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ABSTRACT

The goal of this project is to determine whether a computer based training game (HEART-SENSE) can improve recognition of heart attack symptoms and shift behavioral issues so as to reduce pre-hospitalization delay in seeking treatment and thereby reduce myocardial infarction mortality and morbidity. In Phase I we created and evaluated a prototype virtual village in which users encounter and help convince synthetic personas to deal appropriately with a variety of heart attack scenarios and delay issues. Innovations made herre are: (1) a design for a generic simulator package for promoting health behavior shifts, and (2) algorithms for animated pedagogical agents to reason about how their emotional state ties to patient condition and user progress. Initial results show that users of the game exhibit a statistically significant shift in intention to call 911 and avoid delay, that multi-media versions of the game foster vividness and memory retention as well as a better understanding of both symptoms and of the need to manage time during a heart attack event. Also, results provide insight into areas where emotive pedagogical agents help and hinder user performance. Finally, we conclude with next steps that will help improve the game and the field of pedagogical agents and tools for simulated worlds for healthcare education and promotion.

1) INTRODUCTION

1.1 Behavioral and Knowledge Issues in Healthcare
While health outcomes may at first appear to be biologically driven, very few appear to be completely mediated in this way.  Virtually all outcomes have a behavioral component at some point in time.  For example, many adverse health outcomes can be avoided by simple behavioral change (such as adjusting diet, increasing exercise, or quitting smoking), or by not engaging in high-risk behaviors in the first place.  The lay public has a considerable stake in health care and health outcomes, yet many behaviors reveal a lack of either knowledge or concern about these issues on the part of lay persons.  For example, while there has been a dramatic decrease in the prevalence of cigarette smoking since the 1966 Surgeon General’s report (REF), the incidence of smoking among youths has actually increased, especially over the past five years (REF).  In addition, considerable, and at times formidable opposition to anti-smoking legislation (particularly in public places) underscores that a shift in attitude towards a smoke-free environment has evaded some segments of society.  Numerous other examples exist, many of which have the weight of legislation behind them, yet there is a failure of most of these efforts to effect real behavioral change that would benefit the larger population.  Such issues as motorcycle helmet use, drunk driving, use of appropriate ear or eye protection in certain occupations, and even obtaining minimal prenatal care are examples of how pervasive is the lassitude toward taking effective behavioral measures, by the individual for his or her own safety, improved health status, or prevention of health problems.  Not all such programs aimed at reducing risk and improving health status have been failures.  The fairly recent programs for educating women about the importance of mammograms in early detection of breast cancer is one stellar success.  There are others, but their relative rarity points to a need to assess health education and promotion programs to determine their strength and weaknesses and to develop new strategies.

1.2 Role for Interactive Learning Systems in the National Health Picture

There is increasing evidence that interactive learning systems have an important role in reducing health risks and improving general health status.  First, these types of systems have been used extensively in medical student education [25, 33, 38, 39] with a great deal of success.  In addition, these systems have been deployed for use in continuing education programs [31, 34, 38, 42,] in such specialties as clinical engineering, military, and language training, to mention a few. Second, numerous investigators have worked on computer-based approaches to patient education, in a variety of clinical areas, such as diabetes [57, 58, 59, 60], heart disease [61], and asthma [63, 62]. In a comprehensive literature review and meta-analysis, [17] examined 21 research reports that demonstrated effect sizes (Cohen’s D) ranging from 0.21 (mild effect) to 1.91(substantial effect).  Most (63 percent) of these studies had effect sizes greater than 0.5 (moderate effect).  From this analysis, it is clear that computer-based approaches should be considered as a potential medium for educating patients.   

The studies cited above, as well as many others reported in the literature [see 17 for a comprehensive review], suggest that computer-based patient education positively impacts on many different dimensions of health and health care, including prevention, compliance, and patient selection of treatment options.  While many of these were positioned in interactive environments, none of them investigated the possibility of using game simulation and virtual personas to engage the user.

1.3 Overview of Game Simulators and Virtual Personas

Game simulators have achieved extraordinary popularity in the computer-based 

amusement market In addition, “freeware” game simulators proliferate on the web, as well as, assumedly, between and among various peer groups.  The reason for their success is simple: they draw the user in, often (but not always) with extensive and sophisticated graphics, realistic (yet fantastic) plots and themes, and engaging interface devices such as sound and emotion.  In short, these simulators provide the user with a highly realistic experience that seems somehow “human” in that it contains characters, or virtual personas, with whom the user can identify.  In fact, virtual personas are ubiquitous in the computing world; they can be found in chat rooms, usenet news groups, and even email.  A human user can represent herself in email using a variety of personas simply by using combinations of simple characters in her text (emoticons), to great effect on the person receiving the message.  In environments such as chat rooms, the effect is even greater, and is mediated further by the effect of time, since these environments are synchronous, and users can change their personas almost instantaneously.  


Game simulators have been used in other settings, as evidenced by the burgeoning educational software market.  Products such as the Jump*Start series (Broderbund) and Reading Search (Great Wave Software) have the user go through a series of exercises within the context of some type of adventure game.  Without the game, these products would be just so much mundane review of similar concepts.  In addition, products such as these usually include one or more virtual personae, often acting as a guide to assist the user.  These animated pedagogical agents serve to emphasize how much fun the game is to play, cheer on the user when he is doing well, and gently rebuke him when he is performing badly. However, no game-based applications (with or without virtual personas) in health care have been reported, with one notable exception: Alcohol 101.  Alcohol 101 [14, 15] is a sophisticated game that is intended to educate the college-aged user about drinking responsibly.  The game engages the user by means of two devices: a virtual persona named Norm, and realistic virtual environments such as a party where alcohol is served.  The intent of the game is to change (or reify) the user’s attitude (and subsequent behaviors) when a choice to drink or not should be made.  
1.4  Rationale for using the selected domain

Given the success of Alcohol 101 (it is distributed to incoming freshman by numerous colleges and universities nationwide), a similar approach, using game simulation and a virtual persona, should be plausible in a more clinical setting, especially one in which educating patients and changing their behavior is of key importance.  Given the emphasis of the National Heart Attack Alert Program on changing laypersons’ behaviors in seeking rapid care for symptoms of acute coronary syndrome, their program appears to be a natural niche for this approach.  It is estimated that 26 to 44 percent of the 1.25 million annual heart attack victims delay longer than 4 hours in seeking care for their cardiac symptoms. Yet the greatest reductions of adverse effects occurs if drug therapy is administered within 1 to 2 hours after an attack. Some of the reasons for delay include a bias toward an optimistic outcome [80]; lack of cardiovascular knowledge [22]; differences in ethnic background [23] and race [24]; prior medical history and non-cardiac co-morbidity [26, 27]; and denial mechanisms [29, 30]. 

We hope to reduce delay in seeking care for cardiac symptoms by targeting a decision support game, HEART-SENSE, for use by laypersons as an educational intervention.  This system provides a game-based representation of the decisions made by those suffering from a potential myocardial infarction, as well as those who are potential bystanders to such an event (such as friends or family of an at-risk individual). The advantages of this approach over existing methods (beyond those enumerated earlier), such as call centers, written patient education materials, and a printed version of the algorithm are several.  First, this approach is self-contained.  No other materials, such as pamphlets, guideline sheets, or decision trees are needed.  Furthermore, the reasoning behind the decision tree of the game algorithm is hidden from the user.  They will not have to use a potentially complicated tree that could be very difficult to follow.  Second, the game is instantly available and therefore convenient to use.  Regardless of platform, whether palm top or Web, a user can access the game as she would any other software or Web site.   Third, written materials such as pamphlets and guidelines, perhaps made available from a local care provider, are sometimes lost or discarded.  Furthermore, looking through these materials, even in leisure time, can be time-consuming, and even boring for the user.  Placing the message (“rapid identification of cardiac scenarios and appropriate responses”) in the context of an entertaining game puts the game within the intellectual reach of a majority of the public, including older children, who may be the only bystander at a heart attack event.    Fourth, our approach is cost-effective.  The game is free of cost, needing only a personal computer that supports video and sound to run it.

