. This dataset is able to provide the logic governing whether a

response from a trainee is appropriate or not, as well as if they are building empathy

and connecting with the patient in a meaningful way. However, given the timeline

delays, we have only very recently collected this data. As a result, we have resorted
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to designing a minimum viable product that provides feedback in the form of a com-

parison versus Dr. Superstar and facial detection. In the future, however, we aim to

introduce the logic such that the trainee can receive more targeted, context-specific

recommendations on how to improve their interactions. Also, more studies to collect

and validate data will be needed before such recommendations can be generalized

outside the currently scripted contents.

Currently, Training includes two clinical scenarios, and in the future we intend to

host six. The first clinical scenario is focused on trauma-informed care, which involves

five core principles: patient empowerment, choice, collaboration, safety, and trustwor-

thiness. During this clinical scenario, trainees are presented with the following patient

background information:

"You are working on the medicine inpatient floor. You are about to have an

encounter with a 22-year-old female patient whom you have never seen before, but is

here following an overdose from opioids. You read in her chart that she has no past

history. The nurse also noted that the patient’s best friend at the bedside commented

that she has had a long history of trauma."

Following this, the trainee is asked to carry out an introduction, along with a

variety of other typical introductory actions, such as asking the patient’s name and

pronouns, checking non-verbal cues, and inquiring about comfort. Then, the trainee

works through a variety of tasks, such as asking them what brought them in, or asking

about their history of opioid use. During each of these, the patient will respond in

a different way, dependant on their mood, which can be something such as neutral,

detached, or anxious. This allows the trainee to train a variety of clinically relevant

tasks, each variations in patient mood. Once again, after each task, the trainee will

be shown their response alongside Dr. Superstar and the output of the affective

computing model.

The second clinical scenario is about meeting the patient where they are at. The

focus of this session is to ask about the patient’s life and practice motivational in-

terviewing skills, to help the patient realize their actions are having negative con-

sequences on their life. Primarily, this clinical scenario aims to train trainee to in-
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tegrate the following harm reduction techniques: harm reduction is evidence-based

and patient-centered, do not punish a patient for showing symptoms of a disease that

they are seeking out support for, offer tools without trying to control their behavior,

and understand that relapse is part of the recovery process. Before the interaction

starts, trainees are presented with the following patient background information:

"You are working a shift in the Emergency Room. It’s nine o’clock in the evening

and you just saw a patient for a left forearm abscess that resulted from an untreated

wound infection secondary to injecting drug use. Mr. Tamari is a 36 year old transgen-

der man with a past medical history of focal segmental glomerulonephritis (managed

well with corticosteroids) and hypertension (on lisinopril). He reports having a close

family support system, which includes his wife of the past five years. He states he

drinks socially and does not smoke any tobacco products. He has used heroin for the

past 2 years on and off."

Once again, the trainee goes through similar tasks to the first clinical scenario, but

this time is more focused on motivational interviewing. Similarly, the same structure

of a task followed by a review with Dr. Superstar is present.

Combined, these two clinical scenarios offer a strong foundation upon which

trainees can learn. They present a variety of common, important, and under-trained

clinical experiences, with a variety of patient emotional states. This is hypothesized

to be valuable to medical school students and physicians, as they do not get many

opportunities to experience these situations, but behaving correctly within them is

critically important to the health and stability of the patient.
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Chapter 5

Results & Discussion

5.1 Clinical Study

Part 1 of our collaborative clinical study with Weill Cornell Medical College went

smoothly. We were successfully able to recruit 10 physicians and 5 patients with

SUDs, both with a variety of backgrounds and demographics. Further, we successfully

conducted 19 of the 20 scheduled interviews, with the final interview being a no-show

from one patient. Each of the 19 videos we recorded were of very high quality, with

audible audio and high quality lighting and framing of the physicians. We were also

able to successfully de-identify and cut each of the 104 clips, by removing the visuals

of the patient and distorting the audio.

Part 2 of the study is progressing. Following a successful creation of five com-

prehensive surveys, as described in Section 3.3, each containing numerous clips of

physicians interacting with patients with SUDs and a series of follow up questions,

we were able to administer them to 9 of the 20 anticipated raters with a history of

or active SUD. In response to the expressions of the physicians, the raters had varied

opinions. Depending on the clip, raters found some physicians to appear disagreeable

and unhelpful, empathetic and good at listening, or disinterested and annoyed. We

found that 56.38% of the time, raters found the physicians to be helpful, 25.53% of

the time neutral, 12.77% of the time unhelpful, and 5.32% of the time hurtful (See

