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Abstract

Research has shown that the comprehension of dodtsmwetten by professionals for
laypersons - such as research informed consensforsna challenging task for many due
to low literacy level, lack of prerequisite dom&mowledge, and the use of arcane,
complex language that is above the individual'direglevel.

Prior work has demonstrated that an embodied csatienal agent can successfully
explain research informed consent documents tecgeants, resulting in higher
comprehension and satisfaction compared to salfystfithe document. However, this
prior work relied on scripted explanation dialoglijting the ability of the system to be
deployed across a large number of studies.

In this thesis | describe a system that automdyieaidd dynamically generates the
explanation for a research informed consent doctianah delivers the explanation via an
embodied conversational agent, given a machineatdadiescription of the document's
contents and structure. This system is evaluated iempirical study that compares two
versions of the automated approach with self-stfdite document. Results indicate that
participants learned more when forced to hear nmdoemation from the agent, although
they were less satisfied with this version of thetem compared to a version that
attempted to dynamically tailor information to tharticipant's prior knowledge.



1. Introduction

Documents are an integral part of our lives, bgedaps the most widespread method
of information dissemination. Documents, howeveg, aritten only once, usually with a
broad target audience in mind [36]. Thus, they weayy too much information for some
individuals, or too little for others.

This is an especially serious problem in the healibrmation domain, because the
ramifications of misunderstanding on the part &f tbader are serious. For example, the
Institute of Medicine reports that nearly half dfAamerican adults—90 million people—
have difficulty understanding and acting upon enthealth information [4, 42, 44].

1.1. Research Informed Consent

Research Informed Consent is an important ethivdll@egal process, whose purpose is to
provide participants or patients with the abilibyhake an educated and autonomous
decision as to whether they want to participate research study. Indeed as Faden et al.
indicate, “informed consent has less to do withliality of professionals as agents of
disclosure, and more to do with the autonomouscesodf patients and subjects.” [20].

Research Informed Consent Documents are frequesdlgt as the main vehicle of
information in this process. Below is a sample doent that was created based on a
template for Genetic Research [18], with some sdtien headers added. The complete
document is available in Appendix A (as the “Hun@emetic Cell Repository” form).

Human Genetic Cell Repository
nt Form

(Date)

Figure 1 Sample Research Informed Consent Document

Some key elements of these documents are worthipgiout:
An overview to the Research study being conducted
An explanation of the Study Procedures
An explanation of possible risks to the participamd any possible benefits
Information on privacy and confidentiality of thargicipant’s information
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Information on whether and how the participant wéthdraw from the study
Contact information, in case the participant wisteegithdraw, needs to report
anything, or has questions about his/her rights

A place where the participant signs to acknowlettigé they understood the
Research Informed Consent document

It is generally advised that the Principal Investay or an approved designee verbally
explain a Research Informed Consent Document twenpal participant. The
participant is encouraged to ask questions tofgltreir understanding, and finally the
participant is given as much time as they deemsseeg to read the Research Informed
Consent Document by themselves, before they dedid¢her to participate or not [1].

However there are many challenges in this ideatgs®. In particular, researchers
(especially in clinical research) have limited aa@pato spend enough time to explain the
study properly, participants themselves may feesgured to not ask too many questions,
and researchers are not always consistent in folgpguidelines and the information

they provide [8].

As an example, Dr. Michael Paasche-Orlow, a nalignecognized expert on health
document readability, explained the Research Indal@onsent Document shown in
Figure 1 to a mock participant in a video-taped®esat the Human-Computer
Interaction lab of Northeastern University. In teession, Dr. Paasche-Orlow took
approximately 25 minutes for the explanation, ia pinocess asking the participant
several questions to confirm his understandingvigiog relevant background
information, and answering questions the partidipaal. While being the ideal, this sort
of “gold standard” procedure is followed in mostlrevorld study scenarios.

The Research Informed Consent Document itselfasefbre a critical part of this
process, and it is critical that these can be wstded by most, if not all, potential
participants, irrespective of their educationalkggounds and literacy capabilities.
Unfortunately though, some evidence suggests thataamingly high number of
participants misunderstand Informed Consent docts{2a].

1.2. Adult Health literacy

The National Literacy Act of 1991 defines literaay “an individual's ability to read,
write, and speak in English and compute and salgblpms at levels of proficiency
necessary to function on the job and in societpdtieve one's goals, and to develop
one's knowledge and potential.” [32]. Within thantext, health literacy is defined as
“the degree to which individuals have the capatatgbtain, process, and understand
basic health information and services needed tcerapbropriate health decisions” [42].
Both of these definitions show that working hediligracy is critical to day-to-day
function as well as making key health decisions.



Inadequate adult health literacy is a serious @mkh the United States [44], and indeed
the world over. In 2004, the Institute of Medicireported that nearly half of all
American adults, or 90 million people, have diffiguunderstanding and acting upon
health information [1].

Individuals with low levels of health literacy haadifficult time functioning within the
health care environment [5]. Even though the averagding level of patient materials
related to health care has beefl 14 14" grade, even patients who read at the college
level have been found to prefer medical informatigitten at the 7 grade level [5].
There is thus a clear disparity between the reéijaleivel of medical information, and
the abilities and preferences of the individual®wleed to use this information.

Low health literacy is further associated with tisk of experiencing poorer health
outcomes [1, 5], increased risk of hospitalizafjrand reduced rates of medication
adherence [26]. It is also very interesting thaiperly developer material has been
shown to help participants with inadequate hedndcy or cognitive difficulties [20,
45], so the question really seems to be about hevdisparities can be reduced.

This issue of limited health literacy among pap#sits is a serious one that needs
attention. Indeed, this issue is much broaderyas people with strong literacy skills
may have trouble obtaining, understanding, andgusealth information [42].

1.3. Readability of Research Informed Consent Documents

Proponents of health information readability hagerbworking towards guidelines for
improving readability as well as objective metrios measuring readability and creating
standards [20].

Institutional Review Boards (IRB) of institutionsreducting human participants research
routinely publish guidelines and samples. Howeageview by Paasche-Orlow et al.
[46] of the readability of Informed Consent docurtseatt the websites of 114 Medical
schools in the USA found that while 61 providedcfie guidelines on readability
standards, the samples and templates provided%yd®2hem did not even meet their
own standards.

Thus it appears that the guidelines and standettte certainly being an important step,

have done little to actually cause significant desto occur in the actual readability of
the Research Informed Consent Documents.

1.4. Improving the Informed Consent process

Parallel with the movement to improve the readgbdf Informed Consent documents, is
that of improving the process itself. Several keyppsals have gained traction in recent
times.
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The use of multimedia to produce “Enhanced” Infadn@®nsent documents has been
demonstrated to be helpful in bringing patientdwpsychotic disorders to a
comprehension score level comparable to normakabpéarticipants [20].

Testing the participant’s understanding periodicathther than just asking “Do you
understand?” is necessary to ensure that the ipantichas, in fact, understood the
material. One way of doing this is to ask interaetjuestions while the Informed
Consent document is being explained. One studyrtefitat participants who received
corrections after such interactive questions demnatesl higher post-consent
comprehension rates [47] (although not statistycsilijnificant).

A complimenting strategy is the use of “Teach-baeWiere the researcher asks the
participant to explain key elements of the Inforn@ahsent documents in their own
words. This enables the researcher to identifysasoéanisunderstanding, and specially,
common misconceptions (e.g: misconceptions likettieresearcher will provide
medical care free of charge for any injuries thayrappen) [37].

Additionally, both reading a Consent Form togethih the participant (also called
“read aloud”) and repetition of a section as aoesp to the participant’s
misunderstanding, were shown to increase partitipagerstanding [47].

In the video-taped explanation (see section 1.0.)P@asche-Orlow was observed using
three of these four strategies; close-ended inigeaquestions (e.g.What are they
going to do with your genes, do you kn®yfore open-ended teach-back (e.tell“‘me
what that means to ybafter explaining a sectionféll me... if you can summarize in
your own words, what this study is abyuand a read-aloud protocol. While this sort of
one-on-one explanation of an Informed Consent decuno a participant is
recommended [23], practical issues make this dilffic

1.5. Explanation of Research Informed Consent Documentsmbodied
Conversational Agents

Over the past two decades, computer programs dimagsimulate a conversation with a
person have been developed, further augmentedthyopomorphic embodiment and the
capability to use synthesized speech to communeiitea user. They are also able to
simulate human conversational behaviors like varibody postures and the use of facial
expressions and gestures. Such Embodied Convearabfigents (ECA) have been
increasingly used as educational aids. Becausenpauer agent never gets tired or
bored, it can engage in teaching tasks repeatediyansistently.

There are a few attempts at applying Embodied Qmatienal Agent technology to
improving the administration of Research Informexh€ent Documents. Most notably,
Bickmore et al. [8] extended their ConversationgkAt system to explain a mock
Research Informed Consent Document to participamisfound that participants were
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more satisfied with having the Agent explain thewaent to them, compared to having
a researcher explain it to them or having to rédademselves.

Similar applications have been attempted for th@@se of training researchers too.
Hubal and Day [31] developed an Agent that mimickedsearch participant who asked
guestions from the researcher and was shown téfdxetiee in training researchers.

The primary limitation of these applications, irrfpaular that of Bickmore et al., is that
these explanations rely on an explanation dialdlgaeneeds to be created verbatim
(“scripted”) a priori, and so requires a lot of time and effort.

Bickmore et al. make another interesting obsermatidhere participants with inadequate
health literacy asked more questions from the Agjgam participants with adequate
health literacy (although not statistically sigo#nt). In semi-structured interviews,
participants with inadequate health literacy wdse aeported to indicate that participants
felt comfortable in asking the Agent repeated goast

1.6. Proposed Solution

Documents are a ubiquitous medium of informatiolivedey, but because of various
reasons, many individuals have difficulty in undensling these fully.

The use of Conversational Agents in explaining simtuments has been demonstrated
to be effective in educating individuals on theseuiments, and helping them to
understand the documents better [6, 7, 8]. Devetopiethese systems need to spend a lot
of time in preparing these explanations in advahoagh, and so their ability to be
deployed and used across a large number of stisdiesited.

However, previous research suggests that the faskptaining information can simply
be based on what is known about the task domamexample, Sibun et al [50]
developed a system that could use a knowledgetbaescribe an apartment layout by
mimicking some common strategies humans use. Mamently, Bickmore et al.
developed a Virtual Nurse that could explain tagrds a tabular medical data in a
document [6, 7] using a scripted dialogue augmebyepatient-specific data that
appeared on the document.

As indicated by Bickmore et al. [8], the abilityaoswer participants’ questions seems to
be a feature that contributes to participant satisfn and comprehension. The questions
are also, however, part of the scripted conversaiad must be provided by the
designers of the systems. In Bickmore’s systensiptesresponses that the participant
can provide to the Agent, and any questions theat tdan ask the Agent, are represented
as buttons on a touch screen. Since this religh@participant’s initiative, the designers
of these systems must make judgments about wheihe iconversation each question
makes sense.

12



With these in mind, | propose an extension to sigitem that
Uses the structure that is inherent in a docunwegtiide an explanation of
the document, so thatpriori scripting is not required (or is minimal)
Leverages a large knowledge base of possible gmsstihat the
participants can ask, and their relevant respoasdseamlessly integrate
these in to the conversation at the most appreppaints

In the sections that follow, | provide a more dethiook at these in turn.

1.7. Overview of Thesis

In this thesis is | attempt to answer three keystjaas:
How well can a Conversational Agent perform asaari;g guide, when provided
with extremely simple capabilities for teaching?
Can a Conversational Agent improve the Informed<ggohexperience for
potential participants?
Can we develop Conversational Agents that can bptad very easily to explain
new documents?

In particular, | present a new Agent system thateglain a Research Informed Consent
Document without relying on scripted dialogue, amtead uses the structure of the
document itself to guide the explanation. | alsespnt an approach to linking these
explanations with a large knowledge base of questibat participants can ask, and their
responses, and evaluate an algorithm for detergnivimen to present a question option in
the dialogue.

The rest of this thesis provides background forwoyk, my own previous work, and
finally the experimental setup that | designedhert conclude with a discussion of the
results obtained and their implications for futwerk.

Research Informed Consent documents are a sigmifoatellenge, particularly because
Unlike certain other instructions (e.g.: prescops) they do not repeat and thus
individuals are not able to develop familiarity wthese concepts and procedures
They refer to potentially complex procedures, aaa contain many medical
terms, and thus can be confusing
The volume of information may be too great
They are usually, intentionally or otherwise, pleg a manner that protects the
health service provider or researcher, from angibdss ill-effects, and so may not
be written in a manner favorable to the reader

Recent work by Bickmore et al. [6, 7] suggest th@tonversational Agent can be
effective at explaining document to laypersons, thad participants would feel more
satisfied with such an explanation as opposedvmbado read a document themselves.
More recently, Bickmore et al. showed similar réswith a Conversational Agent [8]
that explained Research Informed Consent documamtisso forms the motivation for
the rest of this thesis.

13



2. Related work

In this section | discuss work towards automathng lhformed Consent process and
point out how Conversational Agents may fit thisgess.

2.1. Informed Consent Workflow Systems

While guidelines and readability standards existlie authors of Informed Consent
documents, adherence to these standards is ati[4g], likely because of the manual
effort required. Computer based systems could fesaible solution for improving this
workflow, possibly incorporating feedback on issliks readability.

At least two such workflow systems are known tesexihe web-based ProtoType has
been developed by a team of researchers from NAHH&p://prototype.cc.nih.gov/].
While ProtoType appears to automate referencing@ning prior protocols, one
concrete advantage appears to be in dealing witerad event notifications etc, which
can be automatically sent out to collaborators eDthan these indirect advantages, it is
not clear how this tool contributes to improvingdebility for the participant.

The Boston University School of Medicine also haged-based system that provides
authoring support for Informed Consent documeraagche-Orlow, private
communication].

