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Abstract

We used Sharable Knowledge Objects (SKOs) to create an Intelligent Tutoring System (ITS)
grounded in Fuzzy-Trace Theory to teach women about obesity prevention: GistFit, getting the
gist of healthy eating and exercise. The theory predicts that reliance on gist mental representations
(as opposed to verbatim) is more effective in reducing health risks and improving decision making
(e.g., Reyna & Lloyd, 2006; Reyna & Mills, 2014). Technical information was translated into
decision-relevant gist representations and gist principles (i.e., healthy values). The SKO was
hypothesized to facilitate extracting these gist representations and principles by engaging women
in dialogue, “understanding” their responses, and replying appropriately to prompt additional
engagement. Participants were randomly assigned to either the obesity prevention tutorial (GistFit)
or a control tutorial containing different content using the same technology. Participants were
administered assessments of knowledge about nutrition and exercise, gist comprehension, gist
principles, behavioral intentions and self-reported behavior. An analysis of engagement in tutorial
dialogues and responses to multiple-choice questions to check understanding throughout the
tutorial revealed significant correlations between these conversations and scores on subsequent
knowledge tests and gist comprehension. Knowledge and comprehension measures correlated with
healthier behavior and greater intentions to perform healthy behavior. Differences between Gistfit
and control tutorials were greater for participants who engaged more fully. Thus, results are
consistent with the hypothesis that active engagement with a new gist-based ITS, rather than a
passive memaorization of verbatim details, was associated with an array of known psychosocial
mediators of preventive health decisions, such as knowledge acquisition, and gist comprehension.
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We report the results of a new approach to cognitive engagement in preventing obesity,
which is a serious and growing problem in the United States and indeed much of the world
(Ogden, Carroll, Kit, & Flegal, 2014). The novel approach is a web-based tutoring system
with a talking pedagogical agent that interacts with learners in their natural language
developed based on fuzzy-trace theory (Reyna & Brainerd, 1995, 2011). We incorporate
relevant research and theoretical mechanisms involved in active learning environments to
create a comprehensive account of processes that guide decision-making. First, we present
traditional ways to communicate information broadly through static websites and modern
web-based tutors based on artificial intelligence. Then, we discuss the importance of
theoretical underpinnings to efficient interventions, and how these lead to the current study
of engagement in acquiring health knowledge, gist comprehension (beyond learning of
literal facts), and endorsement of healthy values or principles.

The success of traditional communication approaches relies on the idea that pertinent
information is communicated and encoded so that it can be retrieved later. In particular,
these approaches suggest that communicating information requires presenting detailed and
precise information while also targeting misperceptions to change people’s beliefs and
behaviors (Li & Chapman, 2013). An obesity intervention or prevention program might, for
example provide instruction on how to read nutrition labels or how to calculate the amount
of calories consumed each day. However, emphasizing the learning of verbatim facts is often
insufficient to change either beliefs or behaviors (Brust-Renck, Royer, & Reyna, 2013;
Peters, 2009; Reyna & Farley, 2006). A common result of such approaches is that behavior
change is demonstrated in the short term, but outcomes are either not followed over the long
term or effects dissipate over time (e.g., Cooper et al., 2010).

Few members of the public have sufficient knowledge to understand health and medical
messages, such as those involving breast cancer risk, vaccination, HIV/AIDS, and obesity
(e.g., Downs, Bruin de Bruine, & Fischhoff, 2008). Lack of background information to
connect the dots (i.e., achieve global coherence) compromises comprehension and retention
of messages (Lloyd & Reyna, 2009; Reyna & Adam, 2003). Those with the expertise to
understand these messages and connect the dots, such as genetic counselors, are not widely
available (as there is approximately one certified genetic counselor to every 100,000 people
in the United States; ABGC, 2014) or are not always covered by insurance. Information
available on the web and through social media does not necessarily solve this problem
because the information is often not clear and easy to understand (in particular, from official
government sites; Betsch et al., 2012; Reyna, 2012b).

One classic theoretical approach to bridge the gap between learned materials and reality
comes from Gestalt psychology through urging reasoners to “Think!” in order to decrease
mindless reactions to a task and promote active thinking about what would be the best
approach (e.g., Reyna, Lloyd, & Brainerd, 2003). The mechanism behind this approach is
the distinction between reproductive (or non-productive) and productive thinking. The
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former is a result of rote associations (e.g., students who are shown how to measure the area
of a rectangle tend to mistakenly apply the same formula to a parallelogram) and the latter is
a result of conceptual understanding that supports transfer to new instances (e.g., by
realizing that cutting off the triangle from one end of the parallelogram and placing it on the
other side to form a rectangle, then the surfaces of both figures become similar and the area
can be determined; Wertheimer, 1959; Wolfe & Reyna, 2010a, b; Wolfe, Fisher, Reyna, &
Hu, 2012). According to Wertheimer, reproductive thinking is a recombination of learned
associations (i.e., memorizing the content of the curriculum by forming associations among
the words, much like Skinner described learning in rats), whereas productive thinking
involves deep conceptual insight that supports meaningful inferences from learned materials
to superficially different but conceptually similar examples. According to Gestalt
psychology, information learned by productive thinking is better retained in memory (i.e.,
the essential features of learned material are remembered) than information learned by rote
memorization (for a review, see Wertheimer, 2010).

