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William Lee 

ABSTRACT 

 The objective of this exploratory research was to investigate the interplay among 

emotion, risk perception, and situation awareness as potential risk factors within the health 

care domain. To accomplish this objective, a two-phase study approach was employed. In 

Phase I, a proof-of-concept testbed of the emotional interface concept, namely Wearable 

Avatar Risk Display (WARD), was tested as the primary communication medium to explore 

participants' emotional responses and risk choices under the influence of the validated 

International Affective Picture System (IAPS). Based on the lessons learned, a limited 

prototype of WARD was further refined and then implemented in a formative evaluation. 

The formative evaluation employed two medical students from the Edward Via Virginia 

College of Osteopathic Medicine (VCOM) to investigate their emotional response, risk 

perception, and situation awareness using the MicroSim InHospital under the influence of the 

validated film-based Mood Induction Procedures (MIPs). In Phase II, 32 new medical 

students from VCOM participated in 2 (intervention) x 2 (film) between-subjects study for 

addressing three research questions. Both quantitative and qualitative data were collected and 

analyzed. 

Results from Phase I indicated the need for MIPs, as well as shed light on the 

feasibility of employing anthropomorphic computer characters as intervention devices.  

Participants found anthropomorphic computer characters to be meaningful as virtual 

assistants in a team environment. The Facial Expression Coding System also indicated that 

participants experienced high levels of happiness/amusement when a happy and credible 

anthropomorphic computer character was introduced under angry emotional induction via 

MIPs. Physiological states results confirmed that participants' heart rate variability was 

affected significantly after the use of anthropomorphic computer characters, verifying that 

their utilization was potentially effective.  The lessons I learned from the Phase I results led 

me to refine procedures and training/evaluation techniques, and to introduce 

anthropomorphic computer characters with minimal intrusiveness during the Phase II study. 
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Findings from Phase II showed that one particular medical item, wiping contaminated 

spills, was found to be influenced by induced anger.  Moreover, mixed support for using 

anthropomorphic computer characters and text interventions was also found for the medical 

and general risk perception ratings under induced anger.  Sub-constructs within 3-D SART 

correlated with emotional responses and anthropomorphic computer character intervention. 

Two additional items, supply of attention and complexity of the situation, were also found to 

be influenced by anthropomorphic computer character intervention.  Content analysis using 

the Word-Frequency List method resulted in positive responses for both anthropomorphic 

computer character and text interventions. Using Two-sample t tests, text based interventions 

led to a higher level of subjective happiness as measured by PANAS-X.  Multiple regressions 

were also conducted and resulted in six equations for predicting the influence of emotion on 

situation awareness and medical based risk perception. 
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SCENARIO 

 The following hypothetical scenario, although recounting the experience of just one 

doctor, encapsulates the actual reactions of clinicians who have experienced patient death or 

injury due to medical error (Berlinger, 2005; Bonchin, 2004; Donchin, Gopher, Olin, Badihi, 

Biesky, Sprung, Pizov, & Cotev, 2003; Stockinger, 2005). 

“I’m sorry I made a mistake that killed your daughter.”  As a pediatric 

surgeon, Markus Jefferson, M.D., stood in front of the parents of the 10-year old girl, 

he apologized to them outside Operating Room (OR) number 8 at 3:30am.  His hands 

were trembling, palms were sweating, heart was thumping, and mind was racing.  

Twenty minutes later, Dr. Jefferson was still in shock and did not understand what 

really happened.  He was also exhausted emotionally and physically.     

Dr. Jefferson reentered the OR at 7am, still with vivid memories of the event.  

He could have taken the next two days off, but since he was new and the group was 

already short-handed, he struggled to get oriented.  In fact, he would later recall that 

he felt like a wreck that early morning.  For the rest of the month, Dr. Jefferson 

struggled continuously and privately within an uncharted emotional landscape after 

the mistake: temptations of alcohol, thoughts of suicide, dealing with the mixed 

responses of colleagues, and reliving of the mistake through nightly dreams. 

During that month, Dr. Jefferson would feel a sense of grim determination 

and sometimes resignation whenever he encountered a similar case.  Before that 

tragic event, Dr. Jefferson had never seen death before.  Now the memory of the dead 

10-years old girl’s eyes had become a part of his consciousness. 
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CHAPTER 1:   

INTRODUCTION 

There can be no knowledge without emotion. We may be aware of a truth, yet until we 

have felt its force, it is not ours. 

To the cognition of the brain must be added the experience of the soul. 

Arnold Bennett, British novelist, playwright, critic, and essayist, 1867-1931 

 

If Mr. Bennett can be believed, practitioners of the healing arts are duty bound to defy 

long-standing traditions of emotionally disengaging from those they treat.  Taking notice of 

the “experience of the soul” might, it seems, be beneficial for these highly trained specialists.  

However, despite years of rigorous and usually dispassionate technical training, clinicians are 

often considered more than just skillful professionals…the best of them are thought to 

possess a special healing gift (Larson & Yao, 2005).   

Given the fact that clinicians routinely deal with issues of life and death, practicing 

medicine can resemble an emotional roller coaster with personal (Bognar & Reichert, 2007) 

and life-changing traumatic experiences (Warren, Lee, & Saunders, 2003) around every 

bend.  Surveys conducted between 1997 to 2001 found that 22% to 34% of U.S. clinicians 

reported emotional job-related exhaustion and dissatisfaction (Landon, Reschovsky, & 

Blumenthal, 2003; Stordeur, D'hoore, & Vandenberghe, 2001).  In another study, 

Redinbaugh, Sullivan, Block, Gadmer, Lakoma, Mitchell, Seltzer, Wolford, & Arnold (2003) 

sent questionnaires to 188 doctors and learned that 31% of them experienced strong 

emotional impacts, while 23% of them found their professional experiences to be at times 

disturbing.  In 2006, a total of 1,951 clinicians completed a questionnaire, which indicated 

that 29% of them suffered symptoms ranging from depression to complete emotional 
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withdrawal due to their chosen profession (Schindler, Novack, Cohen, Yager, Wang, 

Shaheen, Guze, Wilkerson, & Drossman, 2006).  Warren, Lee, and Saunders (2003) referred 

to those experiences as vicarious traumatization or compassion fatigue.  Specifically, when 

patient death occurs—regardless of the quality of care—clinicians can become shocked and 

be negatively affected by the experience (Serpkowitz, 2006).  Moreover, Macintyre, 

Christopher, Eitzen, Weir, DeAtley, Tonat, & Barbera (2000) reported that this negative 

shocking influence would likely multiply in the case of unexpected massive casualties.  But 

when patient death and injuries occur due to medical errors, clinicians are at even greater risk 

for long-term emotional consequences.  Such traumatic experiences are cumulative (Aronson 

& Pomerantz, 2005) and could haunt them throughout their career and even after retirement.  

Unfortunately, given the prevalence of medical errors (Kohn, Corrigan, & Donaldson, 1999) 

and alarming statistics regarding patient injuries (Leape & Berwirk, 2005), a large population 

of clinicians might not only be suffering emotionally, but might also be influenced 

unknowingly and negatively in their daily practice of medicine. 

As shown in the literature, emotions can influence unconscious, cognitive processes 

like perception, attention, and memory.  This research implies that emotions could also play a 

vital role in conscious, cognitive processes like situation awareness (SA) since these 

cognitive processes are the basic building blocks for SA and risk perception.  For clinicians, 

then, who routinely deal with the negative influences of illnesses, suffering, and death, the 

range and volatility of their emotions could impact their behavior and the quality of care they 

are able to provide for their patients. Unfortunately, these effects could be compounded by 

grueling hours that leave them drained both physically and emotionally (Wolf, Potter, 

Sledge, Boxerman, Grayson, & Evanoff, 2006).  Moreover, many emergency departments 
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(EDs) are facing increasing demands for services since so many of the uninsured now choose 

to seek care in those settings.  But with an unprecedented shortage of staff (Eisenberg, 

Murphy, Sutcliff, Wears, Schenkel, Perry, & Vanderhoef, 2005), ED physicians and other 

health care providers are struggling to keep more and more balls in the air, possibly leaving 

their ability to focus severely compromised.   

As Serpkowitz (2006) discussed, the combination of a heavy workload and the loss of 

attention could lead clinicians to develop negative emotions.  Patients, however, justifiably 

expect high quality physical and emotional care with minimal delay from their health 

professionals (Kunda, 1999).  This conflict between clinicians’ emotional well-being and 

their patients’ expectations could impact their ability to deliver superior health care.  Studies 

have also been conducted about the negative influence of noise pollution in emergency 

departments. Tijunelis, Fitzsullivan, & Henderson (2005), for example, reported that 

excessive noise levels (e.g., alarms and ambient noise) make errors more likely and pose a 

risk factor for increased levels of anxiety and deficits in attention and memory—all of which 

could negatively impact emotional well being.  As mentioned previously, cognitive processes 

can be compromised by negative emotions, which then also have the ability to impact critical 

medical decision-making processes and increase mistakes in patient care. 

With the pressure of having to save lives, clinicians are required to maintain a high 

state of alert to prevent errors that could lead to patient injury or even death.  Research in 

motivated reasoning indicates that being accurate is one way to encourage individuals to 

think through all possible options and risks during decision-making.  Based on the Affect 

Infusion Model (AIM), however, such analytical cognitive processes can be influenced by 

emotions, which could cloud a clinician’s perception of risk, compliance behaviors, and the 
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ability to give full attention to a task. Therefore, because of the many possible detrimental 

effects of negative emotions, an attentive, meaningful, and emotional approach is needed to 

assist clinicians’ cognitive processes as they do their jobs in a sometimes highly charged 

emotional environment. 

Motivations 

Although emotions and their influence on cognitive processes have been studied for 

many years, this research investigated a largely overlooked area—how emotions impact the 

cognitive functions of individuals in a particular domain.  Specifically, this exploratory 

research examined the influence of emotions on cognitive processes within the medical 

domain.  This neglected area of inquiry is especially important given the fact that there is 

currently little formal training for current and future clinicians on how to deal with their 

emotions.  This training has, in fact, been explicitly identified as an important emotional 

support that is currently absent from clinical education programs.  Another rationale for this 

study is that although situation awareness (SA) has been examined within military and 

aviation domains, there is no known empirical study investigating the influence of emotions 

on SA within the medical domain.  Finally, the emerging technologies of affective and 

wearable computing can enable meaningful, understanding, and sympathetic communication 

mediums with clinicians.  By applying these technologies into a testbed, it can examine the 

effectiveness and influence of clinicians’ emotions and behaviors in a medical context. 

 Sources and outcomes of anger in the health care setting have, in fact, been examined 

by various researchers since the 1990s (Bottles, 2000).  Although the precise term “anger” 

has not been routinely used in depicting clinicians’ views of their profession, descriptions of 

their experiences can be linked to that emotion if they are kept from accomplishing their 
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goals by any number of factors.  Analogous terms that clinicians have used in describing 

their emotional reactions to their profession include discontent, dissatisfaction, dismay, 

frustration, and hostility (Daugird & Spencer, 1996).  Unfortunately, these emotions have not 

abated in the ensuing years since that study was conducted.  For example, Mechanic (2003) 

discussed that due to today’s widely available personal health information through 

technology and mass media, clinicians are being increasingly questioned and confronted by 

patients who are more knowledgeable.  Thus, the once exalted and incontestable status of 

clinicians has gradually diminished, which has exacerbated their discontent.  Other factors 

have also negatively impacted the medical professions.  Spickard, Gabbe, & Christensen 

(2002) and Zuger (2004), in fact, found that due to increasing demands/expectations, 

increasing regulations, bureaucracy, loss of autonomy, loss of social status, the restrictions of 

managed care systems, and malpractice claims/high insurance premiums, clinicians are 

retiring earlier (Linzer, Rosenberg, McMurray, & Glassroth, 2002).  And clinicians who do 

decide to prolong their careers have been documented to experience increasing levels of 

anger over these various causes (Skjorshammer, 2003).  Interestingly, the findings of 

Spickard et al. and Zuger are similar to Daugird et al.’s aforementioned causes of discontent 

in the clinical setting. 

In the context of this exploratory study, it is critical to examine how anger and its side 

effects can impact an individual’s risk perception, preferences, and choices.  Since certainty 

and control are two important characteristics of anger, an angry person is likely to feel 

unrealistically optimistic and overconfident.  Lerner et al. (2006b) associated this 

“invincible” altitude with why individuals under the influence of anger are willing to take 

risks.  In fact, the authors argued that this kind of anger-induced optimism would cause 
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individuals to employ heuristics carelessly and analyze situations with far less deliberation.  

This could also explain why clinicians tend to continue to practice even after the occurrence 

of a traumatic negative event.  Ultimately, the high levels of discontent and anger in clinical 

settings could create negative outcomes across the entire health care system and influence the 

quality of patient care as physicians become further dispirited. 

It has been well documented that current forms of alert-related communications 

among clinicians are still dominated by text based messages (e.g., pagers, PDAs, or cell 

phones) (Carroll, Traczy-Hornoch, O'Reilly, & Christakis, 2004; Shabot, LoBue, & Chen, 

2000a).  However, with advances in technology becoming increasingly prevalent in the 

health care domain, the most ecological approach for conducting this study from a health 

care perspective would be comparing the introduction of an affective visual interface against 

the traditional text based interface. 

Research Objectives 

 Through this exploratory study, I sought to examine the various interplays between 

emotion, risk perception, and SA in the health care domain.  As indicated previously, since 

clinicians are at risk for job-related stress and even suffering, their cognitive abilities could 

be impacted by these emotional challenges.  Therefore, this study investigated whether and in 

what ways anger might influence clinicians cognitively, as well as whether intervention(s) 

could assist clinicians cognitively and emotionally—and if so, in what manner. Specifically, 

the overall objectives of this study were twofold: 1) to implement a prototype of a testbed 

using off-the-shelf hardware and software, and 2) to evaluate the prototype in an actual 

medical setting against the traditional form of text based interface.  To accomplish these 

objectives, three research questions were examined: 
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Research Question Q1: How does anger influence a clinician’s level of risk 

perception? 

Research Question Q2: How does a clinician’s overall level of situation awareness 

under anger differ from a clinician’s SA under neutral emotion? 

Research Question Q3: How does anthropomorphic computer character treatment 

provide a clinician with comfort for his or her emotional well-being? 

Approach 

The study involved the development and examination of a prototyping affective 

decision aiding system called the Wearable Avatar Risk Display (WARD) (Lee, Winchester, 

& Smith-Jackson, 2007).  Using WARD as an intervention device, I conducted two formative 

evaluations and a third experiment to investigate the impact of induced emotion on perceived 

emotion, two forms of risk perception, and SA.  These studies were conducted in two phases. 

In Phase I, a proof-of-concept testbed of WARD was realized in the first formative 

evaluation to analyze the equipment need and the feasibility of combining emotional 

induction, affective intervention, simulation task, and subjective/objective data collection.  

Afterward, I further refined WARD to include anthropomorphic computer characters and 

physiological state devices as a limited wearable prototyping system.  I also analyzed the 

medical simulation scenarios using a desktop-based medical simulation program.  Using the 

limited wearable prototyping WARD, Situation Awareness Global Assessment Technique, 

and film-based Mood Induction Protocols (MIPs), a second formative evaluation using two 

medical students from the Edward Via Virginia College of Osteopathic Medicine (VCOM) 

was conducted to verify procedures.  I then collected and analyzed the preliminary data. 
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In Phase II, lessons learned from the formative evaluation were applied in order to 

refine study procedures.  An experiment with 32 medical students as participants was then 

conducted.  Participants were pre-screened to ascertain that they did not suffer from a high 

level of depressive symptoms.  Familiarization and evaluation of the desktop-based medical 

simulations were also conducted.  Participants were then induced into a particular emotional 

state with either an anthropomorphic computer character or a text message as an intervention 

as cognitive and emotional assistance, after which they were required to perform a simulated 

medical scenario.  Pre- and post-task questionnaires for evaluating participants’ level of 

emotion, medical/general risk perception, and SA were employed.  Lastly, the collected data 

were analyzed using correlation, content analysis, two-sample t tests, and regression.  

Additional details of both phases are discussed in the Methodology section. 

To undertake these two phases, anthropomorphic computer characters and text-

messages were the primary variables employed in the study. Their operational definitions are 

examined and reviewed in detail within the Methodology section. For now, however, an 

anthropomorphic computer character is loosely defined as a computer-generated character—

also commonly known as an avatar. The credible anthropomorphic computer character that 

was operationalized in this research was one with a person- or human-like appearance 

exhibiting egocentric (i.e., first person) expertise.  Conversely, the term non-credible 

anthropomorphic computer character refers to a character with a creature-like appearance 

with more allocentric (i.e., third person) expertise.  Furthermore, since the traditional form of 

communication in health care is still largely text based, for the purposes of this study the text 

messages used have also been classified as egocentric and allocentric.  Specifically, 

egocentric text in this context has been operationalized as textual information conveyed to 
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individuals in a personal or first-person manner. Alternatively, allocentric text in this context 

has been operationalized as information conveyed to individuals from an outsider or third-

person perspective. 
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CHAPTER 2:   

LITERATURE REVIEW 

 

 The following survey begins with a review of how emotion has been linked to 

decision-making and human information processing theories.  This review also examines the 

influence of emotion on cognition, risk perception, situation awareness (SA), and human 

error.  Included in this discussion is an examination of how clinicians’ emotional experiences 

from a sociotechnical perspective can impact the quality of care they are able to deliver.  

Lastly, anthropomorphic computer characters as intervention in different application domains 

are also examined. 

Decision-Making 

 Traditionally, most experts believe that an individual makes a decision based on 

dispassionate patterns of decision-making that relies exclusively on a systematical analysis of 

all available information.  However, when individuals are operating under constraints and 

naturalistic environments, they are often unable or unwilling to take the time to perform such 

systematical analyses (Ordonez & Benson, 1997).  Instead, individuals tend to make rapid 

decisions using selective or limited information.  Johnston et al. referred to these systematic 

and selective processes as vigilant and hypervigilant decision-making processes (Johnston, 

Driskell, & Salas, 1997).   

The naturalistic form of hypervigilant decision-making is of special interest in the 

field of decision-making research—principally because most individuals do not have 

adequate time or cognitive resources to consider all available information within the 

naturalistic environments (Pirolli, 2003).  As multiple factors engage a person both 
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physically and cognitively, an individual frequently must resort to either heuristics (i.e., the 

rules of thumb that people follow in order to make judgments quickly and efficiently) or 

biases for making their judgments.  One probable influential factor is an individual’s 

emotional state at the time a decision must be made.  Therefore, an overview of the influence 

of emotion on decision-making will be provided, followed by a more detailed look at some 

specific decision-making related components that can be impacted by one’s emotional state. 

 Djamasbi (2006) discussed how a person’s emotions can influence his or her ability 

to process information and make accurate judgments.  Specifically, Djamasbi focused on 

how individuals make use of the Decision Support System (DSS) under emotional situations. 

The author stated that due to the influence of positive emotions on creativity and information 

integration, individuals experiencing positive emotions tend to make better judgments and 

pay more attention to the information cues offered by the DSS.  Her findings also showed 

that these individuals used more information cues and made more accurate judgments when 

using DSS than those under neutral emotions.  The implication of these findings is 

significant.  From a health care perspective, since clinicians are increasingly becoming users 

of high-end technological systems (Grange, Fong, & Baur, 2004; G. Smith, Prytherch, 

Schmidt, Featherstone, Knight, Clements, & Mohammed, 2006; Thomas, Quirchmayr, & 

Piekarski, 2003) to support their training, diagnostics, communications, and decision-making, 

this implies that being able to detect, adapt, or even modify clinicians’ emotions could 

enhance the potential benefits and usefulness of these high-tech systems. 

 Estrada et al. (1997) reported how positive emotions can enhance diagnostic 

reasoning processes among practicing clinicians in two ways.  One way is through the 

development of a cognitive representation.  According to the authors, once clinicians 
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establish a number of hypotheses as the first step of their diagnostic procedures, they usually 

frame a patient’s situation into a reasoned mental picture that is more easily understood.  

Such cognitive framing would usually require memory and information retrieval to allow the 

physician to receive and integrate both relevant and irrelevant information into a coherent 

picture.  As will be subsequently discussed, this kind of memory retrieval can be easily 

influenced by emotional states.  In this study, the authors were able to prove that clinicians 

under the influence of positive emotions were able to reach a diagnosis earlier and faster due 

to their ability to organize and integrate information more efficiently.  Estrada et al. added 

that these clinicians were less likely to resort to cognitive biases (e.g., anchoring).  An 

obvious implication of this study is that patients would benefit from being treated by 

clinicians who are under the influence of, or could be induced into, positive emotional states. 

 In a related study, Gangemi & Mancini (2007) examined the influence of a specific 

negative emotion, namely guilt, on an individual’s decision-making capability.  In particular, 

the authors were interested in how guilt would influence a person’s preferences toward a set 

of choices.  Gangemi et al. referred to such preferences as focusing.  Their study indicated 

that, in general, guilty individuals tended to prefer negative choices even when the positive 

and negative choices were equally presented.  In one especially interesting test, participants 

induced into guilt were tested on their judgment of two choices for a medical diagnostic task 

involving a hypothetical patient.  Analogous to their generalized findings, the participants 

with induced guilt tended to pick the most negative choice.  Implications from Gangemi et 

al.’s study are important because they suggest that people under the influence of guilt—even 

though it might be related to a prior experience—would continue to be impacted in negative 

ways with regard to future decision-making processes.  These findings on guidance by guilt 
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are closely related to the “affect heuristic,” which will be discussed later.  This also relates to 

the findings of Estrada et al. (1997) regarding medical diagnoses—namely, that a clinician 

who experiences negative emotions (i.e., guilt) might be negatively impacted in his or her 

ability to diagnose and treat, as that individual would be more likely to view a situation in a 

negative light.  As the authors also discussed, such negative framing could have the potential 

to lead clinicians down the path of cognitive tunneling. 

 Although the aforementioned studies illustrate a grim picture of the impact of 

negative emotions on clinicians, they also have implication for the use of emotional 

interventions through affective anthropomorphic computer characters.  Indeed, such 

interventions might improve or enhance the cognitive abilities of clinicians.  The following 

sections provide an in-depth discussion of decision-making components and theories, 

especially as they pertain to the influence of emotion. 

Human Information Processing 

 Findings from the literature on human information processing have shown that 

attention and memory are two cognitive functions that can be influenced by emotion.  For 

example, Wadlinger & Isaacowitz (2006) discussed the broaden-and-build model in relation 

to how positive emotions influence attention.  Using eye tracking studies to measure the 

visual attentional preferences of college students, they discovered that individuals 

experiencing positive emotions would tend to build on or expand their attention to or interest 

in their environment.  Such expansion allows individuals to make better use of their 

resources and skills to deal with adverse conditions.  Further, this model suggests that 

individuals under the influence of positive emotions will only broaden their attention toward 

positively congruent stimulus.  Wadlinger et al. showed that this is, indeed, the case.  
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Additionally, they found that the students who experienced positive emotions would pay 

more attention to peripheral positive stimuli.  Conversely, the authors found that individuals 

with negative emotions did not broaden their attention toward the negative stimuli.   

 Xing & Isaacowitz (2006) examined the relationship of positivity and motivation 

using the Socioemotional Selectivity Theory (SST), which maintains that the perception of 

time plays an elemental role in the selection and pursuit of social goals.  For example, older 

older individuals who believed their time was more limited would tend to bias their attention 

toward positive stimuli and be more motivated to avoid negative stimuli.  Such attentional 

motivation, the authors believed, can regulate the amount of negative emotions experienced 

by older individuals.  Younger individuals, conversely, tend to do the opposite because they 

perceive their time is limitless.  This is even true when the age gap tends to be less dramatic.  

Using the SST model, the authors compared the attentional patterns of college freshmen and 

seniors.  They found that seniors would avoid negative stimuli more than freshmen, as they 

perceived their time in college was coming to a close. 

These findings have potential implications for clinicians.  Specifically, veteran 

clinicians who have experienced more death and suffering might perceive limited life 

expectancy due to their depressed feelings (Redinbaugh, Sullivan, Block, Gadmer, Lakoma, 

Mitchell, Seltzer, Wolford, & Arnold, 2003).  Such negative perceptions could cause them to 

avoid the unpleasant aspects of patient care, making them more susceptible to overlooking a 

patient’s health cues.  The result could be a misdiagnosis, inadequate care, or worse.  

Conversely, inexperienced clinicians who have just finished medical school are likely to be 

less pessimistic and harbor fewer depressive tendencies, which would enhance their ability to 

provide optimal care within the boundaries of their emerging skills.   
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 In another important study, Koster et al. (2004) investigated how threatening stimuli 

trigger a fear response, but differentiated between attentional capture and attentional holding 

as a result of the threat.  They stressed that in order to trigger fear and capture an individual’s 

attention, the stimulus needs to be aversive, simple, salient, and genuine.  This suggests a 

parallel with preattentive processing.  Specifically, preattentive processing allows an 

individual to rapidly identify a target visually from a pool of similar stimuli.  In fact, studies 

have shown that an individual needs only about 200ms to visually and cognitively identify a 

target (Healey, Booth, & Enns, 1996).  However, an emotional reaction to targeted stimuli 

tends to happen with greater rapidity.  Panksepp (1998), for example, noted that on average it 

takes less than a hundredth of a second for a fear-related response to any startling stimuli to 

occur.  More recent findings have shown that an individual can form a visceral first 

impression of a web site in as little as 50ms (Lindgaard, Fernandes, Dudek, & Brown, 2006).   

It is important to note that preattentive processing is a visual rather than an emotional 

response.  However, Cave & Batty (2006) have examined numerous studies showing that 

significantly faster reaction times (RTs) are associated with specific emotional stimuli rather 

than with neutral stimuli.  Notably, Cave et al. reported that individuals could pick out angry, 

happy, and sad faces from a pool of emotionally neutral distractions in times ranging from 

10ms to 35ms.  These findings on attentional capturing and fast RTs suggest that emotional 

stimuli is an effective medium for conveying important information when time is of the 

essence.  Therefore, with regard to a clinician’s need to multitask and be situationally aware, 

emotion might be an effective communication medium to rapidly convey numerous pieces of 

important and potentially hazardous information without risking information overload. 
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Emotion and Memory 

 Studies have also proven that emotion can influence memory.  Ellis & Moore (1999), 

in fact, have examined the concepts of mood-congruent and mood-dependent processing with 

regard to emotion and memory.  Mood-congruent processing refers to a confluence between 

the current emotional tone of the individual and the emotional tone of the material.  In other 

words, if an individual is happy, then he or she would be more likely to remember (i.e., 

encode) or retrieve (i.e., recall) positive information.  Studies have also found that an 

individual will devote more time to material with an emotional tone that is consistent with his 

or her current emotional state.  In contrast, mood-dependent processing states that an 

individual’s emotional tone during recall would match the emotional state during encoding.  