2.2. Intelligent Tutoring Systems

Intelligent Tutoring Systems (ITS) use simulatealalyue to function as virtual tutors.
Early examples like Anderson et al. [2] developad of the earliest known examples
that provided interactive learning environmentsléarners to engage in learning
geometry and LISP programming.

The figure below shows their LISP programming emmwiment, where the ITS gives a
hint at the top, as well as a list of goals atlibtom.
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| assume you are trying to test i the numoer argument
s eQual 10 0 There '3 a special tunction for ‘estng
equivalence to 0 Try using that function insteaad o EQUAL

CODE FOR tact

(detun tact (m)
(cond (iequal ) <ACTION >,
<RECURSIVE-CASE >

GOALS

Write code to gel the value of lact
Code the terminanng case
**' Code the condition tor the terminanng case °°°

Figure 2 Anderson et al.'s Intelligent Tutoring Sysem for LISP programming

Using a variety of computational models, modern hESe produced learning gains of
between 0.3 and 1.0 standard deviations comparsiidents learning the same content
in classrooms [27]. Modern ITS like AutoTutor emypkp number of strategies, like
feedback, pumping for information, hints, promgismnmaries, corrections and more
[28]. They also employ complex models to reprelemiearner’s current knowledge
[16] [52].

There are at least two primary reasons cited f@p#dagogical efficacy of ITS. First, the
ITS allows one-on-one tutoring which is the mos$eetive form of learning facilitation.
Secondly, the ITS can sometimes model, or exemdpd learning strategies [28].

There is also evidence to suggest that interattitegial dialogue of the kind offered by
these ITS systems are not always reliably moreg¥ie than simply reading some
material. For example, novice students learningsfaisywere either given text meant for
intermediaries, or the same content was presentéaeb/Vhy2-Atlas and Why2-
AutoTutor systems, and the novice students hadebiggowledge gains with the ITS
than by reading themselves [40]. However, no sukfbrdnce was found with
intermediary students, suggesting that perhapstthagth of ITS systems is in fact
making confusing material easier to understandhfose who have the most difficulty
with it.

2.2.1. Pedagogical Agents

Conversational Agents are virtual humans that foncs ITS, simulating human
conversational behavior, using speech, facial esgpoas (e.g.: smiling, head-nod to
acknowledge or to show understanding), hand gesferg.: emphasis, contrast or
pointing) along with body postures [14]. These atdnd non-verbal gestures are used to
improve the user experience through a number oham@sms. In the health behavior
change domain, these have been shown to increhsesade to treatment regimens [10].
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Pedagogical Agents are the result of combiningdllgént Tutoring Systems with
Conversational Agent technologies. Modern systekesAutoTutor are prime examples,
featuring embodiment, mixed-initiated dialogue aisdr affect detection and response in
addition to the Tutoring strategies pointed outiear

2.2.2. Representing teaching goals and achievements

For the sake of understanding how an ITS repressnisaching goals, and the learner’s
progress, the AutoTutor system will be taken asxample. A detailed explanation is
presented in [27].

AutoTutor generally presents deep reasoning questimlearners and uses a variety of
conversational moves to elicit the correct respdra the learner. Some of these moves
may be indirect (e.g.: a hint), or direct (e.gssexting the correct response), or
somewhere in between (e.g.: prompts for a missioigl)v In order to do this, each
guestion is associated with a number of expectatidheach turn of dialogue, AutoTutor
attempts to get the learner to fulfill an expectatiwhen fulfilled, it selects the next
expectation, until the question is answered. Sha® Tutor works with natural language
text input (i.e.: typed on a keyboard by the legrnemakes use of Latent Semantic
Analysis to match the learner’s responses to eafieats, and AutoTutor is reported to be
almost as good as an expert in computer litera@yatuating the quality of learner
responses in tutorial dialogue.

AutoTutor’s feedback to the learner works on tHezels:
Backchannel feedback (head nods, “uh-huh” afteintypouns etc.)
Evaluative pedagogical feedback (facial expressamusintonation, for example,
“not really” and shaking of the head to indicatgavity, and “right” and a quick
head nod to indicate positivity).
Corrective feedback (e.g.: corrections to miscotioap)

AutoTutor’s tutorial dialogue is driven by a cumlam script, with a topic for each major
deep reasoning question. Each topic is associatbdvget of expectations, a set of hints
and prompts for each expectation, a set of anteghamisconceptions and corrections and
optional graphical content. Converting this conferto a cohesive dialogue is by means
of a Dialogue Advancer Network (DAN).

2.3. Supporting technologies for teaching systems

A brief overview is presented here of two techna@egn particular, that | feel have
several interesting applications in teaching systedatural Language Generation and
Automatic Text Summarization are two possible witngd could be used to help drive an
automated explanation of a document.
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2.3.1. Generating explanations

Natural Language Generation (NLG) is a branch duiNé Language Processing (NLP)
that looks at generating natural language summaridexplanations of pieces of data or
a source text. [47].

For example Sibun et al [50] that could describeses and apartments by mimicking
strategies humans use. This was accomplished hyg asknowledge base of the objects
in the living space, and traversing this knowleligee using a variety of strategies that
were joined together by meta-strategies, wherestifagegies mimicked human strategies.
An example strategy is to pick a room and an anpbaort within the room, and then to
sweep left and right from the anchor point and dbsmbjects.

In general, the more structured the informationthe,easier the task becomes, of
explaining it. Bickmore et al.’s system providesrgometastrategies for explaining a
tabular document [8]. This however only appliesédain types of tables, and the other
parts of the discharge booklet still require setdpéxplanations.

2.3.2. Automatic summarization of content

Spéarck Jones discusses automatic (i.e.: compugtismmmarization of textual content
in great detail [51]. A clear distinction is madetween two very different high-level
strategies: Extractive summarization essentialgsuarious algorithms to find the most
representative sentences from a given input texstractive summarization on the other
hand, identifies and re-presents the source cantent

Abstractive summarization is generally a supervisading problem, which needs a
large corpus at minimum to produce reasonable sumasyand there appear to be no
readily usably public domain abstractive summaiazatools. Because of this,
abstractive summarization was not pursued furthéris noted here as a possible future
direction.

In the first part of this thesis, | developed a Gansational Agent that explained
documents by performing extractive summarizatis@igia machine-readable source
document (based on the document in Figure 1). xpka&ed in section 3.5 however, this
approach did not contribute to the ultimate visidthis thesis, but is again noted here as
a possible future step.

One advantage of extractive summarization overadtsie summarization can be
observed though. Especially in the health infororaiomain, as is the case with this
thesis, the summaries generated by extractive suizatian systems contain verbatim
text from the source, and so the only risk is alemspecifying information. With
abstractive techniques however, it is possiblettisummary conveys a message that a
human participant may interpret in a substantidifferent manner.
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2.4. Explanation of Research Informed Consent Documants
Conversational Agents

As explained previously, Conversational Agents haamy applications in education,
counseling, and advising, given their ability towdate human behavior and form
relationships.

In addition to previous work in document explanatj6, 7, 9], Bickmore et al. recently
developed a Computer Agent to investigate the exgbian of Research Informed
Consent Documents [8] and is the most immediateupser to this thesis and is
discussed in further detail in the rest of thisisec

Forming the basis of this system was an obsenat&tndy of experts explaining
Research Informed Consent Documents to potentritjpants. Pointing gestures at the
document were found to be very common, and aftalyaimg 1994 expert utterances,
26% of utterances were reported to be accomparyiediand gesture, and 90% of
gestures to involve pointing at the document. THiegkngs and previous findings were
incorporated in to the BEAT toolkit [15], which genated appropriate non-verbal
behavior (including document reference and poinitnidis case) based on the discourse.

Further, initial mentions of part of a document /éyund to be more likely to be
accompanied by a pointing gesture (43% vs. 19%gférence to a page was found to be
more predictive of a flat hand gesture, while &refice to a word or image was found to
be predictive of pointing with a finger.

Finally, the expert was found to omit detail, amdydde more scaffolding (i.e.:
description of the document’s structure) when erpig to a listener with low health
literacy.

Two three arm randomized experiments were conduotedsuring two primary
outcomes: post-intervention knowledge test andfsatiion in the experience. Both
studies tested three conditions (self-reading umdn expert explanation vs. Agent
explanation).

The 18 participants in the first study were repbitebe mostly college students with
high levels of health literacy, and the study wasstdeemed to have lesser ecological
validity. The second study had 29 participants, 6éftale, aged 28-91 (mean 60.2) with
varying health literacy levels as measured by tapiREstimation of Adult Literacy in
Medicine (REALM) instrument [19].

A significant interaction was reported between d¢bowl and literacy (Adequate vs.
Inadequate), where participants with adequate Inéitdtacy showed significantly higher
comprehension scores in the human expert and Agewlitions as compared with the
Self-read condition, and no such differences ediat@ong the participants with
inadequate health literacy. Further, the partidipavith Inadequate health literacy as a
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whole had lower comprehension scores when compethdhe participants with
Adequate health literacy.

The comprehension scores are demonstrated belaowlifcm on X-axis, with dashed
lines for theAdequate health literacyondition and solid lines for tHeadequate health
literacy condition).
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Figure 3 Bickmore et al. Comprehension scores acredode by health literacy level

A significant main effect of condition is also refem, with participants being more
satisfied in the Agent condition than with the Humzandition.

This study stands as the first indication that Gosational Agents are a possible means
of improving the Informed Consent process. The flaat participants felt more satisfied
when the Agent explained the document than whenrened it themselves or had a
human expert explain it, confirms the initial sugiien made in this thesis that a
Conversational Agent can improve the Informed Cohs&perience.

The interaction effect seen with the health litgrewel of the participants is in fact an
opportunity for new strategies to be explored ®isa Conversational Agent can
facilitate learning among participants of variedaltie literacy levels.

2.5. Tailoring information to recipient

The concept of tailoring delivery of health infortiaa to a participant is very closely
related to that of readability standards. Readstsliandards promote making the
information easier to understand for the generdiemce as a whole; another possibility
worth exploring is to see if the information cantbgored to be suitable for a particular
person given some knowledge about that person.
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Several studies support this view. Computer-tadlondormation [36] has been shown to
increase fruit and vegetable intake and more cleaimgit-related behavior as compared
to non-tailored information [20], [54], [12].

This is even more critical when dealing with lovatik literacy individuals. Low health
literacy Asthma patients have been associatedlantbr Asthma medication knowledge,
and worse metered-dose inhaler (MDI) techniqueaidred one-on-one educational
session showed improvements in knowledge and Mdbirtigues [45]. Interestingly, in
spite of their low health literacy, tailored mastrand procedures were shown to help
these patients in acquiring knowledge and skihsl, taus similar improvements may be
possible elsewhere.
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3. Analysis of Document explanation by humans

3.1. Introduction

In this section | discuss several preliminary ase$ythat | performed in order to design
the Agent solution that was proposed earlier.

Most of this section is based on previous work IskBiore et al. [9] which included the
study of a human expert explaining health document®Ilunteers.

This study involved video recorded explanationa &esearch Informed Consent
document to participants by two human experts. ind@ese participants provided
written permission for the video recordings to lsedifor later research purposes, and of
these the first expert’s explanations (n = 5) watesen for further exploratory analysis.

3.2. The explanation of documents by experts

3.2.1. Observations of experts explaining documents

As the first step, the explanations in the chosssisns were transcribed to text using the
speech, phonetics and acoustics analysis apphcBBAAT [11].

During the study, the health literacy levels of pragticipants were measured using the
Rapid Estimate of Adult Literacy in Medicine (REALD)NMstrument [19]. More details
about the REALM instrument, and its scoring is jpded in section 5.4.3.

Below is a summary of the sessions that were agdlyz

Participant | REALM REALM bracket | Session
ID raw score level duration
(seconds)
102 17 & grade or below| 282
103 64 High school 336
108 62 High school 496
109 47 7 to §" grade 368
111 1 & grade or below| 231

Table 1 Summary of explanation sessions

3.2.2. Analysis of information content

In order to be able to compare the information thatexpert presented to each
participant, a list of key facts was created, ciomg all the facts that were mentioned in
the Informed Consent document that was being exgdaiThe explanations used a
document very similar to that presented in Figyreith 25 sentences containing a total
of 60 different facts. Appendix J lists the fadtattwere identified.
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3.2.3. Analysis of the order of information

Once the facts were identified, | looked at theeoiid which each fact was introduced in
the explanations, ignoring any facts which wereinwbduced. In each of the five
explanation sessions, the expert proceeded to ametite facts in the same order as they
were found in the document.

In other words, the expert’s explanation followbd tinear structure of the document
from start to end. As pointed out, some facts ftbemdocument were never introduced in
some or all of the sessions.

3.2.4. Analysis of information delivery

Once the facts were identified and the ordering kvemsvn, it was apparent that while
some facts were explained to all participants @mde were likewise not presented to
any), there were some facts which only some op#récipants received.

It appeared that perhaps the expert decided carsdgito refrain from referring to some
facts with some participants. There are two posstaplanations for this:

either the expert believed the participant woultlumalerstand the fact

or the expert believed the participant already koewnderstood the fact.

Each session was compared against the 25 sentamtd¢ise 60 facts identified earlier.
For each of the 60 facts identified, a “Fact RaifeeeScore” is defined, where the Fact
Reference Score of thi8 fact is 1 if the fact was mentioned fully, 0.5tifvas mentioned
partially, or O otherwise.

Then, a Fact Reference Score is calculated for ebitte 25 sentences in the source
document, where the Fact Reference Score fgf'teentence is the mean Fact Reference
Score for all the facts that belong to {flesentence.

Finally, the Fact Reference Score of the sessidefined as the mean Fact Reference
Score of the 25 documents of the source documdintast Reference Scores (i.e.: at
Fact, Sentence and session level) lie within thgea..1, and are a simple indication of
the amount of information that was conveyed topeicipant.