2) PEDAGOGICAL PLAN

While a game might appear to concentrate on changing short-term behavior among users, its design is grounded in various behavioral and pedagogical theories that point to its likely effect on long-term behavior.  Because of this theoretical grounding, we anticipate that field application of the HEART-SENSE game will have a high probability of success, a thesis supported in the results section of this paper. This section explains the theoretical grounding underlying our game.

2.1) Behavioral theory as applied to delay in seeking care for heart attack symptoms
     Various behavioral theories endeavor to provide a grounding for the development, implementation, and evaluation of programs that are intended to influence personal health practices.  These theories have formed the theoretical foundation for sexual health programs, smoking cessation programs, alcoholism, and eating disorder programs.  They have also been communicated through a variety of presentation media, including interactive computer software [15].

     The current HEART-SENSE Game is a multi-media interactive, computer-based health promotion program designed to improve health knowledge and influence behavior among individuals thought to be at risk of acute myocardial infarction.  In general, any given behavior includes an action (e.g., calling 9-1-1), a target (e.g., a telephone), and a context (e.g., experiencing chest pain).  Behavior theorists contend that the most effective interventions will be those directed at a single behavior rather than at multiple behaviors or behavioral categories [15]. In this way, the HEART-SENSE game has targeted “delay in calling 9-1-1” as opposed to a more general goal such as “improved heart health”.  

     In order to effectively change 9-1-1 usage behaviors related to acute myocardial infarction, we have borrowed concepts from several different behavioral models to tailor the HEART-SENSE game to the needs of individuals thought to be at risk of acute myocardial infarction [11, 44-49]. This piecemeal strategy has been used in the past [11, 14].

     In combining different behavioral theories, care was taken to ensure that the resulting framework was applicable to health behavior problems in general as well as to the public health problem at hand, delay in seeking care for symptoms of myocardial infarction [11]. In preliminary sessions we accomplished this acceptability testing through internal evaluations done by our team of Co-Investigators, both clinical and nonclinical.  We followed these internal evaluations with a more detailed assessment of the heuristic sensibility and flow of the HEART-SENSE game by seeking feedback from two panels of clinicians (more on this in Section 5).  The advice offered by these panels allowed us to more closely adjust the game and be more confident that our application of behavioral theory was in line with the heuristic knowledge-base among practitioners. 

     Our integrative health behavior model consisted of three theoretical dimensions that were incorporated into the final version of the HEART-SENSE game.  As shown in Figure 1, these three dimensions – intent, skills, and environmental constraints – provided a theoretical grounding for the development of our game [11]. This theoretical basis with which HEART-SENSE has been created will ultimately allow us to confidently proceed to the application phase of the overall project.

     Theoretically, a given behavior becomes maximally probable if an individual has a strong intention to execute it, the necessary skills to execute it, and an environment that permits and encourages it.  For certain populations, a behavior may not be performed because people have not yet formed the intentions to perform it, while in others, a lack of skills or the presence of environmental hindrances may prevent the performance of a behavior.

     The most psychologically complicated of these three dimension is the intention to perform a given behavior. As shown in Figure 1, there are three primary determinants of intention: the attitude toward performing the behavior (i.e. the person’s overall opinion of performing the behavior), the perceived norms regarding performance of the behavior (i.e. the perceptions of what others think one should do as well as perceptions of what others would do in the same situation), and the perceived self-efficacy in performing the behavior (i.e. the belief that one can actually perform the behavior when called upon to do so). Our game helps users understand these barriers on a pragmatic plane as we discuss in subsequent sections.

     The HEART-SENSE game has also included some statements (made at various times by the village characters and/or the agent coach, Bea) to inform the user of what others think they should do, and what others have done, in a heart attack situation with a positive outcome.  In this way, the user is motivated by social pressure that others think they should perform the behavior in question.

     The remaining two barriers to behavior change, lack of skills and environmental hindrances, will also play a role in an individual’s final decision not to delay when faced with heart attack symptoms.  However, both of these barriers are minor relative to an individual’s intentions.  Usage of a telephone is a common skill that most individuals are able to perform without difficulty.  In particular, the 9-1-1 exchange has been promoted by the HEART-SENSE game because of its obvious simplicity relative to seven or 10-digit dialing schemes.  Furthermore, the vast majority of the U.S. has been equipped with 9-1-1 technology and individuals have been made aware of its proper uses.  Environmental hindrances will also be relatively minor when compared to barriers to intention.  Lack of a telephone is probably the most prominent environmental hindrance.  Nevertheless, more than 97% of all households in Pennsylvania and more than 99% of households in Philadelphia have telephones making this barrier somewhat negligible [50, 51].

Figure 1. The integrative model of behavior change used with HEART-SENSE
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Source: Adapted from [11].

2.2) Instructionist vs. Constructivist Pedagogy

In the 1980s, prevailing wisdom (e.g., Clancey, 1987) would have driven us to design our environment as an intelligent tutoring system that lectured the users on the behavior change model, and closely drilled them on practice cases. By the end of the1980s, however, many medical schools in North America began to shift from instructivism to constructionism, or problem based learning. At the same time, intelligent tutoring systems fell out of favor in the field of computer science. The idea of constructivist environments caught on, and it is still in widespread use today [e.g., see 42].  

Evidence shows that the constructivist pedagogy leads to greater internalization and retention of knowledge, increased ability to transfer it to real world situations, and a personal sense of ownership of the knowledge or skill: e.g., see [28, 31, 40, 42, 43], among others. Constructivist environments, like problem-based learning, favor student-centered learning, self-discovery of clinical and behavioral insights, and personally experiencing realistic patient cases albeit in a simulated microworld. The more faithful the cases and the microworld is to the real world, the easier the learner can transfer the lessons to actual practice. Also, in constructivist microworlds, if any tutors exist (and often they don't), they act more as facilitators, resources for temporary cognitive apprenticeship, and meta-cognitive aids that focus on learning to learn skills. 

Constructivism largely affected how we designed and implemented our interactive learning environment. However, experiments by the senior author indicate that total constructivism may be too unstructured for many learning tasks: e.g., see [37-40]. As a compromise, we add various degrees of instructionism and a personal coaching “agent” to a sound constructivist base as the next section describes.
2.3) The Engage-Instruct-Construct-Persist Training Plan 

In particular, Heart Sense consists of three basic modules as Figure 2 depicts, plus a concern for long term follow up. Throughout all modules, an animated pedagogical agent called Bea (heart shaped character) accompanies the user. The “Engage” module includes an attention grabbing sequence that is passively watched by the user. This includes a scenario where a person ignores heart attack symptoms, collapses, and must be rushed by ambulance to the emergency room where it is too late to revive him. 

This scenario is intended to set the foundation for an individual to adopt a proactive attitude toward performing the necessary behavior (i.e. calling 9-1-1).  Thus, if the user can be convinced that performing the behavior in question will lead to “good” outcomes and prevent “bad” outcomes, their attitude toward performing the behavior will become more agreeable [11]. 
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Figure 2 – Overview of the Four Modules of the Heart Sense Game.
ENGAGE

      TRAIN

       REHEARSE
     PERSIST

The emergency room doctor then invites the user into his office for a “didactic” session on how to recognize heart attack symptoms and a range of delay issues. This training tries to use simple concepts and terms that are emphasized by visual aids and animations, plus conversational anecdotes from the Bea character to try and remove the subject’s barriers to Intention (attitudes, norms, and self-efficacy). At the end of this “Training” Module, the user is given a short quiz on the critical knowledge. After passing it, the user is asked to go out to the (virtual) community and try to help the residents avoid problems like what just happened to the patient in the Engage Module. At this point the user has been given  the basic know-how  (reinforced by demonstrating it during the quiz) for helping the virtual residents in the rest of the game.


