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Abstract

The BRCA Gist Intelligent Tutoring System helps women understand and make decisions about
genetic testing for breast cancer risk. BRCA Gistis guided by Fuzzy-Trace Theory, (FTT) and
built using AutoTutor Lite. It responds differently to participants depending on what they say.
Seven tutorial dialogues requiring explanation and argumentation are guided by three FTT
concepts: forming gist explanations in one’s own words, emphasizing decision-relevant
information, and deliberating the consequences of decision alternatives. Participants were
randomly assigned to BRCA Gist, a control, or impoverished BRCA Gist conditions removing gist
explanation dialogues, argumentation dialogues, or FTT images. All BRCA Gist conditions
performed significantly better than controls on knowledge, comprehension, and risk assessment.
Significant differences in knowledge, comprehension, and fine-grained dialogue analyses
demonstrate the efficacy of gist explanation dialogues. FTT images significantly increased
knowledge. Providing more elements in arguments against testing correlated with increased
knowledge and comprehension.
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1.1 Introduction

Shared decision-making among patients and health care providers has become the paradigm
for medical decision-making. In matters of treatment, testing, and preventive care the ideal is
for patients and providers to make decisions together (Col et al., 2011). Indeed, there have
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been calls to more fully include patients in the process of making medical diagnoses
(Graedon & Graedon, 2014). The professional expectation is that patients, physicians, and
other professionals will collaboratively decide about the best course of action given the
available medical evidence and the unique needs and values of each patient. Of course,
everyone is potentially a medical patient, and patients rarely have medical training. Given
the premium placed upon shared medical decision-making, there is an acute need for
effective and efficient informal education for patients.

Breast cancer is one domain for which there is a significant need to help everyday women
understand complex information and make informed decisions (Reyna, Nelson, Han, &
Pignone, 2015). Patient education strategies for breast cancer include pamphlets and books,
(e.g. Love, 2010) web sites, (e.g. National Cancer Institute, 2014) and patient testimonials
and other narratives (Shaffer, Hulsey, & Zikmund-Fisher, 2013). Our approach has been to
develop an Intelligent Tutoring System (ITS) called BRCA Gist (BReast CAncer and
Genetics Intelligent Semantic Tutoring) to help healthy women understand and make
decisions about genetic testing for breast cancer risk (Wolfe et al., 2015). There is solid
evidence of the effectiveness of BRCA Gist (Wolfe et al., 2015; Wolfe et al., 2013; Widmer
et al., 2015). The purpose of the current investigations is to isolate the processing loci
responsible for effective learning, comprehension, and decision-making when women
interact with this ITS.

Below we provide a brief overview of issues associated with decision-making about breast
cancer and genetic risk, and describe the BRCA GistITS. We then present experimental data
and detailed analyses of tutorial dialogues between women and BRCA Gistto help pinpoint
the loci of the efficacy of the BRCA Gist system with respect to a theoretically-grounded
form of self-explanation called gist explanation: the use of graphs and other specifically
constructed images grounded in Fuzzy-Trace Theory, (FTT, Reyna, 2008a) and generating
arguments for and against genetic testing for breast cancer risk.

1.2 Breast Cancer and Genetic Risk

Decisions about whether to be tested for genetic risk of breast cancer are difficult.
Understanding risks and making good decisions requires health literacy and "numeracy"
(Reyna & Brainerd, 2007; 2008) to interpret the meaning of base rates, joint probabilities
(Wolfe & Reyna, 2010a,b) conditional probabilities, (Peters, McCaul, Stefanek, Nelson,
2006; Wolfe, Fisher & Reyna, 2012) and other quantitative concepts. Systematic biases in
risk estimation have been demonstrated for both patients and providers (Offit, 2006; Reyna,
Lloyd, & Whalen, 2001; Reyna, Nelson, Han, & Dieckmann, 2009). Women must also
reason with ambiguous technical information in the context of conflicting attitudes and
competing goals and constraints. BRCA testing accompanied by genetic counseling is
expensive and without a family history of breast cancer, often not covered by insurance
(Agus, 2013; Andrews, 2013). There are only about 3000 genetic counselors in the United
States (Karow, 2013) to help women makes these decisions.

Genetic testing for breast cancer risk potentially saves lives. However, because of the low
base rate of BRCA mutations, the expense of testing which is often not covered by
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insurance, and relatively high rate of ambiguous results, most women are not good
candidates for predictive genetic testing for breast cancer risk. Unfortunately, little time is
available for patients and physicians to discuss the complex issues surrounding genetic risk.
Many patients are unsure what they would do if they received positive, negative, or
ambiguous results. Yet those receiving positive results must decide about measures such as
Tamoxifen treatments, more frequent mammograms, screening for ovarian cancer, and
prophylactic mastectomy (Armstrong, Eisen, & Weber, 2000; Chao, Studts, Abell, Hadley,
Roetzer, & Dineen et al., 2003; Stefanek, Hartmann, & Nelson, 2001) and negative results
do not guarantee a lifetime free of cancer. Interest in genetic testing does not always
coincide with assessed medical risk, and low-risk women are unlikely to consider all of the
implications of testing. There are simply not enough genetic counselors to talk with every
woman pondering genetic testing for BRCA mutations, highlighting the value of an effective
and scalable ITS.

1.3.1 BRCA Gist

BRCA Gistengages women in a dialogue about many difficult issues associated with
genetic testing for breast cancer risk (Armstrong, Eisen, & Weber, 2000; Berliner & Fay,
2007; Stefanek, Hartmann, & Nelson, 2001). Azevedo and Lajoie (1998) developed a
prototype tutor to train radiology residents in diagnosing breast disease with mammograms.
However, BRCA Gistappears to be the first use of any ITS in the domain of patients'
medical decision-making. This approach is promising for helping laypeople understand and
make decisions about breast cancer risk (Brewer, Richman, DeFrank, Reyna, & Carey, 2012)
because individual one-on-one human tutoring is perhaps the best approach to facilitating
deep conceptual understanding (Chi, Siler, Jeong, Yamauchi & Hausmann, 2005) with most
human tutors yielding effect sizes of about .8, which is comparable to the best ITS
(VanLehn, 2011) and truly expert tutors performing significantly better. Recent research on
ITS has been very promising (du Boulay, 2016). In a recent meta-analysis of findings from
50 controlled evaluations of ITS, Kulik & Fletcher (2015) found that the median effect of
intelligent tutoring in 50 evaluation studies was to increase test scores 0.66 standard
deviations.