The length of the expert’s explanation was alsowated (in terms of words), including
only utterances that contributed to any of thedaleat were identified, and removing
non-relevant words. Below this information is added able 1.

Participant | REALM REALM Session Explanation | Session Fact
ID raw score bracket duration length Reference
level (seconds) | (words) Score

102 17 1 282 572 0.732

103 64 4 336 657 0.750

108 62 4 496 697 0.697

109 47 3 368 488 0.669

111 1 1 231 524 0.739

Table 2 Summary of Fact reference scores
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Since each participant’s health literacy level waswn by way of their REALM scores,
the test for Pearson’s Product Moment Correlatioefficient was performed between
the REALM score and the mean fact reference scbliesignificant correlation was
found, r(4) =-0.315, p > 0.05.

3.2.5. Analysis of explanation length

The next step was to test if the length of the exgeplanation was dependent on the
participant’s health literacy level. To do thid, @nversational fillers (“um”, “er”, “like”
etc.), restarts, mistakes and casual conversatgvae removed from the conversation
transcripts, and then the individual sentencesadinerwise clearly separated phrases
were listed.

| then performed a bivariate correlation test befwthe participant's REALM score and
the duration of the session. A correlation approagbkignificance was found, r(4) =
0.812,p<0.1.
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Figure 4 Scatterplot for participant health literacy and session duration

A similar correlation test between the participaiREALM score and the explanation
length (see Table 2) was performed. No significamtelation was found. r(4) = 0.63, p >
0.05.

Next, | mapped how each of these contributed t@8hsentences that were identified on
the source document. Contribution in this instamas measured in two ways. First, the
number of words used to explain a given sentenceh@® document) to a participant,
indicate the amount of raw information present, timslis defined agvords Secondly,

the ratio between the number of words in a sentendbe document, and the number of
words used to explain that sentence to the paatitigiven an indication of the relative
importance the expert assigned to that sentendethais defined ag/ord Ratio

While this appears to be primitive, the belief wiaat this will give an indication of how

much explanation effort went into each sentencehadthis changed with the level of
detail present in the source document.
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This information is summarized below.

Participant
102 103 108 109 111

‘Words in Document (Words ‘Word ratio |Words Word ratio |Words ‘Word ratio |Words ‘Word ratio |Words Word ratio
Summary 1 a1 41.00 44 44.00 32 32.00 27 27.00 40 40.00
1 33 37 1.12] 33 1.00 42 1.27 35 1.06 44 1.33
2 27 13.6 0.50 27.3 1.01 0 0.00 0 0.00 0 0.00
3 21 0 0.00 0 0.00 0 0.00 0 0.00 0.00
4 24 13.6 0.57] 14.3 0.60 38 1.58 79 3.29 40 1.67
5 30 13.6 0.45 143 0.48 20 0.67 0 0.00 22 0.73
6 9 20 2.22] 12 1.33 14 1.56 15 1.67 16 1.78
7 34 34 1.00 35 1.03 43 1.26 138 0.53 30 0.38
8 19 18 0.95 19 1.00 23 1.21 15 0.79 18 0.95
9 35 56 1.60 76 2.17 176 5.03 56 1.60 39 1.11
10 9 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
11 16 25 1.56 23 144 17 1.06 23 1.44 13 113
E 12 26 32 1.23 45 1.73 30 1.15 16 0.62 37 1.42
43 13 25 31 1.24] 33 1.52 37 1.48 26 1.04 31 1.24
= 14 33 36 1.09 33 1.15 0 0.00 0 0.00 0 0.00
15 9 12 1.33 13 2.00 11 1.22 15.6 1.73 12 1.33
16 13 26 2.00 24, 1.85 11 0.85 15.6 1.20 30 2.31
17 22 30 1.36 27 1.23 23 1.05 15.6 0.71 22 1.00
18 26 32 1.23 33 1.46 51 1.96 24 0.92 30 1.15
19 19 14 0.74] 225 1.18 22.5 1.18 20.5 1.08 21 111
20 20 21 1.05 22.5 1.13 39.5 1.98 20.5 1.03 19 0.95
21 25 17 0.68 17 0.68 20 0.80 15 0.60 19 0.76
22 17 18 1.06 34 2.00 37 2,18 24 1.41 13 1.06
23 25 38 1.52] 236 0.94 18 0.72 19 0.76 23 112
24 20 15 0.75 27.6 1.38 9 0.45 13 0.65 14 0.70
25 18 19 1.06 27.6 1.53 15 0.83 22 1.22 16 0.39

REALM score 17 64 62 47 1

REALM bracket 1 4 4 3 1

Table 3 Information Content by participant

A bivariate correlation test was then performedklog at the correlation between the
word count of each sentence, and the REALM scaor samilarly with the word ratio in

each sentence and the REALM score.

The word ratio of only one sentence (sentence nue “My sample will stay in the
Repository indefinitely and | will not be able td@hwdraw it.”) correlated significantly

with the participant's REALM score. (r = 0.92, ©0<05). It should of course be pointed
out that only a single variable out of 25 corraflagegnificantly with the REALM score,

but observations with Dr. Paasche-Orlow (see ldysst that this was among the most

important sentences in the entire document, scgperthis is not entirely by chance
either.
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The final conclusion from this analysis was tharéhwas no clear relationship between
the relative importance the expert gave to anyiipgarts of the document and the
participant’s health literacy level.

3.2.6. Analysis of readability of sentences

In order to see if the readability level of eachteace had any impact on whether it was
going to be mentioned or not, | calculated the ¢Hdsincaid readability score for each
sentence, and then correlated this with the REACtes.

The fact reference scores (see Table 2) for easdicsewere then divided by the
readability score for the corresponding sentenue these values were correlated with
the participant’'s REALM score.

No significant correlations were found betweenrtiean fact reference scores
(normalized by the readability level) for each sms&ind the participant’'s REALM
score.

Finally, to see if the readability level of the samces on the document and the
participants’ REALM score were predictors of thglkaxation effort, a regression test
was performed with the explanation word count asddpendent variable, and the
Flesch-Kincaid Grade Level, Flesch-Kincaid Readtiage score (where a higher score
indicates easier reading) and participant REALMe@s predictors.

The Flesch-Kincaid Grade Level of a sentence wasddo be a significant predictor of
the explanation word count,= 3.776, t(121) = 4.171, p < 0.001. Further, theséh-
Kincaid Reading Ease score was also a significeedigtor of the explanation word
count, =0.547,t(121) = 3.869, p < 0.001. The partictfRBALM score was not a
significant predictor of the explanation word cqunt 0.063, t(121) = 0.913, p > 0.05.

The regression model accounted for a significaniigroof variance in the dataset’ R
0.138, F(3, 121) = 6.352, p < 0.001.
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3.2.7. Summary of findings

The primary conclusion of this analysis is thatéplanations followed the structure of
the source document in a linear fashion.

With the small sample that was analyzed, howetv&ras not possible to explain how,
given a participant’'s REALM score, to decide whiahts to mention and which to avoid.

| also did not find any relationships between dipigant's REALM score and the
duration or length of the explanations that theegixprovided. The Regression analysis
showed that the readability of a sentence of tleeich@nt was a reliable predictor of the
effort the expert used to explain that sentence.

It was therefore decided that the best mimicryxgfi@nation of a document should be
one that linearly explains a document’s structueger sections of this thesis discuss in
greater detail our actual implementation.

3.3. Further observations of document explanation byeesp

As referred to in section 1.1, Dr. Michael PaasChlaw, a noted national expert on
readability of health documents, conducted a mogkamation of an Informed Consent
while being videotaped in the Human-Computer Irdgoa lab at Northeastern
University.

This session was not subject to detailed anaysisseveral interesting observations
were made. Firstly, Dr. Paasche-Orlow providedt@idackground information that

was relevant to the form, but was not directly nmeregd on the form itself. He also
invited the participant to read the document togetiith him, and asked many questions
from the participant, and provided clarificationkem the participant’s response seemed
incorrect. The total explanation duration was agpnately 25 minutes, and the content
was essentially similar to that shown in Figure 1.

These observations were also taken as input igiesj the final solution discussed
here.

3.4. Providing domain knowledge

An important ability of an expert human tutor ig #bility to provide context to a
learning task, by way of background informationphserved in the previous section.

In particular, this thesis proposes that a simgg of providing the Conversational

Agent with this ability would be to have a largeokriedge base of background concepts
that the Agent can elaborate upon. This requirasttfe Agent can estimate the relevance
of the available concepts at each turn of its exgilary dialogue, and either guide the
conversation to a concept tutorial, or offer igashoice to the user.
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3.4.1. Topic relevance ranking

In the initial part of this thesis, | also set taidevelop and evaluate an algorithmic
approach to rank the relevance of our backgroumavietge concepts at each point of
the Agent’s dialogue.

Comparing the immediate content of the dialogué whie list of concept names was seen
as a reasonable first attempt, and | used the IM&®8Im package [29], a port of
WordNet::Similarity [48] for this purpose. JWord!$&tn implements two algorithms,
Jiang and Conrath’s algorithm (“*JCn”) [33] and lsrdlgorithm [39], that both use the
WordNet lexical database [22]. Although evidencggasts that LSA is superior to
WordNet (for example in determining user likelildow click a given link on a given
information seeking task, see [35]), this was natieated due to a lack of known public
domain LSA implementations.

The dialogue was broken down in to three levelgjagliby logical hierarchies observed
in documents:
Sections are logical groupings within a document
Sentences form Sections
Terms are individual words that form Sentencesdoutot include “noise” words
or duplicates
Additionally, a background knowledge concept idmed as a “Topic”.

The following algorithm in pseudocode demonstrétesnitialization:

#$ #

%$ %

Table 4 Topic relevance ranking algorithm - initiaization
Now, at each point of the dialogue, it is posstbleank the relevance of these Topics.

The relevance score is defined such that whenkessdore exceeds a certain threshold,
it is reported as relevant. (note: a reliable thoés was not found).
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The relevant Topic itself can be used by the Aggatem in one of two different ways:
Offer the Topic as a question that the user caritesikgent (user initiated)

Refer to the topic (et me tell you about ... fifst Agent initiated)
This however is outside the scope of this curraudys

Table 5 Topic relevance ranking algorithm — ranking

3.4.2. Empirical testing of Topic relevance ranking al¢jom

In order to test if the Topic mappings producedatgmically are in fact relevant, a
simple experiment was conducted.

Three Research Informed Consent documents (se@a@igp®) were presented to an
expert and the expert listed a number of backgraamtepts as relevant to the
documents. These concepts and a brief explanatiarate present in appendix B. The
list was then narrowed down to 12 items, and piteskto the expert again the three
documents, and the expert was asked to indicateettteon of the document (if any) that
each concept was most relevant to, by placingciestiwith the concept’s name on the
document.

Next, Topic associations were generated to eadfosan three documents, using both

the JCn and Lin algorithms and then the associsg@merated were compared against
the expert’s associations. The JCn and Lin algmstialso produced a score indicating

similarity (higher scores indicate greater simtigri
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The associations produced by the expert, as weélleasvo algorithms are summarized
below.

Genetic RED NSF
Section |Expert Lin Lin-score |JCn JCn-score |Expert Lin Lin-score JCn JCh-score [Expert Lin Lin-score iJCh JCh-score
Certificate of Certificate of Certificate of
1 Confidentiality 1.84{Confidentiality 1.48] Voluntariness 181{Voluntariness 12.00 Frivacy 1 &7iConfidentiality 1.368
Certificate of Certificate of
2 Randomization 1.34{Alternatives 135 Confidentiality 1.96{Confidentiality 1.62 Mo benefits 1.92{Na henefits 208
Certificate of Randomization | Certificate of Certificate of Certificate of
3 Confidentiality 1.46{Randomization 12.00[, Bestcare  {Confidentiality 1.88{ Confidentiality 12.00 Confidentiality 1.58}Na benefits 1.58
Certificate of Certificate of Certificate of Certificate of
4 Confidentiality 1 B6{Randomization 1.37) Confidentiality 1.74{Randomization 145 Confidentiality 1.53{Confidentiality 1.21
Certificate of Certificate of Certificate of Certificate of Certificate of
5| Risk Confidentiality 168! Confidentiality 12.00|Risk Confidentiality 142! Confidentiality 8.00|Risk No benefits 1.56!Confidentiality 12.00
B| Mo benefits Mo benefits 2.16{No benefits 12.00|Na benefits Mo benefits 240{No benefits 12.00|Na henefits Mo benefits 2.11iNo benefits 12.00
Frivacy,
Confidentiality,
Certificate of  {Certificate of Certificate of Certificate of Certificate of
7| Confidentiality {Corfidentiality 1.52{Best care 3.75|Confidentiality |Confidentiality 1.82{Randomization 1.38|Confidentiality {Confidentiality 1 B5iConfidentiality 1.34
8|\oluntariness  {Nao benefits 2.42{Mo benefits 6.00|Alternatives | Alternatives 2.58;Alternatives 12.00[Alternatives  iBest care 1.80jAlternatives 12.00
9| Treatment Mo benefits 2.02{Randomization 12.00|Treatment Mo benefits 2.02{Randomization 12.00(Treatment o benefits 2.02{Randomization 12.00
Voluntariness, |Certificate of Voluntariness,
10| Withdrawal Voluntariness 1.44{Best care 1.236[Withdrawal Confidentiality 1.38{Privacy B.00 Mithdrawal Mo benefits 1.85{Privacy 6.00
Certificate of Certificate of Certificate of Certificate of
1 Mo benefits 1.48{Mo benefits 139 Confidentiality 1.87{Confidentiality 140 Confidentiality 1.50{Confidentiality 1.28
Certificate of Certificate of Certificate of
12 Mo benefits 1.39{Alternatives 1.28 Confidentiality 1.70{Confidentiality 1.38 Confidentiality 1451Allematives 1.28
Certificate of Certificate of Certificate of Certificate of
13 Confidentiality 1.84{Confidentiality 184 Confidentiality 2.10/Confidentiality 1.64|Lose eligibility {No benefits 1.99iL ose eligibility 12.00
Certificate of Certificate of Certificate of Certificate of Certificate of
14 Confidentiality 1.66!Privacy 12.00 Confidentiality 1.91{Confidentiality 1.63 Confidentiality 1.81iConfidentiality 1.63
15 Mo benefits 1.52jAlternatives 1.89[Lose eligibility {Best care 1.81{No benefits 12.00
Certificate of
16 Confidentiality 1.58{Alternatives 182

Table 6 Topic associations by Expert and the Lin athJCn algorithms

Further, | compared the ranking that the two alyonic approaches gave to the
association made by the expert, theorizing thidiafalgorithmic associations were
ranked sufficiently high, it would still be usefdlhe results are summarized below.