Next, the users proceed to a village scene where they encounter various residents and hold conversations with them. Some of these simulated characters are in need of help. The pedagogy behind this “Rehearsal” Module is that the user will put their newly acquired know-how to use, help the virtual people to diagnose their symptoms, and convince those same people to change their delaying behavior and seek care without hesitation: i.e., to call 911. This module provides the discovery experience where users explore how delay issues arise, how persistent they are, and how hard it is to convince people to take better care of themselves. The theory is that users will take ownership of this know-how, rehearse it in the safety of a virtual world where their mistakes can be readily “erased,” and build skills they can readily translate to the real world for helping both others and themselves. We have also endeavored to bolster the user’s self-confidence in actually performing the behavior through positive reinforcement strategies during the game and gentle (not remonstrative) reminders of their errors brokered by BEA.  

Thus, in developing HEART-SENSE, we have prominently included attitudinal, normative and self-efficacy elements in order to maximally engineer the intention to avoid delay and call 9-1-1 in the face of myocardial infarction symptoms.  Thus, the user’s self-efficacy grows stronger as they are shown that they have the necessary skills and abilities to perform this behavior, even in the face of specific barriers or obstacles [11]. The next section of this article explores how the Simulate Module works in more detail.


Throughout the 1st three modules, the user is accompanied by a virtual team-mate, a heart-shaped character named Bea. Bea is an emotive agent with the personality of a cheerful partner who helps users understand module instructions and screen directions, and who encourages and cues the user throughout the various modules. During the simulation module Bea helps by watching the patient condition, game clock, and score, and by alerting the user whenever good or bad events occur. Section 4 describes Bea’s architecture, emotions, and logic. Bea is an attempt to introduce a “persona effect”, and an appealing (or at least palatable) form of instructionism into the constructivist module.


A final pedagogical concern is that know-how needs to be fresh (near the surface) if people are to be effective in diagnosing symptoms and mitigating delay issues when a heart attack occurs. When users are done with the 1st three modules, they will begin to forget their lessons learned, as the months and years pass by. One way to minimize this problem is to add a module that promotes skill and know-how “persistence”. We have not yet constructed this module, but discuss our ideas for it in the conclusions of this article.

3) INTERACTIVE LEARNING SYSTEM & VIRTUAL WORLD


We will begin with an overview of how HeartSense’s Rehearsal Module interacts with its users, and then proceed to cover more details. By way of overview, HeartSense works like many other simulators in that it has a case base, a simulation engine, and a user-friendly interface. Working on and solving these cases gives the student practice in symptom diagnosis, behavior alternatives evaluation, and choice. The simulator, in turn, captures the dynamics of the patient's case and the user’s evaluations, decisions, and actions as time unfolds. While the simulator primarily serves as a "place" to explore and work out symptom recognition and delay issues, it also coordinates with the Bea agent that provides occasional hints and teaching messages that explain the student's options and decisions. 


The next few subsections present each of the components of HeartSense Simulator in turn. The system runs on personal computers under MS Windows. The system is programmed in Macromedia Director, although the case base is an externally editable XML file. The simulator supports statistics collection and student progress and keystroke tracking.

3.1) The Case Base 
As discussed above, the case base ultimately will contain multiple people having various types of heart attacks (or not). Each such case consists of 100s of possible dialogue, diagnosis, and intervention options. Each case is described in terms of a state space representation scheme where the patient's situation (one setting of all patient variables) comprises the states, and students' actions determine state transitions. The student controls the simulator clock, so there is ample wall-clock time to explore a given state and alter one's decisions and/or interventions before simulator time advances.  To manage the computing complexity, each patient case is indexed into 4 overall levels, incuding a starting state (L0), a successful end-state and failed-end states (L4), and the remainder being clusters of intermediate states that correspond to moving along the path through the diagnosis (L1), one of the A, N, or E delay levels (L2), and correctly stating the intention to call 9-1-1 (L3). Intermediate states within each level, may be (1) steps in the right direction but from which the student could still branch to either a successful or failed end-state, (2) commonly committed, contra-indicated actions that are important to teach about (and that are recoverable from), or (3) default states that are reached by advancing the clock like “wait and see’, “call the doctor”, or “take and aspirin.”  The base of Figure 3 provides an overview of this case base.


To date we have programmed just one full case – the “typical” presentation – and are using that to refine the representations, the simulator engine, and the balance between constructivism and instructionism. Based on the lessons described later in this article, we are planning to improve the design and complete the other cases. To construct even this much of the case base we had to create an XML version of the case file, a Macromedia interface to it, and a web-based authoring environment so case authors could edit the case base remotely from their offices and view the impact on the game (bottom right of Figure 3).  This was needed due to the large number of build-test-refine cycles required by our clinical and behavioral team-members to design and deploy even a single case into the case base.

Figure 3 – Overview of the Simulator As a Generic Toolset and How it Supports the Authoring and Running of Health Behavior Change Games Via the Engage-Train-Rehearse Pedagogy
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3.2) The Simulator 


It is one thing to learn an abstract behavior coping framework when the doctor is lecturing about it (Train Module). It is another thing to know how to apply the framework in realistic settings. The simulator serves as an intermediate step that (a) allows the student to practice and experience what they would ideally encounter in the real world, (b) causes the student to struggle with when and how to structure the multiple recognition and dialoguing dimensions in practice; and (c) helps the instructor to control, broaden, and standardize the learning experience across students, behavior dimensions, and progress to date. 


As the top of Figure 3 shows, the student goes through the three main modules – engage, train, rehearse. The Engage Module uses audio/video effects in a 2 minute long Director “movie” to portray a scenario where the patient exhibited improper intentions (I) and, by implication, this lead to a bad outcome (e.g., morbidity, mortality). The Train Module reinforces what was just seen but stresses proper behavior, and closes with a quiz intended to reinforce the learning and repetition of the correct answers by the user, and by Bea who coaches them if they err in this quiz. This is another Director “movie” that includes the attending physician giving a 4 or 5 minute slide show to explain the anatomy, symptoms (S), underlying health dynamics, and delay issues (A, N, E in Figure 3). There are lots of interactive multimedia and animations plus back and forth dialogue between the physician and Bea to keep the material light and entertaining (user affect positive). In programming these two movies (and refining them several times), we have identified some portions of them that can be collected from authors via a template in the authoring environment, though other portions are subject to free and creative expression processes. These are the “teaching materials” in Figure 3, top right.

The final module in Figure 3 is the simulated "visit", initiated when the user enters the village, selects a village resident, and by that starts a new case. The simulator's algorithm then starts up and cycles through the basic state transitions needed to process the case base and update the current patient dialogs, user response options, and clock and score icons. Each time the virtual patient speaks, the user is given options (see next section) to reply. When one of these is chosen, this triggers the simulator to evaluate the next state, and if it is not a “win” state, then it repeats its basic cycle. If a fail state is reached the user is invited to use the BACK key and create a different outcome (or to exit if they are tired). If a win state is reached, the user is congratulated by BEA and returns to the Village menu, from where they can either help another resident (in a future release) or exit. Each virtual visit takes about 4 to 6 minutes depending on how many states the user visits, though a given case could take significantly longer if the user meanders.

3.3) The Graphical User Interface 

Our user interface is designed for use by those with minimal experience in computer software. The only knowledge required is how to move a mouse and click on a response. Even this knowledge will be minimized when the touch-screen kiosk version of the game is completed.