Using this approach to encourage connections in learned information in such a way that
influences behavior change has often required the same one-on-one tutoring, which is a gold
standard for communicating information. Human tutors have the advantage of asking
questions, they can immediately gauge progress and correct mistakes, and they can
encourage students to elaborate on answers to questions of knowledge and comprehension.
This elaboration has benefits to understanding. For example, elaboration on topics that
people mistakenly think they understand has the effect of correcting confidence in
understanding, particularly regarding concepts related to causal models (Fernbach, Rogers,
Fox, & Sloman, 2013). More generally, actively generating explanations of material
improves learning compared to passive reading or listening to lectures (Graesser,
McNamara, & VanLehn, 2005). One promising direction has been that of automated tutoring
systems to emulate the most effective strategies from one-on-one learning. As previously
described, however, this can be expensive (i.e., it requires training) or otherwise unavailable
(mostly due to location issues, time constraints, and scarcity of resources).

Progress has been made in creating automated instruction that can teach complex conceptual
material with the efficacy of human tutors (Wolfe et al., 2013; Wolfe, Reyna, Widmer,
Cedillos, et al., 2015). Intelligent Tutoring Systems (ITSs; i.e., computer-based tutoring)
have been developed to facilitate human-computer interactions and overcome hurdles
resulting from the lack of a dynamic teaching environment and trained teachers (Graeser et
al., 2004). One of the greatest advantages of computer tutors is their ability to mimic human
tutors in helping learners to connect the dots and provide immediate feedback, much like
one-on-one tutors, facilitating the integration between current and prior experiences, which
are often features of one-on-one tutoring (Chi, Siler, Jeon, Yamauchi, & Hausmann, 2005;
Lloyd & Reyna, 2009).

ITSs can be programmed to elicit elaborate explanations from students and can
communicate with students using natural language. Examples of platforms for systems that
use semantic decomposition to interact with people in natural languages are AutoTutor and
Sharable Knowledge Objects (SKOs, formerly Autotutor Lite; Hu, Han, & Cai, 2008; Hu,
Cai, Han, Craig, Wang, & Graesser, 2009), which have been successfully applied to teaching
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about computer science, physics, and genetic risk of breast cancer, among other topics (e.g.,
Graesser et al., 2004; Wolfe et al., 2013; Wolfe, Reyna, Widmer, Cedillos, et al., 2015). In
these systems, a talking avatar communicates information using conversational language,
facial expressions, graphical displays, and videos. This platform accomplishes a tailored
interaction through the use of curriculum scripts including ideal answers, responses for
common misconceptions, and feedback for the student (i.e., questions are answered in an
efficient and effective manner). Moreover, people can engage in dialogues with the tutorial
to actively generate explanations in more effective and deeper ways than when people are
just given static information (Arnott, Hastings, & Allbritton, 2008; Chi, 2009).

This strategy on its own, however, does not necessarily employ findings from the latest
theories regarding how to successfully change behavior as a result of learned information,
though it may be a useful tool with which to implement theoretical predictions. BRCA Gist
(BReast CAncer Genetics Intelligent Semantic Tutoring), an ITS devised around fuzzy-trace
theory, has been shown to lead to improvements in knowledge, comprehension, decision to
undergo genetic testing based on one’s personal risk, and assessment of risk from multiple
scenarios in randomized, controlled experiments (Wolfe et al., 2013; Wolfe, Reyna, Widmer,
Cedillos, et al., 2015). The web-based tutorial has multiple advantages as a method of
instruction: it is asynchronous (can be accessed at any time of day and night), interactive,
and multi-media (it transmits the information orally, in writing, and with figures and
photographs). The tutorial allows users to interact with it through the use of natural language
by asking deep-level reasoning questions and providing feedback, encouragement, and
additional information to aid understanding. The tutorial attempts to comprehend
participants’ answers and to simulate replies from human tutors (VanLehn, 2011). In
addition, results showed that not all active tutoring helped to improve outcomes, but the
development of gist explanations (based on fuzzy-trace theory) was responsible for
significant improvements (Wolfe, Reyna, Widmer, Cedillos-Whynott, et al., 2015).

Thus, we turn to fuzzy-trace theory, a theory influenced by the principles of Gestalt
psychology, that emphasizes two processes of reasoning (i.e., gist and verbatim thinking)
that reflect different types of information processing (Reyna, 2012a, 2013; Reyna &
Brainerd, 1995, 2011; Reyna et al., 2003). Gist thinking involves bottom-line (meaningful)
understanding of conceptual information, the “substance” that exists irrespective of exact
words, numbers, or pictures (which supports productive thought). Verbatim (literal) thinking
relies on the surface form of information, the exact mental representation of the stimulus
(which does not support productive thought). Fuzzy-trace theory predicts independent and
parallel processing of verbatim-based and gist-based thinking, as experiments have
demonstrated (e.g., Brainerd, Reyna, & Howe, 2009; Reyna & Brainerd, 1992). In the
context of communication, gist thinking relies on extracting the essential, bottom-line
meaning of information, which results in insightful intuition, and retrieval of relevant
knowledge and values, whereas verbatim thinking is a result of associative activation (i.e.,
mindless memorization of learned materials), which cannot predict far transfer of learning to
novel instances.