BRCA Gistis guided by Fuzzy-Trace Theory, (FTT) Reyna's (2008a) influential theory of
medical decision-making grounded in basic research on memory and quantitative reasoning
(e.g. Wolfe & Reyna, 2010b). From a FTT perspective, people are mainly gist processors,
with the word "gist" used much as it is in everyday speech meaning the essential bottom-line
meaning. FTT holds that, when information is encoded, people form multiple mental
representations along a continuum from verbatim representations with superficial detail to
fuzzier gist representations capturing the bottom-line meaning (Reyna, 2012; Reyna &
Brainerd, 2011). Thus, gist and verbatim representations are formed in parallel during
information acquisition. In decision-making, people prefer to reason with the vaguest
bottom-line gist that can be used to decide among options (Reyna, Chick, Corbin, & Hsia,
2014; Wilhelms & Reyna, 2013). The preference to operate on the crudest gist, the fuzzy-
processing preference, increases with experience or expertise (Reyna, 2008a; Reyna &
Lloyd, 2006). In making decisions it is often more helpful to rely on these fuzzy gist
representations (Reyna & Mills, 2014) provided they accurately capture decision-relevant
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information. Superior medical decision makers appear to distill their experience into flexible
gist representations, and gist representations are also associated with better decisions about
risk and health among laypersons (Fraenkel et al., 2012; Mills, Reyna, & Estrada, 2008;
Reyna, Estrada, DeMarinis, Myers, Stanisz, & Mills. 2011; Reyna & Mills, 2014).

BRCA Gistallows us to apply several complementary ideas rooted in FTT to help people
make good medical decisions. First, gist-based interventions (Reyna, 2008b) improve
knowledge, understanding, and decision-making in medical contexts. Second, helping
people explain the gist of complex medical information /n their own words fosters learning
and comprehension (Lloyd & Reyna, 2009). The overarching goal of our research has been
to advance understanding of how women decide about predictive genetic testing and to
develop the BRCA Gist1TS for women deciding about genetic testing and breast cancer
risk.

BRCA Gist uses three female avatars (Moreno, Mayer, Spires, & Lester, 2001) of various
apparent ethnicities with facial expressions and simulated facial movements, voice
inflection, and conversational phrasing (Graesser, VanLehn, Rose, Jordan, & Harter, 2001).
It converses with people, responding to what they type in a text box. It processes users’
verbal input using Latent Semantic Analysis, (LSA) to provide appropriate feedback, BRCA
Gistuses LSA to compare sentences entered by users to expectations texts (Graesser,
Wiemer-Hastings, Wiemer-Hastings, Harter, 2000; Wolfe et al., 2012; Wolfe et al., 2013).
BRCA Gistcompares what people say to expectation texts that we developed using human
verbal research data and refined through a series of development iterations (Wolfe et al.,
2013). LSA permits BRCA Gistto assess this association and respond accordingly — even
when participants explain the gist of key concepts in their own words, using different terms
than those in the expectations texts.

BRCA Gisthelps people to form useful gist representations (Reyna, 2008a) rather than
drilling them on verbatim facts. This is accomplished by presenting concepts with
explanations that highlight the essential meaning of information, as well as figures and
videos conveying the bottom-line gist of core concepts, stripping away irrelevant detail. Gist
representations of numerical concepts emphasize the gist of categorical risk (risky vs. not
risky) and ordinal risk (lower vs. higher) (Zikmund-Fisher, 2013). BRCA Gistis made up of
four modules on breast cancer and metastasis, risk factors, genetic mutation testing, and the
consequences of testing. It provides didactic information interspersed with seven tutorial
dialogues on topics including those requiring an explanation, for example "How do genes
affect breast cancer risk?" and “What should someone do if she receives a positive result for
genetic risk of breast cancer?” and those requiring argumentation such as “What is the case
for (and against) genetic testing for breast cancer risk?” (Wolfe et al., 2015). The cognitive
science literature provides good evidence that actively generating and elaborating on
explanations of complex materials promotes understanding (VanLehn et al., 2007; Roscoe &
Chi, 2008). After presenting didactic information BRCA Gist asks people questions and
helps them form good gist explanations of key decision-relevant information, and arguments
both for and against genetic testing. Gholson and colleagues (2008) found that learning is
facilitated when materials are organized around questions that invite deep reasoning, even
for vicarious learners, and Craig, Gholson, Brittingham, Williams, & Shubeck (2009) found
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that explanations combined with questions are effective for low knowledge learners of
Newtonian physics.

Figure 1 is a screen shot from a BRCA Gisttutorial dialogue. It shows an animated agent
that has just asked the person the question orally and with screen text, "What is the case
against genetic testing for breast cancer risk?" The person has responded by typing in the
textbox, "Genetic testing is expensive and most people do not have BRCA mutations." As
the person continues to add text she will receive verbal feedback from the avatar.

BRCA Gistwas built using AutoTutor Lite, (Nye, Graesser, & Hu, 2014; Sullins, Craig, &
Hu, 2015; Wolfe, Fisher, Reyna, & Hu, 2012; Wolfe et al., 2013) a web-based version of
AutoTutor (Graesser, 2011; Graesser & McNamara, 2010) created by Xiangen Hu (Hu, Han,
& Cai, 2008). BRCA Gistis platform independent and designed to handle large numbers of
users simultaneously. It has a talking animated agent interface (Graesser & McNemara,
2010) and converses with users based on expectations using hints and elaboration prompts.
AutoTutor Lite is the first web-based ITS platform that allows learners to interact with it
through the use of natural language (English). The web-based AutoTutor Lite lacks some of
the sophistication of dialogue scripts in stand alone ITS such as AutoTutor (see Graesser,
2011; Graesser, Chipman, Haynes, & Olney, 2005; Graesser & McNamara, 2010; Graesser,
McNamara, & VanLehn, 2005; Kopp, Britt, Millis, & Graesser, 2012). However, AutoTutor
Lite is more than adequate for implementing three key principles from FTT to help women
understand and make decisions about genetic testing for breast cancer risk: first, the
importance of helping women form gist explanations in their own words; second, a focus on
decision-relevant dimensions of the knowledge domain; and third that at least some tutorial
dialogues should focus on the risks and consequences of decision alternatives.

1.3.2 The Efficacy of BRGA Gist

Previous research subjected BRCA Gistto three multi-site randomized, controlled
experiments with women at two universities, and field experiments with a community
sample of women recruited in upstate New York and women recruited on-line (Wolfe et al.,
2015; Wolfe, Reyna et al., 2013; Widmer et al., 2015). Participants were randomly assigned
to BRCA Gist, the NCI web pages about breast cancer and genetic risk, or a control group
receiving an irrelevant tutorial. This strategy controls for much of the same verbatim content
presented on the NCI web site and for the process of engaging with a tutor.

Declarative Knowledge was assessed with a multiple-choice test described in section 2.2.2.
Starting with experiment 2, Gist Comprehension (Wolfe et al., 2015) was assessed with an
instrument measuring participants' understanding of the essential bottom line meaning—or
gist—of knowledge (see section 2.2.3). Finally, participants received 12 Risk Assessment
Scenarios, (Wolfe et al., 2015 a measure of applied risk-assessment accuracy; see section
2.2.4).

Table 1 presents key outcomes by experiment and condition. Participants in both
experiments at both universities who were randomly assigned to the BRCA Gist condition
scored significantly higher on percent correct declarative knowledge than the NCI group,
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and both groups scored significantly higher than the control. In the field experiment, BRCA
Gistand NCI groups again scored significantly higher than the control. Differences between
BRCA Gistand NCI groups were significant for less highly educated participants without
advanced degrees (i.e. a MA or Ph.D.). Effect sizes were large, 2 = 0.2332. There were
significant differences between sites, but the site by condition interaction was not
significant: BRCA Gist participants scored significantly higher at all sites.