Therefore, the main difference between the two concepts is whether the emotional tone of the 

material corresponds to the emotional state of the individual. 

 In addition to mood-congruent and mood-dependent processing, Ellis et al. have also 

reviewed other emotion-memory theories.  One such theory is the associative network theory 

(Parrott & Spackman, 2004).  This theory posits that both basic emotions (e.g., happiness) 

and emotional events (e.g., comforting a burn victim in pain) are represented as a network of 

nodes and links.  When certain concepts or stimuli are experienced by individuals, some of 

the nodes within the network would be activated, which could then spread through the links 

of the network. However, as shown by Ellis et al. and Parrott et al., the associative network 

theory is quite controversial and does not fully explain the concepts of mood-congruency and 

mood-dependency.   

A similar “network type” theory is the schema theory, which views knowledge as an 

elaborate network of abstract mental structures representing one's understanding of the 
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world.  Although schema theory is a well-known concept, how an individual organizes 

relevant information is disputed.  Ellis et al. maintained that an individual’s mood state was 

the driving force for structuring and organizing information into a network.  Therefore, a 

depressed person, for example, would tend to possess a depressive schema in which 

information with negative emotional tone would be more easily retrieved and attended. 

 Other theories have also addressed how emotion can influence memory, such as 

motivational, cognitive initiative, arousal, and cognitive priming theories.  Motivational and 

cognitive initiative theories state that individuals with negative emotions (e.g., depression) 

are less capable of encoding or recalling material.  This suggests that such individuals would 

be biased toward material requiring less effort to assimilate or understand.  Arousal and 

cognitive priming theories describe how stimuli can cue information from memory with the 

same level of arousal or valence of previously encountered (i.e., primed) stimuli.  This 

implies that aroused or primed clinicians might be motivated to act on material or 

information with a congruent emotional tone during emotional situations.   

The following sections will further examine the effects of motivation, hot cognition, 

and emotion on the behavior of an individual. 

Motivated Reasoning 

 Traditionally, experts have argued that judgment is primarily linked to cognitive 

functions.  Kunda (1999), however, believed that judgment is a much more complex process 

that is also driven by motivation and emotion.  Specifically, Kunda stated that while 

motivation and emotion are processes that might be influenced through active cognition, 

decisions and judgments are also influenced by an individual’s goals, beliefs, information 

processing modes, and behaviors. 
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 Consider the theory of outcome dependency.  The idea behind outcome dependency 

is that individuals believe in success or positive results because they expect others in their 

realm will assist or support them. In other words, when a person is trying to achieve a goal, 

he or she will bias their judgments toward people and the environment to make that goal 

more achievable.  This form of optimism prepares a person to give a situation a greater 

chance to succeed.  The theory of outcome dependency also suggests that an individual will 

form a judgment bias even if the outcome of the situation is uncertain.   

Such patterns of judgment are likely to exist within the health care domain as well.  

For example, clinicians are trained to “do no harm” and often participate in rotations as a 

team, which is likely to induce a sense of mutual support.  Applying the theory of outcome 

dependency, this feeling of camaraderie could lead clinicians to believe in their ability to 

cure or comfort patients.  However, when the opposite occurs (a medical setback or even 

patient death), a clinician’s expectations and beliefs are violated, possibly leading to shock 

and depression.  Stockinger (2005), in fact, reported that both inexperienced and veteran 

surgeons serving in Iraq were shocked or “frozen” when young American soldiers airlifted 

for surgery died on the table due to critical injuries.  Having a patient die violated their 

expectations and belief in their ability to save “the good guys.”  Unanticipated and tragic 

fatalities could lead a surgeon to disbelieve his or her expectations and attitudes, resulting in 

depression and/or impairing their ability to perform at optimum levels. 

 Conflicting disbeliefs engendered by patient death and injury could also cause 

dissonance for clinicians.  Dissonance refers to the idea that individuals embrace a position 

that runs contrary to their beliefs.  According to dissonance theory, an individual could 

become aroused or distressed due to the existence of contradictory beliefs.  Such 
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contradictions can motivate individuals to attempt to reduce those levels of negative emotion 

or distress by changing their beliefs.  However, purposefully regulating one’s emotions could 

introduce two side effects.  One side effect is the potential interaction between emotion and 

risk perception.  As mentioned, individuals tend to reduce negative emotions when 

conflicting beliefs result in higher levels of anxiety and distress.  However, as individuals 

attempt to attenuate their negative emotions, their levels of risk perception could also be 

altered.   

Slovic et al. (2004) discussed the influence of “affect,” which they likened to a “faint 

whisper of emotion,” in relation to the concept of “risk as feelings.”  By using affect as a 

form of heuristic, individuals make judgments of a situation based on how “good” or “bad” 

they feel.  This implies that if individuals attempt to ease negative emotions, their view of 

potential hazards could be altered in such a way that it would influence their compliance 

behavior.  From a health care perspective, studies have shown that clinicians have to 

constantly regulate and be aware of their emotions (Larson & Yao, 2005).  This implies that 

as their negative emotions decrease, their levels of awareness of risky behaviors might also 

decrease.  This decrease in risk perception might then increase their likelihood to overlook or 

disregard procedures and rules (e.g., The Centers for Disease Control and Prevention’s 

Universal Precautions). 

 The possible by-product of both outcome dependency and expectancy violation is that 

either could result in intentional or unintentional bias.  And, in fact, Kunda (1999) referred to 

these biases as motivated reasoning, which is a form of denial for regulating emotion and 

self-comforting.  Specifically, when facing a disturbing truth, Kunda discussed how 

individuals tend to ignore or deny it by constructing justifications based on their biased 
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memories and beliefs.  Furthermore, since different situations introduce different goals, this 

means a person will always be biased toward retrieving appropriate memories and beliefs 

based on the current goals.  This kind of biased denial could explain why clinicians continue 

to perform surgeries or diagnostic tasks even after experiencing a negative event, such as 

patient death (Sexton, Thomas, & Helmreich, 2000).  Although negative events are likely to 

induce unpleasant emotions, motivated reasoning could induce clinicians to attenuate those 

emotions by convincing themselves that they are still capable of performing at high levels.  

Additionally, a biased denial response—when associated with a negative event—might lead a 

clinician to intensify his or her therapeutic efforts towards other patients (Meier, Back, & 

Morrison, 2001) in order to regain control of their emotions.  Although well meaning, a 

biased denial response could result in erroneous treatments or the creation of false hopes 

down the line. 

 In addition to the biased memory response and belief/action justification due to 

outcome dependency and expectation violation, individuals can also unknowingly be driven 

to retrieve selective inferential rules to justify their beliefs.  In other words, people tend to 

screen the knowledge, procedures, heuristics or rules that are relevant to their beliefs—

especially to overcome challenging situations and increase motivation and persistence.  

Kunda (1999) referred to this as positive illusions, a phenomenon that tends to be associated 

with the successful adjustment to stressful events, including conditions of extreme adversity.  

From a health care perspective, however, the use of biased knowledge and procedures can 

lead to devastating results.  Numerous studies have found that procedural errors are the most 

common bias-related form of medical error occurring in hospitals (Jagsi, Kitch, Weinstein, 

Campbell, Hutter, & Weissman, 2005; Weingart, Wilson, Gibberd, & Harrison, 2000).  
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These procedural errors include the miscommunication of alternative procedures and 

wrongful execution of accepted procedures.  

 Positive illusion is also related to the concept of accuracy, which stems from the 

intentional searching and processing of relevant knowledge, procedures, heuristics, or rules.  

Kunda (1999) referred to this concept as an “accuracy goal” and differentiated it from a 

directional goal in the following way.  An accuracy goal would prompt a person to determine 

the accurate conclusion, whatever that might be, while a directional goal would prompt a 

person to reach a particular desired conclusion.  Given this information, one would expect 

that an individual would think about and process information more methodically to reach an 

accuracy goal than to arrive at a directional goal.  However, accuracy goals do not always 

lead to accurate judgments.  In fact, studies have shown that if an individual fails to identify 

an appropriate strategy or recognize interconnected events, in-depth thinking would not help 

at all.  Rather, such profound thinking would complicate the decision-making process 

through the retrieval of additional inappropriate strategies or the integration of irrelevant 

information. 

 Another important concept in this discussion is that of “closure,” which Kunda (1999) 

defined as a clear conclusion to a problem.  Kunda asserted that an individual would tend to 

achieve closure during decision-making task when time pressure or other urgent tasks were 

sufficiently motivating. When time pressure is an issue, however, rushing to closure also has 

the potential to turn an accuracy goal into a directional goal, with the associated drawbacks 

described above.  In the health care setting, this could be disastrous, forcing clinicians to 

quickly determine the cause(s) of injuries in order to save lives.   
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A closure-driven directional goal has the potential to produce two unwanted 

outcomes:  (1) an individual might “freeze” his or her thinking or the deliberation process 

and accept the first option/conclusion that comes to mind, and (2), an individual might fall 

back to the most available and familiar strategy or belief.  These two drawbacks can be seen 

as cognitive biases and could cloud clinicians’ decision-making processes.   

Another motivational factor of importance in this review is the concept of upcoming 

or future tasks, and again, two interesting dynamics are at work.  One influence is that if the 

upcoming task is perceived to be enjoyable, an individual might be inclined to rush to finish 

the current task (i.e., closure) in order to experience the upcoming pleasurable task.  

Conversely, if the upcoming task is not likely to be as enjoyable as the current one, aversive 

emotional factors could prevent its implementation.  For example, consider the case of a 

patient who has just died under the care of a clinician.  The clinician would typically need to 

inform the family right away of the death—but this is probably not a task he or she will 

anticipate with much pleasure.  As will be reported in the affective forecasting discussion 

below, an unfortunate situation of this type is likely to be associated with negative 

emotions—both with regard to the current situation and with others situations like it in the 

future.  That being the case, avoidance behaviors or delayed decision-making processes are 

more likely to occur so that clinicians can forestall similarly unpleasant tasks in the future. 

Hot Cognition 

 As noted earlier, behavior has traditionally been believed to be wholly guided by 

deliberate calculation and inferential rules (i.e., cold cognition).  However, research in 

cognitive psychology has now indicated that behavior is strongly associated with emotion 
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(i.e., hot cognition) as well.  In short, studies have shown that during decision making, 

emotion can motivate a person to follow a particular course of action. 

 Based on the previous discussion of motivated reasoning, it is clear that behavior is 

strongly correlated with motivational factors.  For example, Ariely et al. (2006) found that 

sexual arousal increased the level of motivation for satisfying one’s desires.  This was 

documented in studies verifying that increased levels of sexual motivation can alter an 

individual’s perception of acceptable activities.  Specifically, the authors found that an 

aroused individual would be more likely to engage in risky and morally questionable 

behaviors.  Thus, in the case of arousal, motivation seems to be related to changes in risk 

perception and goals/behaviors.  

In a tandem study examining desire and reason (involving chocolate chip cookies and 

sex with or without a condom), Ditto et al. (2006) showed how visceral cues (the smell of the 

cookies and a video depicting a couple deciding whether to forego condom use during sex) 

were more likely to encourage individuals to engage in risky behavior as compared to less 

proximal cues—i.e., verbal descriptions of the cookies and the sexual decision-making 

process.  When faced with viscerally rich context, the study’s participants disregarded their 

cognitive understanding of likely consequences in favor of the riskier rewards of warm 

chocolate chip cookies and a latex-free sexual encounter.  Experts refer to these risk-taking 

situations as “hot” or “go” scenarios in which judgment is trumped by passion, and cognitive 

understanding by impulsivity.  This re-affirms Kunda’s (1999) theory of motivated reasoning 

which maintains that the level of motivation is positively correlated with cognitive short-

sightedness. 
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Caruso & Shafir (2006) also examined the influence of emotion on an individual’s 

judgment and decision-making processes.  Unlike Lerner et al. (2006b), however, Caruso et 

al. investigated the impact that thinking about mood might have on the decision-making 

process.  They reasoned that individuals generally make their choices based on their feelings 

and desires, implying that people are aware of how they feel and what they want (i.e., 

emotional attention).  Such present-mood knowledge is likely to result in one of two 

decision-making processes.  If a person’s current mood state (valance) is negative, he or she 

will attempt to repair this negative state by making positively induced choices.  Conversely, 

if the current state of valence is positive, the person will continue to preserve this positive 

state by making positively induced choices.  This also suggests that if individuals are aware 

of their emotional states when making choices, they are likely to make decisions that will 

result in a positive emotional state.  Applying these findings to a health care setting, if 

clinicians are aware of their emotional states, this might lead them to fix the negative and 

maintain the positive, possibly leading to increased problem-solving skills, reduced cognitive 

tunneling, and beneficial changes in their perceptions of risk. 

 Lerner & Tiedens (2006) proposed their Appraisal-Tendency Framework (ATF) to 

explain the influence of anger, along with other strong emotions, on judgment and decision-

making.  As they reported, anger can result in two prime undesirable outcomes:  (1) it can 

narrow the focus of attention, and (2) it can cause individuals to feel with greater certainty 

that their expectations have been violated by a particular event or individual.  Anger has also 

been shown to induce a person to unrealistically believe that he or she has the ability to fix 

the violated expectation.  Two potentially long-term side effects have also been associated 

with anger.  One side effect is that anger can actually carry over to cloud a person’s 
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viewpoints of other current and future events—and this is known as “incidental emotion.”  

Another side effect is related to an angry person’s inability to develop appropriate situational 

appraisals.  In other words, someone who is influenced by anger is more likely to be angry at 

the wrong person or situation in the wrong way.  Once anger is a factor in how an appraisal is 

developed, objectivity and rationality are at risk. 

Emotion 

Since emotion and its various impacts are at the crux of this research, one must 

understand and differentiate emotion from accepted definitions of feelings, affective state, 

and mood.  Although these terms tend to be used interchangeably in the literature, subtle 

differences do exist.  Gilbert (2006) for example, defined a feeling as a subjective response to 

the flow of information from every discernable source.  The term “affective state” has been 

conceptualized as high-level abstractions of feeling (Gray & Watson, 2007), or more simply 

as an individual’s positive or negative subjective feelings.  Some authors have also defined 

affective state in terms of pleasantness or unpleasantness, adding that such “feelings” could 

be either conscious or unconscious.  Fridja (1994) discussed the nature of an affective state, 

indicating that it is usually influenced by external events or stimuli. Furthermore, different 

stimuli can elicit different levels of valence (i.e., different degrees or categories of affective 

state) and arousal (i.e., different degrees of excitement).  Empirical studies have also found 

that the combination of valence and arousal, also known as “core affect” (Russell & Barrett, 

1999), defines a particular emotion (Barrett, 1996).   

This discussion returns one to the nature of emotion.  What, precisely, are emotions 

and how do they differ from moods?  The principal difference pertains to duration.  While 

emotions are specific sensations that usually last for a short period of time (e.g., minutes), 
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moods are continuous and stable episodes that can last for a longer period of time (e.g., days 

or even weeks). 

According to the circumplex structure (Russell & Barrett, 1999), an inner circle 

constitutes the valence (i.e., the unpleasant and pleasant axis) and the arousal (i.e., 

deactivation and activation axis) dimensions.  An outer circle refers to some of the 

prototypical emotions. Russell et al. (1999), however, noted that this structure only reflects 

the core affect some of the time.  This implies that an emotional state can influence both 

simple (e.g., attention) and complex (e.g., SA) cognitive processes.  For this study, the focus 

will be on the influence of affective states on simple and complex cognitive processes as 

assessed using the Affect Appraisal Model, the Affect Infusion Model, and the theory of 

cognitive biases. 

Affect Appraisal Model 

Lazarus (1994) discussed appraisal with respect to the concept of relational meaning, 

and a simplified illustration of his Affect Appraisal Model (AAM) is depicted in Figure 2.1.  

Lazarus argued that individuals cannot reach a particular emotion until they fully evaluate 

two aspects of their current situation.  One aspect is congruence of goals.  Specifically, when 

faced with a situation a person will evaluate the situation with respect to what he or she 

wants to achieve.  Once the congruence of goals is calculated, the individual will proceed to 

the second aspect, which is coping potential.  At this stage, the person will decide if he or she 

has the necessary resources to deal with the situation.  By combining these two stages, also 

known as primary and secondary appraisals, an individual will then have a fuller 

understanding of a given situation.  This awareness results in a particular emotion, negative 

or positive.  Lazarus’s AAM is similar to antecedent-focused emotion regulation, proposed 
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by Richards & Gross (2000), in which emotion generation occurs at an early stage of the 

process.  This is sometimes also referred to as reappraisal.   

 

 

Affect Infusion Model 

The Affect Infusion Model (AIM) was proposed by Forgas (2004).  The objective of 

AIM is to understand the influence of emotional states on social judgments.  Specifically, 

from the health care perspective AIM features four processing strategies through which 

clinicians’ emotional states could influence their strategies.  The first strategy, direct access 

or the crystallized approach, concerns the retrieval of information in both familiar and 

unfamiliar situations where no extensive processing is required.  The second strategy, 

motivated processing or a goal-directed approach, occurs under the influence of a strong 

and/or pre-existing objective.  In this situation, actions or behaviors are likely to be guided by 
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Fear
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Figure 2.1: Simplified Lazarus' decision tree illustration of the Affect Appraisal Model 
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the objective with little opportunity for affect infusion.  The third strategy, heuristic 

processing or a simplified approach, emerges when a clear response or a strong and/or pre-

existing objective is not available.  In this case, a strategy for using the least amount of effort 

(i.e., a shortcut) is employed to reach a viable response.  The fourth strategy, substantive 

processing or an extensive approach, occurs when simple strategies don’t apply and 

situations are atypical.  This strategy assumes both the lack of a strong and/or pre-existing 

objective and the existence of adequate cognitive capacity. 

Risk Perception 

 We have discussed how emotion influences a person’s risky behaviors.  But how, 

exactly, are emotions also related to risk perception?  Before answering this question, it is 

necessary to define risk perception and two dimensions of risk.  In the world of statistics and 

science, risk is objectively defined as the likelihood or probability that a hazardous or an 

untoward event will occur (Michalsen, 2003).  However, this objective definition of risk 

tends to differ from the layman’s view of risk.  When dealing with an individual’s perception 

of risk, the assessment is likely to be much more subjective.  In fact, two dimensions of risk 

are at work when an individual assesses a situation (Peters & Slovic, 1996).  The first 

dimension is known as the “dread risk,” which corresponds to subjective feelings of control, 

worriment, and catastrophic potential.  The second dimension of risk is known as the 

“unknown risk.”  This dimension, although also subjective, refers to the assessment of the 

hazard with unobservable, new, and delayed effects.  Based on work of Michalsen and Peters 

& Slovic, two implications are likely.  One implication is that due to the subjective nature of 

risk perception, individuals do not always agree with an expert’s assessment of risk (Slovic, 

2000).  The second implication is that perceptions of the two risk types, dread and unknown 
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risks, can be influenced by individual traits or goals.  In fact, Mearns, Flin, & O’Connor 

(2001) found that due to different attitudes, beliefs, motivations, and experiences, individuals 

working in teams do not even share the same perceptions of risk.  Mearns et al. also observed 

that individuals might even perceive an organization’s safety cultures differently, leading 

them to pay attention to warnings or comply with established guidelines differently.   

Slovic (2000) and Gordon-Lubitz (2003) conducted studies of risk perception as 

related to personal bias, or the “framing effect.”  The framing effect refers to how the 

presentation or expression of information can influence an individual’s perception of risk and 

subsequent decision-making process.  In other words, if information is framed in a way that 

corresponds to a person’s motivations or present emotional state, the individual would be 

more likely to accept the information and react in a more compliant way.  Conversely, if 

information is framed in a way that is discordant with an individual’s motivations or 

emotions, then compliance is less likely.  In this way, emotion is highly correlated with an 

individual’s subjective view of risk.  Moreover, since risk perception is related to deciding 

the likelihood or probability of a hazardous event, the interplay of emotions and risk 

perception can be examined from the perspective of existing decision-making theories.   

Decision Affect Theory 

The first theory that will be reviewed is the Decision Affect Theory (DAT), 

developed by Mellers, Schwartz, Ho, and Ritov (1997), which emphasizes the role that the 

anticipated emotional impact of outcomes has in guiding choices.  This theory originated 

from utility theory (also known as cost/benefit analysis), which states that individuals make 

decisions by weighing the amount of effort against the amount of gain.  However, according 

to a later study by Mellers & McGraw (2001), DAT adds an additional component.  Mellers 
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& McGraw suggested that decisions are driven by anticipatory feelings of consequences—

that people base decisions on the potential outcomes of either pleasure or pain.  The decision 

affect theory has its origins in regret and disappointment theories.  Mellers & McGraw 

discussed that when individuals anticipate feelings of regret or disappointment due to their 

perceptions of future events, they would strive to maximize positive emotions by choosing 

options that would have the least likelihood of causing regret or disappointment.  In their 

studies, the authors also found that individuals tend to be more risk-seeking if the potential 

outcomes have a higher chance of anticipated pleasure.  Conversely, individuals tend to be 

more risk-averse if the potential outcomes have a lower probability of anticipated pleasure.  

This aligns with Kunda’s (1999) motivational reasoning theory, whereby individuals modify 

their behaviors based on their motivations.  

There are three implications associated with these findings: 

1. Anticipated pleasure and pain are closely related to the positive and negative 

emotional states in valence. 

2. Since feelings are volatile, there will be errors in predicting feelings and risky 

choices (i.e., Affective Forecasting errors, which will be discussed later). 

3. Anticipated pleasure and pain have the potential to impact a person’s decision-

making capability. 

As the authors cautioned, however, even though the area of the behavioral outcomes 

of experienced emotions has been widely studied, research investigating behavior resulting 

from anticipated emotions is limited.  Based on this information, the decision affect theory 

could be applied to the clinical setting in two ways.  It could investigate the behavioral 

outcomes of clinician’s experienced emotions, but it could also examine the impact of 
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anticipatory emotions on the decisions and behaviors of clinicians.  To put it another way, a 

clinician’s view on the future state has the potential to be influenced by anticipated emotions.   

Affect Heuristic  

The second important theory of interest in this study is the affect heuristic (Slovic, 

Peters, & Finucane, 2005).  Slovic et al. (2005) stressed that decision-making involves two 

kinds of information processing—rationalization processing and experiential processing.  

Rationalization processing, on the one hand, is an analytical and deliberative system that 

relies on logic and probabilities.  Experiential processing, on the other hand, is an affective 

system that depends on feelings and imageries.  However, unlike the DAT, the theory of 

affect heuristic argues that individuals employ both levels of benefit and levels of risk to 

judge their feelings toward a specific decision.   

According to the authors, there are four cases in which emotion could influence an 

individual’s perception of benefit and risk.  Figure 2.2 illustrates the interactions among 

emotions, risks, and benefits.  As seen from the figure, conveyed information triggers an 

individual’s emotional state, which then impacts his or her judgment.  As depicted in the 

figure, the four cases are dynamic in nature.  This means that upon determining the levels of 

risk and benefit, further information from external sources (e.g., conversation discussion with 

another party) (Levenson, 1994) could change a person’s emotional state and consequently 

modify that person’s initial judgment.   
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Figure 2.2: Interplay of affects, risk, and benefit (Slovic, Peters, & 

Finucane, 2005).  “Reprinted with permission from Slovic, P.” 

 The affect heuristic also suggests a relationship with affective forecasting.  

Particularly, Slovic et al. (2005) maintained that reliance on emotional states can cause 

individuals to become insensitive to the probability of event occurrences.  This suggests that 

any miscalculation of emotional states could lead individuals to ignore the risk information 

being presented to them.  Indeed, this issue of insensitivity has a similarity with the concept 

of affective forecasting (Wilson & Gilbert, 2005b), which pertains to a person’s estimation of 

his or her affective reaction to future events.  However, because of bias Wilson et al. argued 

that individuals can, in fact, often overestimate the duration and the valence of their 

emotions. 
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Situation Awareness (SA) 

 Endsley (1995) defined SA as a three-level concept involving the (1) perception, (2) 

comprehension, and (3) projection of elements within the current environment (as shown in 

Figure 2.3).  For the perception and the comprehension levels, attention and memory (i.e., 

schema) influence a person’s awareness and knowledge integration abilities; for the 

projection level, biases and mental simulation (Klein, 1999) are important influences on an 

individual’s judgments.   

 

Figure 2.3: Endsley's three levels of SA.  “Reprinted with permission from Endsley, M.” 

 

According to the literature, SA is a critical component for a successful and effective 

clinician (Blandford, 2004; Drews & Westenskow, 2006; Gaba, Howard, & Small, 1995).  

However, previous discussions of emotion, decision-making, and risk perception imply that 
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emotion could influence an individual’s SA.  Therefore, the following review examines the 

potential relationships between SA and emotion.  

Levels 1 and 2 SA with emotion 

With regard to the perception and comprehension levels of Endsley’s (1995) model, 

studies have shown that emotions do influence selective attention.  For example, according to 

the broaden-and-build theory (Fredrickson & Branigan, 2005), positive emotions enable 

individuals to intensify and widen their levels of perception and attention.  Negative 

emotions, conversely, have been linked with a narrowing of a person’s scope of attention, 

causing him or her to focus (or become unfocused) on irrelevant and negatively-oriented 

events (Hecker & Meiser, 2005).  This lack of focus has also been tied to depression.  

Similarly, Megill (2003) argued that emotions very likely trigger a person’s selective 

attention.  Furthermore, Isen (2004) has shown that positive emotions promote creativity and 

facilitate the integration of useful mental models during problem solving and decision-

making.  These studies persuasively suggest that SA could be narrowed by negative emotions 

and enhanced by positive emotions. 

Level 3 SA with emotion 

Affective Forecasting Theory (Wilson & Gilbert, 2003) could have significant 

relevance to the projection level of Endsley’s (1995) model.  The affective forecasting theory 

claims that individuals can usually do well in two aspects of predicting their emotional 

reactions to future events.  One is that individuals can generally predict their valence (i.e., 

feeling good or bad) toward a specific event quite accurately.  For example, college students 

in one study were able to predict their valence toward winning or losing a hypothetical date 

with someone.  However, as the authors discussed, individuals are better at predicting their 
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emotional reactions to near future events, but are overly simplistic in the valence predictions 

for distant future events.  The second aspect of this prognostic model means that individuals 

can usually only predict a specific emotion (e.g., anger) toward a specific event.  For 

example, women in one study were able to predict their emotional reaction as anger or fear 

when asked sexual harassment-related questions during an interview.  People, however, can 

experience simultaneous or even conflicting emotions, depending on the situation.  In such 

cases, individuals are generally poor at predicting mixed emotional reactions to an event.  

This implies that when predicting future states, individuals would tend to judge or evaluate 

the future based on the ability to project their emotions accurately.  As asserted by Gaba et al. 