In the present study, we investigated the role of active learning using a web-based ITS that
applies artificial intelligence to create a scalable and cost-effective way to engage many
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people in dialogue about obesity simultaneously. The novelty of our method for teaching
involves combining fuzzy-trace theory with artificial intelligence. The ITS was developed to
engage participants in a dialogue about the myriad issues associated with obesity prevention,
from nutrition to exercise. Previous research has shown that generating arguments about a
specific topic has been used to increase understanding (Chi, 2009; VanLehn, Graesser,
Jackson, Jordan, Olney, & Rosé, 2007; Wolfe, Reyna, Widmer, Cedillos, et al., 2015). The
prediction is that actively generating and elaborating on explanations of complex materials
promotes understanding of bottom-line (gist) semantic meaning of information (Clariana &
Koul, 2006; Lloyd & Reyna, 2001). Our methods take advantage of the fact that interactive
dialogues with tutors providing immediate feedback increases meaningful processing of
information that occurs during encoding and forges stronger memory traces of semantic
meaning (Clariana & Koul, 2005, 2006; Reyna & Brainerd, 2011).

Moreover, our tutor was guided by theoretical principles from fuzzy-trace theory,
particularly emphasizing active comprehension of bottom-line (gist) meaning from
conceptual information and extraction of gist principles (i.e., healthy values). As mentioned
previously, fuzzy-trace theory posits that meaningful understanding goes beyond the surface
details and encourages connecting the dots between current and prior content (Reyna, 2013;
Reyna et al., 2003). By supplying the “active ingredient” (i.e., the ability to extract gist) in
an active environment (i.e., multiple-choice questions embedded within the tutorial and the
engagement of participants in tutorial dialogues), we predicted that we would find an
association between the level of engagement with our tutorial and knowledge and
comprehension, as well as endorsement of healthy values (i.e., gist principles). We also
hypothesized that these measures would be associated with intentions to perform healthier
behavior in the future. That is, engagement should promote knowledge acquisition, gist
comprehension, and endorsement of gist principles, which, in turn, have been shown to be
psychosocial mediators of health behaviors and behavioral intentions (e.g., Reyna & Mills,
2014; Wolfe, Reyna, Widmer, Cedillos, et al., 2015).

Finally, we included measures of a traditional theory (i.e., Theory of Reasoned Action/
Theory of Planned Behavior; Ajzen, 2011; Fishbein, 2008) to test alternative hypotheses
about the possible benefits of the tutorial (i.e., beliefs, attitudes, and norms have been
consistently linked to behavioral intentions and behavior). However, none of these variables
was related to either group or tutorial engagement, and will therefore not be reported here.

We assessed the relationship between engagement and health-related psychosocial mediators
by studying active learning through tutorial dialogues as people interacted with an obesity
prevention ITS (GistFit). GistFit engagement was broken down into three levels: Participants
engaged with the tutorial in either none, some, or all dialogues. The assessment of the
dialogues was embedded in a larger randomized, controlled experiment of the effectiveness
of GistFit in teaching women about obesity prevention. In contrast to the scope of this
article, which focuses on the assessment of the tutorial interaction with participants, we also
compared the efficacy of GistFit and a traditional tutorial about obesity prevention to
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irrelevant-content control tutorials about genetic risk and breast cancer risk (Brust-Renck et
al., 2012). These analyses showed that the GistFit intervention effectively increased
behavioral intentions, knowledge, and gist comprehension compared to control groups.
Participants were randomly assigned to either GistFit or one of the highly similar control
groups about genetic risk and breast cancer risk; Gistfit and control groups did not differ on
baseline characteristics by more than chance levels (Table 1).

Participants were 251 female undergraduate students recruited from the participant pools at
two universities in the Midwest and Eastern United States; 25 did not complete the entire
tutorial and 6 completed the survey quickly (i.e., in less than half of the average time, 8 from
GistFit and 23 from control tutorials); analyses were conducted using an intent-to-treat
approach not excluding these 31 participants. None of the “dropouts” were due to
participants deciding to not complete the tutorial. Instead, they were due to a technical
problem that affected all of the groups during the tutorial, and they were all included in the
evaluation/assessments. All participants provided written consent, and the project was
approved by each university’s Institutional Review Boards. Participants were recruited
online (though the study was conducted in the laboratory in-person) and they either received
course credit or volunteered for participation. The mean age of participants was 19.21 (SD =
1.73). Overall, 61.5% participants identified themselves as Caucasian, 10% as African
American, 21.8% as Asian, and 6.7% as mixed/other race; 9.1% identified as Hispanic (see
Table 1 for demographic characteristics for each tutorial). There were 37 participants in the
GistFit condition and 183 were assigned to one of five highly similar control conditions with
unrelated content (participants in each control condition ranged from 31 to 41). The control
groups differed in minor ways, each using slightly different ways of presenting the same
information in tutorials about breast cancer and genetic risk (i.e., two full versions with
minor “back end” improvements, two versions without questions that require either
explanation or argumentation, and one version without a few of the figures and video;
Wolfe, Reyna, Widmer, Cedillos-Whynott, et al., 2015). As expected, the results across
controls groups for the unrelated breast cancer curriculum were very similar. Thus, we treat
the control conditions as a single group.