5.1).
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Response # %

Helpful 106 56.38
Neutral 48 25.53

Unhelpful 24 12.77
Hurtful 10 5.32

Table 5.1: Group 3 - Raters with SUD: Summary of the raters’ perceptions of physi-
cians’ responses in clips from part 1

Survey Concordance % Cohen’s Kappa

1 47.6 0.172
2 14.3 -0.041
3 60.0 0.309
4 27.3 0.200

Table 5.2: Group 3 - Raters with SUD: Metrics of inter-rater reliability for raters’
perceptions of physicians’ responses in clips from part 1

Further, in response to the same clips, there was concordance and discordance in

opinion (See 5.3, 5.4). Given that we have received multiple responses for four of

the five survey variations, we are able to compare raters (See B.8, B.9, B.10, B.11).

We found that it was most common that both raters would find a physician helpful

(29.76%) or one rater would find them helpful while the other neutral (30.95%). In-

terestingly, there was only concordance 35.71% of the time. Although the sample size

is small, this supports the idea that individuals with SUDs may frequently interpret

a physician’s outward expressions of emotion differently. This finding supports the

development of contextually-specific training for physicians, as well as an opportunity

for Medship to show more than one "acceptable" way to respond, which the physician

can adapt to their patient.

Upon inspection of the individual rater differences, it was apparent that each

individual had significantly different perceptions of the clips (See 5.2). For Survey 2,

only 14.3% of responses were concordant, compared to 47.6% for Survey 1, 60% for

Survey 3, and 27.3% for Survey 4. When evaluating inter-rater reliability by Cohen’s

Kappa, we see that Survey 1 raters have a Kappa of 0.172 (slight agreement), Survey

40



Helpful Neutral Unhelpful Hurtful

Helpful 25
Neutral 5 3

Unhelpful 26 6 1
Hurtful 15 2 0 1

Table 5.3: Group 3 - Raters with SUD: Agreement between raters on physicians’
responses in clips from part 1

Helpful Neutral Unhelpful Hurtful

Helpful 29.76%
Neutral 30.95% 3.57%

Unhelpful 17.86% 7.14% 1.19%
Hurtful 5.95% 2.38% 0.00% 1.19%

Table 5.4: Group 3 - Raters with SUD: Percentage agreement between raters on
physicians’ responses in clips from part 1

2 raters have a Kappa of -0.041 (poor agreement), Survey 3 raters have a Kappa of

0.309 (fair agreement), and Survey 4 raters have a Kappa of 0.2 (fair agreement).

Almost all of the "hurtful" ratings were from the perspective of a single rater

(See B.11). This skew simply highlights the limitation of having such a low number

of raters, given this phase of the trial is still pending further results. Individual

differences of raters can have a dramatic impact on the data averages with such a low

sample size. Inspecting rater justification, individual raters who found physicians to

be hurtful often used words such as "pretending to care", "bored", or "annoying";

for helpful, they included words such as "smiled", "seemed interested", and "did not

judge"; for neutral, they included words such as "nod" or "looked away"; and finally,

for unhelpful, they included words such as "eyebrows" or "angry". Some of these,

such as "seemed interested", are nebulous and not directly connected to a known

set of facial action units. Nevertheless, it gives good insight into what aspects of an

expression individuals pick up on when forming an opinion.

When asked about the physicians, from the perspective of the patients, more often

than not, the raters somewhat or strongly agreed that the physicians were likeable,
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Strongly
Disagree

Somewhat
Disagree

Neither
Agree nor
Disagree

Somewhat
Agree

Strongly
Agree

I believe the
doctor likes me.

2 3 14 15 20

I am confident in
the doctor’s
ability to help
me.

2 8 8 14 22

I feel that the
doctor
appreciates me.

2 3 13 15 21

The doctor and I
trust one another

3 3 12 19 18

Table 5.5: Group 3 - Raters with SUD: Summary of the raters’ perception of the
physicians, taking the perspective of the patients

helpful, appreciative, and trustworthy (See 5.5, B.12, B.13, B.14, B.15, B.16).

5.2 Medship

Following the completion of this thesis, our collaborators at Weill Cornell Medical

College aim to pilot Medship with a group of medical school students, pending IRB-

approval. As a current project, we cannot assume the success of Medship as a tool

used to improve the education of physicians and students just yet, as it has not been

rigorously tested by the target group. Nevertheless, Medship, as a web-application

hosting educational content, expression practice, and affective training specific to

SUDs, has successfully been built as a first prototype and awaits use.