Lin's Algorithm JCn Algorithm
Rank of Rank of
Expert Expert's Rank Expert's Rank
Form Section assigned Topic |Topic difference |Topic Difference
Genetic §iRisk 1 10 12 1
Genetic ;Mo benefits 1 0 1 0
Genetic 7iPrivacy 5 4 El 8
Genetic 7iConfidentiality 10; El 3 2
Certificate of
Genetic 7iConfidentiality 1 o 4 3
Genetic 8iVoluntariness 6 ] 4 3
Genetic 9iTreatment 2 1 g 8
Genetic 10;Withdrawal 7 &} 8 7
RED 3iRandamization 4 3 5 4
RED 3iBest care 3i 2 I B
RED 5iRisk 12 11 12 11
RED BiMNo benefits 1 0 1 0
RED 7iConfidentiality 10; 9 10; 9
RED BiAlternatives 1 0 1 0
RED 9iTreatment 1 10 9 8
RED 10:Valuntariness g 4 & g
RED 10;Withdrawal 7 B 8 7
RED 15;Lose eligibility 8; 7 10: El
NSF 5iRisk 12 11 12 11
NSF BiMo benefits 1 1} 1 1}
NSF TiConfidentiality 9 ) 9 )
NSF BiAlternatives 2 1 1 0
NSF 9iTreatment 1 10 9 8
NSF 10:Valuntariness 7 i 4 3
NSF 10;Withdrawal 10; a kL 8
NSF 13iLose eligibility [& 5 1 0
Average rank difference 526923077 534615385

Table 7 Expert's Topic associations and correspondg ranking by Lin and JCn algorithms

29



Out of 45 possible Topic mappings (in 16, 15 andgdetions in the Genetic, RED and
NSF documents, respectively), the Expert and thealgorithm agreed only in 5
instances (11%), and the Expert and the JCn ahgoriigreed only in 6 instances (13%),
both being slightly above chance levels (8.33%}tHar, the Lin and JCn algorithms
showed agreement in 22 instances (48%).

The Lin and JCn algorithms were in agreement ferGertificate of Confidentiality topic
the most number of times (13 instances, 20% of)taad the “No benefits” topic the
next (5 instances, 11% of total).

The mean Lin-score for items in agreement betwkerkkpert and the Lin algorithm

was 2.16, compared to 1.73 for the items not ir@ment. Similarly, the mean JCn-score
for items in agreement between the Expert and@mealgorithm was 12, compared to
4.96 for the items not in agreement.

Based on Table 7, the relative ranking that thedigorithms gave to the Topic
associations made by the expert were also evalu@ltedexpert’'s associations were
ranked, on average, in the top six of the twelvesgale associations.

These results are therefore not very promising,thiscalgorithm could not be refined to
a level sufficient enough for use in the Agent sgstSome experts suggest that
approaches based on the WordNet lexical databasetee case with the Lin and JCn
algorithms suffer from excessive noise [Hafnerspaal communication], and this could
have led to the results seen here.

Three approaches for future work in this area aggested: first, instead of calculating
the word similarity between the text of a documsettion and the Topic's title, the
Topic’s text itself could be used. Secondly, andgildy complimenting the first, Latent
Semantic Analysis (LSA) may provide a better measdirsemantic similarity, as
demonstrated in the AutoTutor system [27]. Thedtipiossibility is the use of Machine
Learning techniques on large corpora of Researdnnred Consent documents that are
already associated with Topics, and use these iaisns to predict associations for new
documents. Given that a lot of Research Informeds€nt documents are very similar in
structure to each other, this approach seems tisé pnamising.
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3.5. Conversational Agents explaining Research Infor@edsent
Documents — a first attempt

During the first phase of this thesis the applitgbof extractive text summarization for
the purpose of explaining Research Informed Comdeciiments was explored (see also
2.3.2).

The first document in Appendix A was used as irfputhis test. This document had
several sections of text, and the Agent systenmgitied to provide a summary of each
section by extracting content accounting for at td@8%6 of the content (in terms of word
count) of the section. However, 12 of the 16 sesticonsisted of a single sentence, and
so the extraction would always return the full-tekthe section (i.e.: the single
sentence). Thus, this approach was abandoned.

Abstractive summarization was also consideredphuine hand, no public-domain
abstractive summarization tools were found, antherother hand, because of the
arguments presented in section 2.3.2 this wasamdidered to be an essential element in
this study.

Abstractive summarization does however offer orrg ugeresting manipulation that
could be done: if a clear relationship can be fobetiveen a participant’s health literacy
level (again, using the REALM measure) and thelize| of detail level for the
participant, the summarization algorithm could begmeterized based on the required
detail level, offering fine-grained freedom in taihg the detail level.
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4. Computational Model for Research Informed Consent
document explanation

4.1. Background of Research Informed Consent Documguiiration
task

As discussed in previous sections, | propose tl@adraversational Agent that can explain
a health document to a participant can use a yaoiettrategies to help the participant
understand the document. Key strategies include:
- Make the system natural to interact with, by sirtinaa conversation
Displaying the document so that the participant@aent themselves within the
document

Pointing out the section that the current dialoglates to
Where possible, allow the user to control the I@faletail
Explain the document in a logical order

Provide any background information that may hekpghrticipant understand part
of the document better

Ask interactive questions to establish the paréinifs understanding, and provide
corrections if needed (as explained in 1.4)

4.2. Describing the Document Explanation task

The task of Document Explanation by an Agent ibdsws:

&

(

Table 8 Overview of Document Explanation task
4.3. Implementation of the Document Explanation system

4.3.1. Producing Informed Consent documents

| reasoned previously that we wanted to add stradtuan Informed Consent document,
and that structured content would become input@omaversational Agent system. It is
therefore a logical extension to design a systeahdan produce this structured content,
and | decided to model it based on our observatbdresisting authoring tools for study
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protocols and Informed Consent documents. Thisigoslill not functional, but some of

its envisioned features are:
Users can create sections in a given document. &satlon becomes a titled
paragraph in the Informed Consent document.
Each section can be annotated with concepts freknoaledge base that the
Agent can use for providing background knowledge
Each section can be further annotated with simpieprehension questions that
the Agent can use to establish the user’s undelistgnand if needed, provide
additional information or repetitions.
With each section, the author is currently requeteprovide a simpler
explanation. This can be extended in the futurthabthe system provides a
simple explanation that the author can review @nmtgcessary, modify.
With the main text being written by the author,d&ility statistics are calculated
so (per-section as well as per-document) that tii@oa can verify that readability
guidelines are being met.
While I implemented a simple document renderingatgm using Java 2D in the
first phase of this thesis, this functionality wasoved for the experimental
setup given the complexity of document layout.He éxperiment, word
processing tools were used to produce bitmap ositpat the Agent system
displays, and then produced the structured docuthahthe Agent system uses
to generate dialogue.

4.3.2. Informed Consent documents as input

Documents have an inherent structure to them, rgadiplanation of a document easier
than other tasks, like explaining the layout ofvan room [50]. However, inferring the
structure of a document is itself not trivial, ssteuctured document was instead chosen
as input.

In doing this, | started developing a system thahars of Informed Consent documents
can use to produce this structured content (semset 1 for details). XML was chosen
for this purpose (see Appendix | for the Documeypd Definition).

This file describes each of the sections for theudeent, annotated with the background
knowledge concepts that relate to each sectiowedsas any comprehension check
guestions that could be asked.

The document also has an index of references tddbement at each section and each
utterance, so that the Agent could point at theigwmnt.

4.3.3. A non-scripted Conversational Agent

The dialogue engine developed by Bickmore et alled RAGServer, and its relevant
client components, were used for the developmetitisfsytem. RAGServer uses a
visual dialogue scripting environment called Sdigtder. ScriptBuilder converts
conversational scripts written in a custom languag#ava source files that the
RAGServer system uses for generating dialogue @sgbnding to user input.
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The RAGServer system in turn is a complete Conviersal Agent management system
that controls dialogue flow, handling of volatilecapersistent information and
controlling of the actual client system that hastd displays the Agent.

Dialogue in this system is scripted in files thaidwal a Hierarchical Transition Network
(HTN). While the scripting process allows a greaaldf flexibility of actions that the
Agent can carry out, it also means that a signiti@uthoring effort is needed for all new
content that the Agent can converse about.

With this in mind, | set out to create a Conversadl Agent that did not rely on pre-
scripted interactions, but could use a document@side for creating a dialogue.

4.3.4. Document explanation strategies

Extensive modifications were made to Bickmore & alystem to implement what | call
metastrategies: high-level strategies for varioasudhent explanation strategies.

Since our observation study revealed that the éxpeceeded through the document in a
linear manner, | too chose to use such a lineaastrattegy in this study. This linear
metastrategy realizes two slightly different expldon strategies that each proceeds in a
linear manner starting from the first section te kast.

Based on prior observations, | further incorpordtede features within these explanation
strategies:
base the explanation on simulating a collaborataeling of a shared document
provide background information at the beginningddgical section
pose simple questions to the user at the end afdbgections, and provide
correction or review of content if necessary

Incorporating these features, two possible docureeplanation strategies were

produced:
Verbose (Simple) explanatiortraverses all content available from within each
section. Thus it offers a brief overview and theg eelated background concepts
before offering the primary content. This is folleavby a comprehension check,
and if the user provides an incorrect responsecarsl attempt is made. If the
comprehension check fails again, a correctionferefl and the explanation
moves to the next available content.
Tailored explanation skims each section, allowing the user to contreldetail
level and background concepts. Background con@epteffered as questions that
the user can ask the Agent, thus adding a moreetcsational aspect to the
dialogue. If a comprehension check fails, the hsearthe option of reviewing the
content a second time, reviewing the relevant baxxkgl concepts only, or
moving on to the next content.
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The diagram below shows the flow of the dialogumel sample transcripts are shown in
4.4.

Section 1 Section 2 Section n
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Section 1 Section 2 Section n
Figure 6 Comparison of document explanation strateigs.

Note that dashed lines indicate optional pathdiefdialogue, and solid lines indicate
mandatory paths.

4.3.5. Enabling traversal of documents

In addition to support for a linear metastrategyntioduced several actions that describe
what users can perform at any given moment.

| first introduce several levels of the conversatio
Section: The Agent is providing a very brief ovewiof the section.
Summary: Sub-level of Section, where the Agentawidling a summarized
explanation of a section.
Detail: Sub-level of Section, where the Agent efaéiy reads the section along
with the user.
Concept: The Agent is providing some backgroundrmftion for a given
section.
Question: The Agent is asking a comprehension chjaektion from the user, or
responding to the user’s answer.



Below is a list of the actions that were implemente
step — move to the next available unit of discoungech could be the next
utterance of the current section, any comprehergiecks for the current section,
or the next section.
stepln — elaborate on the current unit of discaufsge are currently at a section
summary, this produces the section detail.
stepOut — move to a higher unit of discourse. Ifanecurrently at a Concept
level, move back to the Section.
stepBack — an implicit action, when the conversatimves back to the beginning
of the current section (because the user wanteaf toecause the Agent
determined that the section should be repeated).
jump — save the current context within the documamnd move to another
discourse unit (e.g.: Concept), with the intentddmeturning and resuming later.
This is parameterized with the Concept to jump to.
answer — given a question, conveys the user’s nsgpback to the system. This is
parameterized by the answer given.

A state graph summarizes the levels of the contiersand the actions that trigger these
transitions.

[ answer

{step { question Question
. ! stepBack / skip
Section [ iame

{ stepOut

/ jump

i ) 4 Concept
O istep {[done] / jump i

[ stepOut fjump—, stepOut

/ stepln

) o —)

I step I step

Figure 7 Statechart for Document Explanation
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4.4. Example conversation transcript

c . <

+ OO~ +0+0+0+0+
—
—_
-
A

+ O + O

+ O
T
)
N

—
—
—~

+ O
-
N
-~

+ O+ O

+ O
[ocl o
N
-~
—
w
—~
-
N>
w
A

( ( 9/ ) <

+ O+ 0+ 00+ O+ O

(( /

Table 9 Sample conversation - Verbose mode
In the Verbose mode, the Agent proceeds throughdabament, and chooses when to
talk about a background concept, and then retartiset document. While asking
guestions, if the response is correct, it is ackaedged. If not, the agent saysthink we
should review what we just talked aboamd reviews the section.
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Table 10 Sample conversation - Tailored mode

This session is very similar, but the user has 4agtls read this part” to request more
detail, and then again “l understand this partetguest less detail. Feedback to a correct
answer is the same as in the Verbose conditionybhah the answer is incorrect, the user
is given the choice of whether to review or justtoaue (‘Perhaps we should review)..
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Northeastern

Relational Agents Group

Reference to a section with a flat hand
for orienting the user.

Could you repeat that
please?

Northeastern

Relational Agents Group

Reference to a sentence with the finger.

Could you repeat that

please?

will benefit from this

study?

1.1 don't benefit from it.

2.1 don't benefit directly,
but others might.

3.1 can know about my I

genes and any illnesses.