We found a comparable pattern of results for gist comprehension. In both laboratory and
field experiments, BRCA Gist participants scored significantly higher than NCI participants
and both scored significantly higher than controls. In both experiments, BRCA Gist
participants more strongly endorsed agreement with true statements (and disagreement with
false statements). These tasks do not require reasoning with specific verbatim facts, but do
require thinking about the meaning of information. Effect sizes were large, 12 = 0.2694.

For risk assessment accuracy, we consistently found that the BRCA Gist group scored
significantly higher than the control group, and slightly but not significantly higher than the
NCI group. Effect sizes were medium, 12 = 0.1359. BRCA Gistwas effective for all groups,
but the NCI web site appears to be slightly more helpful for highly educated women whereas
BRCA Gistappears more uniformly helpful across levels of education.

Having demonstrated the efficacy of BRCA Gist in several studies, the purpose of the
current investigation was to isolate the loci of its effectiveness. Three theoretically-motivated
aspects of BRCA Gistworthy of systematic research are (a) tutorial dialogues in which
participants engage in gist self-explanation explanation (Lloyd & Reyna, 2009); (b) the use
of graphs and other specifically constructed images grounded in Fuzzy-Trace Theory (FTT,
Reyna, 2008a; Brust-Renck, Royer, & Reyna, 2013); and (c) generating arguments for and
against genetic testing for breast cancer risk (Wolfe, Britt, & Butler, 2009).

1.4 Gist Explanation

The value of self explanation has been well documented in the literature on cognition and
instruction for over two decades (Chi, 2000; Chi, Bassok, Lewis, Reimann, & Glaser, 1989;
Chi, Leeuw, Chiu, & LaVancher, 1994; VanLehn, Jones, & Chi, 1992). Research suggests
that actively generating and elaborating explanations of material is more beneficial to
learning than passively spending time with the material by reading or listening to lectures
(Graesser, McNamara, & VanLehn, 2005). When learning in complex domains, particularly
scientific and academic knowledge, self-explanations are thought to be pedagogically deep
because people must learn to express causal and functional relationships rather than
mechanically applying rote procedures (VanLehn, Jones, & Chi, 1992). However, when
using ITS to promote decision-making, following FTT, we argue for the importance of
facilitating gist explanations that organize the bottom-line meaning of decision-relevant
causal and functional relationships (Lloyd & Reyna, 2009). Thus, in the case of breast
cancer, it is helpful to understand how cancer grows and spreads, but even more important to
have a gist understanding that cancer becomes deadly when it spreads and that catching
cancer early before it spreads (whether through surrounding tissues, the lymphatic system or
the circulatory system) greatly increases one's chances of survival. FTT also suggests that
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medical decision-making can be improved through tutorial dialogues when people are asked
to consider the consequences of decision alternatives. In the case of BRCA Gist, we ask
people to explicitly consider in their own words what someone should do if she received a
positive (and negative) test result for genetic breast cancer risk. Given the cost and other
"down side risks" associated with testing, if a person cannot articulate what they might do
differently in the event of a positive or negative test result then there is little reason for
testing. It is also important for people to understand that a negative test result for BRCA 1 or
2 mutations do not appreciably reduce a woman's risk of breast cancer from the base rate.

1.5 Gist Provoking Images

FTT suggests that images can be used to help people form useful and appropriate gist
representations (Brust-Renck, Royer, & Reyna, 2013). Figure 2 presents one example of a
simple graph showing long-term survival rates for women diagnosed with breast cancer at
different stages. Line graphs communicate gist-based representation of global patterns of
magnitude (Brust-Renck, Royer, & Reyna, 2013). The precise verbatim percentages are not
important, except when they imply qualitatively different outcomes. In making decisions
about breast cancer prevention, including decisions about genetic testing, it is important to
understand that when breast cancer is caught early most people survive and the earlier it is
detected, the better one's odds of survival.

BRCA Gistpresents Figure 3 to help people understand the bottom line meaning of relative
risk and absolute risk. As the avatar explains, the square on the left indicates that 2 in 200
women (shown in red) are affected and the square on the right shows that 4 in 200 are
affected (e.g., by genetic risk). The relative risk increases by 100% even though the absolute
risk only increases from 1% to 2%. Concepts such as relative risk, absolute risk, and 5-year
risk are confusing to many people, especially those low in numeracy (Reyna & Brainerd,
2007; 2008). Icon arrays and displaying icons in a systematic grouped fashion makes it
easier to get the gist of relative magnitude (Brust-Renck, Royer, & Reyna, 2013). FTT
suggests that images such as these along with 2x2 tables reduce processing interference
from class inclusion by disentangling nested classes and at drawing attention to the
appropriate denominators, which can help improve judgment and decision-making (Wolfe &
Reyna, 2010b).

1.6 Argumentation

Argumentation has been used in patient education in relation to claims about breast cancer
(Mackay, Schulz, Rubinelli, & Pithers, 2007; Rubinelli, Schulz, & Paolini, 2008). Research
on verbal reasoning suggests that it is helpful to encourage people to closely attend to the
connections between claims and supporting reasons (Britt, Kurby, Dandotkar, & Wolfe,
2008). Given the tendency to imprecisely represent specific argument predicates, it is easy
for people to over generalize and make unwarranted assumptions. Research on the "myside"
bias (Wolfe & Britt, 2008; Wolfe, Britt, & Butler, 2009), suggests that attention to both pro
and con side arguments may help people avoid such pitfalls in decisions about genetic
testing for breast cancer. Previous research suggests that a tutoring system can be used to
facilitate skills in argumentation (Wolfe et al., 2009).
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1.7 Hypotheses

The purpose of this research is to isolate the processing loci responsible for effective
learning, comprehension, and risk assessment when women interact with BRCA Gist. The
general approach was to randomly assign participants to the full BRCA Gist, a control
group, or one of three impoverished versions of BRCA Gistremoving tutorial dialogues in
which people are assisted in making gist explanations, tutorial dialogues in which people
generate arguments for and against genetic testing for breast cancer risk, and a version that
removes nine graphics and an animated movie in which the avatar builds a 2 x 2 Table
showing the relationship between BRCA mutations and breast cancer in the general
population. In addition, we conducted detailed analyses of the tutorial dialogues to assess
their quality, coverage of material, and the relationship between those dialogues and learning
outcomes. The hypotheses, statistical tests, and the source of each prediction are presented
in Table 2. Our first hypothesis is that all of the BRCA Gist groups will perform
significantly better than the control group on declarative knowledge, gist comprehension,
and categorical risk assessment due to the overall approach rooted in FTT. Our second
hypothesis is that the no gist explanation group will perform significantly lower than the full
BRCA Gistgroup on key measures of knowledge, gist comprehension, and medical risk
assessment, providing evidence that part of the locus of success is the verbal interactions in
making gist explanations. The third hypothesis is that participants assigned to the version of
BRCA Gistwithout the nine FTT images and the animated 2 x 2 table video will perform
significantly lower on measurers of knowledge, gist comprehension, and medical risk
assessment than those assigned to the full BRCA Gist group. This would provide evidence
that viewing these images is partially responsible for the effectiveness of BRCA Gist.
Hypothesis Four is that among participants who gave gist explanations, BRCA Gistwill be
judged to respond to participants appropriately and that the quality of those explanations
measured by trained human judges will be positively correlated with their quality measured
by the BRCA Gist semantic engine as CO (coverage of expectations) score. This would
provide evidence that BRCA Gistis responding appropriately in tutorial dialogues. Our fifth
hypothesis is that among participants who gave gist explanations, the greater the quality of
those verbal gist explanations the better the learning outcomes on measures of knowledge,
gist comprehension, and medical risk assessment. This would provide additional evidence
that the locus of the effectiveness of BRCA Gist stems, in part, from the verbal interactions
between participants and BRCA Gist in making gist explanations. A sixth hypothesis is that
the no argumentation group will perform significantly lower than the BRCA Gist group on
measures of knowledge, gist comprehension, and risk assessment with a corollary seventh
hypothesis that among participants who made arguments, the greater the quality of those
arguments in terms of covering materials and elements of argumentation (Wolfe, Brit &
Butler, 2009) the better the learning outcomes. This would provide evidence that developing
arguments for and against genetic testing for breast cancer risk would lead to better
outcomes on declarative knowledge, gist comprehension, and risk assessment. Thus, we will
be able to assess the loci of processes through both experimental manipulations and fine-
grained analyses of tutorial dialogues.
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2.1 Method