(1995), since the projection of future states is an important skill for clinicians, this further 

suggests that emotion might be an influential factor on how clinicians make future 

predictions.  These two aspects of the affective forecasting theory have also led to forecasting 

errors. 

Affective Forecasting 

As previously mentioned, affective forecasting examines how individuals predict 

their future emotional reactions to upcoming events.  These anticipated, but sometimes 

premature, emotions could actually color a person’s future judgments and behaviors.  For 

instance, a new medical student might predict that attending a gallbladder surgery will be 

more exciting than monitoring and checking on the condition of his patients.  According to 

Wilson & Gilbert (2005a), individuals usually have some idea about their future feelings 

toward upcoming events.  However, due to impact bias, individuals tend to overestimate the 

duration of those future feelings and underestimate their ability to cope with those future 

feelings.  Affective forecasting links impact bias to a number of factors, and when examined 
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from a health care perspective, these factors could influence a clinician’s projection of future 

states. 

One factor is focalism.  Wilson et al. described focalism as a person’s tendency to 

focus primarily on a single event and less on the consequences of other future events.  

However, as the author discussed, there are many other “nonfocal” events that individuals 

experience simultaneously with the event of primary interest.  Yet, individuals often do not 

take these nonfocal events into account, leading them to overestimate their future emotional 

reactions.  Two observations can be made about focalism.  One observation is that focalism 

is related to another form of cognitive bias, namely cognitive tunneling, whereby individuals 

tend to focus their attention toward a limited scope of knowledge and factors.  This suggests 

that focalism can cause bias-related error, which has the potential to impact an individual’s 

future emotions.  The second observation about focalism is that it can lead to what Gilbert 

(2006) termed “presentism,” or the tendency for people to allow current experiences to color 

their views of both the past and the future. Presentism makes objectivity about what one 

might want in the future difficult because of present events.  Moreover, when people attempt 

to predict their emotional reactions to an event, they will perform a mental simulation by 

imagining the occurrence of that particular event.  Based on that mental simulation, 

individuals could then feel the emotional reactions associated with it.  Gilbert referred to this 

as prefeeling.  Since such mental simulation is usually not very elaborative (Klein, 1999), the 

aforementioned AIM model suggests that a person’s current emotions could infuse the 

mental simulation process and lead the individual to feel the emotional reactions of the 

simulation.  In fact, to facilitate this imagining process, Gilbert discussed how individuals 

actually bring their present and past thinking, feelings, and desires into the process due to the 
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difficulty of imagining the future.  This means that the imagining process can be biased not 

only by a person’s current emotions, but also by past emotional experiences as well.  The 

implication is that clinicians’ diagnostic reasoning processes might be influenced by their 

emotions as they evaluate patients during non-critical and emergency situations. 

An older, but critical, study on the impact of bias on judgment featured the work of 

Tversky & Kahneman (1974), who cited the availability heuristic as a mechanism by which a 

person is able to easily recall frequently retrieved and salient concepts.  This implies that 

when individuals bring their present and past experiences into prefeeling using the mental 

simulation process, they might inadvertently invoke the availability heuristic because they 

become biased by their present experience.  In a health care setting, for example, a clinician 

who experienced an emotional episode (e.g., a patient’s death) might have the tendency to 

react more profoundly than usual in other situations, resulting in errors in judgment.  In short, 

this “heavy” feeling could lead clinicians to suffer from focalism or cognitive tunneling.  

Another factor that impacts SA is related to misconstrual issues and inaccurate 

theories.  According to Wilson et al., (2005a) misconstrual (i.e., misrepresentation) and 

inaccurate theories refer to how individuals might overestimate their future emotional 

reactions to future events.  One likely reason for misconstrual is due to the mental simulation 

process itself.  As a person imagines the occurrence of future events during the mental 

simulation process, that individual might filter out contradictory evidence, such as 

disregarding essential evidence and overestimating consequences.  This might explain why 

individuals sometimes overestimate the duration of their future emotional reactions.  Gilbert 

(2006) referred to this as the duration bias of affective forecasting.  However, because it is 

difficult for individuals to predict their future emotional reactions to upcoming events, they 
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tend to use present knowledge and experience as the basis for prediction—which may or may 

not be accurate.  Thus, when faulty knowledge and experiences are used for predictive 

purposes, misconceptions could result and lead to the overestimation of emotional reactions.  

Biases due to inaccurate theories are analogous to those due to the representativeness 

heuristic, which occurs when a person inaccurately classifies an event into a category.  As 

Kunda (1999) pointed out, biases that result from the representativeness heuristic usually 

occur when a person’s experience and domain knowledge becomes misleading.  Therefore, 

instead of rationally predicting how one would likely react in a given circumstance, a person 

might be influenced by his or her affective state.  In other words, emotional biases could be a 

factor in how people project what they might do in the future. 

 In sum, emotions are significant factors in all three levels of SA, as depicted in Figure 

2.4 which shows the potential interaction between emotion and SA.  This is especially 

important in a clinical setting.  Given the need for clinicians to maintain SA, their emotions 

must be taken into account for their optimal performance.  
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Figure 2.4: Potential interaction of emotion and SA 

 

Clinicians’ Affective Experiences 

 In their day-to-day roles as doctors and nurses, clinicians routinely face suffering and, 

depending on their area of specialization, even death.  Such traumatic experiences have been 

shown to negatively influence their emotional states in a number of ways (Meier, Back, & 

Morrison, 2001; Redinbaugh, Sullivan, Block, Gadmer, Lakoma, Mitchell, Seltzer, Wolford, 

& Arnold, 2003).  For example, Meier et al. showed that some clinicians suffer from suicidal 

thoughts, frustration, depression, cynicism, and feelings of hopelessness as a result of their 

vocation—and these feelings are exacerbated when a patient’s death results from medical 

error.   
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One of the more heart-wrenching accounts resulting from medical error was the 

experience of David Hilfiker (Berlinger, 2005).  Hilfiker provided a vivid description of the 

diagnostic procedures and subsequent operation he performed to remove a pregnant woman’s 

dead fetus.  Tragically, Hilfiker aborted the woman’s viable fetus as well.  He recalled the 

panic and horror he felt when he suspected that the fetus might still have been alive at the 

time of the procedure, but it was too late.  By the time his mistake was confirmed, his panic 

and horror became anger and guilt.  As Hilfiker reported, there was no onsite counselor 

available to help him deal with his traumatic experience.  Even though he discussed this 

experience with some of his colleagues, he continued to be agonized by the experience and 

never forgave himself for the error (Hilfiker, 1985). 

This experience and others like it are certainly not unique and have the potential to 

create emotional consequences, which could compromise a clinician’s ability to provide 

competent medical care.  For example, negative emotions, such as those experienced by 

Hilfiker, could cause clinicians to miss critical diagnostic cues, fail to communicate 

effectively with their patients, or practice avoidance behaviors that are harmful to both 

patient and clinician.  Nagy (1998), for instance, found that nurses caring for burn patients 

suffered from high levels of anxiety and endured feelings of inadequacy.  As Nagy discussed, 

these feelings of unease and inadequacy could negatively impact how they administered pain 

relief and delivered other services to these patients. 

 Furthermore, as discussed previously, emotions can influence cognitive processes.  

Pines (2005), for example, discussed that confirmation bias occurs frequently in emergency 

medicine and has the potential to impact diagnostic and treatment accuracy.  To compound 

the impact on cognition, negative emotions have also been associated with attentional biases, 
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which could cause a clinician to focus on emotionally congruent stimuli and retrieve 

congruent events from memory.  In short, confirmation bias could lead a clinician to ignore 

subsequent evidence or viable alternatives during treatment.   

Additionally, the previously discussed AIM model (Forgas, 2004) could be used to 

explain the influence of emotions on the heuristics associated with medical decision-making.  

As Patel, Kaufman, & Arocha (2002) pointed out, heuristics are widely used by clinicians in 

diagnosing and treating patients.  However, given the emotional outcomes associated with 

patient care, the use of a heuristic could be easily swayed by emotions. 

Moreover, from a systems perspective, external environmental factors could 

exacerbate clinicians’ negative emotions.  As noted earlier, hospital emergency departments 

(EDs) tend to be inordinately noisy.  In fact, Tijunelis, Fitzsullivan, & Henderson (2005) 

reported that noise levels in EDs often exceed Environmental Protection Agency (EPA) 

suggested standards.  Sources of offending noise include overhead speakers, clinicians’ 

conversations, vacuum tube carry systems, and oxygen tanks.  As Tijunelis et al. discussed, 

high noise levels could create job dissatisfaction and introduce additional levels of negative 

arousal and depression.  Another auditory factor concerns the excessive noise emanating 

from equipment and room alarm systems—most of which appear to be unreliable indicators 

of emergency situations.  A recent study by Atzema, Schull, Borgundvaag, Slaughter, & Lee 

(2006) reported that from June to August of their study year, the false alarm rate was 99.4% 

(in a survey of a total of 1762 issuances of the alarm system).   Based on this result, the 

authors postulated that false alarms could be disturbing and pose adverse emotional effects.  

Moreover, they asserted that false alarms have the potential to lead to misinterpretation, 

interruptions, distractions, and de-sensitization.  In fact, clinicians have become so 
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uncomfortable with alarms that they have reported silencing patient alarms to reduce 

annoyances. These results support the earlier work of Edworthy and Adams (1996), who 

stressed that warnings would be more meaning if (1) they more reliably alerted a clinician of 

an emergency situation, and (2) the severity of the situation could match the alarm level.   

 The concept of self-regulated emotional reactions in the clinical setting also has 

implications when considering new and increasingly complex medical technologies. 

Clinicians are being asked to monitor complicated data systems and diagnostic tools, such as 

the “LiveData OR-Dashboard™,” which (according to their website, 

(http://www.livedata.com/) “captures, synthesizes, and automatically displays essential 

patient information in step with the OR workflow. From the moment the patient enters OR 

care, throughout surgery, and after, the entire clinical team sees precisely what is happening 

as it’s happening.”  Another system, the Vigilance System 

(http://www.mc.vanderbilt.edu/reporter/?ID=3184), enables “anesthesiologists [to] rove 

among operating rooms to supervise anesthesia for two to four patients at a time. They also 

evaluate patients before surgery and see to patients’ needs in the recovery room after 

surgery.”  Through the use of a wearable computer, “Vigilance lets these doctors see 

information about all their patients while moving around and performing work.”  While these 

developments are intriguing and likely to offer better patient care, they do require cognitive 

expertise.  However, Richards & Gross (2000) discussed how suppressing one’s emotions 

requires the use of cognitive resources, which could influence both memory and attentional 

resources.  Systems such as Dashboard and Vigilance require the clinician to switch back and 

forth from patient to display, challenging their attentional resources.  But if a clinician is 

choosing to or is being asked to suppress their emotional reactions to stressful events, 
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complex medical technologies could further tax a clinician’s cognitive resources.  Another 

potential problem with complex medical technologies is that these systems require the 

clinician to be dispassionate users.  Neither of the systems described above take the 

clinician’s emotions or their emotional reactions into consideration (Bradley, Codispoti, 

Sabatinelli, & Lang, 2001; Hamann & Canli, 2004).   

Human Error 

 Human error has been extensively studied and a great deal is known about 

contributing factors and causes.  In the health care setting, human error has been linked with 

emotion, emotion induced biases, SA, and risk perception, among other factors.  Since this 

study examines various factors that influence the quality of medical care, several potential 

causes for medical error will be examined. 

 Reason (2000) pointed out that the occurrence of error can be influenced by a number 

of causes, not all of which instantly contribute to human error.  In Reason’s “Swiss Cheese” 

Model of Human Error, these latent errors or failures—in contrast to active failures—are not 

likely to result in any immediate problems.  Nonetheless, when latent errors are ignored they 

gradually create “holes” within a system’s layers of defenses and barriers, which when 

connected have the potential to be disastrous. 

 In the health care setting, latent error has been associated with a clinician’s negative 

emotions.  Arnold (2001), for example, reported how clinicians became fearful if they were 

in some way responsible for the death of a patient due to medical error.  He also noted that 

clinicians can experience grief when a patient dies—whether or not the death was a result of 

personal error.  Unfortunately, there is little support or training to assist clinicians to handle 

these kinds of negative emotional experiences.  These means that as negative emotions 
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increase and are internalized, a clinician could become distracted and experience problems of 

attention, memory, judgment, and problem-solving ability. 

 In a subsequent study involving anesthetic mishaps, Reason (2005) used an error 

classification model to understand the potential influence of emotion induced memory bias, 

attentional bias, and risk interpretation.  Specifically, Reason differentiated between 

“mistakes” and “slips and lapses,” and asserted that latter could be influenced by attentional 

and memory failures or bias.  As explained by Reason, although individuals who commit 

slips and lapses are able to formulate an appropriate plan, failure occurs at the level of 

execution.  In other words, a person might interpret a situation correctly (i.e., achieve levels 1 

and 2 SA), but due to some external factors (e.g., emotions), that individual deviates from the 

plan.  Conversely, mistakes occur when an individual carries out a plan that was, in essence, 

doomed to fail.  To put it another way, while a strategy might have gone according to plan, 

the plan itself was defective for reaching the intended goal (i.e., failed to achieve Levels 1 

and 2 SA).  At the mistake level, the fault occurs at a higher level—at the cognitive, 

planning, judging level.   

Reason also discussed the two types of mistakes that humans make:  rule-based vs. 

knowledge-based mistakes.  On the one hand, rule-based mistakes occur when heuristics are 

wrongly identified.  Generally, people are apt to apply the “if-then” rule when deciding on an 

appropriate course of action.  Rule-based mistakes occur when a rule is misapplied or an 

incorrect rule is chosen for the given situation.  As previously noted, heuristics are strongly 

influenced by emotions.  Hence, mistakes of judgment can result from a person’s emotions.  

On the other hand, knowledge-based mistakes can occur when a person experiences new or 

unfamiliar problems to which they cannot apply a known heuristic. Instead, the individual 
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needs to resort to effortful and slow reasoning to solve such problems.  Based on the previous 

discussion of motivated reasoning and AIM, this type of reasoning process is vulnerable to a 

person’s motivations and emotional state.  Reason also discussed how confirmation bias and 

cognitive tunneling could impact the reasoning process.  With clinicians constantly 

struggling to monitor and control the emotions associated with taxing medical events, their 

reasoning processes, biases, and cognitive tunneling could be exacerbated by negative 

emotions. 

Emotional Interface 

 As mentioned previously in Reason’s Swiss Cheese model, “holes” do exist in safety 

systems, which when aligned have the potential to generate human error.  From a safety 

systems perspective, motivations, cognitive biases, and emotions could be considered some 

of many holes that could create problems.  As we have seen, however, these factors are all 

interrelated, implying that one potential way to improve medical safety and quality of care is 

through the exploration of emotion focused interaction.  In the next section, augmented 

technologies and anthropomorphic computer character applications will be discussed, 

followed by an overview of WARD, which will illustrate its similarities and differences to 

augmented technologies and anthropomorphic computer character applications. 

 Augmented technologies come in various forms.  Since this research focuses on the 

influences of cognition and emotion on the quality of health care, Augmented Cognition 

(AugCog) will be the technology of focus in this section.  Schmorrow & Kruse (2002b) from 

the Defense Advanced Research Project Agency (DARPA) defined AugCog as an add-on 

system: (1) to enhance individuals’ cognitive and decision-making capabilities in complex 

and uncertain environments, and (2) to tailor environments and systems dynamically to 
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individuals’ needs.  For such an add-on system to be useful, however, Schmorrow et al. 

claimed that real-time monitoring and adaptation assistance are necessary components.  As 

defined by (Erdogmus, Adami, Pavel, Lan, Mathan, Whitlow, & Dorneich, 2005), real-time 

monitoring includes attention and arousal monitoring, whereby a person’s cognitive abilities 

and limitations can be determined through a combination of environmental and physiological 

measurements.  Adaptive assistance refers to how the environment can be changed, or 

technologies developed, to compensate for reduced human capacity and processing abilities.  

Two systems have explored and employed these technologies in the health care domain.  

Windyga & Wink (2002) proposed their Registered Nurse Performance Support System 

(RNPSS) for addressing medical errors.  RNPSS is a wearable computer with a mobile 

display that registered nurses use for performing diagnoses or making decisions.  According 

to the authors, RNPSS allows registered nurses to watch on-demand instructional videos, 

receive visual/auditory messages, and receive reminders.  However, RNPSS is still only a 

proof-of-concept with no empirical studies conducted to examine its usability and 

effectiveness for minimizing medical errors.  Govern (2004) described a wearable system 

called “Vigilance” that enables anesthesiologists to simultaneously monitor and attend to 

multiple operations in different physical locations.  To achieve the ability to see 

electronically ''through walls,” an anesthesiologist wears a small wearable display to 

constantly monitor both visually and auditorially multiple surgeries in different operating 

rooms.  In terms of the research discussed herein, a more humane medium is needed to 

transform the clinical environment into one that supports clinicians as they perform their 

duties under stressful and often negative conditions. 
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  One such humane medium is Attentive User Interfaces (AUIs) (Vertegaal, 2003).  

Vertegaal described AUIs as user interfaces that employ the technological monitoring of 

gestures, head position, facial expressions, and speech in order to gauge an individual’s 

attention.  Based on the person’s current focus of attention (attentional inference), the 

interface will facilitate the delivery of appropriate information while minimizing peripheral 

interruptions (Maglio & Campbell, 2003).  One potential drawback is that AUIs focus only 

on technology to determine an individual’s current focus of attention.  However, presenting 

accurate and relevant information to individuals according to their current states of mind is 

also important.  This means that an interface should recognize and capitalize on an 

individual’s characteristics.  For this research, therefore, a clinician’s emotions will be 

considered as a characteristic to gauge.  Specifically, to match a clinician’s emotion in an 

accurate way that reflects the individual’s humanity, computer generated characters with 

emotional states (i.e., anthropomorphic computer characters) will serve as mediums to 

investigate their influence on clinicians’ risk perception and SA. 

 There is a significant body of research on anthropomorphic computer characters.  

Generally speaking, studies involving anthropomorphic computer characters can be divided 

into two camps—technical- and application-oriented. With regard to the technical-oriented 

camp, the focus is on an algorithmic or mathematical approach for generating realistic and 

coherent gestures and facial expressions (Barrientos & Canny, 2002; Kopp & Wachsmuth, 

2000; Wu, Aleksic, & Katsaggelos, 2002).  Additionally, research in this area extends to the 

algorithmic or mathematical effort into creating anthropomorphic computer character toolkits 

driven by customized markup languages (Kawamoto, Shimodaira, Nitta, Nishimoto, 

Nakamura, Itou, Morishima, Yotsukura, Kai, Lee, Yamashita, Kobayashi, Tokuda, Hirose, 
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Minematsu, Yamada, Den, Utsuro, & Sagayama, 2003).  Neither algorithmic nor 

mathematical efforts, however, have been used in this study.  Instead, this effort stresses the 

importance of employing anthropomorphic computer characters in an application-oriented 

manner for the health care domain. 

Traditionally, the application of anthropomorphic computer characters has largely 

focused on the educational, military, and therapeutic domains.  For the educational domain, 

Prendinger, Mori, & Ishizuka (2005b) investigated the use of anthropomorphic computer 

characters for a mathematical quiz game.  The authors’ intent was to motivate students and 

provide them with a less frustrating experience.  Using a 2D cartoon-style male 

anthropomorphic computer character dressed in a suit, the authors found that their 

anthropomorphic computer character led to lower levels of stress and better game scores due 

to his sympathetic and understanding behaviors.  In an earlier study, Darves, Oviatt, & 

Coulston (2002) discovered that anthropomorphic computer characters could facilitate 

exchange and engage their children participants so that they became more active learners.  

Unlike the study conducted by Prendinger et al., however, Darves and colleagues employed 

different kinds of anthropomorphic computer character in the marine biology educational 

software known as Immersive Science Education for Elementary Kids (I SEE!).  

Interestingly, their anthropomorphic computer characters were talking marine animals that 

conversed with the children and taught them about the behavior of various sea dwellers.  

Furthermore, a dolphin-like animated character served as a partner to the children to assist 

them.  Based on their experiment, the authors determined that the I SEE! anthropomorphic 

computer characters exerted a positive influence on the children.  In fact, the children were 

eager to spend time talking with the anthropomorphic computer characters and were 
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motivated to ask numerous questions about marine life.  The mathematical quiz game 

anthropomorphic computer character and the I SEE! anthropomorphic computer characters 

demonstrate that these graphical personifications do not always need to be photorealistic to 

motivate, engage, and sympathize with users.  Findings from the Darves et al. study also 

imply that objects within the problem domain might be able to serve as effective 

anthropomorphic computer characters for learning and training. 

For the military domain, Gratch & Marsella (2001) described the use of 

anthropomorphic computer characters within a prototype system for teaching decision-

making capabilities under volatile situations.  The prototype system, known as the Mission 

Rehearsal Exercise (MRE), was comprised of a scenario and a group of anthropomorphic 

computer characters to simulate a military peacekeeping exercise.  Specifically, the 

anthropomorphic computer characters were characterized as Bosnian civilians and soldiers 

from a peacekeeping force.  The goal for the trainee, who was asked to role-play as the 

commanding officer, was to appease an explosive situation.  Based on the trainee’s actions, 

the civilian anthropomorphic computer characters would determine how to react.  Using this 

system, trainees learned what to do and what not to do in a volatile situation.  A similar 

system called the Virtual Environment Cultural Training for Operation Readiness 

(VECTOR) was created by (McCollum, Barba, Santarelli, & Deaton, 2004) as a training 

platform for teaching soldiers culturally-related interaction skills.  Specifically, 

anthropomorphic computer characters within VECTOR would express emotions bounded by 

pre-programmed social norms.  This allowed a trainee soldier of VECTOR to become more 

familiar with the likely emotional responses of a particular culture. 
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With respect to the therapeutic domain, both Cassell & Bickmore (2000) and Smith 

(2000) described how the GrandChair project could assist the elderly (especially 

grandparents) to reminisce about their past, add meaning to their lives, and reconcile negative 

aspects of their lives as they recorded their stories for future generations.  As family members 

become increasingly separated by distance, GrandChair had been shown to be a powerful 

technological solution in which an embodied listener (i.e., a virtual grandchild 

anthropomorphic computer character) can elicit stories from grandparents, thereby allowing 

them to preserve their histories.   

Prendinger & Ishizuka (2004) also examined anthropomorphic computer characters 

from a health behavior perspective.  The authors studied affective computing (computing that 

relates to emotion) using computer animated character technology.  They argued that when 

person-to-person care is not essential or possible, this type of embodied interface could 

complement tele-home health care.  In another health-related study, Salovey, Rothman, 

Detweiler, & Steward (2000) examined the link between emotion and physical well-being.  

The authors suggested that emotion could be especially influential on a person’s immune 

system and on his or her perceptions of effective health behaviors.  In fact, Prendinger et al. 

used the concepts of emotional recognition and empathy in their study of tele-home health 

care.  An anthropomorphic computer character could also serve as a sympathetic partner to 

motivate a patient working toward a health-related goal, as was demonstrated by Bickmore, 

Caruso, Gorr-Clough, & Heeren (2005) who investigated the use of anthropomorphic 

computer characters as motivational tools for the elderly to exercise. 

From the implications of these three application domains, it can be seen that 

anthropomorphic computer characters are useful for changing behaviors and maintaining 
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emotional well-being.  This is exactly the goals of the WARD framework (i.e., WARD) for 

clinicians.  In the next section, the theoretical and practical components of the WARD 

prototype will be reviewed. 
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CHAPTER 3:   

WARD DEVELOPMENT AND IMPLEMENTATION 

 

Based on earlier discussions of the impact of emotion on cognitive functioning, does 

it mean, therefore, that there is no middle ground for clinicians?  In other words, will they 

consistently be able to overcome negative emotional influences and deliver patient care 

without error, or are they doomed to be dangerously impeded by the daily stress they face?  

This research was based on the belief that a safer middle ground could be achieved by 

inferring and then adapting a workload and information delivery medium in order to 

influence the emotion of clinicians.  Indeed, a number of studies in the areas of Augmented 

Cognition (AugCog) (Schmorrow & Kruse, 2002a) and Attentive User Interfaces (AUIs) 

(Vertegaal, 2003) have shown promise in this regard.  Vertegaal described an AUI as a user 

interface that employs technology to monitor gestures, head position, and speech to infer the 

attributes of an individual’s attention at a given moment.  Based on these attentional 

inferences, the interface will facilitate the delivery of appropriate information while 

minimizing overload (Maglio & Campbell, 2003).  One potential drawback is that AUIs 

focus only on determining an individual’s current focus of attention.  However, from the 

research discussed herein, presenting accurate and meaningful information to an individual 

according to his or her current emotional state could be equally or more important.  

Therefore, the engineering approach suggested for this research was directed at applying 

affective computing with the ultimate goal of improving and maintaining clinicians’ SA and 

risk perception for improved patient care. 
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WARD Development 

The conceptual vision of the WARD architecture is shown below in Figure 3.1.  The 

overarching goal of WARD was to maintain clinicians’ SA and risk perception by adapting 

their emotional states.  Specifically, WARD was designed to deliver to clinicians context-

specific information in an appropriate amount in order to enhance their SA and risk 

perception.  Therefore, a limited yet functional prototype was built to investigate how 

WARD could assist clinicians by attending and sympathetically responding to their 

emotional states.  The initial effort with the prototype focused on the components highlighted 

with the dotted black lines and boxes. 

 

Figure 3.1:  Components of the WARD Architecture 

 

Although the WARD architecture shares some similarities with the AugCog 

technology, the WARD architecture is different in two aspects.  The first aspect is that 

WARD is based on the idea of sociotechnical systems in which external factors could 

influence the functioning of a system.  These external factors could include family issues, 
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marital problems, number of available staff, work schedules, time of day, professional work 

culture, organizational politics, potential health related epidemics (Macintyre, Christopher, 

Eitzen, Gum, Weir, DeAtley, Tonat, & Barbera, 2000), and other impactful variables.  The 

second difference is that unlike the traditional icon-based user interface, WARD is able to 

augment those systems using anthropomorphic computer characters as multimodal interfaces 

for clinicians. 