Northeastern

Relational Agents Group

Displaying comprehension questions on
screen. The Agent asks the question
verbally, but the responses are only
shown on the screen. The user selects a
button (1-3) or can say “l don’t know”.

I don't know.

:

Could you repeat that
please?

Table 11

Various document display strategies



Test participant interacting
with the Agent. The Agent
is deployed on a computer
with a touchscreen
display.

Close up of participant
interacting with the Agent.

Tble 12 Participant interacting with Agent
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4.5. Parallels with Intelligent Tutoring Systems

While this implementation is more of a conversagicagent, there are clear similarities

with Intelligent Tutoring Systems. Below is a sunmynaf these similarities, compared in

particular with the AutoTutor system (see sectichRfor details).

AutoTutor This work
Dialogue Based on Curriculum Script Dynamically generateanfr
content structured Informed Consent
document.
Knowledge Questions and Topics in Concepts of background

representation

Curriculum Script

knowledge, and comprehension
guestions for Sections

Handling
knowledge units

Latent Semantic Analysis (LSA)
used to determine coverage

Word Similarity algorithm to
associate Concepts with current
text (using WordNet [22], and
JWordNetSim [29] and the JCn
and Lin algorithms [33], [39]).
Topics were manually associate
for our empirical study.

[N

Teaching goals

Set of Topics, each with a set
Expectations

piSet of Document Sections, somg¢
of which have a set of Concepts
and Comprehension questions

1%

Authoring Lesson Planner and authoring | Informed Consent document
content tools authoring tool

Embedded Graphics associated with topics On-screen reprasentof
multimedia Informed Consent document
content pages and question pages.

Measure learne
comprehension

LSA used to measure overlap
between expectation and learne
response

Question with multiple response

(2

r and learner response as a choice.

Feedback Varied (see 2.2.1 for details). Spokenaegledgement of
correct of incorrect responses.

Correction Varied (see 2.2.1 for details). Repetition of poerd content.

mechanisms

Dialogue Dialogue Advancer Network Dynamic extensions to

Management RAGServer system

Table 13 Comparison of AutoTutor and this work

In essence, this work is a step towards augmetitm@RAGServer dialogue engine with
some simple implementations of the features comynsgn in modern ITS systems.
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4.6. Realizing the Document Explanation task

At the beginning of this chapter, a list of straésgwvas presented for the document
explanation task. A final review is presented rexglaining how those strategies will be
realized.

4.6.1. Facilitate a natural method of interaction

Humans engage in inter-personal conversations iylusis, and therefore the method
of interacting with a Conversational Agent is exXpedo feel quite natural. The Agent
uses synthesized speech to “talk” to the partidipamd the participant’s responses
appear as buttons (see Table 11). A touchscragses so that participants can simply
tap their finger on the button that represents i@y want to say (see Table 12).

Some features were however removed to minimize #ffgct on the Satisfaction that
participants were asked to report. For exampleAtent does not introduce herself or
engage in any introductory conversation, usesaheeseutral facial expression
throughout, and does not address the participattidiy name, all of which have been
shown to also increase the participants’ percepifdhe quality of the interaction [10].

4.6.2. Displaying the document

The input from the machine-readable files can Ipeeesd in to a bitmap that the Agent
system is able to load and display as previoushedwy Bickmore et al. [6, 7, 8].

4.6.3. Pointing out the section that the current dialoglates to

Following previous experiences by Bickmore et ald69] the Agent will use two kinds

of hand gestures to refer to the document. Whegeat refers to a Section within a
document, the Agent will use the whole hand togestowards the section, but when the
Agent is reading a sentence from the documentAgsat will point at the sentence with
the finger.

4.6.4. Where possible, allow the user to control the |@faletail

In section 2.5 of this thesis, | proposed thatighmhbe useful to change the detail level of
the explanation as a simple way of tailoring theteat for a user. | also proposed that
abstract summarization could be used in the futuprovide fine-grained control over
the detail level presented.

For the purpose of this study, this was simplifietiere instead the machine-readable
input has an optional summary for the text of nsestions. Thus the summary provides
an essentially “low-detail” condition, and the ftet of the section provides a “high-
detail” condition. Together with the Stepln and@ et pair of actions defined (see
4.3.5), this allows the user to control the amafrdetail.
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4.6.5. Explain the document in a logical order

Following the observations made earlier, the documa! be explained by following its
structure in a linear manner.

4.6.6. Provide any background information that may hepphrticipant

In section 3.4 an approach was presented for allgwie Agent to judge the relevance of
background knowledge concepts. For the purpostsso$tudy though, | decided to
instead base the presentation of background camoepihose suggested by the expert.
The expert suggestions were further modified shglsb that out of the 12 concepts
identified, 4 concepts would be referred to in eatthe three documents included in this
study.

4.6.7. Ask interactive questions and provide necessamecbons

Interactive questions were introduced earlier pessible improvement to the Informed
Consent process. However, given that the Agenesysleals with user contributions to
the dialogue as buttons being clicked, such questieed to be closed-ended (see Table
11 for an example) . Therefore, the questions assatwith a section were always
multiple-choice, and were rendered on to bitmagkdisplayed on screen, with
corresponding responses available as buttons.

If the participant’s response is incorrect, the wigeould offer to review the current
section, or even possibly force it. It was deteedithat allowing the participant to make
two attempts is sufficient, and if both attempts ansuccessful, the Agent will provide a
correction and move on to the next section.
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5. Evaluation of document explanation system

5.1. Background

In this section | discuss an empirical evaluatibthe Agent system for explaining
Research Informed Consent Documents.

The objectives here are two-fold: primarily | anteirested in seeing if a Conversational
Agent could be developed that would not rely ongmepted dialogue, and would
instead explain a document based on an annotatekimeareadable representation of the
document. Further, two different possible explarastrategies were introduced in
section 4.3.4, and it would be very useful to $¢kase strategies would have different
levels of effectiveness.

Secondly, | am interested in studying if the menespnce of the Agent improves the
quality of the Informed Consent process. Converselyrent research suggests many
approaches for improving the Informed Consent gggcand | am interested in seeing if
any of those can be incorporated in to the Agerd,study if that leads to improvements
to the process again. | therefore propose thatlaglie where the user has greater control
over the level of detail in the explanation woulldn interesting comparison against a
control condition of a simple, yet rigid and verbaBalogue.

5.2. Hypotheses

As expressed above, the primary purpose of thEgheg to study if a Conversational
Agent that does not rely on pre-scripted dialoguefiective at helping a participant
understand a Research Informed Consent Documdst bed if such an Agent would
make the participants feel more satisfied withghecess.

The secondary purpose is to examine if the abover€rsational Agent can tailor the
detail level of its explanation, and if doing soulebmark the participants feel more
satisfied with the process.

With this in mind, the study hypotheses are franmes:
Hia When participants have a Conversational Agentaéx@ document to them,
they will tend to have higher levels of comprehenghan when they read a
document by themselves.

H.a When participants have a Conversational Agentaéx@ document to them,
they will tend to feel more satisfied with the Infeed Consent process than when
they read a document by themselves.

Hsa When participants have a Conversational Agefdrtéie detail level of the
explanation of a document, they will feel more Sf&d than when the
Conversational Agent that presents a verbose fik@dgue.
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5.3. Experimental design

5.3.1. Methods

A conversation agent system was developed toliesetapproaches (tailored explanation
vs. verbose explanation) and | compared these stghi@ baseline case of asking the
participant to read the document themselves. Sedti®.3 provides more detail on the
implementation of this system.

20 volunteer participants were asked to participatn experiment to test these
hypotheses. An amendment was approved by Northieddteversity’s IRB to an
already approved protocol, allowing us to carrythig study (IRB# 07-02-11).

Each participant was asked to complete three sessioth random orderings of content
(i.e.: document) and mode (self-read, Verbose Ageiiailored Agent). Comprehension
and Satisfaction measures were administered aftdr session.

5.3.2. Materials

Three Informed Consent documents were used asesmaterial in this study. The
participants were asked to read one by themsehae the Conversational Agent
explained the other two; one with a simple butdignd verbose explanation,
(VERBOSE) and one with a tailored explanation (TRRED). The ordering of these
conditions, as well as the assignment of docuntentenditions, were counterbalanced
and randomized.

The three documents had some core concepts conmadnof them (e.g.: voluntariness),
but each document also had 4 more concepts thatgméicantly unique to them, and

the Conversational Agent attempted to provide sbawskground information on these
concepts while it was explaining the document. @ingice of these background concepts
was based on the expert associations reporte® i@t was then re-assigned so that for
the sake of this study, each document would hawegaal number of concepts associated
with it.

Each document was followed by a verbal comprehertsist, which was largely teach-

back in nature. Each comprehension test consist@djeneral questions common to all
documents (e.g..What is the primary purpose of the stugyéhd 3 questions specific to
the document (see appendix E) and one generaldekdfuestion about the interaction.

The Conversational Agent system utilized a tougleest to display the animated Agent
and allow the participants to respond by touchingdms on the screen representing
various responses. The Agent used synthesizedtspeéalk to the participant, and also
displayed a representation of the document andreefdo it by using pointing gestures.
While a participant was interacting with the Agehg researcher left the room.
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5.3.3. Research Design

| utilized a 3-condition counterbalanced within-gdbs design, to test the two different
strategies for document explanation by a ConvarsatiAgent against a participant
reading it themselves, for a 3 (document) x 3 (doo) nested study design.

Independent variables
Condition (self-read, Verbose explanation or Taitbexplanation)

Dependent variables
Comprehension (measured by a questionnaire basde: @ICEP instrument
[19] — see 5.4.1 for details)
Participant’s attitude towards the agent (in thebdee or Tailored explanation
conditions, measured with a 6-item self-report meas- see 5.4.2 for details)

Covariates
Participant’s general health literacy level (meadury the REALM instrument
[53] — see 5.4.3 for details)
Participant’s Need for Cognition level
Other socio-demographics

5.3.4. Explanation strategies

The two agent conditions will involve two differesppproaches for explanation of
Informed Consent documents.

1. Tailored agent-explanation A Conversational Agent will explain an Informed
Consent document. The Agent will start with a lewdl of detail, and
participants can ask for additional informatioratelg to background knowledge
concepts. Throughout each section, the user wii ltlae ability to ask questions
from the Agent pertaining to background concepas #ne relevant to that section.
At the end of some sections, the Agent will adntérisome questions to the user.
If the user’s response to this is incorrect, thewtgvill suggest that they review
the background concepts and the section one nmoeetiefore moving on, but
will allow the user to make the choice.

2. Verbose agent-explanationA Conversational Agent will explain an Informed
Consent document. The explanation of the documéhbevfixed, but at the
beginning of each section of the document, the tagénexplain any background
concepts relevant to that section. At the end ofessections, the Agent will
administer some questions to the user. If the sigesponse to this is incorrect,
the Agent will attempt to explain the background@epts and the section one
more time before moving on.
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5.4. Measures

5.4.1. Primary outcome measure - Comprehension

Comprehension is proposed as the primary outconasune, and will be used to test for
hypothesis k. The comprehension tests used will be based omgrehension
guestionnaire that was used earlier by Bickmouwd.4%, 8], itself based on the Brief
Informed Consent Evaluation Protocol (BICEP) instenmt, and was modified slightly.
Since three different Research Informed ConsenuBents were to be used in the
study, a comprehension questionnaire was createzhfth document.

Each questionnaire consisted of 11 questions;itstefdur are questions about the
participant’s perceptions of the quality of thedmhed Consent process. Questions 5, 6
and 9 are general questions about benefits, risttshee primary purpose of the study,
respectively (the respective answers however,@eific to each document). Question
11 is an open-ended prompt for the participantgressions, and questions 7, 8 and 10
are specific to the document. In order to reduceyeaver effects, a 60-second cognitive
task was administered before the start of ses@@msl 3, where participants were asked
to name as many animals, and vegetables as pgssifpectively.

The comprehension tests were verbally administered‘'closed-book” manner.

5.4.2. Secondary outcome measure — Satisfaction

In order to test for hypothesisgiparticipant satisfaction in the Informed Consent
process was measured in two ways. The Comprehegsgstionnaire itself had a
guestion How satisfied were you with the Informed Consentess?with a 1-7 rating
scale, that was administered verbally.

Secondly, for interactions that involve the Agenseparate 6-item survey was
administered on paper (see “Instructor Evaluatioesfionnaire” on Appendix H).

5.4.3. Patrticipant’s Health Literacy

Participant Health Literacy was expected to bevagate, and therefore was measured.
The Rapid Estimation of Adult Literacy in MedicifREALM) instrument [53] has been
used in previous studies by Bickmore et al., antbei used in this study as well.

REALM is a list of 66 medical words that the papents read aloud, and scoring is
made based on correct pronunciation. The raw REALbDfe, in the range of 0 — 66 is
then translated in to bracket levels as indicatddwb.

Raw REALM REALM REALM bracket
score range bracket level

0-18 1 3 grade and below
19-44 2 A to 6" grade
45-60 3 7 to €" grade
61-66 4 High school

Table 14 REALM scores and meaning
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5.4.4. Need for Cognition

Comprehension relies on many things, with the dogneffort of the learner being a key
predictor of learning. The 18-item reduced NeeddJognition instrument [13] measures
a participant’s likelihood to engage in and enjépreful cognitive activities.

5.4.5. Participant Demographics

Basic participant demographics, including gendge, @ducational levels and ethnicity
were also collected.

Since the study deals with the Informed Consentgss, it was theorized that
participants’ prior research study participatiomicohave an effect on their perceptions,
and so additional questions were added, askingtabew research study participation in
the past.

5.5. Results

5.5.1. Patrticipants

20 volunteer participants were recruited for thpezxment, and compensated for their
time with $15. With the exception of one particihamho dropped out after two sessions,
all participants completed all sessions. All paptnits were debriefed at the end of the
experiment.