5.3 Discussion

Medical training specific to SUDs is substantially lacking, with physicians-in-training

often never getting time to interact with actual patients suffering from SUDs, or even

specific training targeting the outward expression of emotions and empathy. Medship,
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as an educational resource aimed at helping physicians improve their outward display

of empathy towards patients with SUDs, is targeting this issue and hopes to sup-

plement current medical education. Currently, Medship’s visions are nearly finished,

pending the remaining results from the part 2 of our human clinical study. Upon the

completion of that, we will be able to fully incorporate the viewpoint of patients with

SUDs into Medship, finalizing the project and allowing us to begin testing. Following

the completion of the IRB-pending pilot study at Weill Cornell Medical College, we

aim to make any needed adaptations learned from the study, and if it is found helpful,

to potentially deploy Medship to medical school students and physicians across the

country.
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Chapter 6

Future Work

6.1 Continuation of Medship

Due to previous and ongoing delays within the studies, Medship was reduced in scope.

We originally intended to make the Training and Expression Practice modules much

more sophisticated, and believe that they could be augmented in such a way for the

future, given positive results from our IRB-pending pilot testing with Weill Cornell

Medical College students. This would involve embedding the logic from our studies

directly into custom affective models, such that each piece of feedback is truly patient-

informed and aligns with our empirical results on the subject. This would solidify

Medship as a science-backed training platform for current and future medical school

students and physicians.

Furthermore, due to time constraints, we had to reduce the number of clinical

scenarios that we could host. If the first two scenarios prove to be successful, a next

step is to continue to create new ones, as there are countless clinical scenarios and

diverse patient representations that would be useful for trainees. An ideal version of

Medship is one that is comprehensive in training for the care of patients with SUDs.

Additionally, we would like to eventually record multiple Dr. Superstars, such

that trainees could choose which Dr. Superstar they would like to be shown. This

would allow for us to capture potential differences in culture that influence decision

making and expressions, and convey that to the trainees.
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Finally, we were unable to design a realistic virtual patient. It is unclear whether

a virtual patient would be more successful than an actor as a training tool. One thing

is certain, it would help Medship become more game-like, and possibly contribute to a

more fun experience for the trainees. Nevertheless, it would be an interesting academic

exercise to attempt an implementation of a virtual patient, and may contribute to

the furthering of Medship as a tool and promoting its widespread use.

6.2 AI-Based Coachware

Medship, as previously discussed, is a new entry into the landscape of AI-based

coachware technology. As an emerging market, coachware aims to revolutionize how

we train a variety of different skills. Affective training is particularly suited to such a

structure, as it is difficult to get quality, reliable training with traditional coaching.

Most people learn how to control their outward expression of emotion through their

childhood and upbringing. Only a few subgroups, such as actors, have affective

training as adults. However, controlling one’s expression is critically important to a

variety of real-life scenarios, across industries and professions. Beyond the niche of

medical interactions with patients with SUDs, products like Medship could transform

how we view and train for person-to-person experiences. It is possible, and likely very

easy, to take Medship as a model of affective training and apply it to a variety of use

cases– such as customer service, sales, or interviewing. The primary hurdles are

harnessing reliable, high-quality affective models and finding the use cases with the

highest value. That being said, we believe that the model we have presented can and

should be used as a template for future work, beyond the medical industry.
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Appendix A

Figures
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Figure A-1: Group 1 - Physicians: Demographics - Age and identity
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Figure A-2: Group 1 - Physicians: Demographics - LGBTQ+ and race
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Figure A-3: Group 1 - Physicians: Demographics - Years practicing and medical
specialty
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Figure A-4: Group 1 - Physicians: Personal experience with addiction and aspects
deemed most important to see in a physician with respect to communicating emotional
expression
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Figure A-5: Group 2 - Patients with SUD: Demographics - Age and identity
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Figure A-6: Group 2 - Patients with SUD: Demographics - LGBTQ+ and race
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Figure A-7: Group 2 - Patients: Aspects deemed most important to see in a physician
with respect to communicating emotional expression
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Figure A-8: Medship: Landing
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Figure A-9: Medship: Home
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Figure A-10: Medship: About
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Figure A-11: Medship: Expression practice landing
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Figure A-12: Medship: Expression practice example
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Figure A-13: Medship: Training landing
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Figure A-14: Medship: Training setup
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Figure A-15: Medship: Training example
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Figure A-16: Medship: Background information
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Appendix B

Tables

Age #

18-24 1
25-34 4
35-43 1
44-54 1
55-64 1

Table B.1: Group 3 - Raters with SUD: Demographics - Age
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Identity #

Man 5
Woman 4

Non-Binary 0
Transgender 0

Prefer Not to Answer 0

Table B.2: Group 3 - Raters with SUD: Demographics - Identity
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LGBTQ #