The utilization of anthropomorphic computer characters as multimodal interfaces is 

fairly recent. Darves, Oviatt, & Coulston (2002) described how using an animated fish with 

the synthetic speech of an extroverted voice motivated children to ask more questions versus 

using an animated fish with an introverted voice.  Further, Persson (2003) discussed the 

Expressive Messaging System’s (ExMS) use of anthropomorphic computer characters that 

allowed users to compose short clips to convey their emotions.  After a three-week study, the 

author found that 46% of the messages sent by participants used anthropomorphic computer 

characters to convey their feelings. Additionally, Lisetti, Nasoz, LeRouge, Ozyer, & Alvarez 

(2003) discussed the use of anthropomorphic computer characters as an outreach diagnostic 

tool.  Specifically, the researchers described how clinicians were generally better able to 

diagnose patients remotely by evaluating their facial expressions and behaviors.  However, 

because available technologies did not always reveal facial expressions and behaviors in a 

sufficiently informative way, Lisetti et al. proposed a system by which anthropomorphic 

computer characters could mimic patients’ emotions and behaviors.  Their anthropomorphic 

computer characters were able to convey facial expressions as additional cues for clinicians 

to consider in their diagnostic processes.   
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In the following section, each sub-system of this architecture will be described.  It 

must be emphasized that the discussion in the following section is theoretically based.  In 

other words, only items highlighted in the dotted lines, namely anthropomorphic computer 

characters, wearable display, and physiological devices, were used to implement the limited 

working prototype of WARD.  Other items were not implemented in this version of the 

WARD prototype. 

Avatar Library 

The Avatar Library served two functions—development and profiling.  For 

development, it satisfied the goals of creating and modifying anthropomorphic computer 

characters using off-the-shelf software.  Additionally, it supported the simulation of 

anthropomorphic computer characters with specific dynamic behaviors.  For profiling, it 

maintained a repository of anthropomorphic computer characters.  My initial effort involved 

using off-the-shelf software for developing WARD’s anthropomorphic computer characters.  

Specifically, Haptek’s PeoplePutty was evaluated for its potential in developing 

anthropomorphic computer characters.  I also explored Greta and Poser.  Using these suits of 

software, the goal was to enable WARD to personalize anthropomorphic computer characters 

by mimicking human behaviors through the integration of gestures, facial expressions, and 

voices in real-time.  By maintaining a bank of anthropomorphic computer characters, other 

sub-systems of WARD would then be able to access the appropriate anthropomorphic 

computer character for the situation. 
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World Manager 

As mentioned previously, one of the goals of this research was to use 

anthropomorphic computer characters to communicate critical patient information (e.g., 

imminent cardiac arrest) to clinicians appropriately and humanely in real-time.  However, in 

order to employ anthropomorphic computer characters in this way, the physiological states of 

clinicians and important real-time contextual information (i.e., raw data) had to be acquired 

for processing.  This raw data would then allow the classification of emotions and the 

retrieval of appropriate anthropomorphic computer characters.  To acquire this kind of raw 

data, it was necessary to receive and transfer the raw data to the classification sub-system for 

processing.  This receive-and-transfer function, therefore, would become the responsibility of 

the World Manager.  The World Manager, therefore, served two purposes.  First, it 

periodically retrieved raw data from monitoring equipment and external environmental 

sensors.  Upon retrieving the raw data, the World Manager transferred them to the 

classification engine for filtering and processing.  Second, it integrated appropriate 

anthropomorphic computer characters (chosen by the classification sub-system) with other 

visual information for presentation. 

Clinical Infrastructure 

From a sociotechnical systems perspective, environmental influences are extremely 

important in how a system—in this case, a medical system—functions.  Elements such as 

organizational culture, personnel, and available technologies have the potential to not only 

influence each other, but also the entire medical system.  Due to the potential significant 

impacts of these elements, it was important to consider how they affected clinicians 

generally.  Examples of these elements in a clinical setting include the following:  time of 
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day, day of the week, environmental cues (e.g., temperature), size of the staff, number of 

patients, status of shift change, and physical location.  Typically, these elements are retrieved 

through centralized and de-centralized databases.  Alternatively, these elements can be 

collected through interviews, reviewing hospital shift schedules, or by periodically collecting 

data from environmental sensors.  The latter method assumes, however, that there would be 

an available infrastructure such as Radio Frequency Identification (RFID) and wireless 

communication within a hospital for collecting and transmitting this kind of useful 

information (Brandt, Bjorgvinsson, Hillgren, Berggvist, & Emilson, 2002; Carroll, Traczy-

Hornoch, O'Reilly, & Christakis, 2004; Shabot, LoBue, & Chen, 2000b). 

Monitoring System 

In addition to monitoring the aforementioned environmental information, it was also 

necessary to monitor and collect physiological data on the clinicians who participated in this 

study.  To do so, two noninvasive devices were employed: (1) the BodyMedia SenseWear 

PRO2 Armband for collecting galvanic skin response (GSR), and (2) Polar Electro’s E600 

heart rate monitor for determining heart rate (HR).  These methods were selected based on 

literature reports.  Specifically, since the intent of WARD was to infer clinicians’ emotional 

states, GSR and HR have been shown by Ekman, Levenson, & Friesen (1983) and Picard 

(1997) to be effective indicators for inferring emotional states. 

Classification Engine 

Two goals were associated with the classification sub-system:  (1) to categorize 

incoming raw data into potential emotions, and (2) to match potential emotions with specific 

anthropomorphic computer characters—both of which are detailed below.   
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In general, before a classification sub-system can categorize incoming physiological 

states/external cues (i.e., raw data) into potential emotions, it has to learn to distinguish the 

incoming raw data.  Learning this process typically consists of two steps.  For the first step, 

raw data has to be filtered into a specific format for further processing.  For the second step, 

the filtered data has to be processed through learning algorithms (e.g., neural networks).  In 

this section, some of the learning algorithms and toolkits for performing classification tasks 

are briefly reviewed. 

Bayesian Networks (BNs) (see center box of Figure 3.2) are classifiers based on the 

concept of conditional probability (John & Langley, 1995).  A BN calculates the probability 

of an event given the probabilities of a set of related evidence (i.e., posterior probability).  

Specifically, Conati (2002), Oertel, Schultz, Blech, Herbort, Voskamp, & Urban (2005), 

Rosis, Pelachaud, Poggi, & Carofiglio (2003), and Zhai & Barreto (2005) discussed using 

BNs to predict users’ emotions based on their physiological states.  Zhai & Barreto (2005) 

also examined a data mining tool called Waikato Environment for Knowledge Analysis 

(Weka) for constructing BNs for such purposes.  Furthermore, similar to BNs, artificial 

neural networks and statistical techniques have also been used to classify data into emotions 

(Lisetti & Nasoz, 2005; Picard, Vyzas, & Healey, 2001).  Although these computational 

techniques and learning algorithms have been proven to be accurate and useful techniques for 

automatically recognizing emotions from physiological data, these techniques and learning 

algorithms were not used for the limited prototype due to potential added complexity. 

Simple decision trees (see left box of Figure 3.2) have also shown potential as building 

blocks for classifying emotions.  In the figure, “high” and “low” do not have concrete 

thresholds.  Specifically, as will be reviewed later, each individual has a different threshold 
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based on age.  Notably, Ekman, Levenson, & Friesen (1983) demonstrated that by using 

decision trees, they could manually identify an emotion from a particular combination of 

physiological data.  For example, they correlated an elevated HR and higher skin temperature 

with a higher level of anger.  Additionally, Picard & Du (2002) have used Heart Rate 

Variability (HRV), also known as sinus arrhythmia, to measure stress levels.  Although they 

did not perform any automatic classification, their work potentially suggests that different 

values of HRV produced by real-time monitoring software could help map a particular value 

to a specific affect. 

 

Figure 3.2: Conceptual classification engine communicates with avatar library 

Avatar Retrieval 

For the ideal version of WARD, once an emotion was classified from raw data, the 

name of the emotion acted as an index for retrieving a corresponding anthropomorphic 

computer character.  The retrieved anthropomorphic computer character was then transferred 

back to the World Manager for further processing.  Figure 3.2 also illustrates how a 
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classification engine might process raw data and communicate with an anthropomorphic 

computer character profile repository. 

Display 

Once the raw data was classified into an anthropomorphic computer character of a 

particular emotion, the World Manager transferred the chosen anthropomorphic computer 

character and the critical/contextual information to the User Interface for presentation.  A 

clinician could then receive critical patient information delivered by the appropriate 

anthropomorphic computer character using a wearable display.  It should be stressed that the 

chosen anthropomorphic computer character used behaviors and speech matching the 

classified emotion to convey the critical contextual information.  It was postulated that by 

using anthropomorphic computer characters as multimodal interfaces, critical contextual 

information could be conveyed more meaningfully and naturally compared to the use of 

traditional icon-based interfaces. 

No known research has used anthropomorphic computer characters for the primary 

purpose of delivering critical patient information to clinicians in a sympathetic manner in 

real-time.  In fact, at the time this study was undertaken, the Vigilance System (Govern, 

2004) and RNPSS (Windyga & Wink, 2002) described in the Literature section were the only 

two known medical systems that used a wearable display for communication.  However, they 

differed from the current study in three ways:  (1) neither system used anthropomorphic 

computer character for communication, (2) neither implementation has reported a study of 

the potential impacts of their system, and (3) neither system took clinicians’ physiological or 

emotional states into consideration.  Therefore, the wearable display used in this study was 
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based on the same wearable display utilized in the Vigilance System, since this system has 

been proven to be a potentially useful device for clinicians. 

In summary, the conceptual vision of WARD considers not only a clinician’s 

physiological state, but also environmental factors, such as medical experience, physical 

climate, and hospital organization in order to communicate more effectively with the wearer.  

As discussed, these environmental factors have the potential to either obstruct or facilitate a 

clinician’s work flow.  From an appraisal perspective, however, these environmental factors 

could facilitate disambiguating emotional inferences.  In other words, if these factors did 

indeed obstruct a clinician’s work flow—and negative emotions resulted from that 

interference—physiologically this would likely produce a higher HR level and GSR 

temperature.  Conversely, if such factors facilitated a clinician’s work flow—resulting in 

positive emotions—this could also result in the same elevation in HR and GSR temperature.  

Therefore, by further combining facial expressions with environmental factors and 

physiological states, the accuracy of inferring a particular emotion could be improved since 

more data would be available for inferences.  Moreover, since the literature has shown that 

facial expressions are very powerful for capturing a person’s visual attention, this suggests 

that an anthropomorphic computer character’s facial expression in WARD might be similarly 

effective in getting a clinician’s attention—even during heavy workload situations.  

Additional research on the facial expressions of anthropomorphic computer characters has 

also indicated that some faces project a better level of compliance and trust.  For the study 

using WARD, this means that the creation of anthropomorphic computer characters whose 

facial expressions could be morphed according to the situation could be very compelling.  

Take, for example, the case of clinicians or administrators who wished to improve safety 
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behaviors in order to reduce dangerous levels of staph infections in hospital settings.  An 

anthropomorphic computer character could be developed whose neutral face became a 

smiling, affirming face when proper hand-washing was done after seeing a patient, thereby 

inducing the clinician to comply with the suggestion more readily.   

Lastly, sympathetic anthropomorphic computer characters have been shown to reduce 

stress, promote creativity, and increase motivation (Bickmore, Caruso, Gorr-Clough, & 

Heeren, 2005; C. Darves, S. Oviatt, & R. Coulston, 2002; Prendinger, Mori, & Ishizuka, 

2005a).  This follows, then, that displaying anthropomorphic computer characters using the 

ideal vision of WARD within health care settings might assist clinicians in better integrating 

ideas during medical diagnostic and problem solving, which would be an important 

component for maintaining SA. 

WARD Implementation 

 For this research, a limited prototype based on the aforementioned conceptual vision 

of WARD was selectively implemented to investigate its usefulness in a clinical domain.  

Specifically, anthropomorphic computer characters were developed using a commercial off-

the-shelf software called Poser, in which pre-defined facial expressions and gestures are 

available for rapid prototyping.  For real-time monitoring, two physiological states devices 

were employed—HR monitor and skin conductivity monitor.  For classification (since 

WARD was an limited prototype), the “wizard-of-oz technique”—which enables 

unimplemented technology to be simulated by using a human to represent the response of a 

system—was used to simulate the recognition and the classification of emotion manually 

(Salber & Coutaz, 1993).  For the display, a wearable display similar to the Vigilant system 
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discussed in the literature was utilized to present the affective anthropomorphic computer 

characters. 

 Once WARD was actualized, it was applied to the experimental portions of Phases I 

and II to investigate its effectiveness as an emotional intervention technique in a clinical 

domain.  The subsequent chapter describe how WARD was employed via these experiments. 
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CHAPTER 4:   

METHODOLOGY 

 

The study consisted of two phases (see Figure 4.1).  Phase I, which employed two 

formative evaluations, was used to conduct initial medical simulation software analysis, 

explore equipment need, and refine study procedures.  Based on the needs and lessons 

learned from the results of the first formative evaluation, a second formative evaluation was 

conducted in order to refine procedures for preparing Phase II. 

First Goal: 

Implemented WARD 

prototype

Emotions

Risk 

Perception

Situation 

Awareness 

(SA)

Second Goal: 

Evaluated WARD 

prototype in 

medical setting

Phase I

Analysis of 

MicroSim

Inhospital

Second Pilot 

Experiment

WARD Development

(Pre-Proposal) First Pilot 

Experiment

Phase II

Main 

Experiment

 

Figure 4.1: Framework of the Study 
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Phase I 

Phase I consisted of two formative evaluations.  The two formative evaluations were 

designed to satisfy two specific goals:  (1) investigate equipment needs and/or problems as 

guided by the WARD architecture, and (2) understand the best possible approach to 

seamlessly integrate anthropomorphic computer character use, emotional induction, and 

simulation.   

First Formative Evaluation 

The objective of the first formative evaluation was to investigate equipment needs 

and feasibility for conducting all subsequent experiments.  The first formative evaluation 

included four technical components.  The first was a computerized card game based on the 

Iowa Gambling Task (Bechara, Damasio, Damasio, & Anderson, 1994), which has been 

widely used by researchers of cognition and emotion to evaluate the influence of emotion on 

an individual’s decision-making capabilities when faced with risky situations.  Scoring, 

punishment, and reward mechanisms were added to the game as feedback for participants 

prior to making further decisions.  For the second technical component, two kinds of 

anthropomorphic computer characters (operationalized below) were developed using Poser 6, 

marketed by Curious Labs, Inc.  For the third technical component, MIPs were employed to 

induce participants into various emotional states.  Lastly, for the fourth technical component, 

a secondary monitoring task was utilized to simulate the multiple tasks that habitually 

characterize a medical environment.  In summary, this first formative evaluation was 

designed to explore if anthropomorphic computer characters could assist individuals’ 

decision-making capability under induced emotional circumstances. 
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Although the term “anthropomorphic computer character” is typically used to define 

a computer-generated character that mimics a human’s verbal behaviors (i.e., speech) and 

non-verbal cues (i.e., facial expressions and gestures), Cowell & Stanney (2005) and Ishiguro 

(2005) have both used the term “avatar” to represent the same concept.  Thus, the two terms 

have been used interchangeably within the contexts of the Phases I and II experiments.  

Cowell et al. further sub-classified anthropomorphic computer characters as credible and 

non-credible.  Keeping in mind that the majority of clinicians are female, by applying 

Ishiguro’s research on robotics, the credible anthropomorphic computer character 

operationalized in this research was one with a person/human-like male or female 

appearance.  This decision corresponds to literature reports (Iding, Crosby, Auernheimer, & 

Klemm, 2009; Parise, Kiesler, Sproull, & Waters, 1999) that have described how characters 

that reflect realistic behaviors / traits and exhibit egocentric expertise (i.e. first person) could 

be more effective in eliciting desired social expectations, motivations, beliefs, and desires. 

Conversely, a non-credible anthropomorphic computer character represents a character with 

a creature-like or cartoon-like appearance and behavior (Fong, Nourbakhsh, & Dautenhahn, 

2003), with more exocentric expertise (i.e., third person)—meaning that they would be less 

effective than their egocentric counterparts.  As examples, Figure 4.2 illustrates human-like 

and robot-like appearances.  Note that these characters serve as illustration purposes only.  

These characters were not used in this study. 
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Figure 4.2:  Examples of anthropomorphic computer characters with credible features 

(left) and non-credible features (right) 

Participants 

To investigate if anthropomorphic computer characters could assist individuals’ 

decision-making capabilities, ten participants were recruited for the first formative evaluation 

via email solicitations.  Three, however, were later dropped due to scheduling conflicts.  All 

participants were graduate students from Industrial and Systems Engineering and Computer 

Science departments at Virginia Tech. Each participant was randomly assigned to one of the 

four simulated conditions which featured combinations of risk levels and types of 

anthropomorphic computer characters.   

Apparatus 

For high risk vs. low risk, a computerized card game was utilized based on Java and 

adapted from Estell’s Java-based Black Jack (2004), which enabled the researcher to control 

the level of risk.  Although the original game consisted of only a single deck of cards, three 

other decks were added.  The card game was also modified so that it could act as a 

client/server architecture such that it was able to communicate with another Java program, 

which then enabled it to automatically trigger credible and non-credible anthropomorphic 

computer characters.  Figure 4.3 illustrates the card game. 
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Figure 4.3: Adopted Iowa Gambling Task 

 

To achieve credible vs. non-credible status, the anthropomorphic computer characters 

either appeared with cartoon-like or person-like appearances and behaviors (Figure 4.4).  As 

discussed previously, a specific anthropomorphic computer character was triggered by a 

second Java program according to a participant’s current score (i.e., amount of play money 

left).  Participants performed the formative evaluation in two parts with at least two days in 

between to avoid potential confounding. 

  

Figure 4.4: Non-credible (left) and credible (right) anthropomorphic computer 

characters for first formative evaluation 
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The secondary monitoring task was created using the open source software, Vision 

Egg (http://www.visionegg.org/), and involved the use of two cathode ray tube (CRT) 

monitors so that participants could perform two competing tasks.  In this phase of the study, 

participants had to use a second mouse to track and bring a red square back on the left CRT 

monitor as soon as it disappeared while playing the card game on the right CRT monitor (see 

Figure 4.5). 

 

 

Figure 4.5: Setup of the first formative evaluation 

Procedure 

For the first part of the procedural analysis, the Affect Balance Scale was adopted as 

pre- and post-task questionnaires.  According to the original developer, Dr. Norman 

Bradburn, since the scale is in the public domain, there was no copyright infringement 

(personal communication, 2009).  Further, Bradburn (1969) reported that it has a test-retest 

reliability of r = 0.8.  The original scale asked participants to respond either “yes” or “no” to 

five questions reflecting positive feelings and five questions reflecting negative feelings.  
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Based on the original scale, the ten questions were adapted into ten statements (e.g., “I feel 

particularly excited or interested in something.”) using a 5-point Likert scale as a 

measurement.  For the second questionnaire, which was designed to measure the participants’ 

risk perception, ten words were used that described ten activities and technologies from 

Slovic’s risk perception questionnaire (Slovic, 2000).  A 5-point Likert scale was also used to 

analyze those responses.  Upon completion of both questionnaires, participants were required 

to come back at least two days later to carry out the second part of the study.  This procedural 

delay allowed the researcher to reduce the potential confounding element of elevating their 

levels of risk perception and emotion after completing the online questionnaires.  

For the second part of the study, participants wore a Polar Electro’s E600 heart rate 

monitor for determining HR while performing a series of task.  First, participants practiced 

on a computerized card game similar to the one used for the Iowa Gambling Task.  

Specifically, in the Iowa Gambling Task, participants are shown four virtual decks of cards 

on a computer screen—some of the cards will enable them to win money, and some will 

cause them to lose money.  In other words, some decks are "bad decks" and other decks are 

"good decks" because some will lead to losses over the long run, while others will lead to 

gains.  Players need to decide which decks will ultimately allow them to win.  Participants 

also interacted with the sympathetic and encouraging anthropomorphic computer characters, 

as shown in Figure 4.4. 

Next, participants were isolated in a closed room and were required to watch a slide 

show of 60 images that had been specifically designed to induce negative emotion (see 

Appendix M).  These images were acquired from The International Affective Picture System 

from the University of Florida’s National Institute of Mental Health Center for the Study of 
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Emotion and Attention.  Immediately after viewing these images, participants were required 

to complete two tasks using the three-screen setup shown above.  For one of the tasks, 

participants had to use a mouse to keep a red square on the left screen monitor at all times.  

Because the red square was designed to appear and disappear in a random way, the 

participants had to click on the mouse to bring the red square back as soon as it disappeared.  

For the primary task, participants played a slightly different version of the Iowa Gambling 

Task game on the right screen.  During the modified computerized card game, sympathetic 

and encouraging anthropomorphic computer characters would appear on the middle laptop’s 

screen (based on participants’ current scores) to assist them in winning the game. 

Results 

The overall comments received from participants about the credible and non-credible 

anthropomorphic computer characters were encouraging.  Specifically, two participants 

believed that the use of anthropomorphic computer characters within the context of card 

gambling was amusing.  Additionally, two other participants believed there was potential for 

using anthropomorphic computer characters as reminder tools in the context of critical tasks 

or emergencies.  Interestingly, a number of participants mentioned that they accepted the 

anthropomorphic computer character’s advice with little or no reluctance.  Specifically, one 

participant stated that he did not realize how poorly he had been performing until the 

anthropomorphic computer character told him, while another actually credited the 

anthropomorphic computer character for enhancing his performance.  It should also be noted 

that the participants’ verbal feedback indicated that they preferred the cartoon-like (e.g., 

Garfield) anthropomorphic computer characters with tactile feedback, the well-dressed 

anthropomorphic computer characters, and the anthropomorphic computer characters of a 
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similar ethnicity.  It should be noted, however, that participants commented that unless the 

anthropomorphic computer characters appeared when they were needed for completing the 

card game successfully, they found their periodic emergence to be annoying. 

In assessing the results of these early studies, four important lessons were learned that 

were then applied to subsequent experiments.  First, it was determined that film clips could 

be used more effectively than single images for inducing realistic emotion.  Second, as the 

literature has suggested, a single physiological measurement could not be reliably used to 

infer a specific emotion.  This finding led to the acquisition of a GSR device, as well as the 

inclusion of HRV as important means for assessing an emotional response.  Third, images—

and particularly videos—could have an enduring effect with respect to inducing/sustaining 

emotion.  Specifically, long after the experiment was over almost all participants commented 

that the images they saw were “disgusting,” even though they were exposed to those images 

for a very short period.  The fourth lesson confirmed that the use of a card game—even a 

“risky” one—would not be sufficiently meaningful for studying the performance of clinicians 

under stressful circumstances.  Therefore, as described below, this led to the use of a realistic 

medical simulation with simulated “life or death” consequences. 

Second Formative Evaluation 

Based on the four lessons learned and the newly acquired equipment from the first 

formative evaluation, the second formative evaluation was redesigned. This was done in 

order to obtain specific data that would facilitate the creation of more effective procedures 

for the Phase II portion of this study.   
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Method 

To meet this objective, medical students were recruited from the Edward Via Virginia 

College of Osteopathic Medicine (VCOM) to voluntarily participate in the four trials 

associated with the second formative evaluation.  Prior to conducting the second formative 

evaluation, two medical scenarios (see below) were prepared, representing two different 

levels of difficulty.  The goal was to investigate which difficulty level would be the most 

appropriate for medical students with basic knowledge of emergency medicine.  Moreover, 

since the second formative evaluation was not designed to address the overarching research 

questions associated with this study, only two participants were recruited to test the two 

prepared scenarios for the suitability of their difficulty levels.  The use of medical students 

from VCOM was preferred due to their knowledge of basic emergency medicine, including 

Basic Life Support (BLS), basic knowledge of pharmacology, and basic knowledge of 

Advanced Cardiovascular Life Support (ACLS).  In addition, medical students from VCOM 

would likely have practical and real-world knowledge of medicine through rotations and 

related job experience. 

Anchored in the prior discussion of hot cognition (i.e., that emotion can motivate a 

person to follow a particular course of action), anger could be operationalized as a 

participant’s subjective emotional response to the validated angry MIPs.  This 

operationalized definition of anger was applied in this formative evaluation and Phase II.  

Moreover, as discussed previously, anthropomorphic computer characters were 

operationalized in the first formative evaluation. 
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Participants 

 Two female, third-year medical students from VCOM participated in the second 

formative evaluation, each of whom volunteered through email contact.  They were 

compensated at a rate of $15 per hour.  Both participants were in their 20s and had basic 

knowledge and actual laboratory experience in BLS, ACLS, and pharmacology.  However, 

both participants had yet to have had their emergency medicine rotations at the time of their 

participation. 

Medical Simulation Analysis 

Through consultations with Dr. Francie Anderson (personal communication, 2008) of 

VCOM, an appropriate medical simulation software was selected to be the primary method 

for assessing each participant’s post-task SA and two kinds of risk perception.  Specifically, 

MicroSim Inhospital® was used, which is a desktop computer based interactive medical 

simulation software (see Figure 4.6) certified by the American Heart Association (AHA).  It 

has been used by the University of Texas Medical School and VCOM for training their 

medical students in emergency medicine.  Its primary purpose is to serve as a learning tool 

for teaching and testing medical decision-making capabilities.  At the time of this study, 

MicroSim Inhospital® consisted of eight AHA-based modules with five patient cases per 

module.  Each patient case required the user to perform diagnostics and medical procedures 

situated within a virtual hospital room to either resuscitate or comfort a virtual patient.  Each 

participant played the role of the physician by monitoring the clinical situation and issuing 

orders to two virtual nurses for treating or resuscitating a virtual patient. 
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Figure 4.6: MicroSim Inhospital® Software 

 

 Discussions with Dr. Jeff Lancaster (personal communication, 2007) confirmed that 

analyzing the functionalities of the simulation software would be sufficient as the perquisite 

procedure for conducting SAGAT.  For the second formative evaluation, two patient cases 

were chosen to perform an analysis based on the idea of a goal-directed task analysis.  The 

two patient cases representing medium and hard difficulty levels were selected in order to 

assess the appropriate difficulty levels.  In other words, since the “easy” difficulty level 

would likely be too easy for the participants, I needed to determine which of the remaining 

two levels (“medium” or “difficult”) would be reasonable for participants with knowledge 

similar to that of at least a second-year medical school student. 

 Using the self-learning feedback feature of the MicroSim Inhospital®, the Journal of 

the American Medical Association (Airway, 2005), and Circulation from the Journal of AHA 

(Arrest, 2005; Life, 2005; Patient, 2005) as learning and consulting references (Emergencies, 

2002; Mantooth, 2007; Valley & Fly, 2008), each of the two patient cases was performed and 
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analyzed repeatedly until I reached a solution success rate of 100%, as recommended by the 

MicroSim Inhospital® program.  A step-by-step solution guide for each of the two patient 

cases was generated.  The solution guide detailed the procedures, drugs, and diagnostics used 

for resuscitating or comforting the virtual patient.  For an example of a step-by-step solution 

guide of one patient case, please refer to Appendix N.  This step-by-step solution guide 

served three purposes:  (1) the experimenter could keep track of the participants’ progress, 

(2) SAGAT’s freeze points could be pre-determined without the knowledge of the 

participants, and (3) the participants benefited since the experimenter provided them with the 

step-by-step solution guide and walked them through the patient case as an “after action 

review.” 