Some of the participants were recruited by podliyeys at Marcus Garvey Apartments,
at 44 John Eliot Sq, Roxbury, MA 02119, and thesssons were conducted at the same
location. The other participants were recruited@raigslist Boston, and the study
sessions conducted at the Human-Computer Interactiboratory at Northeastern
University. | conducted all the sessions. The pgrdints’ demographic information is
presented below.

All study protocols and activities were part ofratpcol approved by the Institutional
Review Board of Northeastern University (IRB# 07-1D).

A few observations stand out: Health Literacy, nuead by the REALM instrument [18]
shows a strong ceiling effect, and the majoritypaiticipants are regular computer users.
Three participants (15%) reported never havingigipdted in a research study, and 16
participants (80%) reported having participatedtiteast one research study in 2009.
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Participant demographics

Participants were asked to report their gendeg dbbirth, ethnicity and marital status.
Age was calculated from this information.

The distribution of
participants by Gender was
roughly equal.

( (1) = 0.2, p>0.05)

Figure 8 Participants by gender

Participants’ age was in the range 22-85 year$) thit mean being 46.3 years.

Figure 9 Age distribution
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Figure 10 Participant ethnicity

Participant’s health literacy and health background

Some questions were asked to gauge participarathhiéeracy, background and habits.
Height and weight were gathered, and convertedMb\Blues, and subsequently
categorized according to NHLBI guidelines [41]. Hlediteracy was assessed using the
REALM instrument [18] (see section 5.4.3 for moegails).

Figure 11 Health Literacy level results

Education and previous computer experience
In addition to self-reported data about educatioah grevious experience and familiarity
with computers, participants were also asked tohd 18-item shortened Need for

Cognition survey [13] (see section 5.4.4 for dedail
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Figure 12 Last grade of school completed

Figure 13 Experience with Computers

Figure 14 Need for Cognition for participants

51



Previous exposure as research participants
Three participants reported having never partieigpah research studies, and 16
participants reported participating in some redeatady in 2009.

Figure 15 Prior participation in research studies

Figure 16 Participation in research studies in 2009

5.5.2. Scoring Comprehension tests

Verbal responses to comprehension were transcrimeitting conversational artifacts
that were deemed irrelevant to the comprehensmuitrgestarts, disfluencies [43], non-
relevant speech etc.). The resulting responsestienecompared against a Scoring
Manual (see Appendix F). Each question has oneooe melevant facts, and each fact is
scored 0 to 2 (inclusive), where correct respogse®, partially correct responses 1 and
incorrect, incomplete or irrelevant responses geeQ no negative scoring). Each
guestion’s score is then the mean of the fact scared an overall comprehension result
is calculated as the mean of the question scores.
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The distribution of the Comprehension scores (fcg.all sessions) was roughly normal.

Figure 17 Distribution of all Comprehension scores

Three random subsets of transcribed participaporeses were given to three judges
along with the Scoring Manual, and they were askegkssign comprehension scores. The
scores given by the judges were then tested agamstcoring that was performed. The
summary of scores given by each judge is presentagpendix G.

The Comprehension scores used in this analysielated strongly and significantly with
the Comprehension scores given by first judge (@)949, p < 0.001), the second judge
(r(7) = 0.924, p < 0.001) and the third judge (£10.878, p < 0.005). Thus it was
determined that the Scoring Manual (see Appendiwd3 unambiguous and that the
Scoring was reliable and consistent.

Figure 18 Scatter-plot of comprehension scores byeRearcher and Judges
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5.5.3. Testing for order effects — Comprehension
A repeated measures Analysis of Variance (ANOVAS$ warformed with the

Comprehension scores for the three documents. gwifisant within-subjects effects
were found, F(2, 36) = 1.60, p > 0.05.

Similarly, a repeated measures ANOVA was performid the Comprehension scores
in the first, second and third sessions for eactigggant. No significant within-subjects
effects were found, F(2, 36) = 1.07, p > 0.05.

Based on these two results, effects of the docusreand the order of presentation were
disregarded from further analysis.

5.5.4. Hypotheses testing — Comprehension

A repeated measures analysis of variance (ANOVA tha performed to assess
comprehension scores across the three modes sé$®n (Self-read, Verbose Agent
and Tailored Agent).

The Verbose Agent explanation mode was found tpestdrm the other two modes (self
and tailored agent explanation) in terms of com@nsion scores.

Figure 19 Means for Comprehension scores by Mode pfesentation

Post-hoc tests confirmed that a statistically digant difference exists between the
Comprehension scores in the Verbose Agent (M=mil)the Tailored Agent
(M=4.561), p < 0.05.

A difference was also observed between the Compsgtie scores in the Self-read mode
(M=5.137) and the Tailored Agent mode (4.561), apphing significance, p < 0.1.

| then dichotomized the Need for Cognition score®iHigh and Low at the mean

(M=81.8, N=20, Standard deviation = 13.03). 12 ipgr&nts were categorized as “High”
and 8 as “Low”. The repeated measures ANOVA waopmed again with the Need for
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Cognition level as a between-subjects factor, asigmficant between-subjects effect
was observed. F(1, 17) =9.19, p < 0.01.

Figure 20 Comprehension scores and Need for Cograti across Modes

Participants with high Need for Cognition outpenf@d their low Need for Cognition
counterparts in the comprehension tests, regardfessde.

5.5.5. Hypotheses testing — Satisfaction

Participant satisfaction was measured in two wAfter each session, a modified version
of the BICEP instrument [53] was administered viybdhe first four questions
measured the participants’ perceptions of the amnolinformation (too little to too
much), their likelihood to sign it (extremely urgily to extremely likely), the amount of
pressure they felt (no pressure to extreme presancktheir satisfaction (extremely
unsatisfied to extremely satisfied).

A repeated measures ANOVA was again performed @ath of these values as
dependent variables. While interesting trends a@e& sno significant differences were
found for the amount of information, the likelihotmlsign and the amount of pressure
felt within the three modes of presentation.

Participant satisfaction has an interesting trérad is approaching statistical significance,

p < 0.1, where it appears that participants werstraatisfied with the Tailored agent-
explanation, and least with the Verbose agent-ewspian.
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Figure 21 Satisfaction scores by Mode of sessiorpf@oaching significance)

Post-hoc tests confirmed that the difference itigipants’ self-report Satisfaction scores
in the Verbose mode (M=5.05, N=19) and the Tailorexdle (M=6.11, N=19) was
approaching significance, p <0.1.

Secondly, after each session with the Agent, ppaits also filled out a 6-item
guestionnaire (See “Instructor Evaluation Questanr@i in Appendix H) on paper. This
guestionnaire had high internal consistency (Crohtsa = 0.9) and was combined in to
a single Satisfaction score. A paired T-test watopmed to see if the Satisfaction scores
were different in the Verbose Agent (M=5.71, N=a48f Tailored Agent (M=5.88,

N=18) modes. No significant differences were foymd, 0.05.

When the participants’ Need for Cognition level veasled as a between-subjects factor
to the repeated measures ANOVA, the Need for Cmgniével had a significant
between-subjects effect on Satisfaction, F(1, 173683, p < 0.005.

Figure 22 Effect of Need for Cognition on Satisfa@n across Modes

High Need for Cognition participants reported higlesels of satisfaction than the low
Need for Cognition participants.
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A similar test was performed on self-reported Rres$o sign the Informed Consent
form. A significant between-subjects effect wasnfouwhere participants with low Need
for Cognition generally felt more pressure in hlege modes, and participant with high

Need for Cognition generally reported feeling viftie pressure (rated 1 to 7), F(1, 17)
=6.015, p < 0.05.

Figure 23 Effect of Need for Cognition on self-repaded percieved Pressure

Self-reported likelihood to sign the Informed Camisierm too exhibited a significant
between-subjects effect on Need for Cognition, wharticipants with high Need for

Cognition generally reported a higher likelihoodstgn than participants with low Need
for Cognition, F(1, 17) = 14.459, p = 0.001.

Figure 24 Effect of Need for Cognition on self-repaed Likelihood to Sign

Need for Cognition did not have any significantvisetn-subjects effects on self-reported
amount of information received, F(1, 17) = 2.616&, (.05.
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5.5.6. Other tests

Prior research study participation and Need for Cogition

Participants were asked if they had participateginiy research studies ever, and if they
had participated in any research studies in 20688.férmer was then dichotomized in to
a “Prior research study participation” variable.

A one-way ANOVA was then performed to test if theed for Cognition scores of
participants who had prior research study particpaexperience was different from
those who had not participated in research styi@gously. No significant difference
was found, F(1, 18) = 0.15, p > 0.05. However, uistbe pointed out that only 3
participants (15%) reported having never parti@dah research studies.

Prior research study participation and outcome measres

“Prior research study participation” was added hstaveen-subjects factor and a
repeated measures ANOVA was performed with Comm&be and Satisfaction as
dependent variables. No significant between-susjeffects were found.

When the amount of information participants repmis receiving was tested similarly, a
significant between-subjects effect of prior reshgrarticipation was found, F(1, 17) =
10.343, p < 0.005. Participants who reported haxexger participated in research tended
to rate the information received in all three modgeing close to too much (4 = just
right, 7=too much), while other participants repdra level slightly above “just right”.

Figure 25 Means of "How much information did you g¢?"
by Mode and prior research participation

Participants’ self-reported pressure felt to sigm informed Consent document,
likelihood to sign the Informed Consent documert Satisfaction in the Informed
Consent process were also tested similarly, bignaficant effects were found of prior
research participation.
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Conversation features and outcome measures

| extracted statistics about the conversation fteensystem logs. From this, | noted the
number of conversation turns, the number of tirhegarticipant requested more detail,
the number of times the participant requested backgl information and the number of
times the participant reviewed a section afteniggth question wrong.

A paired T-test confirmed that the number of tushdialogue in the Verbose Agent-
explanation mode (M=144.1, N=19) was significaiigher than the mean number of
turns of dialogue in the Tailored Agent-explanatmode (M=87.53, N=19), paired t(18)
=8.883, p < 0.001.

The number of turns of dialogue was also foundotwetate negatively with participant’s
satisfaction with the Agent, r(36) = -0.34, p <®.This is an interesting finding, since it
provides what could explain the difference in Satison levels between the two Agent
modes, and seems to suggest that our backgrouremoexplanations are a little too
lengthy for most participants.

No significant correlations were found betweenrnhbeber of turns of dialogue and
participant’s perceptions of amount of informatisalf-reported likelihood to sign or
self-reported perceived pressure.

| also tested to see if participants respondea@iaifitly to the agent’'s comprehension
guestions in the two agent modes. Participantgaeses to the agent’s questions were
recorded as either incorrect or correct on the dittempt. Where participants made a
second attempt, it too was recorded as either iacbor correct.

A Chi-squared test for independence was perfornmegbgh of these, and the cross-
tabulations are below.

Response to Agent’s question | Total

(first attempt)

Incorrect Correct
Mode of Verbose Agent| 27 53 80
presentation Tailored Agent | 30 46 76
Total 57 99 156

Table 15 Cross-tabulation of responses to Agent'augstions on first attempt

No significant difference was found between theritigtion of correct and incorrect
responses on the first attempt between the VerAgsat and Tailored Agent modes,
2(1) = 0.551, p > 0.05.
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Figure 26 Incorrect vs. Correct responses to Agergt'questions on first attempt

Where participants were asked a comprehensioniqodst the agent for a second time,
a similar test was performed. The Cross-tabulagdoelow.

Response to Agent’s question | Total
(second attempt)

Incorrect Correct
Mode of Verbose Agent| 11 16 27
presentation Tailored Agent | 21 9 30
Total 32 25 57

Table 16 Cross-tabulation of responses to Agent'sugstions on second attempt

A significant difference was found in the distrilautt of Incorrect vs. Correct responses
on the second attempf(1) = 4.941, p 0.05.

Figure 27 Incorrect vs. Correct responses to Agergt'questions on second attempt

The verbose agent-explanation mode had more cagspbnses and less incorrect
responses on the second attempt.
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5.6. Qualitative review

After each participant’s study session, a semiestined interview was conducted. Some
of the questions asked are listed in the Studyoeabin Appendix D.

Ten of the participants (50%) indicated a prefeedioc the Agent, attributing this to the
ease of the interaction, the additional informatittve thoroughness of the Agent and the
fact that they paid more attention when the Ageas explaining the document.

Five of the participants (25%) on the other handidated a clear preference for reading
the document themselves, and felt that the Ageheeslowed them down, kept them
less focused, or found the Agent’s additional infation confusing.

Seven of the participants (35%) further mentioneticmg a clear difference between the
explanations provided by the Verbose and Tailogghts.

Some interesting comments are listed below:
“The second one [Verbose Agent] was more detadad,like | said, more
redundant....”, “... the intention [Verbose Agent] wgsod, but it added too
much...”, (41 year old Male)
“She [Tailored Agent] did a little more paraphragibut she didn’t read word-
for-word and that was confusing.... | don’t think teagood when you're talking
about a Consent Form... it should be word-for-wor(#8 year old Female)
Did the Agent help you to understand the documkeetter? “When she provided
additional information, yes, but just by readingib.” (25 year old Female)
“Best would be a combination where you could gelittahal information if you
wanted, but skip sections if you wanted to.” (2aryeld Female)
“It was much more thorough with the Agent... she kafid¢ategorized areas...”
(25year old Female)
“The only advantage [with the Agent] is that skkeal you a couple of questions,
so it made me, you know, if | got the answer wratge’d repeat it, so | think in
that respect it's good.” (51 year old Female)

5.7. Discussion

In this thesis, | presented the hypothesis thatgyeants would exhibit higher
Comprehension scores in both of the Agent conditiwshen compared with the Self-read
condition. The results show partial support fosthypothesis, and the Verbose Agent-
explanation mode was shown to be associated vgtiifisiantly higher comprehension
scores, compared with the Tailored Agent mode.