Tutorial—Our tutorial, GistFit, getting the gist of healthy eating and exercise (Brust-Renck
etal., 2012), is an adapted version of EatFit, a goal-oriented tutorial designed to improve
healthy nutrition and exercising (Horowitz, Shilts, & Townsend, 2004; Shilts, Townsend, &
Horowitz, 2004). Based on Social Cognitive Theory, the original tutorial was effective for
sixth and eighth graders when administered as a 10-hour classroom setting in-person
curriculum (e.g., Shilts, Horowitz, & Townsend, 2009). The tutorial’s lessons included
nutrition and exercise basics as well as information about energy balance, food labels, fast
food, and advertising.

The adapted version shares the content of EatFit (i.e., all the facts covered in EatFit were
also covered in GistFit), however, it also emphasizes the bottom-line meaning of nutrition
and exercise according to research on fuzzy-trace theory (e.g., Reyna & Mills, 2014; Wolfe,
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Reyna, Widmer, Cedillos, et al., 2015). The tutorial was adapted for college-aged students
by removing repeated information or superficially relevant content (e.g., repeated
information about nutrition label reading and calorie count) and by adapting class exercises
for online use (e.g., class exercises were replaced with illustrative examples and key points).
Factual information was updated from the original EatFit based on recent research, always in
accordance with the principles guiding its design and content. In addition to presenting
nutrition and exercise verbatim facts, the tutorial emphasized the essential decision-relevant
meaning of information. Moreover, in GistFit, short bottom-line (gist) summaries of
important points from each lesson were provided at the end of each lesson to facilitate the
encoding and long-term retention of core information.

GistFit is an ITS built using SKO platform, which is a web-based system using artificial
intelligence techniques to mimic one-on-one human tutoring. Throughout the tutorial, an
avatar presents information orally and in writing, while simultaneously illustrating content
with figures and images (e.g., examples of food containing each nutrient or a sequence of
images demonstrating how to correctly perform aerobic exercises; Graesser, VanLehn, Rosé,
Jordan, & Harter, 2001). A screen shot of GistFit from the learner’s perspective can be found
in Figure 1. Three female avatars (each of a different apparent ethnicity) deliver information
throughout the tutorial. The tutorial is self-administered and took participants approximately
90 minutes to complete, although some engaged with the interactive elements of the tutorial
for longer.

The control groups all received tutorials about the same unrelated health topic: genetic
testing and breast cancer risk. Delivery format was the same for all conditions (i.e., all
tutorials were constructed using the SKO platform) and time on task was the same as GistFit
(i.e., approximately 90 minutes).

Measures embedded within the tutorial

Multiple-choice questions: Throughout the tutorial, participants were encouraged to think
actively about content with the help of seven multiple-choice questions on the topics studied
to check for understanding. Each multiple-choice question was presented at key points
within the tutorial after participants studied the topic in question, such as “Is cholesterol ever
good?” If the participant selected the wrong answer (i.e., “Yes... because you find it in egg
yolks, which are healthy” which is wrong because egg yolks have bad cholesterol), then they
had a chance to try one more time. Once they the answer (i.e., “Yes...because it helps clear
your blood vessels” which referred to the good cholesterol), they received feedback and a
reminder of differences between good and bad cholesterol before moving to the next lesson.
Items were scored as correct or incorrect, and responses were averaged. Higher scores
representing better gist understanding of the reasons (i.e., meaningful messages) behind the
essential facts. In this case, if participants understand that some kinds of cholesterol are
“good” because they help remove fat-like substances from the body, they will choose the
option of “clearing the blood vessels.”

Analytic questions: Participants were also encouraged to actively generate and elaborate on
explanations of content materials through analytic questions (i.e., questions that require a
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student to not only know about concepts but apply those concepts to new situations; Arnott
et al., 2008). Four questions were included throughout the tutorial: the reasons why
participants would want to improve and maintain their health, the actions they could take to
eat healthily, the actions they could take to incorporate exercise into their routines, and the
aspects of their lives under their control that could affect their food and exercise choices.
These questions encouraged participants to engage in tutorial dialogues that took advantage
of a Latent Semantic Analysis (LSA) feature of the SKO platform. LSA enables the avatars
to process participants” verbal input and respond to what people type in conversation
(Graesser et al., 2000, 2004).