Apparatus 

Three validated film clips were utilized (according to established mood induction 

protocol) to induce participants into particular emotional states.  Based on previous findings 

(Rottenberg, Ray, & Gross, 2007), a courtroom conversation scene from All the President’s 

Men was found to be the most effective for inducing neutral emotion.  For inducing angry 

emotion, a playground confrontation scene from My Body Guard was utilized.  For inducing 

happy emotion, the restaurant scene from When Harry Met Sally was chosen.   

As affective interventions for the induced emotions, four different anthropomorphic 

computer characters were used in this formative evaluation.  One anthropomorphic computer 

character represented credible happy emotions through the manifestation of a happy facial 

expression.  A second anthropomorphic computer character represented non-credible happy 

emotions through its happy facial expression.  A third anthropomorphic computer character 

represented credible sympathetic emotions through the manifestation of a sympathetic facial 
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expression.  A fourth anthropomorphic computer character represented non-credible 

sympathetic emotions through a sympathetic facial expression.  Figure 4.7 shows the four 

anthropomorphic computer characters, which were created using Poser 6.  In order for the 

participants to see the anthropomorphic computer characters, they wore the SV6 PC Viewer 

(see Figure 4.8), with a maximum resolution of 1024 x 768 and 32 bits of colors.  This is 

similar to the one used in the Vigilant System discussed in the Literature section of this 

study.  

 

Figure 4.7: Credible happy (far left), non-credible happy (second left), credible 

sympathetic (third left), and non-credible sympathetic (fourth left) anthropomorphic 

computer characters used in the second formative evaluation 

 

 

Figure 4.8: The SV6 PC Viewer used in the second formative evaluation 

 

The BodyMedia SenseWear PRO2 Armband was used for collecting GSR, and the 

Polar Electro’s E600 heart rate monitor was used for determining HR.  Five different 

questionnaires were employed to measure participants’ emotional states, perception of 

general risk perception, perception of job-related medical risk, and subjective SA before and 

after the experimental tasks.  In order to measure the participants’ emotional states, the 60-

item expanded version of the Positive and Negative Affect Schedule (PANAS-X) (Watson & 
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Clark, 1994) was used.  PANAS-X consists of thirteen sub-constructs, each of which is 

measured by a number of mood terms on a 5-point scale (see Appendix D).  PANAS-X has 

high construct validity and test-retest reliability over a two months period.  In fact, their 

findings showed that PANAS-X can consistently measure joviality and sadness with r = .93 

and r = .87, respectively. 

For general risk perception assessment, the Slovic (2000) risk perception 

questionnaire was utilized to examine participants’ general views of different hazards (see 

Appendix B).  Additionally, it was necessary to evaluate the participants’ compliance with 

medical safety procedures by adopting The Centers for Disease Control and Prevention’s 

(CDC) Universal Precautions (UPs) 15-item questionnaire (Gershon, Karkashian, Vlahov, 

Kummer, Kasting, Green-McKenzie, Escamilla-Cejudo, Kendig, Swetz, & Martin, 1999) 

presented in a 5-point scale (see Appendix C).  Gershon et al. reported checking for 

consistency; however, they did not specify concrete value for consistency.  For evaluating 

their levels of SA after the medical simulations, the 3-Dimensional (3-D) Situation 

Awareness Rating Technique (SART) was employed (see Appendix H), which is a subjective 

10-item questionnaire presented on a 5-point scale (Endsley, 1998).  It has been reported by 

Endsley et al. (Endsley, Selcon, Hardiman, & Croft, 1998) that the 3-D SART has a 0.67 to 

0.74 reliability. 

In addition, while the two participants were performing the medical simulations, their 

SA were assessed using the SAGAT.  SAGAT is an on-line snapshot or freezing technique 

designed to evaluate SA at a given point in time.  Although it was initially developed for 

military and aviation applications, SAGAT was adapted for these medical simulations by 

asking participants about their virtual patients’ vital signs, laboratory results, and diagnostics.  
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The questions were pre-determined based on an analysis of the two medical simulation 

scenarios.  Therefore, from the perspective of this second formative evaluation, SA was 

defined operationally as the holistic post-task view of the medical scenario and the specific 

medical information obtained at a given point in time. 

Procedures 

Prior to conducting the second formative evaluation, two prerequisite tasks were 

performed.  One task involved the selection of an appropriate medical simulation software so 

that SAGAT could be used to evaluate the participants’ levels of SA. The second task was 

the preparation of anthropomorphic computer characters and film-based MIPs.  The objective 

for the anthropomorphic computer characters was to serve as interventions devices, while the 

objective of the film based MIPs was to induce each participant into a particular emotional 

state. 

The study consisted of a pre-screening session and three separate experimental 

sessions.  During the pre-screening session, participants were given with the informed 

consent forms, after which the anticipated time commitment and the tasks for the study were 

described.  The Beck Depression Inventory-II (BDI-II) (see Appendix E) was used as a pre-

screening tool to evaluate participants’ potential levels of depressive symptoms.  The purpose 

for the pre-screening was to ensure that the emotional manipulation and evaluation processes 

would not cause any adverse short- or long-term effects.  Participants who scored between 0-

13 on the BDI-II scale were considered eligible for the study.  Those who scored higher than 

13 were considered ineligible, were debriefed, and compensated for their time.   

When participants returned for the first experiment session, they completed a required 

demographic questionnaire (see Appendix F).  Then, two physiological states monitoring 
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devices were attached to the participants—a HR monitor and a GSR armband.  Baseline 

physiological states data were acquired, after which a set of pre-task assessments using 

PANAS-X, general risk perception, and medical CDC UPs risk perception questionnaires 

were carried out.   

After the training, the participants watched one of the three film clips discussed 

previously in connection with the mood induction protocol.  Immediately after the mood 

induction protocol, the participants were fitted with the SV6 PC viewer.  A scenario from the 

medical simulation was then presented to the participants, which they had to complete within 

15 minutes.  Based on an aspect of the Wizard of Oz technique—in which human subjects 

interact with a computer system that they believe to be autonomous, but which, in fact, is 

being wholly or partially operated by an unseen person—a wireless keyboard was used to 

trigger an anthropomorphic computer character as an intervention during the scenario.  At 

that point, the scenario was frozen to perform the SAGAT evaluation.  They then answered 

questions about the medical simulation.  Participants then finished the scenario, after which 

they completed a set of post-task assessments using PANAS-X, general risk perception, 

medical CDC UPs risk perception, and 3-D SART questionnaires.  After a short break, 

participants repeated the same procedures for the second trial.  Upon completion of both 

trials, each participant was debriefed, given a walk-through of the solution key, and asked to 

comments on the overall experience.  Two days later, participants returned for the second 

experimental session with identical trials.  The general session protocol is shown in Figure 

4.9. 
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Figure 4.9: Protocol for the second formative evaluation 

Results 

 After the second formative evaluation, the results were evaluated according two 

categories to better prepare for the study in Phase II.  The first results category involved the 

efficacy of the medical simulation scenarios and two important lessons the researcher 

learned.  The second set of results concerned the usability of the newly acquired 

physiological equipment wearable display and the effects of the anthropomorphic computer 

characters, by which I was able to gauge important subjective and objective results. 

 The first lesson revealed that even though participants had the related background and 

knowledge (i.e., declarative and procedural), they were still having difficulty completing the 
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scenarios.  This was attributed to the fact that although the user interface of the medical 

simulation software was intuitive, participants were first-time users of the software and 

therefore were unfamiliar with the user interface.  From this outcome, it was determined that 

prior to conducting the Phase II trials, it would be essential to ensure that participants were 

comfortable using the user interface of the software. 

 The second lesson involved determining the appropriate difficulty level of the 

medical simulation scenarios and the time needed to adequately completely them.  

Specifically, when the medical student participants were required to complete the Basic Life 

Support (BLS) procedures associated with the “difficult” scenario, it took them more than 15 

minutes.  Conversely, the “easy” medical simulation scenario, which involved comforting a 

virtual patient with breathing problems, was determined to be too easy for the participants 

since the entire scenario took them no more than 5 minutes to complete.  The short 

completion time associated with the easy scenario, therefore, prohibited the display of any 

anthropomorphic computer characters due to the fix interval anthropomorphic computer 

character activation in this second formative evaluation.  Ultimately, a “Goldilocks and the 

three bears approach” was adopted for the Phase II study, i.e., the use of a medical scenario 

with a “medium” level of difficulty would be “just right.” 

Subjective and Objective Responses 

 Video recordings of the participants’ facial expressions were analyzed to examine the 

elicited emotions.  The analysis was conducted using the Facial Expression Coding System 

(FACES) developed by (Kring & Sloan, 2007), which has consistently demonstrated high 

reliability levels ranging from 0.7 to 0.99.  However, three other reasons prompted me to 

select FACES over Ekman’s Facial Action Coding System (FACS).  First, while FACS 
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tracks facial muscle movements, it does not associate those movements with a specific 

emotion.  Second, the FACS coding system is a time-consuming process that requires a high 

learning curve to be accurate (FACES was developed to remedy this issue through subjective 

coding).  Third, according to Kring et al., FACES is a better method for analyzing facial 

expressions when film based MIPs are employed. 

 The sequence of systematic procedures associated with FACES was used to analyze 

the two participants’ facial expressions after the MIPs and during anthropomorphic computer 

character exposure.  First, any change of facial expression was recorded.  FACES defines a 

change of facial expression as changing from neutral to non-neutral then back to neutral.  

Figure 4.10 illustrates the experience of one participant who was initially induced into the 

angry emotional state after watching the playground confrontation scene from My Body 

Guard.  While working on a simulated medical scenario, her change of expression was 

recorded from neutral to a slight smile upon seeing and hearing a sympathetic 

anthropomorphic computer character.  Once FACES detected the change in her facial 

expression, it recorded the duration, valence, and intensity of that expression.  In 

combination, these data are considered to be one emotional episode.  A series of episodes 

was then summarized for each combination of anthropomorphic computer character and film 

clip to reflect the various predominant emotions within each episode.  Using this systematic 

approach, Figure 4.11 depicts the identification of the number of emotional episodes of the 

two participants. 
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Figure 4.10: Illustration of a participant's change of facial expression 
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Figure 4.11: Analysis of emotional episodes identified by FACES 

 

Additionally, the participants’ brief subjective responses with respect to the use of the 

study’s anthropomorphic computer characters were recorded.  While their responses were 

generally very positive, the participants did comment that the anthropomorphic computer 
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characters needed to be refined in such a way as to minimize distracting interruptions.  

Specifically, participants noted that the anthropomorphic computer characters were 

introducing distractions during the medical simulation scenarios (Bailey, Konstan, & Carlis, 

2001) instead of between tasks.  Table 4.1 summarizes the participants’ comments toward 

anthropomorphic computer characters.  These comments induced me to modify the Phase II 

protocols so that the anthropomorphic computer characters were introduced between tasks 

instead of during tasks (Miyata & Norman, 1986).  This adjustment was made so that the 

participants’ cognitive resources would not be overly taxed. 

 

Table 4.1: General verbal comments of anthropomorphic computer characters from 

participants 

 

 
Happy anthropomorphic 
computer character 

Sympathetic anthropomorphic 
computer character 

Participant 1 Meant “things are ok” 

“Type” of the 
anthropomorphic computer 
character makes a difference.  
Preferred lifelike ones 

Participant 2 
Virtual assistant in a team 
environment 

Meant “things are not going 
right” 

 

 In addition, using paired 2 tailed t-tests, the physiological states data collected from 

the two participants were analyzed to determine the effects of the anthropomorphic computer 

characters and films.  Particularly, the paired 2 tailed t-tests were used to examine pre- and 

post-test differences of mean HR, HRV, and GSR measurements.  HR and HRV 

measurements were first standardized using the maximum age approach (Rogergs & 

Landwehr, 2002).  Specifically, each participant’s maximum HR was calculated using the 

equation below: 



 87 

)685.0(8.205max age×−=  

Afterward, all measured HRs for each participant were then standardized into the range of 50 

beats per minute (bpm) to max.  These standardized rates were then normalized into the 

range of 1 to 10.  Therefore, the means (M) and standard devitations (SDs) for the pre- and 

post-test differences of HR and HRV are shown in Table 4.2.  Corresponding p-values are 

also shown.  As seen in Table 4.2 and Figure 4.12, there was a significant HRV effect 

between the mood induction and anthropomorphic computer character intervention (p < .05).  

In particular, it can be seen from Figure 4.12 that HRV increased after the anthropomorphic 

computer character intervention.  According to Kawachi, Sparrow, Vokonas, & Weiss 

(1995), increased HRV signaled a positive emotion state.  This might indicate that the 

sympathetic and joyous anthropomorphic computer character interventions were effective in 

alleviating emotional situations.  For the pre- and post-test differences of GSR, no statistical 

significant GSR changes were noted.  However, Figure 4.13 does illustrate that participants 

experienced elevated levels of stress (Picard, 1997) due to the increasing GSR trends; 

however, HRV results indicated they might have briefly been under positive emotional 

influence.  The reason for the co-existence of positive emotional state and high stress is that 

individuals are fully capable of experiencing mixed emotions at any given time (Larsen, 

McGraw, Mellers, & Cacioppo, 2004). 

 

Table 4.2: Means and standard deviations of HRs and HRVs 

 
Normalized age 
maximum (M) 

Normalized age 
maximum (SD) 

p-value 

HRV difference between MIP and 
anthropomorphic computer 
character 

0.3 0.1 < .05 
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Figure 4.12: Mean HR and HRV changes of the two participants during baseline, mood 

induction, and anthropomorphic computer character exposure 
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Figure 4.13: Mean GSR changes of the two participants during baseline, mood 

induction, and anthropomorphic computer character exposure 

 

Phase II 

After completing Phase I, Phase II was redesigned according to the lessons learned 

from both formative evaluations.  As discussed earlier, an experiment was intended to answer 

the following research questions:  

Research Question Q1: How does anger influence a clinician’s level of risk 

perception? 

Research Question Q2: How does a clinician’s overall level of situation awareness 

under anger differ from a clinician’s SA under neutral emotion? 

Research Question Q3: How does anthropomorphic computer character treatment 

provide a clinician with comfort for his or her emotional well-being? 
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The main differences between the second formative evaluation and Phase II were 

twofold.  The first difference was that during Phase II, participants were familiarized with the 

medical simulation software.  Secondly, Phase II used two new anthropomorphic computer 

characters and two forms of text to examine the effects of “treatments” vs. “control.”  

Because of the lessons learned from the second formative evaluation, two new 

anthropomorphic computer characters with neutral facial expressions were introduced in 

order to minimize distractions. 

In addition, all questionnaires used in Phase II were Likert scale-based and participant 

responses were calculated as the difference between pre-task and post-task ratings.  

Therefore, it should be noted that when interpreting means (Ms) of inferential statistics 

analyses, means (Ms) with negative values signaled a decrease in participant ratings from 

pre-task to post-task.  In contrast, means (Ms) with positive values signaled either an increase 

or no change in participant ratings from pre-task to post-task. 

Method 

 Phase II consisted of two 2 x 2 between-subjects designs.  Tables 4.3 and Figure 4.14 

illustrate the design for the anthropomorphic computer character group with two levels of 

films for MIPs and two levels of anthropomorphic computer characters.  Tables 4.4 and 

Figure 4.15 illustrate the design for the text group with two levels of films for MIPs and two 

levels of texts.   

Independent Variables 

The first independent variable was the two levels of film.  The film used to induce 

neutral emotion was from the validated movie, All the President’s Men; the film clip used to 

induce angry emotion was from the validated movie, My Bodyguard.  The second 
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independent variable was the two levels of anthropomorphic computer characters.  As 

operationalized previously, these two levels were the credible anthropomorphic computer 

character with a neutral facial expression and a non-credible anthropomorphic computer 

character with a neutral facial expression.  The third independent variable was the two levels 

of text, which consisted of two paragraphs of text—one egocentric and one allocentric.  As 

discussed previously in the Approach section, since the traditional form of communication in 

health care is still largely text based, a comparison of the effectiveness of anthropomorphic 

computer characters and text was devised to examine which would be more effective. Also, 

according to the linguistic, educational, and cognitive literature (Blake, 2006; Bryant, 1997; 

Windschitl, Rose, Stalkfleet, & Smith, 2008; Witt, Ashe, & Willingham, 2008), pieces of text 

can be sub-classified through the application of egocentric and allocentric theories. 

Specifically, egocentric text in this context has been operationalized as textual information 

conveyed to an individual in a personal or first-person manner, thereby enabling the receiver 

to relate to the text information more intimately and naturally. Egocentric text has been 

shown to enable self-assurance and to facilitate learning/compliance, implying that 

egocentric text could be accepted with ease (i.e., credible). Conversely, allocentric text in 

this context has been operationalized as information conveyed to an individual from an 

outsider or third-person perspective.  This typically results in having to relate to textual 

information through more elaborative processing/interpretative means.  This suggests that 

text based on allocentricism could take more effort to be accepted (i.e., non-credible).  Figure 

4.16 illustrates the relationship between the anthropomorphic computer character and the text 

message as similar forms of intervention.  Additionally, Figure 4.17 shows the credible 

anthropomorphic computer character with a neutral facial expression, the non-credible 
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anthropomorphic computer character with a neutral facial expression, the egocentric 

paragraph of text, and the allocentric paragraph of text. 

Dependent Variable 

 The dependent variables measured were medical based risk perception, general risk 

perception, SA, and emotion.  These variables were collected using four different 

questionnaires.  Operationally speaking, SA was defined from the perspective of this 

experiment as the attentional, complexity, and emotional gain from the perceived medical 

information through the use of either the anthropomorphic computer character or the text 

intervention. 

 

Table 4.3: Experimental design for the anthropomorphic computer character group 

 

Anthropomorphic computer character 
 

Credible Non-credible 

Neutral s1 – s4 s5 – s8 
Film 

Angry s9 – s12 s13 - s16 

 

 

 

Figure 4.14: Flow of tasks for the anthropomorphic computer character group 
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Table 4.4: Experimental design for the text group 

Text 
 

Egocentric Allocentric 

Neutral s17 – s20 s21 - s24 
Film 

Angry s25 - s28 s29 – s32 

 

 

 

Figure 4.15: Flow of tasks for the text group 

 

 

 

Figure 4.16: Classification of the intervention 

Participants 

Initially, this study was designed to use sixteen (16) participants as the sample size; 

however, it was later determined that this number would be insufficient for conducting the 

required statistical evaluations.  Therefore, thirty-two (32) participants from VCOM and a 
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local rescue squad were recruited to participate in this experiment.  They were compensated 

at a rate of $20 per hour.  Participants had basic knowledge and actual laboratory experience 

in BLS, ACLS, and pharmacology. 

Apparatus 

Similar to the second formative evaluation of Phase I, validated film clips were again 

used to induce participants into particular emotional states according to established mood 

induction protocol.  Specifically, the courtroom conversation scene from All the President’s 

Men, and the playground confrontation scene from My Body Guard, were used to induce 

neutral and angry emotional states, respectively.  As affective interventions for the induced 

emotions, two different anthropomorphic computer characters were employed in Phase II.  

One anthropomorphic computer character represented a credible version with a neutral facial 

expression, while the second anthropomorphic computer character represented a non-credible 

version, also with a neutral facial expression (see Figure 4.17).  Both anthropomorphic 

computer characters were created using Poser 7.  Two different text interventions (one 

egocentric and one allocentric), which served as the control, were also utilized (see Figure 

4.17).  Specifically, I adapted and combined spoken dialogues from the literature on 

sympathetic communications (Bickmore & Schulman, 2007; Kapoor, Burleson, & Picard, 

2007; McQuiggan & Lester, 2006; Pfeil & Zaphiris, 2007; Ridder, Theunissen, & Dulmen, 

2007) to produce the two forms of text. For example, “I know this must be becoming quite 

frustrating” and “It is very understandable you feel bad at this point…” are suggested by 

Ridder et al. to communicate with patients and McQuiggan et al. to show sympathy.  In order 

for the participants to see the anthropomorphic computer characters and texts, they also wore 
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the SV6 PC Viewer, which featured a maximum resolution of 1024 x 768 with 32 bits of 

colors. 

    

Figure 4.17: Credible anthropomorphic computer character (i.e., blond girl) with a 

neutral facial expression (far left), non-credible anthropomorphic computer character 

(i.e., pig) with a neutral facial expression (left), egocentric form of text (right), and 

allocentric form of text (far right) 

 
Once again, MicroSim Inhospital® was used to assess the participants’ medical 

decision-making capabilities.  As discussed previously, the second formative evaluation 

revealed that scenarios with “easy” or “hard” difficulty levels were either too easy or too 

difficult for the participants to complete in a reasonable length of time.  Therefore, for Phase 

II, selected scenarios based on their “medium” difficulty levels were utilized. 

Four different questionnaires were administered to measure (1) participants’ 

emotional states, (2) perception of general risk, (3) perception of job related medical risk, and 

(4) subjective SA after the experimental tasks.  To measure emotional states, the 60-item 

PANAS-X (Watson & Clark, 1994) was administered.  PANAS-X consists of 13 sub-

constructs, each of which is measured by a number of mood terms on a 5-point scale.   

The general risk perception questionnaire Slovic (2000) was employed to examine 

participants’ general views of different hazards.  Additionally, their compliance on medical 

safety procedures was assessed by adopting CDC’s Universal Precautions (UPs) 15-item 

questionnaire (Gershon, Karkashian, Vlahov, Kummer, Kasting, Green-McKenzie, 
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Escamilla-Cejudo, Kendig, Swetz, & Martin, 1999), which is a 5-point scale.  To determine 

the participants’ SA after the experimental tasks, the 3-Dimensional (3-D) Situation 

Awareness Rating Technique (SART) was utilized, which is a subjective 10-item 

questionnaire presented on a 5-point scale (Endsley, 1998). 

Procedure 

The experiment consisted of a pre-screening session and one experimental session.  

During the pre-screening session, participants were asked to complete the informed consent 

forms, after which study tasks and the estimated time needed to complete them were 

explained.  The Beck Depression Inventory-II (BDI-II) was used as a pre-screening tool to 

evaluate participants’ potential levels of depressive symptoms.  The purpose for the pre-

screening was to ensure that the emotional manipulation and evaluation processes would not 

cause any adverse short- or long-term effects.  Participants who scored between 0-13 on the 

BDI-II scale were considered eligible for the study.  Those who scored higher than 13 were 

considered ineligible, were debriefed (Appendix K), and compensated for their time.   

When participants returned for the experiment session, they completed a demographic 

questionnaire.  Two physiological states monitoring devices were then attached to each 

participant—a HR monitor and a GSR armband—which facilitated the collection of baseline 

physiological states data. A series of pre-task assessments using PANAS-X, general risk 

perception, and medical CDC UPs risk perception questionnaires were then made.  Based on 

the lessons learned from the formative evaluation, participants in the experiment were 

required to complete a 45-minute long familiarization session for the user interface of the 

medical simulation software.  This familiarization session included a 5-minute introductory 

video of the software, a walkthrough of two scenarios, and a test involving interacting with 
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the user interface.  The latter component placed the participant in a new virtual scenario, at 

which time the experimenter asked the participant to perform a set of 10 tasks.  For example, 

one of the tasks required the participant to demonstrate procedures for inserting an IV into a 

virtual patient using the user interface controls.  If the participants achieved an 80% accuracy 

rating, the experimental session would progress to the next stage. 

After the familiarization process, the participants watched one of the two film clips 

discussed previously as the mood induction protocol.  Immediately after viewing one of the 

clips, the participants put on the SV6 PC viewer.  The experimenter then used a wireless 

keyboard to trigger an anthropomorphic computer character or a form of text as an 

intervention.  A medical simulation scenario was then presented to the participants, which 

they were required to complete within 15 minutes.  Upon completing the scenario, the 

participants completed a set of post-tasks assessments using PANAS-X, general risk 

perception, medical CDC UPs risk perception, and 3-D SART questionnaires (see Figures 

4.18 and 4.19).  Figure 4.20 summarizes graphically the employed apparatus and the flow of 

procedures. 

 

  

Figure 4.18: Protocol of the text group in Phase II 
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Figure 4.19: Protocol of the anthropomorphic computer character group Phase II 

 

 

 

Figure 4.20: Apparatus and procedures used by participants during Phase II 

 

Results 

 Responses from the Phase II’s experiment were collected and analyzed, resulting in 

two sets of data to answer the research questions and hypotheses.  All analyses were 

conducted using alpha = .05.  This alpha value was selected so that only 5% of the analyses 

would result in a Type I error.  In other words, the rate at which a proposed hypothesis was 

rejected even if it were true would only be 5%.  Before conducting any statistical tests, 

normality and variances equality were examined.  Afterward, the first data set consisted of 

descriptive statistics including demographic data, reliability, Pearson correlation, and content 
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analysis.  The second set of resulting data featured inferential statistics that were conducted 

using two sample t-tests and multiple regressions to further investigate the research questions 

and hypotheses. 

Normality and Variances Equality 

 Prior to conducting any statistical tests, normality and variance equality checks were 

performed using the Shapiro-Wilk and Levene tests, respectively.  Table 4.5 summarizes the 

initial test results for the original general risk perception, medical CDC UPs risk perception, 

3-D SART, and PANAS-X responses. 

Table 4.5: Shapiro-Wilk and Levene test statistics 

 Shapiro-Wilk Levene 

Risk perception p < .05; W = .96 Non significant; W = 1.18 

CDC UPs Non significant; W = .96 Non significant; W = 1.18 

Non significant; W = .99 Non significant; W = 1.64 

Non significant; W = .97 Non significant; W = .96 

Non significant; W = .97 Non significant; W = .77 

Attentional 

demand 

Supply of attention 

Understanding 

Total score 
Non significant; W = .97 Non significant; W = .45 

Non significant; W = .97 Non significant; W = .51 

Non significant; W = .99 Non significant; W = .85 

Non significant; W = .99 Non significant; W = 1.16 

p < .05; W = 0.93 Non significant; W = 1.11 

p < .05; W = .92 Non significant; W = 1.46 

p < .05; W = .94 Non significant; W = .40 

Negative emotion 

Positive emotion 

Joviality 

Hostility 

Sadness 

Guilt 

Self assurance Non significant; W = .99 Non significant; W = 1.75 
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Non significant; W = .99 Non significant; W = .73 

Non significant; W = .98 Non significant; W = 1.25 

Non significant; W = .99 Non significant; W = 2.13 

Non significant; W = .97 Non significant; W = .98 

Non significant; W = .99 Non significant; W = .61 

Attentiveness 

Fatigue 

Serenity 

Fear 

Surprise 

Shyness p < .05; W = .93 p = .05; W = 2.39 

 

Even though the variance equality of the responses from the general risk perception, 

hostility, sadness, guilt, and shyness sub-constructs from the PANAS-X emotion 

questionnaire were non-significant, they nonetheless failed the normality test.  Therefore, the 

reliability of the individual items was examined using Cronbach’s alpha to rule out the low 

reliability items.   