In addition to the comprehension test that was tseelst the former hypothesis, the

Agent too administered some simple comprehensgis.t&€hese too showed an
interesting result, where participants got a simlamber of questions correct and
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incorrect on their first attempt, but on the secattémpts, the Verbose Agent mode had
more correct responses than the Tailored Agent mode

All this points to the fact that the Verbose agexplanation’s strategy of providing
background information and high-detail level preaddadditional learning benefits for
the participants. However, the majority of partasips in this study were in the highest
Health Literacy bracket level, so the efficacylmktsystem with individuals with low
health literacy remains unknown.

Another interesting effect was seen where partidpavith high levels of Need for
Cognition outperformed their low Need for Cogniticounterparts in comprehension
tests. This provides support to the argument tirmtomprehension scores rely also on
the participant’s initiative for learning. In thégnse, the Agent becomes indeed a
facilitator of learning for the participant. Agaias mentioned earlier, this may turn out to
be valid only for participants with high levelsidéalth Literacy such as those found in
this sample.

It was further hypothesized that the Tailored Agexyplanation would lead to higher
levels of satisfaction than the Verbose Agent-exalimn condition. One of the two
measures of Satisfaction used approaches sigrifcamd the other measure had no
significant results.

A possible explanation is that the Verbose ageptegration mode was far too lengthy
and repetitive. The fact that participants weresighificantly more satisfied with the
Verbose agent, as opposed to reading the docuhmamiselves, is also evidence that the
Agent either tried to give too much informationtook too much control of the
conversation. The higher comprehension scoreseif #ilored Agent mode than the
Self-read mode (and approaching statistical sigguifce) however is very promising.

Some of these findings also hint at limitationshvihis thesis. The primary limitation of
this work is that the majority of participants Hagh health literacy (as measured by the
REALM instrument). Secondly, the implemented docntexplanation strategies were
based on observational studies with very few padiads. The expert observed in the
primary observational study (see 3.2) was someatieexperience in administering
Informed Consent for research studies, but wasiate “Expert” in health information
communication. Thirdly, several results approaclstagistical significance levels
suggest that the study is under-powered, and graps more participants should have
been recruited. Finally, the “Tailoring” that wadwally implemented was very simple
and based on user-initiative, so its effect mayehaaen minimized.

A few more limitations were introduced in to themna&gent system. As an example, this
system does not yet deal well enough with brancligg. Branching in conversations
has many important implications like facilitatingesgtion-answer dialogue instead of the
largely monologue nature of the current Agent.dctfseveral participants referred to
how it became too repetitive when “OK” was the or@gponse that could be given to the
agent.
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6. Conclusions and future work

6.1. Conclusions

In this thesis | presented a new approach for mgl€onversational Agent systems that
does not rely on pre-scripted dialogue. In empilittiests, this new Conversational Agent
was found to be effective in facilitating highevéds of comprehension in participants
than they achieved by reading a Research Inforneegséht document themselves.

| finally review the research questions that | gbaethe beginning and attempt to judge
the contribution of this thesis on each of thosestjons.

The first question | posed was how well a Convérsat Agent can perform as a
learning guide, when provided with extremely simgapabilities for teaching. | have
successfully implemented a new Agent system thaielRremely simple teaching
capabilities, where the traversal of a documentasgnts teaching goals, and this is
supported by linkages to a knowledge base and spiestions that the Agent can ask
from the participant. This Agent was then tested meal-world scenario, and it was
demonstrated to help the participants comprehemddeument better than when
participants read the documents themselves.

Secondly, | asked if a Conversational Agent canrawg the Informed Consent
experience for potential participants. Many papéeits were quite vocal about how much
they enjoyed having the Agent explain the documemd, statistical tests showed trends,
but no conclusive results.

Further, the Agent only used a very minimal setaif-verbal behaviors, such as head
nods and pointing. There are many other featuiescthuld be added, for example,
varied facial expressions, greetings, farewells@her casual conversation, which might
contribute to increased satisfaction for the pgodiots. This, however is an open
guestion.

Finally, | asked if we can develop ConversationgeAts that can be adapted very easily
to explain new documents. The evidence from thidystonfirms that this is indeed
possible. Unlike earlier systems where the Agestesy had to be re-compiled and re-
deployed for even a minor change, the new Agenalasgle deployment unit which
takes a document as input and traverses the do¢uexghaining it.
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6.2. Future work

The results observed in this research are veryigingar Some possible future research
areas are discussed below.

The primary lesson from this research is that arm@ must be struck between
providing all the explanation that the participamégd, and the right degree of
flexibility.

One of the underlying premises of this thesis & tie can leverage the structure
inherent to a document to make the document exgptentask easier. It might
therefore seem counterintuitive that this thesexdus machine-readable
representation of a document, instead of a docuitsatt It is however easy to
understand why this was a necessary first stepgiksdl next step therefore, is to
enable the explanation of any arbitrary documepntnferring its structure.

This study used an extremely simple 12-item knoggeblase that was linked to
the document by an expert’s annotation. The testfrige Topic relevance
ranking algorithm too confirms that even such apdeknowledge base is not
trivial to use dynamically. However this also prasemany opportunities for
evaluating different strategies for utilizing larg@owledge bases, which might
in fact make the relevance ranking task easier.

Abstractive text summarization has an interestimgliaation, where the detail-
level of the summary might be parameterized basesbme knowledge about the
participant (e.g.: health literacy level). This wéipe-grained control could be
achieved for tailoring the document.

The results from this study seem to suggest tipsating the same content twice
(as was done when the participant’s response testipn by the agent was
incorrect) is actually effective, since most of geeticipants answered correctly
on the second attempt. While some previous studigsproving Informed
Consent comprehension have also suggested thiscanae(e.qg.: [47]), this
warrants further study.

An authoring tool for Research Informed Consentudoents could provide an
environment where an author could quickly and gasgate new source material
that would allow the Agent to explain new Inform@dnsent documents. It could
also incorporate some of the current guidelinés, ior example showing the
author statistics about the readability of the emwth every section of the
document as well the whole document itself.
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Appendix B — Background knowledge base

The following texts were used as background knogdecbncepts in the study. Concept
titles, in Bold face, were used in creating thevaggions. Question forms, in Italic face,
represent the question that the user could askéiailored Agent mode) to get the
concept information.

Randomization

Can you tell me about randomization?

In this study, half of the people will get treatmtk way and half of the people will be treated heoway. To be
specific, half of the people will work with a contpusystem to learn about how to take care of tlebras when they
go home, and half of the people will get the regdiacharge process for Northeastern University ifsdCenter. You
cannot decide if you will be put in one group oz tither group, and even | cannot decide this. dBeésion of which
group you would go into is made by random chanidas is like flipping a fair two-sided coin. Half the time it
comes up heads and half of the time it comes g #sfiter you decide to join the study, we willltgbu which group
you are in, but you will not know this before yoeicitle. Even after you join, you are free to quitafi do not like the
group you are in, or if you change your mind.

Voluntariness

What does voluntary participation mean?

You do not have to be in this study if you do naimivto. Even if you choose to be in the study, gaw still stop at any
time. You are free to be in the study or not, aathimg bad will happen if you refuse to be in thedy, and you will
not be penalized. If you do not want to be in ttuglg, no one will treat you differently, the carerh your doctor will
not change, and you will not lose any benefits.

Risk

Do | have to worry that all these things will happe me?

I want to tell you about possible risks, becausedlis a very small chance that they could happeme of the things
that could go wrong are possibilities of pain amféétion in the collection today. Another thinghst some of the
guestions we ask could make you sad or upset. Swmmsuld also find out that you were in the stuahd learn
something about you that you did not want othetgmw. Also, you could have a legal problem if yold us about a
crime such as child abuse, that we are requireeort. But you do not have to worry about alltedge things
happening to you. We are simple telling you thasththings could happen, so that you can decidmiifvant to
participate or not.

No benefits

Why should | take part even if there are no bes#ditme?

Some people are comfortable being in researchedtuaien though they will not benefit directly, hesmthey want to
help others in the future who may benefit. Thigigtis like that, and it will not help you directlgut it may help
scientists find out ways to diagnose and treabaerhedical conditions in the future.

Treatment

If I am harmed, who will pay for the treatment?

If you are injured while you are taking part inglstudy, we can arrange for your treatment butwititbe responsible
for paying for this. However, we cannot compengaie for any of these, because there is no compendaind for
injuries that are related to research in this study

Best care

Does being in the study guarantee the best carmfit

Being in the study does not mean that you willgpcial care. For example, | told you that in gtigly, you might get
a computer-based discharge. We hope that it tdeblietter than the usual discharge process, butam’t know that
yet, which is why we’re inviting you to take pagven if you go through the usual discharge progeaswill get all
the help you need to prepare you to go home. Tgkémgalso does not mean that your doctors or swrletreat you
any differently, and you will continue to get trerge kind of care in the future.

80



Appendix B — Background knowledge base

Privacy

Who will know that | took part in this study?

When we store information about you taking pathis study and what you do today, we will make sheg your
name is not linked to your information. We will this by giving your information a code number, aaohoving your
name. Your name will not appear in any of our répor publications. However, there might still loen® information,
like your gender, age or race, that someone caédaidentify you.

Confidentiality

Who will see the information about me?

The only people allowed to see your answers willhgepeople who work on the study and people whkensare we
run our study the right way. Your survey answeeslth information, and a copy of this document Wéllocked in
our files. We will not put your answers into youedical record. When we share the results of thaysfor example
in research journals, we will not include your namé& will do our best to make sure no one outdigestudy will
know you are a part of the study. There are sewsttutional groups that make sure that that el ethical, legal,
and quality standards for research. These gropthare to make sure we run our study correctlg,smwe
sometimes need to share your information with themaddition, Federal and state agencies can as&agour
information too. Some of these agencies are th®&grtment of Health and Human Services, the Natibrstitutes
of Health, and the Massachusetts Department ofié®Hieklth.

Alternatives

What if | don't want to participate?

You do not have to be in this study if you do naimivto. You will not lose any rights or benefitauyalready have.
Your doctor and the hospital staff will continueciare for you as before.

Certificate of Confidentiality

What is a Certificate of Confidentiality?

We have obtained a special certificate from thefedgovernment, called a Certificate of Confidalitty. This
protects us against compulsory legal demands, asiclourt orders and subpoenas, for identifyingrmédion about a
research participant like you. This adds an adutitiidayer of protection for your privacy.

Lose eligibility

Can someone else remove me from the study?

There are some cases where you might be remoweriifre study by the researchers. For example, yf deeide that
it is dangerous for you to participate, or if yae aot able to follow the study procedures propgry might be
removed from the study. For studies that involvgnpents, you may be paid for the time you have direpent in the
study.

Withdraw

What happens if | say yes, but change my mind |&ter

You can stop being in the study at any time. Yollmdt be penalized, and you will not lose any H#seYou can tell
us to stop using and sharing health informatioh ¢ha be traced to you. If you also want us to,sfop have to tell us
in writing, by contacting the people whose namesaar this form. If you stop, the care you get frgoar doctor will
not change. Because we will use a code numberywith information that cannot be linked to your mamven if you
decide to withdraw, we will not be able to remowaiysample and some of your information from theoeitory.
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Appendix D — Study protocol

Document Explanation - Protocol

Hi, and welcome. We are developing an animatedinealvisor agent that we would like you t
test out for us. The agent’'s name is Laura, andsspeing to try and explain to you some health
documents, and we would like to know how well she teach something new. Laura looks lik
this [Demonstrate screenshgt and will talk to you using speech and animatfhen it is your
turn to say something to her, a list of the thipgs can say will appear on the right side of the
screen, and you can tap your finger on that button.

O

[¢”)

We will ask you to read three health documentsra.auill try to explain two of those

documents, and we will ask you to read the othertpnyourself. Those health documents will
also talk about research studies and being in tadsput that is all fake, make believe stuff. Once
you are done reading a document, | will ask yoevaduestions based on it, so I'd like you to
pay close attention. We just want to know how wellira can help you with those documents.

The whole session will about an hour and you wélipaid $15 for your participation. Is this
something you are interested in doing? [if no, khand dismiss].

Now | will go over a few things that you need taderstand about the study.
-You are doing this under your own free will andyntiop out at anytime without
penalty.

-You have not committed to anything yet and yourarerequired to do anything by
being here right now.

-You also need to know that the nature of thissiadexperimental, and though the ris
is minimal, it is research, and may have negatiteames or no benefit to you at all.

-The possible benefit to you from the study is @i will get a chance to learn some
health related information.

-The risks from the study are minimal.

This is our consent form, on last page you wiltifanconsent for use of video form. It is separate
from the other consent and just gives us permidsiarse very short clips of videos for
educational purposes, if you do not give us petiomisir this you can still participate in the
study by signing the other consent.

| want to tell you again, the documents you widdeén the study are also Consent forms, but they
are all fake ones about studies that do not exist.

p—

Please take as long as you need to go over thembaisd make a decision. Let me know if yo
have any questions. [Give subject as much timb&sneed to read consent forms and make
decision.]
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OK, great. Please sign the written consent onakiedage.
[Collect consent forms.]

Thank you. Now | have a few more forms for youitioofut.

[Give Background/Demographic forms]

There are a few things | am required to tell yoautihis study. We were studying two different wéysLaura to
explain documents to someone, and comparing thiss@meone reading a document by themselves.

Ok, now it's time for your first session:

(o]

Great, that's the end of the study.

Now I'd like to just ask you a few general questida know what you thought about it.

(o]

(o]

Feel free to ask any questions about the expatiatehis time. [Wait for response.]
Your help has been greatly appreciated, andaidlthe Human-Computer Interaction Laboratory i th
construction of new software that will ultimatelg bsed to assist people in making

Please remember the form | am giving you now &ska ffrom a study that does not exist. We are
only asking you to read it [with Laura] just so van know how to make these documents easigr to
understand. We want to see how we can improve dectstist this, and we just want you opinign
on that. You do not have to sign it, and you wilt have to do any of the things it says, but pay
attention, because | will ask you some questionsigib later.