LSA compares conceptual and semantic similarities between text entered by participants and
expectation texts prepared by experts in nutrition (i.e., list of ideal answers). The expectation
texts included the core gist content of a good answer, such as “avoid becoming overweight”
to answer the reasons to maintain and improve health. Because each person had a different
answer, the tutorial responses were individualized depending on the level of relatedness
between the input (e.g., “To avoid getting diseases in the future.”) and the expectation text
(e.g., “lower risk of disease™). The tutorial would then respond according to how the
participant was doing. If the participant was doing well, the tutorial encouraged them to
continue on the same theme (e.g., “Doing well so far”). If they were off topic, the tutorial
encouraged the participant to get back on track (e.g., “You might be getting off track”). If the
participant was repeating information, the tutorial would point it out (e.g., “Right, but you
said something similar before™). The ability to automatically tailor responses to each
participant makes GistFit a unique obesity prevention tutorial (Lairson, Chan, Hang, Junco,
& Vermon, 2011; Wolfe et al., 2013; Wolfe, Reyna, Widmer, Cedillos-Whynott, et al.,
2015). To avoid cuing specific verbatim memories and instead increase recall of gist values
retained by participants, we only provided general pumps (i.e., general encouragements) and
not specific prompts (i.e., cues to say more about a specific topic; Brainerd & Reyna, 2002;
Mills, Reyna, & Estrada, 2008).

To illustrate, the following selection was part of a dialogue between GistFit and a
participant. Each response was judged to be appropriate and encouraged the participant to
continue talking about her reasons to improve and maintain her health. Typos and spelling
mistakes are included in these transcripts, demonstrating that GistFit performs robustly to
such errors.

Participant: Improving health will increease my life expectancy, reduce my stress and
anxiety, and allow me to be a happier person.

GistFit: Great job!
Participant: Improving my health will also allow me to be more active.
GistFit: Doing well so far!

In this example, GistFit recognized that the responses matched the expectation texts and
encouraged the participant to continue writing. However, when the participant was asked to
describe some of the aspects of her life that she could control that affected her food and
exercise choices, GistFit recognized that a participant’s response was good but repetitive.
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Participant: The weather can affect my excersice choice, social situations can affect
my eating habits.

GistFit: Doing well so far!
Participant: If I am upset or Happy | am more likley to eat more food.

GistFit: You’re doing great! Keep thinking about specific factors that can affect your
choices.

Participant: If I am depressed | will also eat more food, I have to learn to eat for
hunger and not anxiety.

GistFit: Right, but you have said something similar before.

With each reply from GistFit, the avatar reports an overall coverage (CO) score ranging from
0 to 1, based on the extent to which the total text input matched the expectation text. To
prevent mere repetition of words from superficially inflating the CO score, SKO has a
semantic processing engine that evaluates the participant’s response according to both
relevance and novelty, resulting in four possible designations of old-relevant, new-relevant,
old-irrelevant, and new-irrelevant (Wolfe et al., 2013). GistFit was programmed such that
only new-relevant text would raise the CO score, while responses that fell in other categories
would lower it. In order to establish the reliability of the tutorial CO scores of the semantic
similarity of participants’ answers, the score for each sentence was compared to expert
judgment scores. Two independent judges blind to the tutorial’s CO scores used the same
rubric as the tutorial to rate each sentence. The two judges had .98 agreement. The mean
score of the two judges was compared with the tutorial CO scores, resulting in a .91
agreement. The final CO score for each question (i.e., a measure of the degree to which the
expectations have been met by all of the learner’s responses, combined across all sentences
entered by the participant) was used for analyses, and a higher value indicated more overall
coverage of content compared to expectations texts.

In addition to CO score, participants were evaluated according to level of engagement in the
dialogues with the tutorial (i.e., amount of interaction chosen by the respondent),
categorized as either none (i.e., no response ever given to avatar), some (i.e., some avatar
questions were answered) or a//(i.e., every questions was answered). This variable could be
treated as an grouping factor with three levels. Alternatively, it could be combined with the
control group to create a 4-point ordinal scale of engagement in tutorial dialogues (no
tutorial, none, some, or all). A higher score on both scales implied a more active experience.

Survey measures

Knowledge: Knowledge was assessed in two ways. The first scale was a measure of
verbatim knowledge and included 22 multiple-choice questions assessing specific, rote
content about nutrition, use of the nutrition labels, and exercise (a = 0.65). For example,
participants answered questions such as “How many repetitions of body weight exercises
should you do to really work your muscles?,” from four options (i.e., “Several sets of 10—
15,” “Count to your age three times,” “Several sets of 5,” or “Several sets of 30”"—the first
option being the correct answer). The second scale was a measure of gist knowledge, which
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required participants to transfer knowledge from specific information presented in the
tutorial to another application as a way of demonstrating general, meaningful understanding
about the topic. Participants provided answers to 22 multiple-choice questions assessing
knowledge about nutrition, use of nutrition label, and exercise (a = 0.68). For example,
participants were prompted to answer “What is a healthy reason to choose foods high in
calcium?” with one of the following options: “Calcium-rich foods allow your cells to repair
your bones” (the correct answer), “A high calcium intake is needed to properly absorb
Vitamin D, a nutrient important for healthy teeth,” and “Calcium-rich foods usually taste
good.” In both scales, items were rated as correct or incorrect, and responses were averaged,
with higher scores representing better knowledge. It should be noted that knowledge tests
contain different heterogeneous items and it is not necessarily to be expected that they would
all measure one unitary concept. However, theses knowledge items were extracted from
published nutritional and lifestyle scientific literature and discussed with a nutrition expert.

Gist comprehension: A measure of gist comprehension was constructed to assess
understanding and integrating of tutorial information about nutrition and exercise (a = 0.87).
The scale included 22 items such as “To lose weight, | should make consistent changes to
my eating and exercise habits because most fad diets are unsafe or ineffective.” Items were
rated on a 6-point Likert scale from strongly disagreeto strongly agree, and responses were
averaged. Higher scores imply better gist comprehension.