In the Engage Module, the user merely watches the movie. The Train Module requires some minimal interactions such as clicking to start an animated heart, clicking on some buttons that display symptoms or that trigger discussions between the MD and Bea about delay issues, and/or clicking on answer choices for the 4 question quiz. The most complex user interface occurs in the simulator’s Rehearse Module, as Figure 4 shows. During the Rehearsal Module when the user encounters a virtual character there is a score bar and time indication in the upper left, an exit arrow on the upper right and forward/back arrows on the bottom right. In each new state of game, once the virtual person and Bea are done speaking, the bottom left shows the responses available to the user. Once the user clicks on one of these choices the simulator branches to the next called for state.
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Figure 4 – Example Screen Showing User Interface

4) ANIMATED PERSONAS AND EMOTIVE-COGNITIVE ARCHITECTURE
One of the strategies for assisting the learning is to include an animated pedagogical agent. The literature suggests this type of agent could make use of artificial life and emotive computing to engage the user, entertain them, and motivate them [e.g., see  1, 42, 38-40] as well as providing a key role to assist and coach them along [1, 40-43]. Iser [52] shows that trainee performance is significantly altered (statistically so) by tiny interventions such as candy, humor, and the like that induce “positive affect.”. When affect is positive, subjects learn 50% quicker, arrive at more accurate decisions, and decrease risk-taking behavior. Lester et al. [1] in turn show that the “persona effect” which is the presence of a lifelike character in an interactive learning environment can have a strong positive effect on students’ perception of their learning experience. Silverman in [37-41] shows that situated tutors, coaches, and critics that can assist user judgement during training and performance and can significantly improve know-how learning and transfer. For these and related reasons, we thought it could be worth trying and testing a lifelike character as a “buddy” or partner who goes through the training experience with the user in an effort to keep affect positive, provide a persona effect, and reap the learning and transfer benefits. Understanding how best to incorporate such an intervention, and evaluating its value are a goal of our research.

As Figure 5 depicts, such an agent exists as an autonomous process that senses what goes on in the game, decides how best to entertain/help the user within the context of the overall pedagogical plan, and generates and executes the behavior as its effectors on the user learning. The next four subsections describe the building blocks of this architecture. The entire agent including all modules, algorithms, equations, rules, animation stores, and behavior sequences was created by a group of 8 students taking a graduate school course (plus a Teaching/Research Assistant) during the Spring semester of 2000. The agent is programmed in Macromedia Director and the MicroSoft agent server as well as with the help of the H&L Text-to-Speech engine. It is capable of running alongside the game which is also implemented in Director, or independently on the Windows desktop. A web version is a future enhancement.

Figure 5 – Overview of the Emotive Agent Architecture

[image: image15.wmf]Vers.-User

total nodes

errorous nodes

back arrow

total correct nodes

failed ends

total game mins.

total wall time (secs.)

v1_1

21

6

0

15

0

20

349

v1_2

19

4

0

15

0

18

347

v1_3

20

5

0

15

0

19

345

v1_4

18

2

0

16

0

17

325

v2_5

21

5

1

15

0

20

255

v2_6

19

4

0

15

0

18

276

v3_1

19

4

0

15

0

18

237

v3_2

18

3

0

15

0

17

276

v3_3

19

4

0

15

0

18

282

v3_4

21

5

0

16

0

20

347


4.1) Affect Theory and Emotive Drives

The basic guidelines for creating animated characters or artificial lifeforms are well-known, although their implementation is subject to some interpretation in any given context. Further, there are a number of unanswered research questions concerning how to ground these lifeforms’ emotional drives: (1) so they reflect a logically coherent approach rather than just a designer’s whim, (2) so they are not strictly reactive but are more deliberative and purposive with respect to tasks and plans, and (3) so the emotive drives are linked in with cognitive processing. In this section we begin to explore answers to these topics.

In particular, [53] offers 5 widely used guidelines of cartoon character animation, including: squash and stretch, timing, anticipation, staging, and exaggeration. In addition, several useful guidelines for social interaction are found in [54] such as: create personality, observe appropriate etiquette, use praise, create a team player, consider gender effects, listen-don’t joust recognize, clarify and limit choices, provide good error recovery, be efficient and natural, and use appropriate tense, emphasis, and voice. We do not intend to discuss all these guidelines, except to mention that they lead us to the following agent features. Specifically, Heart-Sense uses a character  named Bea, who is a heart dressed in a cheerleader outfit and given the personality of a bubbly, energetic, friendly cheerleader who goes through the game as a partner learning along with the trainee. Bea senses what’s going on in the game world to form her emotions and then to express them back to the user through her various effectors. Bea’s basic effectors are her voice, mouth, eyes, face, and posture and limb motions which are able to represent emotions ranging across ecstatic, happy, calm, nervous, dizzy, worried, and highly alarmed. For example as the right side of Figure 6.a shows, when good things happen, Bea can highlight them by cheering and rapid, athletic movements. Or, when the situation is grave, Bea’s face and posture reflect it, and her motions slow (Fig. 6.b). Bea uses readily available lipsynching and voice generation technology. This adds another dimension that enhances her believability and emotional state. Also, when left in idle for too long, Bea stretches, yawns, and takes a nap where her breathing and snoring are visible (but not audible so as to avoid intruding on user problem solving). Finally, Bea’s role is primarily to cue or influence proactively, prompt for input, and signal error recovery paths, so her interactions are kept relatively short (most are under 15 seconds), efficient, and non-intrusive.

Various emotive agents in the literature are comparable to Bea in that they react emotively to stimuli from the environment [1-4, 54]. Like many of them, she has an emotional drive module that monitors the environment (game variables in Bea’s case) and uses sensed data to activate emotional levels. Bea’s basic emotional drives follow the OCC framework [55] of reacting to an event or reacting to the actions of another agent (the user), and they are set up as triparites, including an excited, neutral, and inhibited state. For example, a basic emotive drive is “worry over patient condition.” When the virtual patient goes from good to fair to poor health, Bea’s WORRY state moves from inhibited to neutral to excited. Numerically, these are assigned a 1, 2, and 3, respectively. Aside from patient physical condition, Bea has a JOY drive that decreases from 3 to 1 as the patient’s mental condition deteriorates. This is sensed from the game by monitoring a “levels” variable which tracks how far along the patient has moved toward overcoming his/her behavioral obstacles that affect pre-hospitalization delay in the dialog with the user/trainee.  There are 6 levels in the game, and this also measures how convincing the user has been thus far. Bea has two other emotional drives as well: one for FEAR of time running out (the game must be played within 30 minutes of elapsed game time – about 10 to 15 minutes of wall-clack time) and DISAPPROVAL for change in plan progress. This last drive measures the relative change in the variable used by the JOY drive (JOY measures absolute change since game start). It reflects whether the user is waivering in convincing the virtual patient to advance along the mental levels.

Figure 6 – Bea’s Lower-Level Reactive Emotions Are Combined Into Her Overall Affect to Impact How She Delivers A Given Message. Both Figures (a) and (b) are for the same game event (Score goes up due to Plan Progress) but under different Patient Conditions and Elapsed Game Times.
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4.2) Merging Emotions Into Higher Affect to Support Cognition 


A concern with the OCC framework is that there is no guidance on when to trigger the different levels of activation of the various emotions. This is left to the agent designer, a state of affairs that is unsatisfying. Also, many emotive characters’ emotions tend to be reactions to stimuli, or so-called low-level emotions. Thus fright might lead to flight, or a toe stub leads to pain and anger, but most of us can modulate these impulses. Most of the time, we do not run amok at a loud noise or punch someone who accidentally stepped on our toe. Instead we need to adopt a framework that picks emotive activation levels from principles, and that allows Bea to reason about the emotive signals, factor in knowledge of the broader circumstance, modulate her reactions, and formulate reasonable responses. Gratch [3] and El-Nasr [2] point out that the bulk of existing literature on computational models of emotion focuses on reactive approaches and often have little formal grounding behind the activation dynamics. 