Yes 0
No 9

Prefer Not to Answer 0

Table B.3: Group 3 - Raters with SUD: Demographics - LGBTQ+
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Race #

Black or African American 2
Latino or Hispanic 1
White or Caucasian 6

Asian or Pacific Islander 0
Native American or Alaskan Native 0

Native Hawaiian 0
Two or More 0

Other 0
Unknown 0

Prefer Not to Answer 0

Table B.4: Group 3 - Raters with SUD: Demographics - Race
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Status #

Recovery 7
Active 2

Table B.5: Group 3 - Raters with SUD: Demographics - Opioid use status
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Years #

0-10 1
10+ 1

Table B.6: Group 3 - Raters with SUD: Demographics - Years with an active SUD
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Years #

0-9 5
10+ 2

Table B.7: Group 3 - Raters with SUD: Demographics - Years in recovery from SUD
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Helpful Neutral Unhelpful Hurtful

Helpful 8
Neutral 6 1

Unhelpful 4 1 1
Hurtful 0 0 0 0

Table B.8: Group 3 - Raters with SUD: Survey 1 - Agreement between raters on
physicians’ responses in clips from part 1
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Helpful Neutral Unhelpful Hurtful

Helpful 3
Neutral 10 0

Unhelpful 6 2 0
Hurtful 0 0 0 0

Table B.9: Group 3 - Raters with SUD: Survey 2 - Agreement between raters on
physicians’ responses in clips from part 1

73



Helpful Neutral Unhelpful Hurtful

Helpful 9
Neutral 6 1

Unhelpful 2 0 2
Hurtful 0 0 0 0

Table B.10: Group 3 - Raters with SUD: Survey 3 - Agreement between raters on
physicians’ responses in clips from part 1
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Helpful Neutral Unhelpful Hurtful

Helpful 4
Neutral 5 1

Unhelpful 2 2 0
Hurtful 5 1 1 1

Table B.11: Group 3 - Raters with SUD: Survey 4 - Agreement between raters on
physicians’ responses in clips from part 1
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Strongly
Disagree

Somewhat
Disagree

Neither
Agree nor
Disagree

Somewhat
Agree

Strongly
Agree

I believe the
doctor likes me.

1 0 0 4 7

I am confident in
the doctor’s
ability to help
me.

1 1 0 2 8

I feel that the
doctor
appreciates me.

0 0 1 4 7

The doctor and I
trust one another

1 0 2 3 5

Table B.12: Group 3 - Raters with SUD: Survey 1 - Raters’ perception of the physi-
cians, taking the perspective of the patients
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Strongly
Disagree

Somewhat
Disagree

Neither
Agree nor
Disagree

Somewhat
Agree

Strongly
Agree

I believe the
doctor likes me.

0 1 4 3 4

I am confident in
the doctor’s
ability to help
me.

0 4 2 4 2

I feel that the
doctor
appreciates me.

0 2 4 2 4

The doctor and I
trust one another

1 1 4 3 3

Table B.13: Group 3 - Raters with SUD: Survey 2 - Raters’ perception of the physi-
cians, taking the perspective of the patients

77



Strongly
Disagree

Somewhat
Disagree

Neither
Agree nor
Disagree

Somewhat
Agree

Strongly
Agree

I believe the
doctor likes me.

0 0 2 2 8

I am confident in
the doctor’s
ability to help
me.

0 0 1 2 9

I feel that the
doctor
appreciates me.

0 0 1 4 7

The doctor and I
trust one another

0 0 1 5 6

Table B.14: Group 3 - Raters with SUD: Survey 3 - Raters’ perception of the physi-
cians, taking the perspective of the patients
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Strongly
Disagree

Somewhat
Disagree

Neither
Agree nor
Disagree

Somewhat
Agree

Strongly
Agree

I believe the
doctor likes me.

1 2 5 4 0

I am confident in
the doctor’s
ability to help
me.

1 3 5 3 0

I feel that the
doctor
appreciates me.

2 1 6 2 1

The doctor and I
trust one another

1 2 5 6 0

Table B.15: Group 3 - Raters with SUD: Survey 4 - Raters’ perception of the physi-
cians, taking the perspective of the patients
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Strongly
Disagree

Somewhat
Disagree

Neither
Agree nor
Disagree

Somewhat
Agree

Strongly
Agree

I believe the
doctor likes me.

0 0 3 2 1

I am confident in
the doctor’s
ability to help
me.

0 0 0 3 3

I feel that the
doctor
appreciates me.

0 0 1 3 2

The doctor and I
trust one another

0 0 0 2 4

Table B.16: Group 3 - Raters with SUD: Survey 5 - Raters’ perception of the physi-
cians, taking the perspective of the patients
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