Gist principles: Gist measures contained 57 general simple healthy values and principles
that were organized according to three subscales: /ifestyle (21 items, a = 0.95; e.g., “Better
to eat food low in sugar now than to deal with health consequences later”), nutrition (20
items, a = 0.92; e.g., “Any amount of trans-fat is not good for you), and exercise (16 items,
a = 0.87; e.g., “Avoid watching TV for long periods of time”). Participants could endorse
each item on a 5-point Likert scale from strongly disagree to strongly agree. Responses were
averaged and higher scores indicated a greater tendency to endorse gist-based healthy
values.

Behavioral intentions. A measure of behavioral intentions of healthy nutrition and
exercising was constructed from Baker, Little, and Brownell’s (2003) ratings to 8 Likert-
type items (a = 0.89), such as “I plan to be a healthy eater” and “I plan to be physically
active.” The ratings were measured on a 5-point scale from strongly disagree to strongly
agree and averaged. Higher scores implied greater intention to perform healthier behavior.

Behavioral measures: Self-reported behavioral measures were taken from the American
Heart Association’s (AHA) national goals for cardiovascular health promotion and disease
reduction (Lloyd-Jones et al., 2010), including measures of healthy nutrition (amount of
fruit, vegetables, fish, whole grain, sugar and sodium ingestion per week) and exercise
(number of hours of moderate and vigorous activity per week).

The tutorials were administered online by undergraduate or graduate research assistants in a
controlled laboratory environment. Participants were informed prior to enroliment that they
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would be randomized to learn about one of two topics (all control conditions were about the
same topic). After the tutorial, participants answered a survey with the aforementioned
questions.

Data Analyses

Data were analyzed using IBM SPSS Statistics (Mersion 21.0, IBM Corp., Armonk, NY).
First, we ran bivariate correlations to examine the extent to which measures of knowledge,
gist comprehension, and gist principles, behavioral intentions, and self-reported behavior
shared variance regarding healthy nutrition and exercise. Next, we ran bivariate correlations
between survey measures and the measures embedded within the tutorial—multiple-choice
questions, final CO score, and level of engagement in tutorial dialogue—to test associations
between active learning and increases in knowledge, gist comprehension, and gist principles.

Then, to investigate tutorial dialogues and how they were related to tutorial outcomes, we
conducted a 4 (engagement) x 2 (research site) analysis of variance for each of the
dependent measures. The factor engagement included the four levels described above,
separating participants according to who engaged in a//tutorial dialogues (N = 19), some of
them (N = 14), none of them (N = 12), or those who received the controltutorial (N = 183).
The goal was to determine whether different levels of engaging in dialogues was associated
with better learning outcomes after interaction with an ITS.

Results and Discussion

Correlations of Knowledge, Comprehension, Principles, Intentions and Behavior

Preliminary to discussing engagement, we begin with self-reported behavior and behavioral
intentions. Behavioral intentions have been found to be a predictor of behavior (for a review,
see Greaves et al., 2011; Webb & Sheeran, 2006). Consistent with that literature, behavioral
intentions correlated with self-reported healthy nutrition and exercising (Table 2). In
addition, healthier self-reported nutrition and exercising were related to greater verbatim
knowledge (Table 2), which included specific tutorial content.

Self-reported nutrition and overall behavioral intentions were also related to endorsements of
gist principles and to gist comprehension (Table 2). Gist principles of overall lifestyle
correlated with both healthy nutrition and exercise (Table 2). Endorsement of healthy values
—expressed as simple gist principles—would be expected to correlate with healthier
behavior and intentions, but this is the first demonstration of these relationships to gist in the
domain of obesity prevention (e.g., Mills et al., 2008; Reyna, Estrada, DeMarinis, Myers,
Stanisz, & Mills, 2011). Thus, these results for nutrition and exercise extend prior research
on psychosocial mediators of risky (i.e., unhealthy) behaviors to new behavioral domains.

Endorsements of gist principles of lifestyle, nutrition, and exercise were associated with
higher verbatim and gist knowledge scores as well as gist comprehension (Table 2). Among
the latter variables, gist comprehension had the strongest relationships with endorsements of
gist principles and with overall behavioral intentions, compared to either verbatim or gist
knowledge. These results suggest that deeper levels of understanding, rather than merely
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rote knowledge of details, may be important in establishing commitments to healthy values
and intentions, which is consistent with prior findings.

Accuracy and Level of Tutorial Engagement

The GistFit participants who produced more correct answers to multiple-choice questions to
check understanding embedded within the tutorial also showed better performance in gist
knowledge [r(32) = .55, p=.001] and gist comprehension [r(32) = .45, p=.01]. The
average correct response to multiple-choice questions was .78 (SD = .27). CO scores were
unrelated to knowledge and comprehension (most likely due to restriction of range:
approximately 60% of the answers were between .50 and .70).