2.2.1 Participants

Participants were 252 undergraduate women recruited at a university in the Midwest and a
university in the Northeast who received course credit for participating. We recruited only
women because the risk of breast cancer is about 100 times greater for women than for men,
and women are the target audience for BRCA Gist. Data from one participant was excluded
because she did not complete the experiment. Recruitment criteria were that participants had
to be women over the age of 18 who had not themselves had breast cancer. According to
self-reports, the mean age of participants was 19.6 years (SD=6.6) with 21.8% Asian or
Asian American, 8.7% Black or African American, 8.7% Latina, 58.7% White, 2.3% mixed
ethnicity, 4% selecting "other ethnicity" and 3.6% not answering the question in non-
mutually exclusive categories (i.e., Hispanic, Latina or Spanish was asked separately).

2.2.2 Experimental Conditions

Participants were randomly assigned to one of six experimental conditions. The first
condition was the full BRCA Gisttutor as used in previous experiments (n=40). The second
was another full version of BRCA Gist built with an improved version of AutoTutor Lite
(n=40). This version permits more efficient transitions from one unit to the next and has
improved authoring tools and other "back end" improvements. We also made some minor
changes to the didactic tutorial, for example, improving the pronunciation of some words,
fixing grammatical errors, and making minor changes in wording. The differences between
these versions were small and non-significant. Thus, for the analyses reported below, both of
these conditions are combined into a single BRCA Gist condition.

In the control condition (n=45), participants received a tutorial created using AutoTutor Lite
about a topic not relevant to breast cancer, nutrition and exercise. The tutor is equally
effortful and time consuming, but does not teach any of the materials about testing for
genetic risk of breast cancer. The next three conditions systemically impoverish BRCA Gist.
The No Gist Explanation condition (n=40) removes the five tutorial dialogues in which
BRCA Gisthelps people form explanations to the questions "what is breast cancer," "how
does breast cancer grow and spread," "how do genes affect breast cancer risk," “what should
someone do if she receives a positive result for genetic risk of breast cancer,” and “what
should someone do if she receives a negative result for genetic risk of breast cancer.”
References to these questions were also removed from the tutorial; otherwise, it was
identical to the BRCA Gist condition. The No FTT Images condition (n=44) removed nine
figures created following FTT and an animated video clip of the avatar talking the user
through a 2 x 2 table on incidence of BRCA mutations and breast cancer and the
relationship between the two in the general population (see Reyna & Brainerd, 2008; Wolfe
& Reyna, 2010). References to these images were removed from the tutorial; otherwise, it
was identical to the BRCA Gist condition. Figures 2 and 3 are examples of FTT images
removed from the tutorial in this condition. Fifty other images and another brief video clip
not designed following FTT principles remained as part of the tutorial. The No
Argumentation condition (n=42) removed the two dialogues in which BRCA Gisthelped
people develop arguments for and against genetic testing in response to the questions, “what
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is the case for genetic testing for breast cancer risk” and “what is the case against genetic
testing for breast cancer risk.” References to these questions were also removed from the
tutorial; otherwise, it was identical to the BRCA Gist condition.

2.2.3 Instruments?

A medical expert vetted tutorial content and research instruments. Unanswered items were
scored as incorrect (declarative knowledge, gist comprehension, and risk assessment
described below).

2.2.3.1 Declarative Knowledge—We developed 52 four-alternative multiple-choice
items on breast cancer, genetic risk, and genetic testing (Wolfe et al., 2015). Items were
created corresponding to modules on breast cancer and how it spreads (16 items);
quantitative concepts and genetic risk (15 items); mutations, genetic testing, and genetic risk
(11 items); and consequences of genetic testing (10 items). To illustrate, three sample items
are, "Breast Cancer usually forms in which parts of the breast? (answer: ducts and lobules),"
"What is the goal of surveillance? (answer: to find cancer early when it is most treatable),"
and "Which of the following is a risk factor for breast cancer? (answer: having larger areas
of dense breast tissue on a mammogram; having your first menstrual period before age 12;
and going through menopause after age 55)." Cronbach's alpha for the instrument is .88.

2.2.3.2 Gist Comprehension of Genetic Breast Cancer Risk (Wolfe et al., 2015)
—We developed a 40 item 1-7 Likert-scale instrument measuring gist comprehension of
important information about breast cancer and genetic testing. Gist comprehension items
such as, "the greatest danger of dying from breast cancer is when it spreads to other parts of
the body" express the gist of that knowledge — the essential bottom-line meaning. People can
strongly endorse statements such as these without remembering the precise verbatim details.
Interestingly, people can also recall the specific numbers without comprehending their
bottom line meaning, a phenomenon known as verbatim-gist independence (Reyna &
Brainerd, 2008). The item stem is stated at a general level such that verbatim information is
not needed to answer the question. The response format permits degrees of agreement, with
some items reversed scored. Cronbach's alpha for Gist Comprehension is 0.85.

2.2.3.3 Risk Assessment Scenarios (Wolfe et al., 2015)—Participants received 12
scenarios describing a woman with no risk factors or medium or high genetic breast cancer
risk based on Pedigree Assessment Tool (PAT) scores of 0, 3-5, and 8-10 respectively. Each
description includes a name, age, ethnicity, hometown, family health facts, and personal
health facts. Scenarios were equated for age, range of words between 56 — 60; range of
Flesch Reading Ease Scores between 56.9 — 62.9; and range of Flesch-Kincaid Grade Level
Scores between 7.3 — 7.9. To illustrate, one high-risk scenario read: "Claire is an unattached
35 year-old New Yorker. She has a vegan diet and is an avid jogger. Her family is of
Scottish-Irish heritage. Recently, her 51-year-old uncle Sean was diagnosed with cancer of
the breast. Claire has several siblings and to the best of her knowledge, her uncle Sean is the

1These instruments can be downloaded online from http://mdm.sagepub.com/content/35/1/46/suppl/DC1

Learn Individ Differ. Author manuscript; available in PMC 2017 July 01.


http://mdm.sagepub.com/content/35/1/46/suppl/DC1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wolfe et al.