For the pre-task general risk perception, it was determined that by removing the 

“falling object” item, the reliability improved slightly from .82 to .83.  For the post-task 

general risk perception, it was discovered that by removing the “smoking” item, the 

reliability improved slightly from .85 to .86.  This combined improvement led to the 

improved Shapiro-Wilk of non significant result with W = .99.  For the pre-task hostility sub-

construct, it was learned that once the “angry” individual item was removed, the reliability 

improved from .51 to .60.  For the post-task hostility sub-construct, Cronbach’s alpha 

reported -0.1 due to low variation of the data. Therefore, only the pre-task hostility sub-

construct was used to recalculate Shapiro-Wilk.  The improved Shapiro-Wilk led to non 

significant result with W = .98.  For the pre-task sadness sub-construct, the “sad” item was 

removed, which resulted in an improved reliability from .83 to .84.  For the post-task sadness 

sub-construct, the “down” and “blue” items were removed, which resulted in an improved 
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reliability from .52 to .76.  Therefore, this led to the improved Shapiro-Wilk of non statistical 

significant result with W = .96.  For the pre-task guilt sub-construct, the “disgusted” and the 

“angry” items were removed, which resulted in an improved reliability from .75 to .83.  For 

the post-task guilt sub-construct, the “disgusted” item was removed, which resulted in an 

improved reliability from .83 to .85.  Therefore, this led to the improved Shapiro-Wilk of non 

statistical significant result with W = .98.  Lastly, for the pre-task shyness sub-construct, no 

items were removed, since no item was higher than the reported reliability of .70.  For the 

post-task shyness sub-construct, the “sheepish” item was removed, which improved the 

reliability from .88 to .92.  Therefore, this led to the improved Shapiro-Wilk of non statistical 

significant result with W = .97.  These newly improved reliability data were used in all 

subsequent analyses. 

Demographics and Overall Reliability 

 As noted earlier, participants had to fill out important demographic data prior to 

completing the study, which were then correlated.  The age of the participants ranged from 

20 to 37 (M = 25.60, SD = 4.20).  Their levels of medical experience range from first year to 

fourth year (M = 2.10, SD = .90).  As is well known, Shapiro-Wilk indicates that assumption 

of normality is met through statistically non-significant result.  For this study, Shapiro-Wilk 

was indeed found to be meeting the assumption of normality through statistical non-

significant result. Of the 32 participants, 8 of them were male (25%) and 24 of them were 

female (75%).  Additionally, their previous experience with computer/anthropomorphic 

computer character/gaming, as well as anthropomorphic computer character preferences, was 

also assessed.  Table 4.6 compiles the results of the demographic data.  Ratings for these data 

ranged from 1 to 5, with 1 being the lowest and 5 being the highest.  Participants were also 
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required to report any prior personal experience with job-related patient death.  Of the 32 

participants, 8 had personally experienced a job-related death, while the remaining 24 had 

not.  A related question asked participants if another party had ever related stories of patient 

death to them.  Of the 32 participants, 25 did while 7 did not. 

 

Table 4.6: Demographics of participants' experience and familiarity of 

anthropomorphic computer characters 

 
Level of 

familiarity 
using computer 

Levels of 
experience in 

computer 
gaming 

Levels of 
familiarity with 

anthropomorphic 
computer 
character 

Levels of 
experience 

interacting with 
anthropomorphic 

computer 
character 

Levels of 
preference with 

anthropomorphic 
computer 
character 

Mean (M) 4.5 4.1 3.3 3.8 3.5 

Standard 
deviation (SD) 

0.6 0.7 0.9 0.8 0.7 

Shapiro-Wilk NS; W = .99 NS; W = .99 NS; W = .99 NS; W = .99 NS; W = .99 

 

In addition to demographics data, descriptive statistic analyses were also conducted 

on the collected responses of general risk perception, medical CDC UPs risk perception, 3-D 

SART, and PANAS-X questionnaires.  Table 4.7 summarizes the initial reliability analyses 

of all the questionnaires using Cronbach’s Alpha, each of which were assessed based on 

responses to individual items.  As will be discussed later, during the hypotheses investigation 

phase, sub-constructs and individual items within the 3-D SART questionnaire were further 

investigated in order to increase the questionnaire’s overall reliability. 
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Table 4.7: Reliabilities of questionnaires 

 n = 32 

General risk perception .85 

CDC UPs .89 

3-D SART .64 

PANAS-X .93 

 

Analyses 

As previously discussed, three research questions and their corresponding hypotheses 

were the focus of this study.  To examine the corresponding hypotheses, qualitative and 

quantitative analyses were conducted.  For qualitative analysis, content analysis was 

performed.  For quantitative analysis, descriptive and inferential analyses were performed.  

Specifically, Pearson correlation facilitated the descriptive analysis while two sample t-tests 

and regression enabled inferential analysis.  All analyses were performed using alpha = .05.  

Regression analyses were conducted to predict the effect of specific emotional states on 

general risk perception, medical CDC UPs risk perception, and overall SA.   

In addition, as noted previously all questionnaires were Likert scale-based and 

participant responses were calculated as the difference between pre-task and post-task 

ratings.  Therefore, it should be noted that means (Ms) with negative values signaled a 

decrease in participant ratings from pre-task to post-task.  In contrast, means (Ms) with 

positive values signaled either an increase or no change in participant ratings from pre-task to 

post-task.   
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The following research questions and their related hypotheses drove this research 

study: 

Research Question Q1 

 The following research question was examined in light of its associated hypothesis, 

both of which are shown below. 

 Research Question Q1: How does anger influence a clinician’s level of risk 

perception? 

Hypothesis 1-A: A clinicians who is experiencing anger will be more likely to 

experience a low level of risk perception as compared to a clinician of neutral emotion. 

This hypothesis focused on how emotions induced using MIPs would affect responses 

from the medical CDC UPs and the general risk perception questionnaires.  In other words, 

would induced anger lead to risk-seeking behavior?  Since sixteen (16) participants watched 

one film while another sixteen (16) participants watched another film, I therefore compared 

the responses from the medical CDC UPs and the general risk perception questionnaires 

against the MIPs 

Physiological States Verification 

 Since the validated MIPs were performed using participants from the medical 

population, paired t-tests were conducted to examine potential physiological state differences 

before and after the MIPs.  Paired t-tests were also carried out to investigate physiological 

state differences before and after the various interventions.  All paired t-tests were conducted 

on all 32 participants.  Age max standardization and normalization procedures were also 

performed using the same procedures conducted in the second formative evaluation. 
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 For the MIPs paired t-tests, HRs, HRVs, and GSRs were compared before and after 

the MIPs.  As discussed previously, before the MIPs presentation, baseline HRs and GSRs 

were collected.  Baseline HRVs were then calculated using the baseline HRs.  Due to the two 

different emotional inductions (i.e., neutral and angry), the paired t-tests were categorized 

using the SAS “by” statement.  It was found that the neutral film intervention was 

statistically significant for HRs (t16, 15 = -2.57, p < .05) and HRVs (t16, 15 = 6.51, p < .05).  

Further, it was found that the angry film intervention was statistically significant for HRs (t16, 

15 = -2.52 p < .05) and HRVs (t16, 15 = 6.02 p < .05).  However, for the GSRs, it was found 

that neither the neutral film nor the angry film were statistically significant. 

 After the MIPs, the physiological state differences of the 32 participants were 

examined once the interventions had been introduced.  Due to the four different interventions 

(i.e., credible anthropomorphic computer character, non-credible anthropomorphic computer 

character, egocentric text, and allocentric text), the paired t-tests were again categorized 

using the SAS “by” statement.  It should be noted that physiological state differences did not 

correlate to conclusive results with respect to the efficacy of various interventions.  For 

example, for the credible anthropomorphic computer character with neutral facial expression 

(i.e., blond girl), there were no statistical significant results for HRs, HRVs, and GSRs.  For 

the non-credible anthropomorphic computer character with neutral facial expression (i.e., 

pig), there were no statistical significant results for HRs  and GSRs.  However, the non-

credible anthropomorphic computer character with neutral facial expression was found to be 

statistical significant for HRVs (t8, 7 = -3.84, p < .05).  For the text messages used in the  

control group, HRs, HRVs, and GSRs all resulted in no statistical significant results. 
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Correlations 

Additionally, as discussed previously in the Literature section and in the findings of 

the second formative evaluation, individuals can experience multiple forms of emotions 

simultaneously.  Thus, it is worthwhile to examine Pearson correlation analyses with respect 

to the influence of forms of emotion on risk perception.  The pre-task levels of serenity were 

found to be negatively correlated with years of experience [r(30) = -.35, p < .05].  By 

examining correlations between emotion and the medical CDC UPs risk perception, pre-task 

joviality was found to be positively correlated with the pre-task medical CDC UPs risk 

perception [r(30) = .55, p < .05] and the post-task medical CDC UPs risk perception [r(30) = 

0.49, p < .05].  Additionally, the pre-task attentiveness feeling was positively correlated with 

the pre-task medical CDC UPs risk perception [r(30) = .41, p < .05] and the post-task 

medical CDC UPs risk perception [r(30) = .36, p < .05].   

To comprehend the potential implications of these findings, the individual items of 

PANAS-X were correlated with the individual items of the medical CDC UPs risk 

perception.  Pre-task joviality was, in fact, found to be positively correlated with the pre-task 

compliance of using gloves as protection during medical procedures [r(30) = .42, p < .05].  

Additionally, it was found that pre-task attentiveness was positively correlated with the use 

of masks [r(30) = .47, p < .05] and protective garments [r(30) = .38, p < .05].  Post-task level 

of positive emotion was positively correlated with the importance of hands washing [r(30) = 

.40, p < .05].  Pre-task level of positive emotion was also found to be positively correlated 

with the pre-task level of the danger of handling needles [r(30) = .48, p < .05].  Interestingly, 

it was determined that the pre-task level of guilt was negatively correlated with the pre-task 

level of the importance of unscrewing used needles [r(30) = .-.73, p < .05]. 
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As for correlations between emotion and the general risk perception, no statistically 

significant findings were revealed.  Therefore, individual items of the PANAS-X were 

correlated with individual items of the general risk perception.  By so doing, it was 

confirmed that the post-task level of self assurance was positively correlated with post-task 

level of fire hazard [r(30) = .44, p < .05].  Additionally, post-task level of joviality was found 

to be positively correlated with the potential risks of sexual activity [r(30) = .40, p < .05].  

Similarly, pre-task level of self assurance was found to be positively correlated with the 

potential risks of sexual activity [r(30) = .35, p < .05].  Furthermore, it was revealed that pre-

task level of feelings of surprise was also negatively correlated with the danger of smoking 

[r(30) = -.45, p < .05]. 

Two-sample t test 

As explained previously, Hypothesis 1-A focused on how induced emotions using 

MIPs would affect responses from the medical CDC UPs and the general risk perception 

questionnaires.  Since sixteen (16) participants watched one film while another sixteen (16) 

participants watched another file, I compared the responses from the medical CDC UPs and 

the general risk perception questionnaires against the MIPs.  Figure 4.21 shows Hypothesis 

1-A graphically. 



 108 

 

 

Figure 4.21: Illustration of Hypothesis 1-A 

 

As mentioned previously, since all responses were computed using the differences 

between the pre- and post-task responses, it was necessary to examine the homogeneity of 

the pre-task response.  Using Levene’s test, the variance equality of the pre-task responses of 

the medical CDC UPs and the general risk perception questionnaires were found to be non-

significant.  Next, two-sample t tests were used to compare the two groups’ pre-task 

responses of the medical CDC UPs and the general risk perception questionnaires.  Results 

from the two-sample t tests revealed that they were non-statistically significant.  This 

indicated that the pre-task responses from the two groups were homogenous. 

Afterward, Levene’s test was used to check the variance equality of the responses 

from the medical CDC UPs and the general risk perception questionnaires.  It was found that 

responses from the medical CDC UPs questionnaire were non-statistically significant.  

However, it was found that response of the general risk perception questionnaire was 

statistically significant (p < .05).  A two-sample t test was then used to compare the responses 

of the medical CDC UPs questionnaire against the MIPs.  No statistically significant results 

were found.  Due to the variance inequality, a Satterthwaite test was used to compare the 
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responses of the general risk perception questionnaire against the MIPs, resulting in no 

statistically significant results.  Table 4.8 summarizes the aforementioned findings. 

 

Table 4.8: Summary of results for testing Hypothesis 1-A with Two-sample t test 

 Pre-task responses Comparing against MIPs 

 Levene’s test  Two-sample t test Levene’s test 
Two-sample t test 
(or Satterthwaite 

test) 

Medical CDC UPs NS NS NS NS 

General risk 
perception 

NS NS p < .05 NS 

   

Individual items within the medical CDC UPs and general risk perception were also 

examined with respect to MIPs.  It was found that use of MIPs led to the individual item 

“Promptly wipe up all potentially contaminated spills with a disinfectant” (t30, 32 = -1.77; p = 

.08) from the medical CDC UPs questionnaire when comparing neutral MIP (M = -.06; SD = 

.25) against angry MIP (M = .13; SD = .34).  Figure 4.22 depicts this finding.  Post-hoc 

power analysis indicated a power of .70 (n = 32; M = .19; SD = .29).  However, it was found 

that the individual items from the general risk perception questionnaire resulted in no 

statistically significant findings. This implies that Hypothesis 1-A received mixed support 

from the Two-sample t tests. 
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Figure 4.22: Mean responses for the effects of the Neutral MIP vs. the Angry MIP on 

the medical CDC UP’s “Promptly wipe up all potentially contaminated spills with a 

disinfectant” 

Regression Analyses 

 With the possibility of MIPs triggering a number of emotional states from 

participants, it was essential to predict how emotional states might affect clinicians in actual 

medical settings.  Linear multiple regression procedures were used to determine possible 

outcomes.  Specifically, the emotional sub-constructs from PANAS-X were used as 

predictors, while general risk perception, CDC medical risk perception, and overall SA were 

used as responses.  Forward stepwise regression, with alpha = .25 as the entry criteria, was 

utilized.  Since this study started with an inadequate knowledge of an appropriate existing 

mathematical model to describe probable emotional sub-constructs as predictors for risk 

perception and SA, stepwise backward regression was probably not appropriate.  

Furthermore, stepwise backward regression typically begins with the elimination of the 

“worst” predictor, and as described previously, without an appropriate existing mathematical 
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model.  Thus, this approach was unlikely to be suitable for this investigation.  Therefore, 

stepwise forward regression was used in these analyses. 

For pre-task general risk perception, the first predictor entering the model was pre-

task sadness.  It resulted in p > 0.2 and adjusted R2 of .05.  No other predictors matched the 

.25 entering criteria.  Therefore, the current PANAS-X sub-constructs were probably not 

suitable for predicting pre-task general risk perception. 

 For post-task general risk perception, it was found that no predictors matched the .25 

entering criteria.  Again, the current PANAS-X sub-constructs were also probably not 

suitable for predicting post-task general risk perception. 

 For pre-task CDC medical risk perception, the first predictor entering the model was 

pre-task joviality.  It resulted in p < .05 and an adjusted R2 of 28.40.  The second predictor 

entering the model was pre-task hostility.  It resulted in p < .05 and increased the adjusted R2 

to 38.54.  The third predictor entering the model was pre-task sadness.  However, this 

resulted in no statistical significance without further increment of the adjusted R2.  
VIFs for 

these two predictors resulted in 1.02, suggesting that both of them had no known 

multicollinearity.  With these two predictors and the constant, Mallows’ Cp was computed 

with a value of 2.70.  Therefore, the regression equation is as follows: 

 Y = 63.2 - 1.92 X4 + 0.54 X7 

where: 

 Y = pre-task CDC medical risk perception rating 

 X4 = pre-task hostility 

 X7 = pre-task joviality  
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 This equation indicates that every increment of the rating of pre-task CDC medical 

risk perception could be influenced by two factors.  One factor was the decrement of pre-task 

hostility.  The second factor was the increment of pre-task joviality.  In fact, based on the 

coefficients, a high rating of pre-task CDC medical risk perception did, in fact, depend more 

on a low level of hostility than on a high level of joviality.  Further, the large y-intercept 

indicated that the predicator variables were far away from the mean.  From the predicators, 

this also suggests that if all the predicators were zero, then most participants would give high 

ratings for all items of the pre-task CDC medical risk perception questionnaire due possibly 

to their medical trainings. 

For the post-task CDC medical risk perception, the first predictor entering the model 

was the post-task overall positive emotion.  It resulted in p < .05 and an adjusted R2 of 22.04.  

The second predictor entering the model was pre-task joviality.  However, this resulted in no 

statistical significance, even when the adjusted R2 was increased to 24.86.  With a single 

predictor and the constant, Mallows’ Cp was computed with a value of 2.0.  Therefore, the 

regression equation is as follows.   

 Y = 54.2 + .390 X14 

where: 

 Y = post-task CDC medical risk perception rating 

 X14 = post-task overall positive emotion 

This equation signifies that every increment of the rating of post-task CDC medical 

risk perception could be influenced by every increment of the post-task overall level of 

positive emotion.  Similarly, in considering the large y-intercept, this indicates that the single 

predicator variable did not make much of a contribution to the model.  Plus, if the single 
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predicator was zero, then most participants gave high ratings for all items of the post-task 

CDC medical risk perception questionnaire. 

 

Hypothesis 1-B: A clinician who is experiencing reduced anger through 

anthropomorphic computer character intervention will be more likely to experience a high 

level of risk perception as compared to a clinician of neutral emotion was examined next. 

 

This hypothesis focused on how anthropomorphic computer characters would affect 

risk perception.  It should be noted that since anthropomorphic computer characters have 

been shown to (1) reduce stress and frustration, and (2) increase motivation and feelings of 

entertainment, one assumption from this hypothesis is that exposure to anthropomorphic 

computer characters could facilitate reduced anger. 

Two-sample t test 

According to the aforementioned focus and assumption for this hypothesis, the 

anthropomorphic computer character group (n = 16) was compared with the text group (n = 

16) to examine which group would experience a higher level of risk perception.  Since 

sixteen (16) participants were exposed to the two forms of anthropomorphic computer 

characters while another sixteen (16) participants were exposed to the two forms of texts 

(egocentric and allocentric), I therefore compared the responses from the medical CDC UPs 

and the general risk perception questionnaires against the four forms of intervention.  Figure 

4.23 shows Hypothesis 1-B graphically.  Tables 4.9 and 4.10 also illustrate the four 

combinations of interventions for the medical CDC UPs and the general risk perception 

questionnaires.  For example, from Table 3.9, by comparing (1) against (3) would indicate 

how the means (Ms) of the general risk perception questionnaire are different from both the 
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influence of credible anthropomorphic computer character and the influence of egocentric 

text. 

 

 

Figure 4.23: Illustration of Hypothesis 1-B 

 

 

Table 4.9: Four combinations of interventions for assessing general risk perception 

 
Anthropomorphic computer character Text 

Credible Non-credible Egocentric Allocentric 

y = General risk perception 
(1) 

y = General risk perception 
(2) 

y = General risk perception 
(3) 

y = General risk perception 
(4) 

 

Table 4.10: Four combinations of interventions for assessing medical CDC UPs 

Anthropomorphic computer character Text 

Credible Non-credible Egocentric Allocentric 

y = Medical CDC UPs (1) y = Medical CDC UPs (2) y = Medical CDC UPs (3) y = Medical CDC UPs (4) 

 

Following similar procedures used to test Hypothesis 1-A, since all responses were 

computed using the differences between the pre- and post-task responses, it was necessary to 

examine the homogeneity of the pre-task response.  Using Levene’s test, the variances 

equality of the pre-task responses of the medical CDC UPs and the general risk perception 
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questionnaires were found to be non-significant.  Next, two-sample t tests were used to 

compare the four groups’ pre-task responses of the medical CDC UPs and four groups’ pre-

task responses of the general risk perception questionnaires.  Results from the two-sample t 

tests were shown to be non-statistically significant.  This indicated that the pre-task responses 

from the four groups were homogenous. 

Afterward, Levene’s test was again used to check the variance equality of the four 

groups’ responses for the medical CDC UPs and the general risk perception questionnaires.  

It was found that responses for the medical CDC UPs questionnaire were not statistically 

significant.  It was also found that responses for the general risk perception questionnaire 

were not statistically significant.  Table 4.11 summarizes the Levene’s test findings on the 

four groups’ responses for the medical CDC UPs and the general risk perception 

questionnaires. 

 
Table 4.11: Summary of the Levene’s variance equality test for the four groups’ 

responses 

 

 Medical CDC UPs General risk perception 

(1) vs (3) Levene NS NS 

(1) vs (4) Levene NS NS 
(2) vs (3) Levene NS NS 

(2) vs (4) Levene NS NS 
 

Four two-sample t tests were then conducted to compare the responses of the medical CDC 

UPs questionnaire against the combinations of interventions.  It was found that the credible 

anthropomorphic computer character (1) (M = -.50; SD = 1.41) showed a lower level of the 

medical CDC UPs than the allocentric text (4) (M = 1.38; SD = 1.06) (see Figure 4.24).  Post-

hoc power analysis indicated a power of .98 (n = 16; SD = 1.25; M = 1.88).  Moreover, the 
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non-credible anthropomorphic computer character (2) (M = .25; SD = 1.16) was also found to 

show a lower level of the medical CDC UPs than the allocentric text (4) (M = 1.38; SD = 

1.06) (see Figure 4.25).  Post-hoc power analysis indicated a power of .79 (n = 16; SD = 

1.11; M = 1.13).  Table 4.12 summarizes the results of the four two-sample t tests.   
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Figure 4.24: Mean responses for the effects of credible anthropomorphic computer 

character vs. allocentric text on medical CDC UPs 
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Figure 4.25: Mean responses for the effects of non-credible anthropomorphic computer 

character vs. allocentric text on medical CDC UPs 

 

Additionally, individual items from the medical CDC UPs were examined against the four 

combinations.  Particularly, the credible anthropomorphic computer character (1) (M = -.13; 

SD = .35) was found to show lower level of ratings for the item “Follow all universal 

precautions with all patients regardless of their diagnosis” (t14, 16 = -1.82; p = .09) than the 

allocentric text (M = .25; SD = .46) (see Figure 4.26).  Post-hoc power analysis indicated a 

power of .70 (n = 16; SD = .41; M = .38). 
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Figure 4.26: Mean responses for the effects of credible anthropomorphic computer 

character vs. allocentric text on the individual medical CDC UPs item “Follow all 

universal precautions with all patients regardless of their diagnosis.” 

 

Four two-sample t tests were also conducted for comparing the responses of the 

general risk perception questionnaire against the four combinations of interventions.  

However, no statistically significant results were identified.  Individual items within the 

general risk perception questionnaire were next compared against the four combinations of 

interventions.  Table 4.13 summarizes t-values and p-values of five statistically significant 

findings.  For the skiing activity, it was first found that credible anthropomorphic computer 

character (1) scored a lower rating (M = -.25; SD = .46) compared to the allocentric text (4) 

(M = .13; SD = .35).  Also, non-credible anthropomorphic computer character (2) scored a 

lower rating (M = -.38; SD = .13) compared to the allocentric text (4) (M = .13; SD = .35).  

For the soccer activity, it was first found that credible anthropomorphic computer character 

(1) scored a lower rating (M = -.25; SD = .46) compared to the egocentric text (3) (M = .13; 



 119 

SD = .35).  Also, non-credible anthropomorphic computer character (2) scored a lower rating 

(M = -.38; SD = .13) compared to the egocentric text (3) (M = .13; SD = .35).  For the 

swimming activity, it was found that credible anthropomorphic computer character (1) scored 

a higher rating (M = .25; SD = .71) compared to the allocentric text (4) (M = -.38; SD = .52).  

For the fire hazard, it was found that credible anthropomorphic computer character (1) scored 

a higher rating (M = .25; SD = .46) compared to the allocentric text (4) (M = -.13; SD = .35).  

Lastly, for the stop sign hazard, it was found that non-credible anthropomorphic computer 

character (2) scored a lower rating (M = -.38; SD = .52) compared to the egocentric text (3) 

(M = .13; SD = .35).  Figure 4.27 shows these significant findings.  Table 4.14 summaries the 

post-hoc power analyses of these five individual general risk perception findings.  Therefore, 

Hypothesis 1-B received mixed support. 
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Figure 4.27: Mean responses for the various interventions on activities of general risk 

perception 
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Table 4.12: Summary of the four two-sample t tests 

 CDC RP 

(1) vs (3) Two-sample T t14, 16 = NS 
(1) vs (4) Two-sample T t14, 16 < .05 

(2) vs (3) Two-sample T t14, 16 = NS 

(2) vs (4) Two-sample T t14, 16 = .06 
 

Table 4.13: Summary of t-values and p-values 

 Skiing Soccer Swimming Fire Stop sign 

t14, 16 (1) vs (4) = -1.82 
 
(2) vs (4) = -2.26 

(1) vs (3) = -1.82 
 
(2) vs (3) = -2.26 

(1) vs (4) = 2.02 (1) vs (4) = 1.82 (2) vs (3) = 2.26 

p-value (1) vs (4) = .09 
 
(2) vs (4) < .05 

(1) vs (3) = .09 
 
(2) vs (3) < .05 

(1) vs (4) = .06 (1) vs (4) = .09 (2) vs (3) < .05 

 

Table 4.14: Summary of post-hoc power analyses 

 Skiing Soccer Swimming Fire Stop sign 

Power (1) vs (4) = .70 
 
(2) vs (4) = .87 

(1) vs (3) = .70 
 
(2) vs (3) = .87 

(1) vs (4) = .79 (1) vs (4) = .70 (2) vs (3) = .87 

Descriptive 
statistics 

(1) vs (4) n = 16; 
SD = .41; M = .38 
 
(2) vs (4) n = 16; 
SD = .44; M = .50 

(1) vs (3) n = 16; 
SD = .41; M = .38 
 
(2) vs (3) n = 16; 
SD = .44; M = .50 

(1) vs (4) n = 16; 
SD = .62; M = .63 
 

(1) vs (4) n = 16; 
SD = .41; M = .38 
 

(2) vs (3) n = 16; 
SD = .44; M = .50 
 

 

Research Question Q2 

 The following research question was examined in light of its associated hypothesis, 

both of which are shown below. 

Research Question Q2: How does a clinician’s overall level of situation awareness 

under anger differ from a clinician’s SA under neutral emotion? 
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Hypothesis 2: A clinician who experiences anthropomorphic computer character -

induced neutral emotion will attain a higher level of SA as compared to a clinician 

experiencing anger.   

This hypothesis focused on how the two neutral anthropomorphic computer 

characters would affect SA when participants were induced into anger.  In other words, this 

aspect of the investigation was seeking to determine if participants in the anthropomorphic 

computer character group would have higher SA than participants in the text group when 

both groups were induced into anger using MIPs. 