Gist knowledge, gist comprehension, and verbatim knowledge were correlated with the
ordinal measure of active engagement in tutorial dialogues (Table 2). The higher the level of
engagement from participants who were exposed to GistFit (using a three-point ordinal scale
of engagement), the more likely they were to perform better in factual questions as well as
those that require transfer of knowledge (Table 2). Actively taking the tutorial in the sense of
engaging in dialogues was associated with better learning and gist understanding. These
relationships were confined to knowledge measures when the control group was included in
the ordinal measure of engagement (i.e., control group, and none, some, or all questions
answered). Taken together, these findings are consistent with fuzzy-trace theory’s prediction
that the ability to extract gist, and the application of that ability in engaging in active
reasoning (interacting with the tutorial), would improve retention and transfer (Reyna, 2013;
Reyna, Chapman, Dougherty, & Confrey, 2012).

Further analyses compared groups with differing levels of engagement with the tutorial
separately for dependent measures of knowledge and comprehension. Table 3 displays the
means and standard deviation for each of the levels of engagement. The ANOVASs on Gistfit
alone (three levels of engagement) showed significant differences for verbatim knowledge,
gist knowledge, and gist comprehension, respectively [F (2, 39) = 4.27, p=.025, MSE =
0.09, 77,_,2: 17; F(2, 39) =5.96, p=.006, MSE = 0.13, 77,_,2: .23;and F(2,39)=5.70, p=.
007, MSE = 2.99, quz .23]. Including the control group produced the same three
significant results for verbatim knowledge, gist knowledge, and gist comprehension: ~ (3,
243) = 9.06, p<.001, MSE = 0.18, 7,”=.10; F (3, 243) = 4.46, p=.005, MSE = 0.11, qp2
=.05; and F(3, 243) =3.86, p= .01, MSE = 2.11, 77,,2: .05. Consistent with our
predictions, actively learning the gist of nutrition and exercise by engaging in a// or some
dialogues with the tutorial was associated with greater verbatim knowledge, compared to not
engaging or being in the control group (i.e., not taking the Gistfit tutorial). Table 3 also
shows that similar significant differences were observed for gist comprehension. In addition,
engaging in a// dialogues was associated with greater gist knowledge compared to both
answering 70 questions or the control group (and some was greater than none).

Thus, these results suggest that actively engaging in dialogues with the tutorial was related
to the extent to which participants remembered and comprehended the gist of information
after the tutorial. Note that these were not randomly assigned groups, but the level of
engagement was self-selected, and, therefore, causal conclusions cannot be made about
engagement. However, we cannot dismiss the results of other studies showing that
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encouraging active learning and giving feedback stimulated students to extract gist
understanding and construct their knowledge (proactive thinking; e.g., Chi, 2009; VanLehn
et al., 2007; Wolfe et al., 2013; Wolfe, Reyna, Widmer, Cedillos, et al., 2015). One possible
kind of self-selection might be that people who engage more in dialogues with the tutorial
are smarter to begin with (or that smart people may engage more) and, thus, intelligence
might account for differences in outcomes (e.g., Ackerman, Kanfer, & Goff, 1995;
Chamorro-Premuzic, Furnham, & Ackerman, 2006). In order to test this hypothesis, we used
differences in numeracy as a rough proxy for intelligence (Cokely, Galesic, Schulz, Ghazal,
& Garcia-Retamero, 2012; Liberali, Reyna, Furlan, Stein, & Pardo, 2012). Analyses showed
those who differed in engagement with the tutorial did not differ significantly in numeracy
(Fs< 1) using the 15-item objective numeracy scale (Lipkus, Samsa, & Rimer, 2001; Peters,
Dieckmann, Dixon, Hibbard, & Mertz, 2007). Hence, a priori differences in intelligence did
not seem to account for differences in outcomes that are associated with engagement with
the tutorial.

Conclusions

Engaging in tutorial dialogues was associated with increases in not only knowledge, but also
transfer of that knowledge through understanding the behaviors that prevent obesity, as
assessed in the gist comprehension test. Throughout the obesity prevention tutorial, artificial
intelligence was used to encourage participants to reason actively about the topics they
learned and to extract gist understanding. According to fuzzy-trace theory, gist
understanding supports productive thought that involves the transfer of knowledge that is
essential for behavior change (i.e., the ability to apply prior learning to novel instances;
Wolfe, Reyna, & Brainerd, 2005). The GistFit ITS was designed to facilitate connecting the
dots among learned facts and making meaningful inferences that go beyond surface (rote)
information learned (Lloyd & Reyna, 2009; Wolfe et al., 2013; Wolfe, Reyna, Widmer,
Cedillos, et al., 2015). Those who responded more to the ITS by engaging in dialogue with
the avatar seem to have found the most benefit in transfer of information, which is consistent
with out theoretical predictions.