Page 11

only family member with breast cancer." Participants evaluated risk by categorizing degree
of genetic breast cancer risk for each woman as low, medium, or high.

2.3.1 Tutorial Dialogues

Our purpose in analyzing the tutorial dialogues was to determine whether BRCA Gist’s
measurement of the similarity between participant answers and expectation texts is a reliable
measure for the quality of those answers, whether the quality of answers predicts learning,
and the extent to which BRCA Gist responded appropriately to participants’ verbal input.
We assessed the quality of the BRCA Gist tutorial dialogues’ interactions with research
participants using reliable scoring rubrics (Wolfe et al., 2013).

Our approach to assessing coverage of content and the accuracy of BRCA Gist's assessment
of the quality of answers was to use the final CO score for the last sentence entered by each
participant. This score represents BRCA Gist's assessment of the semantic similarity
between the participant's answer and the expectation text. To see if the CO scores accurately
measure the degree of content covered in an answer, we compared BRCA Gistfinal CO
scores to scores obtained applying our rubrics blind to CO score. To determine whether
rubric measures were reliable, two independent trained raters used the rubric to assess about
one third of the answers. Thus, if the tutor is appropriately interpreting verbal inputs from
the users, an answer given a high CO score as a measure of semantic similarity should
contain more relevant content, as measured by the researcher applying a rubric, than in an
answer given a lower CO score. Applying a conditional reliability procedure (Wolfe,
Widmer et al., 2013) the two judges achieved .89 agreement with a range of .84 with
responses to the question “what should someone do if she receives a negative result for
genetic risk of breast cancer,” to .94 for responses to the question "how does breast cancer
grow and spread.” To assess the effect of the dialogues on learning, we correlated coverage
scores with scores on the 52-item multiple-choice test assessing declarative knowledge of
genetic risk of breast cancer, gist comprehension scores, and risk assessment percent correct.

To assess the success of interactions between BRCA Gistand participants we judged the
appropriateness of each response made by BRCA Gist. Responses were judged as either
appropriate or inappropriate. We used a gist scoring procedure to make a judgment for each
BRCA Gistresponse. Judgments were made only in relation to the user's previous statement
and not the entirety of the dialogue. The appropriateness-of-responses criteria were that the
tutor's response did each of the following: (a) encouraged elaboration, (b) flowed naturally
from the previous input, and (c) responded correctly to the accuracy of the participant's
input. To be rated as appropriate, the BRCA Gist response had to meet all three criteria (the
criteria for inappropriate was failing to meet one or more of the appropriateness criteria).
About one third of the responses were used to train the judges. Two raters independently
made judgments about one third of the responses. In calculating reliability, we examined the
proportion of responses the two judges agreed upon divided by the total number of responses
and found .95 agreement.

An argument is, at minimum, a claim supported by a reason (Toulmin, 1958; Voss & Van
Dyke, 2001; Wolfe, Britt & Butler, 2009) and an important question about the argumentation
dialogues is whether participants actually make arguments. We subjected each of the
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argumentation dialogues to an analysis using rubrics assessing the presence or absence of
elements or argumentation (Cedillos-Whynott, Wolfe, Widmer, Brust-Renck, Weil, &
Reyna, in press; Wolfe, Britt & Butler, 2009). Each argumentation dialogue was assigned a
score from 0 to 4 where 0 = no reasons provided; 1 = reasons are listed or stated without any
connection to a claim; 2 = claims and reasons are stated and the connection between them
(the warrant) is implied but not stated; 3 = three or more argument elements — in addition to
the warrant — are implied but not stated (examples include claim, reason, backing,
counterargument, rebuttal); and 4 = three or more argument elements, in addition to the
warrant, are explicitly stated. Thus, scores of 0 or 1 fail to meet the minimum definition of
an argument.

Participants were recruited on-line and the experiment took place in the laboratory. In all
conditions, interacting with the avatar took approximately 90 minutes. Participants took
about 30 minutes to complete the dependent measures.

3.1 Results

For declarative knowledge (percent correct), there was a significant main effect for condition
supporting Hypothesis 1, F(4, 239) = 12.02, p < .0001 (see Table 3), a significant main effect
for location with participants at the Northeastern university scoring significantly higher
(74.4%, SD=14.9) than the Midwestern university (63.1%, SD=17.1) F(1, 239) =35.8,p <.
0001; the location by condition interaction was not significant, F<1. Planed comparisons
between means were made using Hsu-Dunnett Least-Squares Means tests reveal that the
control group was significantly lower than all of the other groups (Hypothesis 1). The BRCA
Gist group scored significantly higher on declarative knowledge than the No Gist-
Explanation group (Hypothesis 2); Q = 1.98, p = .037. The BRCA Gist group also scored
significantly higher than the No FTT Images group, Q = 1.98, p = .049; (Hypothesis 3, see
Table 3).

For Gist Comprehension, there was a significant main effect for condition confirming
Hypothesis 1, F(4, 239) = 14.5, p < .0001, (see Table 3) a significant main effect for location
with participants at the Northeastern university scoring significantly higher (5.19, SD=0.61)
than the Midwestern university (4.85, SD=0.59) F(1, 239) = 23.6, p < .0001; the location by
condition interaction was not significant, F(4, 239) = 1.07, p = .37. Planned comparisons
using the Hsu-Dunnett Least-Squares Means test produced a borderline effect for
Hypothesis 2 with the BRCA Gist group higher on gist comprehension than the No Gist-
Explanation group, Q = 1.98, p = .099. Contrary to Hypothesis 3, No FTT Images was not
significantly different than BRCA Gist, and the control group was significantly lower than
all of the other groups (Hypothesis 1, see Table 3).

For the risk assessment scenarios, there was a significant main effect for experimental
condition confirming Hypothesis 1, F(4, 241) = 5.78, p < .0001, there was an effect for
location, F(1, 241) = 16.06, p < .0001, and the location by condition interaction was not
significant, F(4, 241) = 1.40, p = .23 (see Table 3). Participants at the Northeastern
university had a significantly higher percent correct, 60.5% (SD=13.7) than participants at
the Midwestern university, 54.4% (SD=13.1). Planned comparisons using the Hsu-Dunnett
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Least-Squares Means test indicates that the BRCA Gist mean is significantly greater than the
No Gist Explanation mean supporting Hypothesis 2, Q=2.485, p = .01, there was not a
significant difference between the No FTT Images and BRCA Gist groups (Hypothesis 3),
and the control group mean was significantly lower than the means for each of the other
groups (see Table 3).