Correlations 

It was determined that overall SA was positively correlated [r(30) = .46, p < .05] with 

participant level of familiarity with anthropomorphic computer characters.  Additionally, it 

was ascertained that overall SA was positively correlated [r(30) = .54, p < .05] with pre-task 

level of fear.  Furthermore, the supply of attentional resources sub-construct was found to be 

positively correlated with the post-task level of attentiveness feeling [r(30) = .54, p < 0.05]; 

while the demand of attentional resources sub-construct was found to be negatively 

correlated with the pre-task level of negative emotion [r(30) = -.54, p < .05]. 

Two-sample t test 

According to the aforementioned focus of this hypothesis, responses from the 

anthropomorphic computer character group under induced anger condition (n = 8) would be 

compared with the text group under induced anger condition (n = 8) to examine which group 

would experience a higher level of SA.  Eight (8) participants were exposed to the two forms 

of anthropomorphic computer characters with induced anger, while another eight (8) 

participants were exposed to the two forms of texts with induced anger.  The responses from 
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the four combinations were compared using the 3-D SART questionnaire.  Figure 4.28 shows 

Hypothesis 2 graphically.  Tables 4.15 illustrate the four combinations comparing against 

responses of the 3-D SART questionnaire.  For example, from Table 4.15, comparing (1) 

against (3) would indicate that how the means (Ms) of 3-D SART are different from the 

influence of credible anthropomorphic computer character to that of the egocentric text under 

the induced anger condition.  It should be noted that the 3-D SART questionnaire consisted 

of four sub-constructs, namely (1) Demands on Attentional Resources, (2) Supply of 

Attentional Resources, (3) Understanding of the Situation, and (4) 3-D SART.  A reliability 

check revealed that items within the 3-D SART questionnaire decreased its reliability when 

this questionnaire was used with medical professionals.  By (1) removing the “spare mental 

capacity” item from the Supply of Attentional Resources sub-construct, and (2) the 

“information quantity/familiarity of the situation” item from the Understanding of the 

Situation sub-construct, the reliability of the 3-D SART questionnaire increased from .64 to 

.71.  These newly formed reliable sub-constructs were subsequently used during all ensuing 

analyses. 
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Figure 4.28: Illustration of Hypothesis 2 

 

Table 4.15: Four combinations comparing anthropomorphic computer character group 

against text group on 3-D SART when induced into anger 

Anthropomorphic computer character Text 

Credible Non-credible Egocentric Allocentric 
Induced anger 

y = 3-D SART (1) y = 3-D SART(2) y = 3-D SART (3) y = 3-D SART (4) 

 

 Following similar procedures used to test Hypotheses 1-A and 1-B, since all 

responses were computed using the differences between pre- and post-task responses, it was 

necessary to examine the homogeneity of the pre-task response.  However, since 3-D SART 

was designed as a post-task questionnaire, no pre-task response was available for checking 

pre-task homogeneity. 

Instead, Levene’s test was used to check the variance equality of the four 

combinations of responses from the four sub-constructs of the 3-D SART questionnaire.  It 

was found that responses from the four sub-constructs of 3-D SART did not result in any 

statistically significant findings among the four combinations.  Table 4.16 summarizes the 

Levene’s test findings from the four combinations’ responses of the 3-D SART 

questionnaire. 

Table 4.16: Summary of Levene’s test for the four combinations and the four sub-

constructs of the 3-D SART questionnaire 

 Demand of attention Supply of attention Understanding Total 

(1) vs (3) Levene NS NS NS NS 

(1) vs (4) Levene NS NS NS NS 

(2) vs (3) Levene NS NS NS NS 

(2) vs (4) Levene NS NS NS NS 

 

Four two-sample t tests were then conducted to compare the responses of the four 

sub-constructs of 3-D SART questionnaire under the four combinations with the induced 

anger condition.  It was found that the supply of attention sub-construct resulted in 
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significant finding (t8, 6 = 2.78; p < .05) between the credible anthropomorphic computer 

character (1) and the egocentric text (3) during the induced anger condition.  Specifically, the 

credible anthropomorphic computer character was shown to have a higher level of supply of 

attention (M = 14.25; SD = .50) when compared with the egocentric text (M = 12.75; SD = 

.96).  Figure 4.29 shows this finding.  Post-hoc power analysis indicated a power of .96 (n = 

8, SD = .76, M = 1.50).  Furthermore, individual items of the four sub-constructs of 3-D 

SART questionnaire were also examined against the four combinations under the induced 

anger condition.  Once again, Levene’s test was conducted to check for variance equality.  

Only the individual item “complexity of the situation” was found to be statistically 

significant with p < .05 under the combination of credible anthropomorphic computer 

character (1) and egocentric text (3).   
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Figure 4.29: Mean responses for the effects of credible anthropomorphic computer 

character vs. egocentric text on the responses of the supply of attention sub-construct 

from 3-D SART 
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Therefore, the Satterthwaite test was used for this item.  Regular two-sample t tests were 

used for the remaining individual items. 

After conducting the Satterthwaite test and the regular two-sample t tests, it was 

found that the individual item “complexity of the situation” was statistically significant (t8, 6 

= 4.24; p < .05) with credible anthropomorphic computer character (1) and allocentric text.  

Particularly, the credible anthropomorphic computer character was shown to have a higher 

level of complexity (M = 4.24; SD = .50) than the allocentric text (M = 2.75; SD = .50).  

Figure 4.30 shows the finding.  Post-hoc power analysis resulted in a power of .99 (n = 8, SD 

= 0.50, M = 1.50).  Therefore, Hypothesis 2 received mixed support. 
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Figure 4.30: Mean responses for the effects of credible anthropomorphic computer 

character vs. allocentric text on the responses of the complexity of the situation 

individual item from 3-D SART 
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Regression Analyses 

 Similar to the rationale for Hypothesis 1-A, since induced anger could trigger other 

emotions, it became necessary to predict the potential influence of emotion on SA.  Linear 

multiple regression procedures were again used to determine possible outcomes.  

Specifically, the emotional sub-constructs from PANAS-X were used as predictors and sub-

constructs from the 3-D SART were used as responses.  Forward stepwise regression, with 

alpha = .25 as the entering criteria, was again utilized.  As discussed previously, stepwise 

forward regression was the most appropriate method since no known prior model was 

available. 

The first predictor entering the model was the pre-task level of fear.  It resulted in p < 

.05 and an adjusted R2 of 27.27.  The second predictor entering the model was the post-task 

overall positive emotion.  It resulted in no statistical significance even when the adjusted R2 

was elevated to 32.77.  The third predictor entering the model was pre-task joviality.  It 

resulted in no statistical significance as shown by the adjusted R2 of 38.80.  Given that the 

first entering predictors resulted in p < .05, with a Mallows’ Cp of 2.0, the regression 

equation is as follows:   

 Y = -1.86 + 1.31 X3 

where: 

 Y = total SA 

 X3 = pre-task fear 

From this equation, it means that every increment of the rating of the overall level of 

SA could be influenced by every increment of the pre-task overall level of fear.  As such, this 

equation is particularly interesting.  If the single predicator was zero, then the total SA would 
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become negative, which would make little sense.  Therefore, this equation suggests that the 

pre-task level of fear would likely be a factor on the total SA. 

 For the Demand of Attentional Resources component, the first predictor entering the 

model was pre-task overall negative emotion.  It resulted in p < .05 and an adjusted R2 of 

27.24.  The second predictor entering the model was post-task guilt.  It resulted in p < .05 and 

an adjusted R2 of 35.90.  The third predictor entering the model was pre-task joviality.  It 

resulted in p < .05 and an adjusted R2 of 42.91.  The fourth predictor entering the model was 

post-task overall positive emotion.  However, it resulted in no statistically significant 

findings without further increment of the adjusted R2.  VIFs for the three significant 

predictors resulted in 1.21, 1.35, and 1.14, suggesting that all three of them had no known 

multicollinearity.  With these three predictors and the constant, Mallows’ Cp was computed 

with a value of 4.0.  Therefore, the regression equation is as follows: 

 Y = 11.8 – 1.01 X1 + 1.03 X7 + 0.15 X17 

where: 

 Y = post-task demand of attentional resources 

 X1 = pre-task overall negative emotion 

 X7 = pre-task joviality  

 X17 = post-task guilt  

 From this equation, it means that every increment of the rating of post-task demand of 

attentional resources could be influenced by three factors.  The first factor is the decrement of 

pre-task level of overall negative emotion.  The second factor is the increment of pre-task 

joviality.  The third factor is the increment of post-task guilt.  In fact, based on the 

coefficients, the high rating of post-task demand of attentional resources did, in fact, seem to 
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depend on high levels of pre-task overall negative emotion and pre-task joviality more than a 

low level of post-task guilt. 

 For the Supply of Attentional Resources component, the first predictor entering the 

model was post-task attentiveness.  It resulted in p < .05 and an adjusted R2 of 26.33.  The 

second predictor entering the model was pre-task fear.  However, it resulted in no statistical 

significance.  The third predictor entering the model was pre-task overall negative emotion.  

Again, it resulted in no statistical significant.  With the single significant predictor and the 

constant, Mallows’ Cp was computed with a value of 2.0.  Therefore, the regression equation 

is as follows.   

 Y = 7.85 + .35 X16 

where: 

 Y = post-task supply of attentional resources 

 X16 = post-task attentiveness  

From this equation, it means that every increment of post-task supply of attentional 

resources could be influenced by every increment of post-task attentiveness. 

Finally, for the Understanding of the Situation component, the first predictor entering 

the model was post-task overall positive emotion.  It resulted in p < .05 and an adjusted R2 of 

14.50.  The second predictor entering the model was pre-task overall positive emotion.  It 

resulted in p < .05 and an adjusted R2 of 26.42.  The third predictor entering the model was 

pre-task fear.  It resulted in no statistical significance.  The fourth predictor entering the 

model was pre-task serenity.  It also resulted in no statistical significance.  With the two 

significant predictors and the constant, Mallows’ Cp was computed with a value of 3.0.  VIFs 
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for the two significant predictors resulted in 1.75 and 1.75, suggesting that both of them had 

no known multicollinearity.  Therefore, the regression equation is as follows.   

Y = 3.16 + .096 X15 - .071 X2 

where: 

 Y = post-task understanding of the situation 

 X15 = post-task overall positive emotion 

 X2 = pre-task overall positive emotion 

From the equation, it means that every increment of post-task understanding of the 

situation could be influenced by every increment of post-task overall positive emotion and 

every decrement of the pre-task positive emotion. 

 In summary, the discussed equations showed and confirmed that emotions played a 

critical role in clinicians’ general judgments, medical decisions, and SA. 

Research Question Q3 

 The following research question was examined in light of its associated hypothesis, 

both of which are shown below. 

Research Question Q3: How does anthropomorphic computer character treatment 

provide a clinician with comfort for his or her emotional well-being? 

Hypothesis 3: A clinician who is exposed to anthropomorphic computer character 

intervention will experience a higher subjective level of happiness as compared to a clinician 

exposed to no anthropomorphic computer character intervention.   

 
This hypothesis focused on how the anthropomorphic computer characters would 

affect participants’ level of subjective happiness measured through the sub-constructs of the 
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PANAS-X questionnaire.  In other words, this aspect of the investigation examined whether 

participants in the anthropomorphic computer character group had higher subjective levels of 

happiness than participants in the text group. 

Content Analysis 

  In order to obtain descriptive supporting insights from participants’ verbal feedback 

from the post-task interview regarding the use of text vs. anthropomorphic computer 

characters, the Word-Frequency Lists content analysis method (Weber, 1990) was employed.  

This method allows one to gain insights into subjective statements by examining the highest-

frequency words in pieces of text.  According to Weber, words or phrases appearing in high 

frequency would reflect greater significance and implication.  Specifically, this method was 

used to examine the verbal comments associated with the various interventions obtained from 

the post-experiment semi-structured interviews.  To accomplish this task, procedures outline 

by Haney, Russell, Gulek, & Fierros (1998) were used to first pre-define a set of codes (i.e., 

a priori) that would help determine the degree of expectation of both the participants and the 

researcher.  Second, a set of emergent codes were defined that would help reveal any new or 

unexpected information resulting from the various interventions.  A participant’s verbal 

comment was then classified as either an “a priori” or “emergent” code.  Table 4.17 lists 

both the a priori codes and emergent codes.  It should be noted that the results gained from 

this content analysis were never intended to conclusively answer the research questions and 

hypotheses; rather, they were designed to provide supporting material. 
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Table 4.17: Prepared codes and new codes for conducting content analysis 

A Priori code Emergent code 

Like Thinking 

Enjoy Reminder 

Friendly Authority Figure 

Helpful Experienced Professional 

Sympathetic Not Helpful 

Human/Life like Increased Effort 

Calming No Difference 

Entertaining Cannot Relate 

Natural Non-lifelike 

Fun Robotic 

Familiar Prefer Gestures 

Interesting Unanimated 

Educational Pleasant and Cute 

Encouraging Reassuring 

Dislike  

Distracting  

Fake  

 

 Figures 4.31 and 4.32 depict the resulting frequency count of both a priori codes and 

emergent codes for participants in the text-based intervention.  As shown in these two 

figures, the participants in the control group expected the interventions to be encouraging 

(16%), helpful (16%), calming (16%), and friendly (9%).  Conversely, feedback from the 

control group after seeing the text messages included the following reactions:  reassuring 

(36%), thinking (16%), reminder (16%), no difference (9%), and increased effort (5%).  

These data show that participants in the control group seemed to react in a more positive 

manner toward the text messages, with reassuring, encouraging, reminding, and thinking as 



 132 

their primary attitudes.  Some participants, however, did not believe that the text messages 

helped them very much in the medical simulation scenarios (i.e., no difference), while others 

believed that the text messages helped them increase their mental efforts during the 

simulations.  

Text: Frequency Count for A Priori  Code
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Figure 4.31: Frequency count of a priori codes for text-based intervention   
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Text: Frequency Count for Emergent Code 
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Figure 4.32: Frequency count of emergent codes for text-based intervention 

 

 Figures 4.33 and 4.34 illustrate both a priori codes and emergent codes as listed by 

participants in the anthropomorphic computer character intervention.  Both figures show that 

a priori /emergent codes are distributed quite evenly.  For example, some of the a priori 

codes include entertaining (11%), human or life like (10%), enjoy (11%), likeable (11%), 

friendly (8%), familiar (7%), encouraging (7%), calming (4%), and educational (2%).  It 

should be noted that negative statements such as distracting (2%), dislike (1%), and fake 

(5%) were not within the majority.  Again, the emergent codes are also divided evenly and 

include authority figure (12%), reassuring (12%), pleasant/cute (12%), unanimated (12%), 

experienced professional (10%), cannot relate (7%), serve as reminder (5%), facilitate 

thinking (5%), and prefer gestures (3%).   
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Two particular emergent codes, authority figure and experienced professional, are 

especially interesting/noteworthy and merit further discussion.  These two emergent themes 

refer to the participants’ wish to see the anthropomorphic computer characters as elderly 

professionals with authority.  Most participants didn’t care whether the anthropomorphic 

computer characters looked like clinicians, e.g., dressed in a white lab coat, or not.  Rather, 

they wanted the anthropomorphic computer characters to look sufficiently professional so 

that they would be more inclined to accept advice from them.  In fact, one participant 

mentioned that she would tend to listen to someone who looked like he or she had “some life 

experience.” 

 Another related theme of interest is the “cannot relate” code.  Some participants had 

difficulty listening to or accepting the advice of an anthropomorphic computer character.  

One reason was that they were not able to “relate” to them, which corresponds to the 

previously mentioned “professional” theme.  As most participants mentioned in one way or 

another, they wanted to be able to relate to anthropomorphic computer character in medical 

situations.  The participants added that they would be more inclined to believe characters 

who outwardly appeared to possess the requisite medical knowledge or background.  In 

essence, clinicians would be more likely to believe or establish common grounds with an 

anthropomorphic computer character if it appeared professional and capable. 
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Anthropomorphic Computer Character: Frequency Count for A Priori  Code
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Figure 4.33: Frequency count of a priori codes for anthropomorphic computer 

character intervention 
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Anthropomorphic Computer Character: Frequency Count for Emergent Code
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Figure 4.34: Frequency count of emergent codes for anthropomorphic computer 

character intervention 

Two-sample t test 

 As mentioned, Hypothesis 3 focused on how the anthropomorphic computer 

characters would affect participants’ level of subjective happiness measured through the sub-

constructs of the PANAS-X questionnaire.  In other words, this aspect of the investigation 

examined whether the anthropomorphic computer character group would have a higher 

subjective level of happiness than participants in the text group.  Therefore, responses of the 

PANAS-X sub-constructs from the anthropomorphic computer character group (n = 16) were 

compared to those of the text group (n = 16) to examine subjective levels of happiness.  Since 

sixteen (16) participants were exposed to the two forms of anthropomorphic computer 

characters while the other sixteen (16) participants were exposed to the two forms of texts, 

the researcher compared the responses from sub-constructs of the PANAS-X questionnaire 
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against the four combinations.  Figure 4.34 shows Hypothesis 3 graphically.  Table 4.18 also 

illustrates the four combinations comparing against responses of the 3-D SART 

questionnaire.  For example, from Table 4.18, comparing (1) against (3) would indicate how 

the means (Ms) of PANAS-X are different from the influence of credible anthropomorphic 

computer character to that of the egocentric text. 

 

 

Figure 4.35: Illustration of Hypothesis 3 

 

Table 4.18: Four combinations for assessing subjective level of happiness 

 
Anthropomorphic computer character Text 

Credible Non-credible Egocentric Allocentric 

y = Happiness (1) y = Happiness (2) y = Happiness (3) y = Happiness (4) 

 

Following similar procedures for testing Hypotheses 1-A, 1-B, and 2, since all 

responses were computed using the differences between the pre- and post-task responses, it 

was necessary to examine the homogeneity of the pre-task response.  Using Levene’s test, the 

variance equality of the pre-task responses of four sub-constructs representing happiness 

from the PANAS-X were found to be non-significant.  Next, two-sample t tests were used to 
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compare the four groups’ pre-task responses of the four sub-constructs representing 

happiness from the PANAS-X questionnaire.  Results from the two-sample t tests were 

shown to be non-statistically significant.  This indicated that the pre-task responses from the 

four groups were homogenous. 

Afterward, Levene’s test was again used to check the variance equality of the four 

combinations’ responses of the four sub-constructs representing happiness from the PANAS-

X questionnaire.  It was found that responses of the four sub-constructs representing 

happiness from the PANAS-X questionnaire were not statistically significant.  Table 4.19 

summarizes the Levene’s test findings on the four combinations. 

 Four two-sample t tests were then conducted in order to compare the responses of the 

four sub-constructs of the PANAS-X questionnaire under the four combinations.  Three 

statistically significant findings were observed.  Tables 4.20 and 4.21 summarize the 

statistical results of the three findings.  First, it was found that non-credible anthropomorphic 

computer character showed lower levels of self assurance (M = -3.38; SD = 3.11) compared 

to the egocentric text (M = .25; SD = 2.92).  Second, it was found that non-credible 

anthropomorphic computer character showed lower levels of joviality (M = -5.00; SD = 3.93) 

compared to the allocentric text (M = .38; SD = 4.34).  Third, it was found that non-credible 

anthropomorphic computer character showed lower level of feeling attentiveness (M = -.88; 

SD = 1.36) compared to the allocentric text (M = 1.00; SD = 2.00).  Figure 4.36 shows these 

findings.  Therefore, Hypothesis 3 received mixed support. 
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Interventions on Responses of Happiness
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Figure 4.36: Mean responses for the various interventions on subjective levels of 

happiness 

 
Table 4.19: Summary of Levene’s test on the four combinations and the four sub-

constructs representing happiness 

 
 General Positive emotion Joviality Self assurance Attentiveness 

(1) vs (3) Levene NS NS NS NS 

(1) vs (4) Levene NS NS NS NS 

(2) vs (3) Levene NS NS NS NS 
(2) vs (4) Levene NS NS NS NS 

 

Table 4.20: Summary of t-values and p-values 

 Joviality Self assurance Attentiveness 

t14, 16 (2) vs (4) = -2.60 (2) vs (3) = -2.40 (2) vs (4) = -2.19 

p-value (2) vs (4) < .05 (2) vs (3) < .05 (2) vs (4) < .05 
 

Table 4.21: Summary of post-hoc power analyses 

 Joviality Self assurance Attentiveness 

Power (2) vs (4) = .85 (2) vs (3) = .91 (2) vs (4) = .94 

Descriptive 
statistics 

(1) vs (4) n = 16; SD = 
1.71; M = 1.88 

(1) vs (3) n = 16; SD = 3.02; 
M = 3.63 

(1) vs (4) n = 16; SD = 4.14; 
M = 5.38 
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CHAPTER 5:   

DISCUSSION 

 

 This study sought to investigate the potential interrelationships among emotion, SA, 

and risk perception constructs within the medical domain.  As a result, three research 

questions were identified to investigate how an affective-decision aiding tool, namely 

WARD, might play a role within the three constructs.  The three research questions also 

identified four associated hypotheses. 

Insights from RQ1: How does anger influence a clinician’s level of risk 

perception? 

Hypothesis 1-A: A clinicians who is experiencing anger will be more likely to 

experience a low level of risk perception as compared to a clinician of neutral emotion. 

Hypothesis 1-B: A clinician who is experiencing reduced anger through 

anthropomorphic computer character intervention will be more likely to experience a high 

level of risk perception as compared to a clinician of neutral emotion. 

 

 The focus of this research question was on understanding how anger might influence 

a clinician’s level of risk perception.  However, as discussed previously, individuals could 

experience multiple form emotions simultaneously.  Therefore, it was important to 

investigate other related form of emotions and their influences on risk perception.  Initial 

evidence of the negative correlation between feeling serene and years of experience 

confirmed literature findings that clinicians tend to experience greater professional 

dissatisfaction the longer they remain in medical occupations.  Further, within the context of 
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the negative correlation between guilt and the importance of never unscrewing used needles, 

this could lead to an implication of clinicians’ compliance.  As indicated from the literature, 

since guilt is typically associated with a lack of capability or failure to complete a task, this 

negative correlation might, in fact, indicate that the participants’ increased level of guilt was 

probably associated with failing to follow the rule of unscrewing used needles.   

As a result of the two-sample t test, Hypothesis 1-A received mixed support.  

However, the results obtained from examining Hypothesis 1-A were tied to the belief that 

anger was a negative emotion.  In fact, one correlation indicated that a heightened level of 

guilt (which is a form of negative emotion) was related to a decreased perception of needles 

as being dangerous.  This confirmed literature reports that negative emotions produce 

cognitive tunneling, which could easily lead a person to think through a situation less 

thoroughly.  However, anger could also be considered as a form of positive emotion.  

According to Harmon-Jones (2004), Isen & Geva (1987), and Lerner, Gonzalez, Small, & 

Fischhoff (2003), since one of the corollary features of anger is a “feel-good” level of 

optimism, individuals under induced anger could take more risk-seeking types of immediate 

action.  Therefore, if one considers anger to be a positive emotion under such circumstances, 

this should have enabled the result of a risk-seeking rating on the individual item “Promptly 

wipe up all potentially contaminated spills with a disinfectant” from the medical CDC UPs 

questionnaire.  Yet, the obtained result was the exact opposite.  Induced anger led to a risk-

averse rating on that particular item.   

This conflicting result could be explained from two perspectives.  The first is that 

anger has typically been tied to a person taking immediate action—the traditional “knee-jerk 

reaction” to a situation.  With the word “promptly” in that individual item, this led 
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participants to interpret that particular item with the same expectation of acting immediately 

(i.e., expectancy-congruency).  According to Kunda, such expectancy-congruency resulted in 

increased recall and attention to the importance of disinfecting the contamination.  However, 

it still did not account for the risk-averse response.  This could be explained in light of the 

second perspective.  Notably, out of 32 participants, 24 of them (75%) were female, while 

only 8 of them (25%) were male.  Thus, a female’s general tendency to rate hazards with 

high levels of risk perception (Slovic, 2000) (i.e., risk-averse) might have played a role in the 

increased means response in the aforementioned individual item from the medical CDC UPs 

risk perception questionnaire.  Due to such risk-averse tendencies, it makes sense that the 

importance of using disinfectant clearly stood out among the largely female cohort, since 

many studies have shown that disinfecting potential contamination sites was essential for 

public (Annand, Bajaj, Sheth, Burgess, & Brooke, 2009) and private health (Stuz, Becker, 

Jappe, John, Ladwig, Spornraft-Ragaller, Uter, & Loffler, 2009).  

Additional evidence of risk-averse behaviors, even with anger as an influence, was 

also observed from the first regression equation.  Specifically, it showed that as the medical 

CDC UPs risk perception rating increased, hostile feelings would decrease and joyous 

feelings would increase.  This further supports literature findings that individuals tend to 

maintain their positive feeling by avoiding taking risks or chances (Fessler, Pillsworth, & 

Flamson, 2004).  Therefore, as discussed in the literature on affective forecasting, even if 

individuals were experiencing anger, they would try to reduce those angry feelings, believing 

that it would lead them to feeling happier.  Ultimately, such predicted happiness might lead 

individuals to be more careful and not take risks. 
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Hypothesis 1-B also received mixed support.  As shown through two-sample t tests, 

the text intervention produced higher level of risk perception (i.e. risk-averse behavior) than 

anthropomorphic computer character on the overall medical CDC UPs and individual items 

of general risk perception questionnaires.  Given this result for exposure to the text 

intervention, it confirmed literature reports that text usage could be an effective form of 

communication for conveying compliance and persuasive information with reduced demand 

on cognitive ability (Berry, Butler, & Rosis, 2005).   

In light of the goals of this study, it is essential that one understands the finding of the 

elevated potential of using text over using anthropomorphic computer characters.  Notably, 

three perspectives could account for these results.  According to the Communication-Human 

Information Processing (C-HIP) model from Conzola & Wogalter (2001), there are three 

stages during which an individual’s perception of risk could be influenced by how hazardous 

information are transmitted in each of these stages.  Of particular interest to this study are the 

findings related to channel and receiver.  These are the two stages in the C-HIP model that 

could be influenced by emotion and intervention.  Specifically, during the channel stage, the 

main concern is the medium for conveying the hazard.  Although graphical and/or visual 

formats have been suggested as effective channels for increasing risk aversion (Stone, Sieck, 

Bull, Yates, Parks, & Rush, 2003), the display of text intervention was probably helpful due 

to the less cognitively taxing (32%) and positive findings (52%) from content analysis.  In 

fact, Fessler et al. (2004) discussed how their findings on effectiveness of text messages were 

probably due to the low level of distractions associated with this mode of communication.  

This contrasts with the use of anthropomorphic computer characters, whose faces can be 
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cognitively demanding and distracting to decode. Therefore, this study reinforced that report, 

confirming that text intervention was, in fact, an appropriate channel. 