Factual knowledge is a target of both traditional and fuzzy-trace theory interventions
because it is necessary for behavior change; however, it is not sufficient (e.g., Reyna &
Mills, 2014; Wolfe, Reyna, Widmer, Cedillos, et al., 2015). In GistFit, individuals learned
both verbatim facts and bottom-line (gist) meaning of those facts and interactions with the
tutor were related to increases in knowledge and understanding. Limitations inherent in
correlational analyses should be acknowledged. Correlations between measures that are
taken at the same time point might share some method variance. However, method variance
cannot be the whole explanation, because not all of the measures with the same response
scale correlated with each other (e.g., behavioral intentions and gist comprehension). In
addition, there is independent evidence that these measures capture substantive variance
beyond method variance because they do not just correlate with each other and not predict
other things (e.g., Mills et al., 2008; Reyna et al., 2011; Reyna & Mills, 2014; Wolfe et al.,
2015).
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The fact that the GistFit outperformed the control group on these questions does not
demonstrate that the gist enhancements drove the effects. However, other studies have
demonstrated that gist-based reasoning improves knowledge and decision-making, using
random assignment to compare verbatim and gist versions of curricula with similar content
(e.g., Reyna & Mills, 2014; Wolfe, Reyna, Widmer, Cedillos, et al., 2015). Consistent with
this interpretation, higher scores on gist knowledge questions that require transfer of
knowledge (i.e., extrapolating concepts to novel questions) seem to be a test of deeper
understanding from active learning. Verbatim knowledge was also positively correlated with
GistFit participants who interacted more with the tutorial, which is consistent with research
that has shown that testing immediately after an event reinforces verbatim memory, in
particular after previous testing like the multiple-choice questions embedded within the
tutorial (Brainerd & Reyna, 1996, 2002). Nevertheless, merely memorized verbatim facts
decay more rapidly over time (e.g., Brainerd et al., 2009), and do not have as strong an
influence on behavior change (e.g., Reyna & Mills, 2014).

Another limitation of the present study is that level of engagement was self-selected by
participants, and, thus, the significant differences may be due to causes other than
engagement. However, other studies have shown that active engagement was causally related
to increased knowledge (Chi, 2009; Wolfe, Britt, Petrovic, Albrecht, & Kopp, 2009; see also
Widmer, Wolfe, Reyna, Cedillos-Whynott, Brust-Renck, & Weil, 2015). Although
participants might come to a study with different levels of engagement, and that, in
combination with the content of the tutorial, might be important in establishing
commitments to healthy values and intentions. Nevertheless, as with any correlational study
it is possible that some other, unmeasured variable may explain the results (e.g., motivation).
Future research should measure pre-existing motivation separately from tutorial engagement
and also randomly assign participants to different levels of engagement in GistFit to test this
hypothesis that people who are more responsive to the intelligent tutor’s questions perform
better in posttest outcomes. Another limitation is that the design included only a posttest
without a pretest. Random assignment of participants to the different tutorials probably
adequately eliminated baseline differences, but a pretest would have permitted a more
detailed analysis of associations between engagement and learning gains. Another argument
against prior differences is that the participants did not differ in demographics, numeracy, or
risk factors as measured by American Heart Association cardiovascular health measures.
Further research to confirm the effectiveness of this sort of tutorial could include assessing
the effects of engaging in interactions with the tutorial on behavioral changes over time; we
expect that the more people engage in dialogues, the more they maintain changes over time.
Although previous studies have shown that emphasizing the bottom-line gist of each lesson
was effective at reducing risk taking over time (e.g., Reyna & Mills, 2014), no study to our
knowledge has compared the interactive effects of a fuzzy-trace theory-based ITS over time.

In sum, although the nutrition and exercise industry bombards the public with commercial
messages, there are far too few theoretically motivated approaches. There are even fewer
approaches that combine artificial intelligence with the latest cognitive theories. A major
issue with the use of artificial intelligence for health communication has been the difficulty
of emulating human-like interaction. As illustrated in the current study, emerging discourse
technologies can be used effectively to encourage participants to engage in interactive
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behaviors as they construct their knowledge (Chi, 2009; VanLehn, 2011). When the use of
technology is guided by a sound theoretical understanding, effective communication is more
likely (e.g., Wolfe, Reyna, Widmer, Cedillos, et al., 2015; Wolfe, Reyna, Widmer, Cedillos-
Whynott, et al., 2015). The current ITS was directed at obesity prevention by encouraging
productive thinking and extraction of gist-based understanding through interactions with the
tutor. Results of this study are consistent with beneficial effects of such interaction on gist
understanding, an “active ingredient” in interventions to promote behavior change, and
provide a motivation for further research using random assignment to levels of engagement
with artificial tutors.
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Figure 1.
A screen shot of GistFit.
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Table 1
Percent Participant Characteristics by Condition
GistFit Control Differences
Location (% Cornell) 64.4 64.1 X4(1) =.002, p=0.963
Age (mean/SD) 18.96 (1.17) 19.23(1.77) #241)=1, p=0.318
Ethnicity (% Hispanic) 11.4 8.80 X41) = .29; p=0.591
Race (% White) 57.8 62.2 X41) = .31; p=0.579

Healthy Nutrition Behavior (mean/SD) 2.51(1.32) 2.55(1.18) #(247) = .22, p=0.830
Healthy Exercising Behavior (mean/SD) ~ 2.54 (2.52) 253 (3.14)  #246) =-.03, p=0.975

Note. All irrelevant-content control tutorials were combined for analyses because differences among them were non-significant. Nutrition Behavior
was based on the amount of healthy food ingested per week and Exercising Behavior was based on the number of hours of moderate and vigorous
activity per week. SD = Standard Deviation.
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