3.2 Tutorial Dialogues

Judges determined that BRCA Gist responded appropriately to verbal input from
participants for 97.7% of tutorial responses supporting Hypothesis 4. This represents a
substantial improvement over the 85% of responses judged to be appropriate in the first
iteration of BRCA Gistreported by Wolfe, Widmer, and colleagues (2013) who also found
that the percentage of appropriate responses correlated with learning outcomes. Perhaps
because, in the current study, BRCA Gist performance approaches ceiling, the percentage of
appropriate responses did not predict performance on the assessment instruments, Fs<1.

In the three experimental conditions in which participants engaged in gist explanation
dialogues, over the course of five gist explanations dialogues, participants produced a mean
of 31.0 (SD=10.8) conversational turns (i.e. they typed an average of 31 sentences into the
dialogue box when interacting with the avatar). Table 4 provides a breakdown by gist
explanation question. In assessing the extent to which those gist explanations covered
content, in the five gist explanation dialogues, there were a total of 75 items that were gist
scored as present or absent by judges with the rubrics. Overall, participants covered a mean
of 30.0% of the material outlined in the rubric (SD=11.4) with the breakdown by gist
explanation question provided in Table 4. As indicated in Table 4, the rubric scores were
highly correlated with the final internal CO coverage scores generated by BRCA Gist
supporting Hypothesis 4 with correlations ranging from .63 to .84 and in each case p <.
0001. This indicates that the BRCA Gist expectation texts for the gist explanation dialogues
accurately assess the semantic content of participants' gist explanations with respect to
tutorial content. Following Hypothesis 5, the number of rubric content items included in the
gist explanation dialogues was a good predictor of declarative knowledge, r =.368, p <.
0001 with greater the overall rubric scores associated with greater declarative knowledge
scores. As shown in Table 4, this effect was significant for three of the dialogues on how
genes affect breast cancer risk, and what to do in the event of positive and negative test
results. This was also of borderline significance for the other two dialogues. Consistent with
Hypothesis 4, content included in gist explanations was also a good predictor of gist
comprehension scores, r = .361, p <.0001, with the greater the overall rubric score, the
greater the gist comprehension score. As shown in Table 4, this effect held for each of the
five gist explanation dialogues. However contrary to Hypothesis 4, gist explanation
dialogues did not predict risk assessment percent correct, r =.030 p = .74, and was not
significant for any of the five gist explanation dialogues (see Table 4).

Contrary to Hypothesis 6, the No Argument group was not appreciably different from the
BRCA Gistgroup on any of the learning outcome variables (see Table 3). In making the case
for testing, participants took a mean of 5.69 conversational turns (SD=1.89) and in making
the case against genetic testing they took a mean of 6.69 conversational turns (SD=2.70). In
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analyzing the verbal interactions asking people to make a case for genetic testing, we found
significant correlations between rubric coverage scores and the final BRCA Gist CO
coverage scores, r =.319, p =.0051. This is substantially lower than comparable correlations
for the gist explanation dialogues. For the case against testing, the correlation between rubric
and BRCA Gist CO score was more in line with the lowest gist explanation dialogue, r = .
637 p <.0001. Over 31 content items on the pro and con argument content rubrics,
participants covered a mean of 25.9% of the content (SD=8.5). For arguments in favor of
testing, the mean percentage of content covered was 43.4% (SD=18.3) and for arguments
against testing the mean of rubric coverage items was 19.8% (SD=8.9). Consistent with
Hypothesis 7, the percentage of rubric coverage items included in the two argumentation
dialogues predicted performance on the declarative knowledge test, r =.243, p = .04; and
gist comprehension scores, r = .247, p = .037; and risk assessment percent correct was of
borderline significance, r = .206, p = .083. However, neither the pro or con side argument
alone produced rubric coverage scores that correlated with any of these learning outcomes at
p <.05.

Following the procedure of Cedillos-Whynott and colleagues (in press) we subjected each
argumentation dialogue to analysis with a rubric assessing whether each dialogue met the
criteria for being an argument and the degree of sophistication in using elements of
argumentation. Overall, only 46.5% of these dialogues met the minimum criteria for being
an argument, operationalized as a claim supported by one or more reasons with the
connecting warrant implied but not necessarily stated. This is comparable to the 43.7%
found by Cedillos-Whynott and colleagues (in press). Overall, 1% earned a 0 meaning no
reasons provided; 52.5% earned a 1 meaning reasons are stated or listed without any
connection to a claim; 18.5% earned a 2 meaning claims and reasons are stated and the
warrant is implied but not stated; 21% earner a 3 meaning three or more argument elements,
(claim, reason, backing, counterargument, rebuttal etc. in addition to the warrant) are
implied but not stated; and 7% earned a 4 meaning three or more argument elements (in
addition to the warrant) are explicitly stated. Argumentations scores for arguments against,
but not for, genetic testing were good predictors of learning outcomes. Consistent with
Hypothesis 7, the greater the argumentation score in arguments against testing, the greater
the declarative knowledge score, r =.209, p = .035; and the greater the gist comprehension
score, r =.265, p = .007; but the correlation between argumentation score and risk
assessment percent correct was not significant, r = .155, p = .119. Contrary to Hypothesis 7,
the correlation between argumentation scores in dialogues in favor of testing and outcomes
was not significant, for declarative knowledge, r = -.019, p = .852; for gist comprehension, r
=.040, p = .698; and for risk assessment, r = —.024, p = .817.

In preparing BRCA Gistfor gist explanation tutorial dialogues, we employed three
principles rooted in FTT: that people should be encouraged to develop gist explanations in
their own words rather than encouraging verbatim recitation of the presented text; that the
dialogues should emphasize decision-relevant dimensions of genetic breast cancer risk; and
that some dialogues should focus on the consequences of decision alternatives. The dialogue
below exemplifies each of these ideas.

BRCA Gist: What should someone do if she tests positive?
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Person: She should let her family members know and realize how much she is at risk for
developing cancer if she tests positive for BRCA mutations.

BRCA Gist: Okay. Try writing about active surveillance.

Person: Active surveillance helps them find cancer at the earliest stage possible, if it is
going to appear.

BRCA Gist: How about this. Try to add something about surgery.

Person: She could also have healthy breast tissue removed to decrease her chances of
developing breast cancer.

BRCA Gist: Please write a little bit more.

Person: She could also have her ovaries of fallopian tubes removed in order to reduce her
risk of ovarian cancer.

BRCA Gist: See if you can say something about drugs.

Person: There is also a drug she can take that can reduce her risk for cancer, even though it
is not sure exactly how much it is preventative. These are all ways to be safe about breast
cancer, finding this out.

BRCA Gist: Ok, let's move on. Please click on the finish button.

In this dialogue, the person has elected to start with notifying family members, and BRCA
Gistprompts her to discuss active surveillance, surgery, and drugs and probes for more
information by asking her to, "write a little bit more." The conversation focuses on
consequences of testing in the event of a positive test result and the focus on what she should
do encourages her to think about decision-relevant alternatives in her own words. Below are
excerpts from six dialogues (i.e., six participants) in response to the question "what should
someone do if she receives a negative result for genetic risk of breast cancer" exemplifying
the focus on the consequences of decision alternatives (spelling mistakes and typos in the
original).

BRCA Gist asks: Can you be a little more specific. What should someone do if she has a
negative test result?