This is a vital problem to overcome if one is trying to utilize emotive agents to foster proactive thinking on the part of the user. The ultimate goal of the emotive agent is to foster skill acquisition and transfer. To help in this effort, the agent must be aware of tasks the user/trainee is attempting and of how well the underlying pedagogical plan is succeeding or failing. For example, the game graph for dialogue between the user and just one virtual patient involves about 80 nodes. A given event may occur during the game (e.g., score goes up from A to B), but where it occurs in the game graph and along the elapsed time scale should alter the emotive reaction of the agent. The agent must have the cognitive ability to make such discriminations. 

Our model of agent emotion-to-cognition connection is a generic one that should work for any healthcare game since it factors in virtual patient physical and mental condition, as well as user progress considerations. Ultimately, we wish to derive a single Overall Affect that can be used by the behavior choice module (see next section) to determine which effectors to use in the game. To do this, we first combine the four low level emotional drive values into two higher level constructs called Efficiency and Effectivity. Efficiency, as shown in Figure 7a reflects how quickly the user is moving through the game both in terms of elapsed time and progress in moving the user through the levels of behavior change. The mathematics were derived by apportioning time to distance traversal in the game graph, much as industrial engineers would derive efficiency from work progress along a timeline. As Figure 7a shows, efficient play occurs to the northwest of the upper cutting line, inefficent play is to the southeast of the lower cutting line, and the mid-space is neutral territory. At any moment, the agent knows if inefficient, neutral, or efficient play occurs, and it assigns Efficiency a value of 1,2 or 3 respectively. These equations permit the grounding of the JOY and FEAR emotions, where each is directly correlated to the y- and x-axes, respectively.

In the same fashion, Figure 7b shows how Effectivity combines patient physical condition (WORRY along the y-axis) with user confusion (DISAPPROVAL along the x-axis). If the patient is deteriorated, then the agent should be more concerned about users meandering. Due to this inverse relationship, Bea’s equations for Effectivity have a negative slope, and the desirable region is now to the northeast of the upper cutting line in Figure 7b.  Again, Bea knows the Efectivity at any given moment and assigns 1,2, and 3 for ineffective, neutral, and effective playing of the game, respectively. Finally, Bea adds Efficiency and Effectivity into Overall Affect (OA) as shown in Figure 7c. The result gives Bea a deliberative approach to her emotions and overall affect that she then communicates to the Behavior Change Module that we turn to next. This set of equations also explains the left side of earlier Figure 6. There we see an example of how the low level emotions are combined to give different behaviors in 6a vs. 6b even though the same event just occurred for each bargraph (i.e., score rose as plan progress increased). 

4.3) Task, Plan, and Decision Processor

The cognitive processes of the agent are to determine what actions (A) to take when a given event or other-agent action, E(x), occurs. Here we view other agent actions as also being events. Since the Bea agent is tasked with helping the user to move efficiently and effectively through the game graph or plan, this means the agent must connect the event to the larger picture and proactively select an appropriate response action. To this end, the agent has a Knowledge Base structured as follows:
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a) Efficiency = F1 (Elapsed time, Progress through game plan space)
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b) Effectivity = F2 (Patient physical condition, Action)
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c) Overall-Affect = Efficiency + Effectivity
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Thus an event E(x) triggers an action, Ax(H, N, C), modulated by whether the Overall Affect is Happy (H), Neutral (N) or Concerned (C). Events may be dialog speech acts, score changes, time changes, and/or patient (physical or mental) condition changes. Actions are names of animation sequences that are parameterized to correspond to the OA(H, N, C) variable setting. Currently it only takes 25 rules to implement Bea’s decision processor, though this will undoubtedly grow as more types of events are added to the game, and as we add new responsibilities for Bea as discussed in the conclusions.  An example of one of these rules is shown below. The consequent of the rule normally includes only a lookup code, but it’s annotated with the text of Bea’s behavior to make it readable for the sake of this article. In the agent, the text is part of the behavior in the next module. In the Text to Speech engine, an exclamation point is a major inflection and emphasis point, so re-positioning of these punctuation marks can greatly affect the speech act.

IF 
E(score = 0.5 and score change >0)  &  OA(.)

THEN:

(HAPPY) A-S1H : “Good job! Your score is going up!  You are helping <patient> to recognize that pain is a serious symptom.”

(NEUTRAL) A-S1N: “Good. You are heading in the right direction. The pain cannot be ignored.”

(CONCERNED) A-S1C : “OK, your score went up by focusing on <patient’s> pain. But hurry up! We still have a long way to go.”
4.4) Behavior Generator


The behavior generator module is responsible for processing the behavior lookup code (e.g., A-S1H above) and for assembling and executing the proper behavior. This includes retrieving the behavior from the animation store, synchronizing the precise execution interval with the game simulator, and then running the behavior with the help of the Macromedia Director projector and the MicroSoft agent server as well as the H&L Text-to-Speech engine. 


The animation store includes about 40 Bea body parts (legs, arms, mouths, eyes, eyebrows, hearts, and miscellaneous items such as motion clouds, water drops, etc.); about 3 dozen low level animation functions written in Macromedia Lingo script (e.g., move, jump, smile, frown, snooze, yawn, etc.); and about 5 dozen higher level behaviors such as the three indicated at the end of the previous section, or the 2 shown in earlier Figure 6. With the help of the Microsoft Agent Editor, the body parts were assembled via a key-frame process into 100s of orientations needed by the low-level functions. Also, via a DirectXtras plugin and a script editor/tester we assembled, the MS Agent environment was merged with the Macromedia Director environment. Within this editor the various low-level animation functions were assembled and tested. The higher level behaviors were then constructed solely in Director by making numerous calls to the various low level animation functions. Of the 5 dozen high level behaviors, most are on the order of around 15 seconds in length, but a few are explanatory and last for up to 100 seconds. Since Bea’s role is intended to assist, tutor, critique in a friendly way, and facilitate, we wanted to keep her mostly in the role of “accent”, cuing, and signaling.  

5) USAGE RESULTS

In the long run we hope to conduct a clinical trial of the full game’s impact on personal healthcare intentions, knowledge, and attitude shifts. However, at this point we were interested in evaluating the robust prototype to extract lessons to guide the final design steps. In particular, we wanted to design a “pretest” experiment to: (1) assess usability (e.g., learnability, navigability, clarity), (2) examine pedagogical goal achievement (e.g., within module understandability, across module order, symptom and delay coverage), (3)  appraise media alternatives (e.g., impact of audio/video vs. just text on user interest and lesson absorption, value of vivid and animated depictions on memory and discernment, and relative amount of agent emotivity needed to achieve success as a coach and companion), and (4) determine what is measurable and how best to measure it. The results from this experiment will be used to refine the design and help develop the clinical trial concept.

The pretest involved two types of evaluation activities: advisory groups and user tests. The advisory groups included two focus groups and a remote evaluation. The two focus groups were medical faculty and clinicians at the University of Pennsylvania Health System with one group comprising 6 cardiologists and the other group consisting of 6 general practitioners (5 family practice docs, 1 diabetologist). The two focus groups met for 90 minutes each, during which time an attempt was made to guide discussion across a series of 10 topics after a walk-through of the game. The 10 topics straddled the first three items listed above from the viewpoint of how to design the game to best help users. In the case of the cardiologists, a little extra emphasis was given to discussion of whether we had included the right symptoms and of how the game might be made more useful to general practitioners. In the general practitioner session, a little more thrust was placed on whether they felt their patients should use the game and how to make it more useful for that end.  In addition, we solicited a scientific review from the American Heart Association (AHA) to help answer the question of whether the coverage of symptoms and delay issues was accurate and pedagogically useful, and whether AHA would host the finished version of the game on their website. For this purpose, AHA was sent a copy of the game to evaluate on their own. None of the focus groups, nor the AHA, were actually shown the list of discussion questions. In the focus groups, the lead author, acting as meeting facilitator assisted by one of the other authors, tried to steer discussion along the lines of the pre-determined 10 questions as best as possible.