[if self] please take as much time as you nee@aal this Consent Form. When you are done, let
me know, and I'll ask you a few questions about it.

[if agent] here is the agent [start agent]. Shé exiplain the document, and maybe ask you a few
questions. I'm going to step outside while you talth her, and you can let me know when you’
done.

@

When done, take the informed consent document abkinister Comprehension questions
verbally. [if agent] administer the Instructor Hya&ion questionnaire on paper.

Do Cognitive task

[repeat for second and third interactions]

Can you compare your experience of reading themeatiyourself, and the agent trying to expla
it to you? Was one of them better than the other?

n

Did you think the Agent helped you to understarelfdrms | gave you?
Did you see a difference between the two convensatyou had with the agent? What were they?

Was one conversation more helpful than the othél?/Bu like any of those conversations more,
than the other?

How did you feel about the agent asking you quasfo
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positive changes to their health behavior. [Ansarer questions.]

Okay, this last form, is a receipt to prove that yoe a real person, that actually participated i
the study and allows you to be paid. [Pay subject.]

Cognitive Task

[SAY] "Now | want you to name things that belongatoother category: Animals. You will have
one minute. | want you to tell me all the animadsi gan think of in one minute. Ready? Begin,

Start timer as you say "Begin". Write actual regasas legibly as possible on the Worksheet.

Stop the procedure at 60 seconds. One prompt (fffeekll the animals you can think of.") is

permitted if the participant makes no response foseconds or expresses incapacity (e.g., "l
can't think of any more."). It is also permissitderepeat the instruction or category if the subjé
specifically requests it.

Next, read the instructions for the Vegetablesgmate (worksheet follows this instruction page):

[SAY] "Now | want you to name things that belongatioother category: Vegetables. You will

have one minute. | want you to tell me all the wabkes you can think of in one minute. Ready~

Begin."

Start timer as you say "Begin". Write actual regaas legibly as possible on the Worksheet.

Stop the procedure at 60 seconds. One prompt (fffeekll the vegetables you can think of.") i
permitted if the participant makes no response foseconds or expresses incapacity (e.g., "l
can't think of any more."). It is also permissitdeepeat the instruction or category if the
participant specifically requests it.

—

174

?

"2}
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Informed Consent Comprehension - Human Genetic CelRepository

Remember — these questions are only about the makelieve consent form that you just went
through.

1. Did you get all the information you needed tdkma good decision about participating in the study
Was it too much; just right; too little?

2. If you were in a real situation, would you haigned the consent form to participate in the study
<show scale>

3. Did you feel any pressure to participate inghealy?
<show scale>

4. Were you satisfied with the informed consentcpes?
<show scale>

5. What are the benefits to you of participatinghia study? Can you think of any benefits? Cantgtiu
me what those benefits are?

- No benefits to me

- might benefit community

- future benefits

6. What are the risks to you of participating ie 8tudy? Can you think of any risks? Can you tellwinat
those risks are?

- some pain

- some possibility of infection

- some possibility of scarring

- bleeding

7. If you get injured while your blood sample isrizetaken, what kind of medical care do you expleet
researchers to provide? Who would you expect tofpathis care?

- Researchers will provide medical care | neexly basic care

-1 may have to pay for treatment

8. If a gene is identified in your sample that puds at risk for a serious disease, how will younbéfied?
- I will not be notified
- because my name is not linked to my sample

9. What is the primary purpose of the study?
- collect genetic material
- find the relationship between genes and diseases

10. If, after today, you decide that you do not imgour sample to be used for any more researcht gera
you do?

- Nothing — sample cannot be withdrawn / in thgogtory forever

- because my name is not linked to my sample

11. | have been trying to learn about your impa@ssiof the informed consent process that you jost n
went through. Is there anything else you would tikéell me about it?
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Informed Consent Comprehension - Cardiopulmonary rehospitalization reduction study
Remember — these questions are only about the makelieve consent form that you just went
through.

1. Did you get all the information you needed tdkma good decision about participating in the study
Was it too much; just right; too little?

<show scale>

2. If you were in a real situation, would you haigned the consent form to participate in the study
<show scale>

3. Did you feel any pressure to participate inghealy?
<show scale>

4. Were you satisfied with the informed consentcpss?
<show scale>

5. What are the benefits to you of participatinghia study? Can you think of any benefits? Cantgtiu
me what those benefits are?
- | may be better prepared to [be dischargedybtbome]

6. What are the risks to you of participating ia 8tudy? Can you think of any risks? Can you tellwinat
those risks are?

- embarrassment talking to a nurse about my health

- possible unknown risks

7. There is a chance that you might go through #aimge other than the routine discharge proceddres i
you continue with this study. Can you tell me thamrce that you'll go through the other set of pdoces,
and what that will be like?
- 50-50 / 50% / equal chance
- other is : 20 minute conversation with dischaagdeocate

: computer-based discharge

: computerized telephone calls

8. If you refuse to take part in this study, wiletmedical care you get here change? If so, hokitwil
change? Will your doctors or nurses treat you chffily?

- My [treatment | care] will not change

- My doctors and nurses will not treat me diffehgn

9. What is the primary purpose of the study?
- learn how best to prepare patients for discimargi

10. Can the researchers discontinue your participat this study, even if you decide to particgiatf so,
why would they do that?

- Yes, if they decide that taking part is bad[fae/my health]

- if the sponsor stops the study / funding stops

11. | have been trying to learn about your impa@ssiof the informed consent process that you jost n
went through. Is there anything else you would tikéell me about it?
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Informed Consent Comprehension - Long-Term Human-Cmputer relationships study
Remember — these questions are only about the makelieve consent form that you just
went through.

1. Did you get all the information you needed tdea good decision about participating in th
study? Was it too much; just right; too little?

<show scale>

[¢2)

2. If you were in a real situation, would you haigned the consent form to participate in the
study?
<show scale>

3. Did you feel any pressure to participate inghaly?
<show scale>

4. Were you satisfied with the informed consentpses?
<show scale>

5. What are the benefits to you of participatinghie study? Can you think of any benefits? Can
you tell me what those benefits are?
- learn about walking and exercise

- be motivated to exercise

6. What are the risks to you of participating ia #tudy? Can you think of any risks? Can you ftell
me what those risks are?

- injury or health problems from beginning to eise
- some questions might make me uncomfortable

7. Can you tell me under what conditions your pguétion in this study might end, without you
specifically asking to stop?

- if 1 do not talk to the Agent for two weeks
- study ends

8. Can you tell me how often we are asking yous® this system, and how much time you will
have to spend when you do use it?
- use the system everyday

- 10 minutes per day

9. What is the primary purpose of the study?
- help people stick with exercise programs for ynanonths or years

D

10. If you get injured while taking part in exersisvhat kind of medical care do you expect th
researchers to provide? Would you expect to pathisrcare?

- no medical care will be provided

- | will have to pay for treatment

11. I have been trying to learn about your imp@ssiof the informed consent process that yo
just now went through. Is there anything else yowld like to tell me about it?

o
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Appendix F — Scoring Manual for Comprehension tests

Instructions: For each participant, check theinsi@ibed answer against the scoring
sheet. The sheet lists the questions (Q5 — Ql@){areach, lists one or more facts that
make up a response. For each fact, give the gaatit2 points if they substantially
mention it, or 1 point if they deserve partial atedth regard to the fact. Incorrect
responses, or non-responses get 0 (i.e.: no negatoring). The sheet will calculate the
average for each question (range 0 — 2). Entenvdlige in the main spreadsheet.

Genetic Study - Scoring sheet

Re-hospitalization reduction study - Scoring sheet
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Appendix F — Scoring Manual for Comprehension tests
Long-term human-computer relationships study - fgosheet
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Appendix G — Comparison of scoring
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Appendix H - Other study forms

Questionnaire 1
Page 1 of 2

Respondent ID#

Date:

Please take a moment and answer a few questions about yourself:
Date of Birth:
Sex: M/F
Height:
Weight:
Do you smoke: Y /N
Ethnic Background (check one):
American Indian or Alaskan Native
Asian or Pacific Islander
Black, Not of Hispanic Origin

White, Not of Hispanic Origin
Hispanic

Marital Status (check one):
Single
Married
Divorced/Widowed

Last grade of school completed (check one):
Less than high school (0-8)
Some high school
High school graduate or GED__
Technical school education
Some college
College graduate
Advanced degree

Occupation:

94




Appendix H - Other study forms

Questionnaire 1
Page 2 of 2

How often do you read books (check one):
Never
Less than once a week
Once a week
A few times a week
Every day

How much experience do you have with computers (che

I've never used one.
I've tried one a few times.
| use one regularly.
I'm an expert. _
How do you feel about using computers (check one):
| don'’t like them.
They're OK.
They can be useful.
| love playing with them.

How comfortable are you using a computer mouse (che
Not comfortable
Somewhat comfortable
Very comfortable _

What would you rather use to enter information into
A keyboard and mouse
A touch screen

How would you prefer written information be given t
one):
As written text
Spoken _
How many research studies have you ever participate
None
One to five
More than five

So far in 2009, how many research studies have you
None
One to five
More than five

ck one):

ck one):

a computer (check one):

0 you by a computer (check

d in? (check one):

participated in? (check one):
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Appendix H - Other study forms

Questionnaire 2
Page 1 of 3
Respondent ID#

Date:

| would prefer complex to simple problems.

extremely . . . . . . . extremely
uncharacteristic characteristic

I like to have the responsibility of handling a situation that requires a lot of thinking.
extremely . . . . . . . extremely
uncharacteristic characteristic

Thinking is not my idea of fun.
extremely . . . . . . . extremely
uncharacteristic characteristic

I would rather do something that requires little thought than something that is sure to

challenge my thinking abilities.
extremely . . . . . . . extremely
uncharacteristic characteristic

| try to anticipate and avoid situations where there is a likely chance | will have to think in

depth about something.
extremely . . . . . . . extremely
uncharacteristic characteristic

| find satisfaction in deliberating hard and for long hours

extremely . . . . . . . extremely
uncharacteristic characteristic
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Appendix H - Other study forms

Questionnaire 2

Page 2 of 3
| only think as hard as | have to.
extremely . . . . . . . extremely
uncharacteristic characteristic

| prefer to think about small, daily projects than long-term ones.

extremely . . . . . . . extremely
uncharacteristic characteristic

| like tasks that require little thought once I've learned them.

extremely . . . . . . . extremely
uncharacteristic characteristic

The idea of relying on thought to make my way to the top appeals to me.
extremely . . . . . . . extremely
uncharacteristic characteristic

| really enjoy a task that involves coming up with new solutions to problems.

extremely . . . . . . . extremely
uncharacteristic characteristic

Learning new ways to think doesn’t excite me very much.

extremely . . . . . . . extremely
uncharacteristic characteristic
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Appendix H - Other study forms

Questionnaire 2
Page 3 of 3

| prefer my life to be filled with puzzles that | must solve.
extremely . . . . . . . extremely
uncharacteristic characteristic
The notion of thinking abstractly is appealing to me.

extremely . . . . . . . extremely
uncharacteristic characteristic

| would prefer a task that is intellectual, difficult and important to one that is somewhat
important but doesn’t require much thought

extremely . . . . . . . extremely

uncharacteristic characteristic
| feel relief rather than satisfaction after completing a task that required a lot of mental
effort.

extremely . . . . . . . extremely

uncharacteristic characteristic
It's enough for me that something gets the job done; | don’t care how or why it works.

extremely . . . . . . . extremely

uncharacteristic characteristic
| usually end up deliberating about issues even when they do not affect me personally.

extremely . . . . . . . extremely
uncharacteristic characteristic
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Appendix H - Other study forms

Instructor Evaluation Questionnaire 1

Respondent ID#

Date:

Please answer the following questions about the computer instructor

who just explained the document to you:

Write an ‘X’ on each line (on one of the dots):

How satisfied are you with the instructor ?

not at all . . . .

How satisfied are you with the instructional experience ?

not at all . . . .

How much would you like to continue working with the instructor?

not at all . . . .
How much do you trust the instructor?

not at all . . . .
How much do you like the instructor?

not at all . . . .
How knowledgeable was the instructor?

not at all . . . .

very satisfied

very satisfied

Very much

very much

very much

very
knowledgeable
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Appendix H - Other study forms

Instructor Evaluation Questionnaire 2

Respondent ID#

Date:

Please answer the following questions about the computer instructor

who just explained the document to you:

Write an ‘X’ on each line (on one of the dots):

How satisfied are you with the instructor ?

not at all . . . .

How satisfied are you with the instructional experience ?

not at all . . . .

How much would you like to continue working with the instructor?

not at all . . . .
How much do you trust the instructor?

not at all . . . .
How much do you like the instructor?

not at all . . . .
How knowledgeable was the instructor?

not at all . . . .

very satisfied

very satisfied

Very much

very much

very much

very
knowledgeable
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Appendix H - Other study forms

Informed Consent Scales
Respondent ID#

Date:

Question 1

On a scale of 1-7, how much information did you get? With 1 being too little
information, 4 being just right, and 7 being too much information.

To little . . . . . . . too much
Question 2

On a scale of 1-7, how likely would you have been to sign it? With 1 being
extremely unlikely, and 7 being extremely likely.

Extremely unlikely . . . . . * extremely likely
Question 3

On a scale of 1-7, how much pressure did you feel? With 1 being no pressure,
and 7 being extreme pressure.

No pressure e . . . . . * extreme pressure
Question 7

On a scale of 1-7, how satisfied were you? With 1 being extremely unsatisfied,
and 7 being extremely satisfied.

extremely e . . . . . * extremely
unsatisfied satisfied
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Appendix | — Source file DTD
The below XML Document Type Definition (DTD) dedwes the schema of the machine
readable representation that was used for Resed@mrimed Consent documents.
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Appendix J — Fact List

Following is the list of 60 facts identified in theformed Consent document used in the
observational study. (See also “Human Genetic Reflository” document in Appendix

A).
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