Person A: They should share this information with family memebers.
Person B: If they have a negative test result they should tell their family and children.
Person C: This does not mean that she is not at risk for breast cancer

BRCA Gist asks: You are doing very well. Can you say something about true negatives and
false negatives?
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Person D: True negatives mean that a test result comes back negative and the person does
not actually have the genetic mutuation, whereas a false negative means that the result comes
back negative, but she actually has the mutuation.

Person E: False negatives could happen due to testing errors, but true negatives would
indicate that the person being tested has no higher of a risk than the general population.

Person F: A true negative means that a woman's risk of breast cancer is at the level of the
general public.

Here, some participants emphasized that in the event of a negative test result the women
would still be at risk of breast cancer, while others emphasized the consequences for other
family members. Both of these are important considerations in decisions about genetic
testing for breast cancer risk. These excerpts also illustrate that BRCA Gist can interact
effectively even when confronted with spelling mistakes, poor grammar, and typos. The
dialogue excerpts below further exemplify the concept of emphasizing decision-relevant
dimensions for the question, "how do genes affect breast cancer risk?" (spelling mistakes
and typos in the original).

BRCA Gist asks: ... can you say more about genetic risk factors?

Person G: Genetic risk factors include having a mother, sister, or other close relative with
breast cancer, or being of Askenizia Jewish decent.

Person H: Risk factors increase if you have a family history of breast or ovarian cancer,
especially if a male in the family has had breast cancer.

Person I: Just becasue someone has a risk of breast cancer it does not mean that will
automatically get breast cancer, genetic risk factors serve as almost a heads up for a woman
and her family members.

It is clear that different people emphasize different aspects of the tutorial as decision
relevant. For example, it would not be surprising for a woman of Ashkenazi Jewish heritage
to place greater emphasis on this dimension compared to a women who is not Jewish, and a
woman with (rare) male breast cancer in her family would be wise to give significant weight
to this aspect of her family history.

4.1 Discussion

As in previous studies, all versions of BRCA Gist performed significantly better than the
control group, providing evidence for the overall effectiveness of BRCA Gist including
didactic text and other aspects of the tutorial (Hypothesis 1). However, of particular interest
are the comparisons testing the effectiveness of the gist explanation dialogues, the images,
and video clip designed following FTT, and the argumentation dialogues. We have strong
evidence that the gist explanation dialogues improve learning outcomes (Hypothesis 2). The
version of BRCA Gistwith the 5 gist explanation dialogues yielded significantly higher
scores on declarative knowledge, risk assessment, and there was a borderline significant
effect for gist comprehension, compared to the version without these dialogues. Analyses of
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the gist comprehension dialogues themselves provide evidence that BRCA Gistis accurately
assessing coverage of content and responding appropriately, (Hypothesis 4). When learners
include more content in their verbal responses they perform better on subsequent measures
of knowledge and comprehension (Hypothesis 5). These results support the FTT predictions
that helping people form useful gist representations improves risk assessment (Reyna, 2004;
Reyna & Brainerd, 2008), comprehension (Reyna, Nelson, Han, & Dieckmann, 2009), and
knowledge acquisition (Wolfe, Reyna, & Brainerd, 2005). "Drilling down," there is some
further evidence for the effectiveness of helping people form gist explanations in their own
words, discussing decision-relevant information, and considering the consequences of
decision alternatives. Correlational evidence suggests that the most effective dialogues
revolved around the decision-relevant question, "how do genes affect breast cancer risk" and
the question about consequences, "what should someone do if she receives a positive result
for genetic risk of breast cancer." Based on correlational evidence from the fine-grained
analysis of gist explanation dialogues, the questions, "what is breast cancer," and "how does
breast cancer grow and spread" were associated with smaller gains in outcome measures.
These results seem to corroborate other findings on deep-level reasoning questions (Craig et
al., 2012; Gholson et al., 2009). The effectiveness of asking participants to provide
explanations in their own words is worthy of future experimental work.

There is also solid experimental evidence that the use of images rooted in FTT improved
learning (Hypothesis 3). The nine FTT images and brief animated video clip of an animated
2 x 2 table was responsible for higher declarative knowledge scores. Given the amount of
information in the 90 minute BRCA Gisttutorial including didactic text and tutorial
dialogues, the improvements associated solely with graphs such as those shown in Figures 2
and 3 are theoretically telling. Each of these graphs was designed to help people form
appropriate gist representations (Lloyd & Reyna, 2009; Wolfe et al., 2015). These results
cannot be explained by the overall importance of graphics in ITS because fifty images and
another brief video clip not designed following FTT principles were part of the tutorial in
both the no FTT images and full BRCA Gist conditions.

There is no evidence that the tutorial dialogues asking people to make a case for, and a case
against, genetic testing for breast cancer risk improved learning outcomes (Hypothesis 6).
Replicating previous findings, (Cedillos-Whynott et al., in press) fine-grained analyses
indicate that a majority of participants simply listed reasons — which fails to meet the
minimum operational definition of an argument (Wolfe, Britt & Butler, 2009). However,
when participants actually engaged in argumentation, they showed gains in knowledge and
comprehension partially supporting Hypothesis 7. Both coverage of content in arguments
and including more argumentation elements such as claims, reasons, backing
counterargument, and rebuttal in arguments against testing yielded improvements in gist
comprehension and declarative knowledge. An issue for future research is whether a
different set of instructions and a different approach to the argumentation dialogues would
help people form better arguments, resulting in better learning outcomes. It is possible but
unlikely that the gist explanation dialogues were more effective than the argumentation
dialogues simply because there were five explanation dialogues and only two argumentation
dialogues. We found sharp differences between the pro and con side arguments as predictors
of learning outcomes.
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With respect to Hypothesis 7, a comparison of results from the current study to previous
research on BRCA Gistconducted by Cedillos-Whynott and colleagues (in press) reveals
some striking similarities. We found a comparable pattern for the percentage of rubric items
covered in the two argumentation dialogues as predictors of outcomes. In the present study
rubric coverage on the two argumentation questions predicted performance on the
declarative knowledge test at r = .243 which was statistically significant but slightly lower
than the r = .323 for pro side arguments and r = .335 for con side arguments found in
previous research (Cedillos-Whynott, in press). For gist comprehension scores, we found r
=.247 in the current study and r = .311 for pro side arguments and r = .376 for con side
arguments found in previous research (Cedillos-Whynott in press). The percentage of rubric
coverage items included in the two argumentation dialogues predicted performance on risk
assessment percent correct at r = .206 which was of borderline significance compared to the
r =.236 for pro side arguments and r = .183 for con side arguments found in previous
research (Cedillos-Whynott, in press) that were both statistically significant. In the current
research and earlier work we assessed the number of argument elements and assessed the
relationship between argumentation scores and outcomes. In the present study, the greater
the argumentation score in arguments against testing, the greater the declarative knowledge
score, r =.209, which is less than the r = .324 found by Cedillos-Whynott et al. (in press)
which was also statistically significant.