Table 1 – Overview of the User Pretest Showing Subject Demographics and Subject Assignments to Measurements and to Each of Four Versions of the Game.


The user pretest in turn, was far more structured and consisted of four experimental groups, each seeing a different version of the game as summarized in the four columns of Table 1 and as now will be explained more fully. Version Four of the game consisted of a purely text-based version of the training module implemented as Powerpoint slides in which there were no audio or video media and no animations. Further, there was no back and forth dialog between the MD and Bea, only the doctor’s didactic material was included. So this is a didactic version of the game.  The other three versions of the game each included all three modules (engage, train, and rehearse), however, they differed from each other on the degree and types of media included. Version Three used the same training module as Version Four, and its Engage Module was stripped of audio and also turned into a power point slide show.  Its Rehearsal Module was fully animated with audio and pictures, however, this module eliminated Bea, but had her dialogs popup as small text boxes on the lower right of the screen. Bea’s dialog boxes also appeared in the same spot on the power point slides of the Engage and Training Modules for this version. Version 2 and 1 used Macromedia Director for all three modules and permit all forms of media to appear (audio, video, images, animations, back and forth dialogs between virtual personas, etc.). The only difference between Versions One and Two lie in the role for Bea in the Rehearsal Module. There, Version One permits Bea to be fully emotive, while Version Two eliminates her emotions (fear, worry, joy, disapproval). Thus she only appears during the Rehearsal Module of Version Two at the intro screen to explain all the buttons and dials, and at any fail or succeed end states. 

Users were assigned to the four versions via an attempt to keep a relatively even distribution across versions for subject age, gender, race, profession, and health status. For a variety of reasons in the pretest (i.e., smallness of sample, date and location in which a version was tested, shortness of time and budget, etc.), distributional randomness was not always possible and some versions got used by subject pools that somewhat favored one demographic over another. For example, Version 4 got used by a doctor and an allied health worker in addition to two laypersons, while Versions One and Two had only laypersons as users. Or subjects using Versions 2 and 3 were 50% minority (african american, hispanic, an/or asian), while only 25% minority was achieved in the groups using other versions. Where these differences may have an impact on results, we will discuss individual responses in the next section.


Finally, Table 1 also summarizes the plan for assigning subject groups to measurement instruments.  We collect up to four sets of metrics on each version/group. The fundamental purpose of our research and of our game is to cause a shift in user healthcare behavior and intention. To that end, we pose a before and after Intent Quiz consisting of four scenario questions shown at the top of Table 2. The answers to these questions are open-ended, however, we translate the subject answers to a numerical equivalent score to ease analysis and interpretation. The scoring is as follows:

Table 2 – Measurement Instruments Utilized by Test Subjects


0 – ignore the symptoms or perform self-care with over the counter medications

1 – wait for a period (often involving a day or two) and then call the doctor’s office or 911

2 – call or go to the doctor’s office (possibly after a fairly short wait – an hour or so)

3 – call 911 immediately

Immediately after the first application of the Intent Quiz, we also give a Knowledge Quiz which tests what the subjects know about heart attack symptoms and delay issues. This 2nd instrument is a short 4 question quiz (see Table 2 for exact questions and correct answers) that is also applied immediately after the training module. In Versions 1 and 2, the second application of the Knowledge Quiz is automated with Bea providing feedback and explanation whenever wrong answers are selected. In these versions, the answers are collected in the keystrokes file.
The 3rd instrument is currently paper-based, and administered at the end of the game before the re-application of any quizzes. This is a 28-item questionnaire that collects user reaction by game module to usability, pedagogical value, logic/believability of characters, and recommendations and suggestions. The precise questions asked are shown in Table 2. All questions are answered on a 7 point Likert Scale with 1 labeled “strongly disagree”, 4 labeled “neutral” and 7 labeled “strongly agree”.  There is also space for free text comments after each module’s questions and subjects may select NA for any given question. Since they only saw one module the questionnaire for Version 4 was shortened as will be discussed below. 

The final set of metrics collected are keystrokes during the Rehearsal Module. This captures nodes seen, buttons clicked, and time stamps. The results are summarized into 7 metrics (see end of Table 2).

6) EVALUATION OF RESULTS & NEXT STEPS

The results from the advisory group sessions and from applying these various instruments and measures may best be summarized in terms of six topics – intention shift, pedagogical value, usability, logic/believability, persona effect, and miscellaneous. In terms of intention shift, the results from the Intent Quiz indicate that users in all four groups experienced a positive shift over all four intention categories, as shown in Table 3a. Although the sample size (N=18) is too small to assess the statistical significance of these results, one can see trends in the effect of the various levels of intervention.  The subjects exposed to the full version of Heart Sense and those exposed only text-based materials experienced the highest shift (125.0 perdent and 140.6 percent, respectively), while those exposed to the mixed text/non-emotive agent version had the lowest shift (37.5 percent). In terms of specific dimensions of intention, subjects tended to move away from the intention to care for themselves or to wait to call their doctor in the event of a heart attack, after being exposed to either of the two multimedia versions of the intervention, more than those who were exposed to the other two versions.  All versions of the intervention, except for Version 3, effected a shift in intention to call 911.  While the shift is most pronounced in the text-only version,  it is prominent in the two computerized interventions. 

Table 3a.  Mean Intention shift (as percent change between pre- and post-intervention) for 4 dimensions across the 4 versions.  Numbers in ( ) represent one standard deviation.

Intention:
Version 1

Full Emotive
Version 2

Basic Bea
Version 3

Popup Text
Version 4

Didactic/Text
TOTAL

· Self care
100 (115.5)
166.7 (116.9)
37.5 (47.9)
75 (150)
102.8 (115.7)

· Wait to call
112.5 (165.2)
158.3 (128.1)
87.5 (85.4)
200 (141.4)
141.7 (127.5)

· Call/see doctor
200 (141.4)
83.3 (132.1)
37.5 (47.9)
125 (150)
108.3 (128.6)

· Call 911
87.5 (143.6)
50.0 (77.5)
-12.5 (25.0)
162.5 (75)
69.4 (101.6

TOTAL
125 (141.4)
114.6 (113.7)
37.5 (51.5)
140.6 (129.1)
105.6 (118.4)

Grouping together the two computerized versions, the difference in effect on intention is even more striking (Table 3b), where the shift was 118.8 percent in the former, and only 89 percent in the latter.  This indicates that any multimedia version of the intervention (emotive or non-emotive) results in a positive shift in intention.  This was especially evident in the intent to continue to care for one’s self in the event of a heart attack, where the difference was 140 percent vs. 56.3 percent for the computerized and non-computerized versions, respectively.  Although the shift intention to call 911 was essentially the same between the two groups, the intention to call or see a doctor was  substantially positively shifted in the multimedia versions.  The important finding in this analysis is that there is a positive shift in intention apparently caused by the full multi media and mixed pedagogy versions versus the didactic, text-only approaches taken by Versions 3 and 4.

Table 3b.  Mean Intention shift (as percent change between pre- and post-intervention) for four dimensions across the multimedia vs. the didactic versions.  Numbers in parentheses represent one standard deviation.

Intention
2 Animated

Versions 
2 Textual

Versions

· Self care
140 (115.0)
56.3 (105.0)

· Wait to call
140 (137.0)
143.8 (123.7)

· Call/see doctor
130 (141.8)
81.3 (113.2)

· Call 911
65 (102.9)
75 (106.9)

TOTAL
118.8 (124.2)
89.1 (112.2)

These intention shifting results were predicted by the pedagogical theory the game is grounded in (Section 2). They were also predicted by AHA’s Scientific Review Panel and that explains why they approved Heart Sense without even a single revision required. For the same reasons, after seeing Version 1 of the game, both focus groups of physicians devoted a sizable fraction of their total time to discussing their concern that if this game were rolled out nationally and widely played that the ERs could not support the influx of added visits. Both groups strongly favored such a roll out, and neither group was willing to water down the message, however. They favored sensitivity errors (false positives) to specificity ones (false negatives) to the extent of insisting that no false positive cases should be included in the village – all villagers should have true MIs.

Looking at the Knowledge Quiz overall impact, all versions effected a change in knowledge (Table 4a), although the didactic-only version (V4) did the best at improving after-the-fact learning The group using that version is the only group with no after-game errors on the quiz. All other groups had 19 to 25% of their answers with after-training errors. 

Table 4a.  Mean Knowledge Quiz scores obtained before and after intervention for each of the four intervention versions.  Scores ranged between 0 and 4.  Numbers in ( ) represent one standard deviation.


Pre-Intervention
Post-Intervention

Version 1 – Fully Emotive
2.75 (0.96)
3.33(0.58)

Version 2 – Basic Bea
1.83 (0.75)
3.0 (3.05)

Version 3 – Popup Text
2.75 (0.96)
3.25 (1.5)

Version 4 – Didactic/Text
3.0 (0.82)
4.0 (0.0)

TOTAL
2.5 (0.92)
3.5 (0.85)

One interpretation of the improvement in Version 4 might be that the other versions did not teach the answers as succinctly, given that they introduced distractions via the Engage Module, the plot involving the various personas, and various audio/visual effects, and so on. Indeed, one of the physicians in the Practitioner Focus Group pointed out that this was the case, and more importantly stated that the quiz questions did not fully reflect what was emphasized in the full multi-media versions of the Engage and Training modules. Another interpretation might be that Group 4 had 50% health workers (although Group 3 did as well) as opposed to all laypersons in most of the other groups. Also, when we look at individual questions, we see that Group 4 had the least number of wrong answers when initially taking this quiz – so maybe this was not a representative group in terms of prior knowledge.

However, in comparing  the changes in knowledge score between the multimedia and the text-based versions,  there is a substantial difference between those subjects exposed to these two interventions.  Table 4b demonstrates that the multimedia versions resulted in a substantially greater improvement in knowledge, post-intervention.

Table 4b.  Percent difference between pre- and post-intervention Knowledge Quiz scores for each of the four intervention versions.  


Percent difference in Knowledge Quiz score

Animated/Multimedia versions
51.4%

Didactic versions
25.1%

The Questionnaire was designed to provide insight into the user’s reactions to various aspects of the intervention.  Table 5 shows the raw results of the Questionnaire data for each subject. 

Table 5.  Raw results form the Heart Sense Questionnaire.  

1=Highly disagree with statement or question; 4=Neutral; 7=Highly agree; NA= Not applicable to this version.
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While these data are useful in their raw form, they are perhaps most interpretable when grouped into three dimensions that reflect the main metric foci of these data: Usability, Logic, and Pedagogy.  Table 6 shows the Questionnaire scores grouped by these dimensions: 

Table 6.  Mean questionnaire scores grouped on three dimensions across the four intervention versions.  Numbers in ( ) represent one standard deviation.


Version 1- Emot.
Version 2 - Basic
Version 3 - Text
Version 4 - Didtc

Usability
48.8 (0.5)
46 (4.6)
44.8 (5.3)
19.5 (1.3)

Logic
25.0 (3.5)
22.8 (3.8)
24.5 (3.1)
3.75 (2.6)

Pedagogy
55.5 (1.0)
49.8 (5.7)
52.3 (4.3)
34.8 (4.9)


The usability dimension is vital since many of our users may not be very computer savvy.  This dimension was addressed by the focus groups and by users responding to items in each section of the questionnaire including O1, O2, T1, T2, V1, V2, V3, and B1. The focus groups complained that the score and clock icons in the upper left of the Rehearse Module need refinement. They felt time is a particularly important variable for users to learn to manage and voted for a continuous analog rather than discrete digital clock thinking that might make it more intuitive. Also, they wanted it to count down the time remaining, rather than increasing as the score does. This would help to differentiate it functionally from score bar.  Aside from these concerns, all user reactions place the usability of all versions in the positive realm. However, the strength of usability ratings are highest for Version 1 and drop a little further for each successively media-crippled version. It is interesting to note that Version 4 has the lowest ratings despite being the shortest module with the least complexity (touch any key for the screens to advance in the standard PowerPoint slide show fashion). This attests to the success of our graphical user interface, the use of simple mouse actions, the role for Bea, and the impact of multimedia. In fact, this is borne out in Table 6, which demonstrates that the three computerized versions substantially outperform the text-only didactic version. In addition , a trend can be seen in which versions with decreasing levels of multimedia and emotive interface interaction correlate with decreasing usability.  Although the number of subjects examined in this pilot are far too small to make any statistical inferences, this trend supports the three points made above.  .


The Questionnaire was also designed to provide insight into the detailed impact of one pedagogy versus another. See Table 5 for a detailed description of the results of the Questionnaire data pertinent to the pedagogical dimension of the intervention.  Versions 1 to 3 (multi-pedagogy approaches) result in: 

(1) vividness  that helps them better remember the results (O5), 

(2) learning about symptoms overall (T3), precisely where symptoms occur in the heart (T4), and about delay issues (T5, V6) – , which may help to explain the observation that Version 4 subjects had less to learn prior to the intervention

(3) subjects  learned more keenly how time slips by during a heart attack event (V8).

These are precisely the areas where one would expect the multimedia and simulation/rehearsal effects to have an impact relative to the pure text-only didactics of Version 4.   Again, the data in Table 6 show clearly the effect of the three computerized versions on the pedagogical dimension, with the fully multimedia, emotive-agent version having the strongest effect.  The slight decrease in score for Version 2 on this dimension may be a function of sample size, or it could reflect the “unfriendliness” of the interface for this version, relative to those of Versions 1 and 3.  Regardless, there is evidence of a trend of decreasing pedagogical satisfaction that correlates with decreasing interface detail.

The final  Questionnaire dimension allows us to probe is how logical (and believable) are the virtual characters and their scenes. We placed at least one question about this in each section of the questionnaire and coverage is provided by O3, T6, V4, and B2 in Table 5. We can see in Table 5 that virtually all subjects strongly or very strongly feel the characters and their situations are believable and logical.  One exception to this appears in Subject 4 of Group 1, who was apparently unmoved by Bea’s attempt in the Training Module to cause him to reflect on people in his past who had delayed in seeking health care.  All other users were stimulated to do so, even (though less so) the users in the didactic Version 4 who did not benefit from Bea’s spoken anecdotes. In general the least strongly believable character was Bea as answers to B2 indicate. Here there was a somewhat bipolar split where subjects in each group felt either strong/very strong or they felt less so. The non-emotive Bea drew worse believability scores than the emotive Bea. Given that Bea is a cartoon character, and all the other characters are photographs of actual actors, it is not surprising that Bea is the least believable. It might even be surprising that she is believable at all, and most users probably should have answered this question as NA (only 1 answer was NA). However, another interpretation may be what was voiced by one of the physicians in the focus group. He felt that Bea was too juvenile as a persona and that she didn’t connect with him. He viewed her as being of high school , and more appropriate for helping kids play the game rather than for middle aged persons and senior citizens.  This view was not shared by any others in the focus groups, but it may be that the two males who rated her 2 and 3 in Group 1 had similar reactions. In subsequent research we hope to examine reactions of users to alternative voices and age levels of the Bea character. The major collector of emotive toys in America is turning out to be middle-aged women, a target group we particularly want to reach with our game. In fact, the only free text comment we got from any user in this portion of the questionnaire was from an over 55 year old female who was moved to comment that “Bea is cute” (the same individual who appropriately stated NA on the believability question). So it is not a foregone conclusion how we should handle this issue.