Taken collectively these results suggest that asking people to generate arguments is
insufficient to produce gains in outcomes. Although facility with argumentation is a major
goal of a university education (Wolfe, 2011) a large number of participants were unable to
produce real arguments when asked to do so. Those who generated warranted arguments
produced superior outcomes. However, it is apparent that more scaffolding teaching users
how to develop an argument would be necessary to achieve the desired effects. Although this
strategy may be useful in the context of learning in academic domains (Wolfe, Britt,
Petrovic, Albrecht & Koop, 2009) in the context of helping patients make decisions about
cancer risk there is insufficient evidence that argumentation is an effective strategy.

As in previous research, participants at the Northeastern university performed significantly
better than those at the Midwestern university. This is not surprising because the former is
more academically selective. Of greater importance, in the current study and previous
research, we consistently find main effects without statistical interactions between location
and experimental condition. This suggests that BRCA Gist, and constituent dimensions
including gist explanation dialogues, FTT images, and argumentation dialogues are equally
effective with different populations. In future research it will be important to include clinical
samples of patients considering genetic testing for breast cancer risk.

There are a number of practical and theoretical questions that have not yet been addressed.
One promising avenue is to explore the use of BRCA Gistas a tool for patient preparation
by providing it to patients on a tablet in the waiting room before the clinical encounter with
a physician or genetics counselor.

FTT suggests that having patients form gist explanations in their own words will be more
effective than asking them to recall materials verbatim. However, differences between verbal
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interactions among avatars and participants emphasizing gist or verbatim patient responses
have not been explored systematically. There may also be more effective ways for BRCA
Gistto encourage true argumentation including elements of argumentation such as
counterarguments and rebuttal (Wolfe, et al., 2009).

BRCA Gistis the first ITS applied to patients' decision-making. It is unlikely to be the last.
FTT provides a useful framework for understanding medical decision-making (Reyna,
2008a) and for developing effective decision tools (Fraenkel et al., 2012; Reyna, & Mills,
2014; Wolfe et al., 2015).

4.2 Conclusion

As predicted by FTT, BRCA Gist versions with five gist explanation dialogues yielded
significantly higher scores on declarative knowledge, risk assessment, and gist
comprehension, compared to the version without these dialogues, provides strong evidence
that the gist explanation dialogues improve learning. When learners include more content in
their verbal responses they perform better on subsequent measures of knowledge and
comprehension. The use of nine images and a video clip of an animated 2 x 2 table rooted in
FTT also improved learning. Evidence for the overall effectiveness of BRCA Gist stems
from the finding that participants in all BRCA Gist conditions performed significantly better
than the control group.
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Highlights for Review
. Experimental evidence for the efficacy of brief gist explanation
dialogues in an ITS.
. Experimental evidence for the efficacy of theoretically-grounded
images in an ITS.
. Evidence that the judgments of the quality of user explanations made

by an ITS and trained human judges are highly correlated.

. Evidence for the loci of the effectiveness of the first ITS for patients
medical decision making.
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What is the case against genetic testing for breast
cancer risk?

Type Your Answer Below:

Genetic testing is expensive and most people do not
have BRCA mutations.
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Figure 1.

Screen shot of BRCA Gist using the text box to answer the question, "What is the case
against genetic testing for breast cancer risk?"
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Figure 2.
Image capturing the gist that "most survive" breast cancer stages 0-3.
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Table 1
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Means and standard deviations for key outcomes by condition and experiment (Wolfe, Reyna, Brust-Renck et
al., 2013; Wolfe, Reyna, Cedillos et al., 2013; Wolfe et al., 2014).

Study Experimental | Knowledge Gist Risk
Condition Percent Comprehension | Assessment
Correct Percent Correct
University Lab | BRCA Gist 74%  (16) - 59.6% 7‘(16.5)
Experiment 1
NCI 67% (14) - 55.4% (15.2)
Control 56% (13) - 46.8% (12.7)
University Lab | BRCAGist | 7500 (17) | 5.34™(0.68) 61.3%7 (15.7)
Experiment 2
NCI 67% (14) 4.98 (0.42) 56.8% (15.7)
Control 55 (15) 4.51 (0.57) 47.6% (11.7)
Web & BRCA Gist 1% 17) | 5.63%(69) 59%7 (14.3)
Community
Field NCI 67% (20) 5.21 (.81) 56% (16.1)
Experiment
Control 57% (25) 4.60 (.55) 49% (14.3)

*
BRCA Gist> NCIl Web and Control, p < 0.0001.

F

BRCA Gist> Control, p < 0.001;

*Kk
Excluding advanced degrees, BRCA Gist> NCI Web, Control, p < 0.0001.
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Table 2

Hypotheses with statistical test and supporting principles of Fuzzy-Trace Theory.

Hypotheses Statistical Source of Prediction
Test
All four BRCA Gistversions will produce F and Hsu- | Replication and
superior performance on declarative Dunnettto | Extension
knowledge, gist comprehension, and Control
categorical risk assessment, compared to Group
the control group.
The no-gist-explanation group will perform F and Hsu- | FTT: Efficacy of Gist Self
significantly lower than the full BRCA Gist Dunnett to Explanation
group on declarative knowledge, gist Full BRCA
comprehension, and categorical risk Gist Group
assessment.
The no-FTT-images group will perform Fand Hsu- | FTT: Gist
significantly lower than the full BRCA Gist Dunnett to Representation of
group on declarative knowledge, gist Full BRCA | Images
comprehension, and categorical risk Gist Group
assessment.
In gist explanation tutorial dialogues, BRCA | Correlation | Replication of Accuracy
Gistwill respond appropriately and R between of BRCA Gist Semantic
participant coverage of expectations CO scores Engine
(measured by BRCA Gistand trained human | and rubric
judges using rubrics) will be positively scores
correlated.
In gist explanation tutorial dialogues, Correlation | FTT: Efficacy of Gist Self
participant coverage of expectations will be R between Explanation
positively correlated with declarative CO scores
knowledge, gist comprehension, and and
categorical risk assessment. outcome
measures
The no argumentation group will perform F and Hsu- | Argument Schema
significantly lower than the full BRCA Gist Dunnettto | Theory
group on declarative knowledge, gist Full BRCA
comprehension, and categorical risk Gist Group
assessment.
In argumentation tutorial dialogues, Correlation | Argument Schema
participant argumentation scores and R between | Theory
coverage of expectations will be positively CO scores,
correlated with declarative knowledge, gist argument
comprehension, and categorical risk scores, and
assessment. outcome
measures
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Learning outcomes by experimental condition:

Table 3

Page 30

mean outcome score with standard deviation in parentheses.

Declarative Gist Risk Assessment
Knowledge Comprehension | Percent Correct
BRCA Gist 76.6% (12.6) | 5.22 (0.58) 62.7% (14.1)
No Argumentation | 76.7% (11.5) 5.22 (0.57) 59.7% (13.1)
No FTT Images 73.6%*(15.2) | 515 (0.58) 59.9% (12.5)
No Gist 69.8% *(17.4) | 4-98(0.59) 56.5% ¥ (12.4)
Explanations
Control 56.1%7 (15.3) | 4.497 (0.44) 49.4%7 (12.1)

*
Significantly lower than the BRCA Gist condition, p < .05.

fControI is significantly lower than all other conditions p < .05.
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