Related to the believability issue are items V9, V10, and V11 in the questionnaire which explore whether the user would relate better to the character having the heart attack if that character were the same age, gender and race as the user.  Almost two thirds of users were negative about this, and another 29%  were neutral. While no one was in favor of this, over a third felt it was not applicable for them to answer one or more of these three questions (possibly since Mrs. T already matched part of their profile). The same physician who felt Bea was too young, also felt strongly that Mrs. T was too old and the wrong gender. If our subject pool had involved less professional people, it is possible we would have encountered more of the type of reaction this physician claims his patients would give. It is fairly straightforward (though tedious) to alter the case base of the simulator so that it can be age/gender/race responsive. A somewhat more difficult task is to determine which age/gender/race the user prefers to see in the village. Some of these demographics are not so easy to determine as subjects may not wish to answer about them, or as some subjects might be playing for someone else they provide care for. We plan to explore this more fully in subsequent research, and it might also be interesting to explore dynamic personalities for the Bea character as well.


Table 6 shows the apparently strong effect of computerization on the perception by users that the material is logical.  The difference between the scores on this dimension between Versions 1 through 3 and Version 4 is very striking, and causes one to wonder if the text-based materials are at all effective in bringing the reader (user) “in” to make the pedagogical experience more meaningful.  Clearly, one must question the efficacy of text-based materials, specifically in this study, and perhaps in general, when results such as these are found.

The field of human computer interaction is split over the value of a character such as Bea for coaching and assisting the user. Some researchers argue that such an agent is distracting, hampers users’ behavior, and potentially reduces text retention [13]. Other researchers argue that “animated pedagogical agents” play a critical role in helping and motivating students, the more so the more they display realistic emotions [1,28]. Our results lend partial support to each view and shed some light on where animated pedagogical agents are needed and where certain behaviors are inappropriate.


Let us begin by pointing out that our entire game (all 3 modules) consists only of animated or virtual characters. In the Engage Module, Bea is added to the mix of other animated characters to provide user companionship, entertainment, and emotional bonding, rather than for purely pedagogical purposes. In the other two modules Bea is a secondary pedagogical agent, although we hadn’t realized it ahead of time in the latter of these. In the Training Module the primary pedagogical agent is Dr. Levy who gives the didactics. Bea’s role there is to simplify the message, translate it to everyday terms, and keep the presentation conversational and anecdotal. Bea plays the identical role for both versions 1 and 2 in the Engage and Training Modules. We believe this is why Bea was uniformly labeled strong (6) or highly strong (7) on being clear (B1) and helpful (B3) across all users of versions 1 and 2, even by those who were neutral or negative on whether she was believable (B2) or encouraging (B4). In retrospect we regret not having phrased the questionnaire so users of version 3 could have answered B1 through B4 with other than NA for their popup text boxes. However, we suspect their slightly lower game usability ratings are related to the lack of Bea’s persona.


In the Rehearsal Module we originally conceived Bea as the pedagogical agent (using cueing, hinting, and muted suggesting). We feared users without Bea would stray off the normative path, incur large delays in the game clock, and potentially reach failed end states. However, as one can see from the Keystroke results (Table 7) users of Versions 1, 2, and 3 did equally well, minimal straying off the correct nodes occurred, everyone finished well within the allotted 30 minutes on the game clock (4 to 6 minutes wall clock), and no failed end nodes were reached. Thus there was no user performance difference (improvement or decrease) due to Bea’s emotivity being on/off or even Bea having a physical or audible persona (recall that in version 3 Bea is just popup text boxes). The only significant difference was that the fully emotive Bea caused the Rehearsal Module to last an extra 1 to 1.5 minutes which prompted one user to suggest the game “could be a little shorter”. The reason for this persona non-effect is that Mrs. T is herself an animated agent sending strong verbal and visual cues that she needs speedy help (typical presentation with crushing chest pain). We suspect that as less obvious heart attack scenarios are introduced via other village characters, that users may be less clear on what to do and that Bea’s pedagogical role will become relevant in this module as it is in the earlier ones.

Table 7 – Summary of Keystrokes for Emotive, Non-Emotive, and Popup Text Versions

To summarize, a pedagogical agent like Bea seems to be most helpful to reduce complexity, provide cues, offer companionship, and enhance entertainment value to keep user affect positive and promote learning performance. The animated pedagogical agent approach appears to become irrelevant where the situation (or other characters) already provide a sizable portion of these items on their own. Also, we are unable to concur with Wright et al. [56] that animated pedagogical agents reduce text retention even though our version 4 subjects tested the highest since our Knowledge Quiz (and possibly Group 4’s subject pool) was biased away from the material taught via the animation. Finally, our cases to date did not permit us to collect fine grained feedback on when high degrees of emotivity helps or hurts, and this will have to be a topic for our future investigations.

Finally we come to the last set of results to be discussed in this section -- the results that include miscellaneous lessons learned. From the focus groups we learned several insights about the Engage Module. For one thing, it is currently too slow moving, actors aren’t sufficiently energetic, and has material that needs to be edited and tightened up. A more serious concern is that  all physicians objected to the fact that our patient dies in the emergency room. This is not just a complaint that competent doctors would never allow it to happen. Given that we are trying to teach an intention shift concerning calling 911 and going to the ER, this scenario conveys a negative message we don’t want our users to infer about ERs. We will be altering this part of the scenario in the next release. Also, in the Training Module the Doctor hands Bea an AHA pamphlet which she reads from and then shows portions of on the screen. The doctors felt this should either be something the users can printout and take home, or not be shown as a pamphlet. Finally, all focus group doctors and all users felt strongly (6) or very strongly (7) that the game should be shown to people at risk of heart attack (Overall Question 1). 

7) CONCLUSIONS AND NEXT STEPS

7.1) Contributions to Date


Several innovations have occurred during this effort. First, this effort has lead to the design of a generic simulation environment and authoring toolset that helps to implement patient behavior change theory. The design permits game authors to mix instructionism and constructivistic pedagogies, multi-media, and animated pedagogical agents to enhance user learning experiences and performance. Having such an intentionality theory-grounded toolset as a generic capability would be a first for the field of healthcare education.


Also, the design provides a mathematical grounding for agents to dynamically calculate realistic emotional response to changing game states.  In the field of emotive agents, the sensing of changed environmental states is commonplace, but choosing which emotion to then activate is often based on ad hoc or experientially derived table style lookup. Mathematically grounding the emotion activation decisions in game planning space makes the agents generic to any healthcare domain, and this eases development effort. 


A proof of concept prototype has been created in the heart attack domain that illustrates these various innovations. Initial evaluation studies of that prototype also lead to it passing AHA scientific review, physician focus group predicting that a national rollout of the game would result in Emergency Rooms being filled to capacity and beyond; and statistically significant user shifts in intention to call 911 and avoid delay. User test results also indicate the full multi-media and animated agent versions of the game provide improvement in learner understanding and memory of symptoms, and appreciation of time management during heart attack events. 

User reaction data indicate the emotive pedagogical agent improves usability overall as well as learner performance during complex explanations. Further the emotive agents are viewed as highly useful as companions and for entertainment that appears to keep user affect positive. Emotive and animated pedagogical agents appear irrelevant when the situation and/or other characters make it clear what is required of the user.  These findings might be described as a corollary to Lester [  ]’s “persona effect” which states that animated pedagogical agents are always helpful, credible, and entertaining, but more so the more expressive the agent. Our corollary, which we call “situational dependency”, seems to indicate that (1) different types of emotivity and persona are credible to different users, and (2) animated pedagogical agents are helpful only where needed to boost companionship, increase entertainment value, and reduce complexity. Thus if the situation is already understandable and companionship and entertainment offer little added value or if there is a mismatch between the virtual agent and user’s personalities, then there is will be no persona effect and one can safely omit the pedagogical agent from that situation. 

7.2) Next Steps

What’s past is prologue, and the results to date provide a useful roadmap to further research needs for both the Heart Sense Game and for the field of simulators and pedagogical agents for healthcare in general. 

In future research we hope to investigate a number of these issues.
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