 During the receiver stage, one must capture the attention of the receiver and make 

sure that full comprehension is facilitated if risk information is to be successfully conveyed.  

With the WARD prototype’s central eyepiece placed in front of a participant’s focus of 

attention, the visual information was able to capture the participant’s attention with ease.  

Although results showed no evidence of anthropomorphic computer characters being useful, 

correlations did suggest that participants felt that their elevated post-task levels of positive 

emotion were related to the importance of washing hands.  As shown from previous 

anthropomorphic computer character studies (Cosatto, Ostermann, Graf, & Schroeter, 2003; 

Luraschi & Cosio, 2005) on facial expressions for enhancing comprehension, the use of a 

credible anthropomorphic computer character with a neutral facial expression might have led 

participants to increased levels of calm.  This, in turn, could have facilitated their 

appreciation and recall for hand washing.  Therefore, it was possible that both the text 

intervention and the credible anthropomorphic computer character with neutral facial 

expression were appropriate risk communication mediums. 

 This combined usage of anthropomorphic computer character and text as 

interventions could also be observed from findings of individual general risk perception 

items.  Particularly, the fire hazard item was shown to lead to higher ratings when 

participants were exposed to credible anthropomorphic computer character in comparison to 

text intervention.  However, both my correlation finding between self-assurance vs. fire 

hazard, and Slovic’s previous empirical finding of fire hazard as personally controllable and 

reducible risk (i.e. low dread), could have been impacted by greater reporting from media 
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sources.  Specifically recent reports from media and the health care industry (Rubenstein, 

2007; Taschner, 2008; Vesely, 2007) of the fatal consequences of fire—often in connection 

with reports of increased global warming—might have shifted the fire hazard rating (i.e., 

high dread).  Given the affect heuristic model discussed in the Literature section, exposure to 

the credible neutral expressions of anthropomorphic computer character might have led to a 

lower level of favorable affective impression with respect to fire hazard ratings.  Ultimately, 

this could have reminded participants of the negative imagery associated with a fire hazard.   

Alternatively, risks related to sport activities (i.e., skiing and soccer) might be 

explained from the concept of trust.  According to Slovic, risk perception is a subjective 

social construct that relies heavily on trust.  Without trust, an individual’s risk perception is 

not easily changed, which could lead to hazard compliance and result in negative 

consequences.  Therefore, one possible reason that text-based interventions showed greater 

effectiveness over both credible and non-credible anthropomorphic computer characters on 

sport related risks was the traditional and familiar form of text-based communication in 

health care.  However, as Cowell et al. and Slovic both discussed, over time trust could be 

built through continuous exposure.  Therefore, it’s possible that if the participants had been 

given more time and opportunity to interact with the various forms of anthropomorphic 

computer characters, these characters might have become more trustworthy. 

Insights from RQ2: How does a clinician’s overall level of situation awareness 

under anger differ from a clinician’s SA under neutral emotion? 

Hypothesis 2: A clinician who experiences anthropomorphic computer character -

induced neutral emotion will attain a higher level of SA as compared to a clinician 

experiencing anger. 
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 The focus for this research question was on understanding how anthropomorphic 

computer character might influence a clinician’s SA when clinicians were experiencing 

anger.  Specifically, Hypothesis 2 also received mixed support from the result of two-sample 

t test.  It was encouraging to find that the credible anthropomorphic computer character was 

shown to lead to higher level of supply of attention than the egocentric form of text.  Since 

the supply of attention sub-construct was comprised of the level of arousal and focus of 

attention, this confirmed the relationship of anthropomorphic computer characters with level 

of arousal.  As reported by Rickenberg & Reeves (2000), anthropomorphic computer 

characters can indeed increase an individual’s level of arousal.  Further, as discussed 

previously by Gangemi et al. in the Literature section, when comparing the influence of 

anger against guilt on an individual’s focus of attention, anger would, in fact, tend to widen 

(i.e., defocus) a person’s attention—possibly due to its optimistic “positive” effect.  

Moreover, as discussed by Cowell et al., the eye gaze and subtle head movements of 

anthropomorphic computer characters are two characteristics that enhance credibility and 

capture attention.  This suggests that participants were able to focus on the credible 

anthropomorphic computer character’s sympathetic advice and become calmer.  Such effects 

could lead to positive feelings and increased focus of attention.  However, the two-sample t 

test itself might not tell the whole story. 

From content analysis, it was determined that participants generally found 

intervention using anthropomorphic computer characters to be positive (calm – 4%, friendly 

– 8%, entertaining – 11%, enjoyable – 11%, pleasant/cute – 12%, and reassuring – 12%).  

Among the various anthropomorphic computer characters used in this study, however, 

participants seemed to prefer the non-credible version (i.e., pig).  Some even enthusiastically 
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mentioned that it resembled the one featured in the motion picture Charlotte’s Web.  These 

positive comments suggest that use of the non-credible anthropomorphic computer character 

with neutral facial expression may have been most effective in reducing the participants’ 

levels of negative emotion.  This reduced level of negative emotion has potential implications 

for SA.  As discussed by Wadlinger et al. in the Literature section, this reduced negativity 

could have assisted participants in accessing creative alternatives for handling, controlling, 

and comprehending problems that cropped up during the medical simulated scenarios.  In 

fact, Mellers, Schwartz, & Cooke (1998) discussed that reducing negative emotion could 

promote a variety of information integration and problem solving tactics.  This finding 

implies that use of the non-credible anthropomorphic computer character with a neutral facial 

expression not only allowed participants to be at ease under a demanding situation, but also 

enabled them to enhance their comprehension through chunking information more 

effectively. From an SA perspective, however, this scenario could have a negative impact on 

attention.  As discussed in the Literature section, access to various alternatives could also 

introduce distractions.   

Previously discussed regression and correlation results could further contribute to 

Hypothesis 2.  Notably, the equation that explains the relationship between fear and overall 

level of SA can also be used to confirm the literature on the motivational theory of appraisal 

(C. Smith & Kirby, 2001).  According to the authors, fear is a mechanism that motivates an 

individual to be prepared for potentially dangerous situations.  This implies that fear could 

raise a person’s knowledge of his or her surroundings and increase their ability to spot 

potential threats.  However, the larger SA construct is composed of other sub-constructs.  

Thus, the finding that using the credible anthropomorphic computer character with neutral 
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facial expression might be appropriate or useful if reinforced by the equation associated with 

Hypothesis 2. 

Results obtained from the regression equation used for predicting the post-task 

demand of attentional resources could be explained by both pre- and post-task emotions.  

Specifically, the coefficients for the three predictors of the regression equation indicated that 

compared to pre-task joviality, pre-task overall negative emotion and post-task guilt would 

be larger contributors to the amount of post-task demand for attentional resources.  These 

two emotional states suggest that as pre-task overall negative emotion decreased, and post-

task guilt increased, the amount of post-task demand for attentional resources would increase.  

As discussed in the Literature section, Fredrickson et al. proposed that by reducing negative 

emotion and promoting positive emotion, an individual’s attention could be broadened to 

accept a greater number of alternatives and increased stimuli.  As discussed previously, 

numerous studies have shown that anthropomorphic computer character helped to put 

participants at ease, which could be advantageous from a problem-solving perspective.  

Conversely, from a human-information processing perspective, this could be detrimental 

since an increased number of alternatives and increased stimuli tend to impose further 

demands on cognitive resources (Kahneman, 1973).  Moreover, the guilt component could be 

explained from two perspectives.  One perceptive is that from the findings of Gangemi et al., 

increased levels of guilt have been shown to lead individuals into an increased form of 

cognitive tunneling (i.e., focusing).  This increased level of focusing could therefore cause 

the demand for additional attentional resources.  The second perceptive is that increased 

levels of guilt have been positively correlated with the inability or failure to handle 

demanding situations (Hochwarter, Perrewe, Meurs, & Kacmar, 2007; Lewis, 2000).  By 
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considering both the negative and statistical significant correlation between the demand of 

attentional resources and the medical simulated scenario score, it was determined that the 

poorer (i.e. lower performance) the participants scored, the higher the demand they felt.  In 

other words, as a result of mishandling demanding situations, they experienced increased 

levels of guilt.  This would explain guilt as one of the contributing predictors. 

To understand the finding for the supply of attentional resources, the combined 

findings of regression and correlation results were examined.  As shown from the correlation 

results, the supply of attentional resources was indeed related to participants’ feeling of being 

able to focus or pay attention.  Notably, the more participants felt they were able to focus 

during the simulated medical scenarios, the greater supply of attentional resources they 

should have been able to find.  Returning to the correlation finding, the participants’ overall 

level of SA was positively correlated with the familiarity of anthropomorphic computer 

characters.  Note that all participants rated highly on a scale of 1 to 5 for computer game 

experience (M = 4.13; SD = .79), as well as anthropomorphic computer character interaction 

(M = 3.81; SD = .89).  This suggests that they were able to concentrate easily during the 

complex medical simulated scenario that draws similarity with today’s anthropomorphic 

computer character-based Multiplayer Online Games (Gaggioli & Riva, 2007) and Virtual 

Environments training applications (Bailenson, Patel, Nielsen, Bajscy, Jung, & Kurillo, 

2008). 

It should also be noted that the regression equation for situation comprehension 

showed that “before” and “after” overall positive emotion was important.  Particularly, as 

confirmed by the literature, an enhanced understanding of a situation is initially reinforced by 

a reduction of positive emotion, which enables an individual to focus.  Subsequently, an 
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increased level of positive emotion enhances comprehension, which corresponds to an 

enhanced ability to integrate information.  Therefore, if SA is considered from a process 

perspective (i.e., sensemaking), as one’s understanding continues to progress, the equation 

from situation comprehension could have confirmed literature findings on the effect of 

positive emotion on attention and understanding.  Specifically, if individuals are first able to 

focus and then increase their levels of positivity, they may also be able to widen their 

attention to their surroundings, thereby enhancing their understanding of the situation. 

Insights from RQ3: How does anthropomorphic computer character treatment 

provide a clinician with comfort for his or her emotional well-being? 

Hypothesis 3: A clinician who is exposed to anthropomorphic computer character 

intervention will experience a higher subjective level of happiness as compared to a clinician 

exposed to no anthropomorphic computer character intervention. 

 
The focus of this research question was on understanding how an anthropomorphic 

computer character that was used as an intervention could assist a clinician emotionally.  As 

a result of this investigation, Hypothesis 3 also received mixed support.  Although the two-

sample t tests indicated that the text-based intervention was found to show higher levels of 

subjective happiness, by re-visiting the results from a content analysis perspective, it depicted 

a slightly different picture.  Notably, as expected from the result of a priori coding, a high 

rating of positive comments (71%) for the anthropomorphic computer characters was 

obtained, as compared to positive comments (57%) for the use of text interventions.  It is also 

noteworthy that results from the emergent coding from participants about the 

anthropomorphic computer characters resulted in a 34% of positivity.  Additional 
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unanticipated comments implied that had the anthropomorphic computer characters been 

designed differently, higher rating of positivity could have been obtained.  Specifically, it 

was found that participants preferred experienced and mature looking female the 

anthropomorphic computer characters.  According to the participants, such characters would 

be able to reflect the current gender and experienced biased medical culture.  Therefore, if 

the anthropomorphic computer characters had shared those characteristics, participants 

believed they would have been able to relate to them much better.  In fact, with an increasing 

number of female physicians in the profession (AMA, 2008; Magrane, Lang, & Alexander, 

2005), which was reflected in the preponderance of female participants in this study, and the 

need for same-sex role models (Paukert, 2001; Sambunjak, Straus, & Marusic, 2006), it is 

possible that the participants had high expectations of the mature female anthropomorphic 

computer character.  In fact, some participants mentioned during discussions of 

anthropomorphic computer character preference that when they reflected back on their 

clinical experiences, they wished they could have had more female peers as mentors.  This 

corresponds to the recommendations of Cowell et al. (2005), who suggested that further 

research should investigate the gender of anthropomorphic computer characters with respect 

to their effectiveness.  Additionally , Lai, Macmillan, Daudelin, & Kent (2006) showed that 

by familiarizing clinicians with a medical decision aiding system for diagnosing cardiac 

patients, clinicians became more comfortable and confident in using the system.  This means 

that if anthropomorphic computer characters were used more routinely in affective decision 

aiding systems—as investigated by this study—then clinicians might respond differently to 

the use of anthropomorphic computer characters if they have more opportunities to 

familiarize themselves with them. 
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CHAPTER 6:   

CONCLUSIONS 

 

This study investigated the complex relationships among emotion, risk perception, 

and SA as potential risk factors within the health care domain. The major engineering 

contribution achieved from this study was the implementation of the WARD prototype, 

although there are six other contributions which are detailed below.  This study then 

discussed how anthropomorphic computer character intervention might assist clinicians 

emotionally and cognitively in medical settings. The findings discussed herein indicate that 

emotion indeed can play a role in medical decision-making from the perceptive of SA and 

risk perception. This study also suggests that clinicians could benefit from the use of humane 

and neutral anthropomorphic computer character interventions during emotional or 

challenging circumstances. 

Project Summary and Recommendations 

As discussed in the objectives of this research, an early testbed of the emotional 

interface concept, namely WARD, was examined in Phase I as an affective decision-aiding 

system to explore participants' emotional responses and risk choices under the influence of 

the validated International Affective Picture System (IAPS).  Based on the lessons learned, a 

limited working prototype of WARD was subsequently refined and then implemented during 

a formative evaluation. This study employed two medical students from the Edward Via 

Virginia College of Osteopathic Medicine (VCOM) to investigate their emotional response, 

risk perception, and SA using the MicroSim InHospital under the influence of the validated 

film-based MIPs.  
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Results from Phase I indicated the need for transitioning from IAPS to MIPS and the 

feasibility of employing anthropomorphic computer characters as intervention tools.  

Specifically, participants found anthropomorphic computer characters to be meaningful and 

helpful as virtual assistants in a team environment. The Facial Expression Coding System 

also identified that participants were able to experience high levels of happiness/amusement 

during the combinations of credible anthropomorphic computer character with happy facial 

expression while under the angry emotional induction. Physiological states results showed 

that the participants' HRV was affected significantly between MIPs and anthropomorphic 

computer character exposures. However, their GSR measurements were elevated, indicating 

that they were experiencing stress. 

As discussed previously, individuals are fully capable of experiencing several 

emotional states concurrently at various stages. This fact reinforces the need for employing 

multiple modalities continuously in dynamic environments, and that various interventions 

should be used—perhaps even in combination—to respond to multiple emotional states at 

various times. However, as studies involving various attentive user interfaces have shown, 

researchers must seek a balance between effective emotional interventions and 

counterproductive intrusiveness during or between various stages. The following three 

related recommendations or lessons resulted from Phase I:  

1) The emotional states of clinicians—when assessed using multiple modalities—

could be considered as stages along a continuum if one applies the sensemaking approach. 

2) Both anthropomorphic computer characters and texts could serve as sympathetic 

and supportive agents in the often impersonal clinical atmosphere. 
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3) Anthropomorphic computer characters, which are intended to serve as virtual 

assistants, should only be used for attentional tasks, and not during complex and/or lengthy 

medical procedures. 

The first recommendation indicates that by applying the process approach of studying 

SA (i.e., sensemaking) to identify implicit or explicit elements of an emotional state while 

assessing a situation, the appropriate intervention could be matched to the specific stage of 

that situation.  Instead of the post-task only evaluation approach taken by the current study, 

consider the following theoretical example.  By applying the sensemaking approach, if a 

clinician’s depressive emotional state was detected due to the recurring memory of patient 

who died under her care during a surgical procedure, then the most appropriate 

anthropomorphic computer character to serve as an emotional intervention might not be a 

trusted mentor or family member.  Instead, the most appropriate anthropomorphic computer 

character to serve as an emotional intervention might, in fact, be a former patient who was 

saved by that clinician.  In essence, the intervention could serve as a significant confidence 

booster (Nicholson, 2008).   

The second recommendation suggests that because anthropomorphic computer 

characters have been found to be entertaining during the formative evaluation/Phase II 

experiments, this means that their application might even be transferrable into non-critical or 

non-emergency medical situations, such as during medical reporting scenarios.  One example 

would be the use of anthropomorphic computer characters as confidential “counselors.”  

Since two challenging issues within the current U.S. health care system are the business-

oriented competition between hospitals and liability concerns (Christopher, Eisen, & Shaffer, 

2005; Rosenthal, Cornett, & Sutcliffe, 2005), clinicians might not always be comfortable or 
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able to report and acknowledge the causes of patient death or injury (Holden & Karsh, 2007).  

In fact, Holden et al. discussed that when considering the design of a medical reporting 

system, one should consider available emotional support and the likely effect that could have 

on the reporting clinician.  With the emotional climate of the current health care system being 

viewed as largely impersonal (Ruiz, 2007), the capability of WARD for providing emotional 

support to a reporting clinicians could be significant.  As a reminder, in the case of the 

present study, demographic results indicated that participants were already familiar with the 

use of anthropomorphic computer characters.  Furthermore, content analysis also showed 

positive findings toward anthropomorphic computer characters.  Therefore, by combining the 

findings of Hypothesis 3 on the efficacy of text messages for enhancing participants’ 

emotional well-beings, building emotional support into a medical report system is possible.  

Building on the idea of using anthropomorphic computer characters as the virtual couple 

mediation (Mateas & Stern, 2005) and in connection with the previously discussed 

GrandChair therapy tools, these characters could listen to clinicians’ grievances carefully, 

respond to clinicians sympathetically with voice and caption, and record conversations 

anonymously.  In other words, the combination of characters and sympathetic captions could 

encourage and remind clinicians to open up in stress-relieving ways, with the added benefit 

of avoiding potential liability concerns, and in ways that could allow hospitals to use such 

information to avoid similar situations. 

The third recommendation originated from the observation that long and difficult 

medical simulation scenarios took participants substantial amount of time and effort to 

complete.  This implies, then, that complex and taxing medical procedures require substantial 

reasoning and cognitive processing on the part of clinicians.  Although according to Kunda’s 



 156 

motivated reasoning and the AIM model discussed in the literature, clinicians would be most 

vulnerable to the impact of various emotional states at such times.  Thus, the findings from 

Hypothesis 2 indicated that the seemingly credible anthropomorphic computer character led 

to higher complexity rating than the use of allocentric text.  In fact, Park & Catrambone 

(2007) reported a similar finding in which the use of anthropomorphic computer characters, 

in general, leads to cognitive performance degradation under complex situations.  Yet, 

Hypothesis 2 also pointed out that credible anthropomorphic computer characters could 

provide a high level of supply of attention.  One potential application associated with this 

recommendation would be the enhancement of medical equipment alarms.  As Lacherez, 

Seah, & Sanderson (2007) pointed out, current forms of medical equipment alarms are not 

easily differentiated by clinicians according to the particular event.  In other words, the alarm 

for a cardiac arrest might sound the same as one used to signal an IV-drip failure. Therefore, 

credible anthropomorphic computer characters could be examined for assisting in event 

discrimination as their use could help target attention to the particular problem. 

In summary, the results from Phase I reinforced the need for various equipment to 

successfully implement the WARD concept.  Additionally, the two formative evaluations 

facilitated the evolution and confirmed the feasibility of study procedures.  By applying 

findings with respect to the necessity of effectively adapting decision aids from the medical, 

emotion/cognition, and affective computing communities, Phase I confirmed and extended 

these findings into the medical domain that emotions do play a critical role in clinicians’ SA 

and that emotional interventions could be suitable. 

In Phase II, I used a cohort of first-and second-year medical students from VCOM, as 

well as volunteers from local rescue squads (32 in total) to participate in two 2 (intervention) 
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x 2 (film) between-subjects study with refined procedures for addressing three research 

questions. Both quantitative and qualitative data were collected and analyzed.  Findings from 

Phase II showed that sub-constructs within 3-D SART correlated with emotional response 

and intervention using text and anthropomorphic computer character. Content analysis using 

the Word-Frequency Lists method resulted in positive responses for both anthropomorphic 

computer character and text interventions.  

Using two-sample t test, Hypothesis 1-A, which looked at whether emotion could 

influence medical CDC UPs and general risk perception, received mixed support.  

Specifically, it was found that induced anger led to the high rating on the medical CDC UPs 

individual item “Promptly wipe up all potentially contaminated spills with a disinfectant.”  

Moreover, regression analyses also indicated predictable relationships between emotion and 

medical CDC UPs responses.  Additionally, correlation findings also showed relationships 

among emotion, use of personal protective equipment, and used needle handling.   

Furthermore, Hypothesis 1-B received mixed support with respect to the use of 

credible/non-credible anthropomorphic computer characters and text for influencing various 

subjective perceptions of risk over both general and medical hazardous activities.  However, 

no statistically significant findings were found on any sub-constructs of SA measurement to 

support Hypothesis 2, involving the use of anthropomorphic computer characters for 

improving SA.  Instead, a significant finding was found in the supply of attention sub-

construct under the exposure of credible anthropomorphic computer characters.  Additional 

correlations and regression equations also provided partial support for the influence of 

emotion and anthropomorphic computer characters on SA. Lastly, for Hypothesis 3, no 

statistically significant findings were found with respect to the use of anthropomorphic 
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computer characters for improving emotional welfare.  Instead, text-based interventions were 

found to enable three of the four sub-constructs related to happiness. However, as discussed 

previously, participants commented that anthropomorphic computer characters were 

enjoyable and positive. 

Three recommendations resulted from Phase II: 

4) Anthropomorphic computer characters and text based interventions should 

probably be used together to further investigate affective decision aiding systems for 

changing the traditional health care systems practice and training. 

5) The relative urgency of medical procedures or rules could be identified or mapped 

through clinicians’ emotional states.  In other words, the more important the procedure (e.g., 

a medical emergency), the more aroused a clinician should feel in attending to that event. 

6) Quantitative findings of correlations and multiple regressions could serve as 

validation for future emotion/cognition “white-box” modeling within the emergency domain. 

The fourth recommendation that resulted from Phase II quantitative data and 

correlation results partially support the utilization of affective decision aiding systems under 

emotional situations within the medical domain.  The results from Phase II correlations 

confirmed that highly controllable and often health-threatening behaviors (e.g., unprotected 

sex, lack of hand-washing) were correlated with positive feelings among adults (Benthin, 

Slovic, Moran, Severson, Mertz, & Gerrard, 2000).  Since these correlations were obtained 

from individuals in medical professions, this suggests that clinicians would likely conduct 

themselves similarly.  Such health-threatening behaviors might not only jeopardize 

themselves but, by association, possibly their patients.  Therefore, since both 

anthropomorphic computer character and text based interventions were shown to lead to 
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health-enhancing behaviors (e.g., following universal precautions and wiping contaminated 

spills), they could be used advantageously for specific applications.  For example, one 

potential application would be using them as replacements for printed brochures and posted 

signs to graphically illustrate and demonstrate the consequences and benefits of both health-

enhancing and health-threatening behaviors (Sandman, Weinstein, & Hallman, 1998).  

Further, this recommendation also calls for future studies to validate the credible and non-

credible features of the anthropomorphic computer characters for enhancing affective 

decision aiding systems. 

 The fifth recommendation has its origins in health care reform.  As Dupree-Rae 

suggested (2009), it is important to introduce new and unexpected ways (i.e., disruption) of 

thinking to reinvent a system.  If one applies this concept to the health care system—such as 

the use of traditional alarm systems for notifying and interrupting clinicians (Tijunelis, 

Fitzsullivan, & Henderson, 2005)—then one could use affective adapting systems like 

WARD in innovative, targeted ways.  Remember that through correlation and the regression 

equation, fear was found to influence overall SA.  As discussed previously, negative 

emotions such as fear could enable an individual to put more focus on locating a potential 

threat with minimal distraction.  By further extrapolating the usefulness of fear-like negative 

emotions, interventions using anthropomorphic computer characters and text could induce 

fear-like negative emotion in varying degrees to map to relative urgency of the threats. 

 The sixth recommendation seeks to provide the computational modeling community 

with ways to meet the growing challenges of evaluating or validating various computational 

models of emotional consistency (Wehrle & Scherer, 2001).  Specifically, as Gratch & 

Marsella (2004) and Henninger, Jones, & Chown (2003) have discussed, given the various 
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emotional theories such as appraisal and human information processing for creating 

computational models of emotion, it is important to evaluate those models’ consistency.  

However, as indicated by these researchers, there are currently no known “gold standards” 

for validating the results of a computational model of emotion.  In fact, the current best 

approach is either to examine the “believability” (i.e., face validity) of the representations or 

manifestations (e.g., anthropomorphic computer character) of the computational model, or to 

compare results of two computational models.  Therefore, due to the lack of a basis for 

evaluation, this sixth recommendation could serve two purposes.  One purpose is that since 

the results from the regression equations are based on empirically validated data, accurate 

computation models of emotion could be built based on these equations.  The second purpose 

is that results from existing computational models of emotion could now be evaluated against 

empirical data generated from these regression equations. 

These recommendations indicate that the influence of emotion in medical settings 

should be a topic for continuing research.  Specifically, because clinicians are routinely 

exposed to emotionally-charged situations, appropriate emotional interventions should be 

considered as adaptive and humane communication mediums to help them do their jobs to 

the best of their ability.  In addition, the qualitative and quantitative findings from Phase II 

imply that using anthropomorphic computer characters alone was not sufficiently effective.  

Specifically, both credible and non-credible anthropomorphic computer characters seemed to 

result in no difference on general risk perception, medical CDC UPs, SA, and perceived 

emotion.  However, this study found that if anthropomorphic computer characters were used 

that projected life experience through a mature appearance—and particularly those with 

female characteristics—participants took them more seriously. Nonetheless, the rest of the 
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quantitative findings from this study indicated that these quantitative findings could serve as 

validation of whether future computational modeling of emotion/cognition is valid. 

In summary, from the Multiple Resource Theory’s perspective (Wickens, 2002), the 

findings discussed herein indicate that emotion could be considered as one of the stages in 

Wickens’s four-dimensional model.  Specifically, fear, anger, and joviality have already been 

shown to influence SA and perception of risk.  This research has shown that emotional 

intervention using anthropomorphic computer characters, along with text messages, could 

also be included as another modality within the perceptual modalities dimension.  As 

discussed, such emotional intervention has led to positive perceptions, happiness, and 

attentional enhancement.  Figure 6.1 summarizes the findings in a coherent framework of 

how emotion and emotional intervention fit into a health care social-technical system.  This 

figure groups the various quantitative and qualitative findings into a visual form.  Detailed 

discussions of the various findings could be found in Chapter 4. Lastly, although the idea of 

WARD shared some similarities with other notification systems (McCrickard & Chewar, 

2003) and AUIs (see the Literature section), WARD was not based on such a system.  

Instead, through the application of Affective Computing, WARD’s main idea of emotional 

sensing and adaptation was to enable humane, sympathetic, and personified holistic 

communication with a clinician working in an impersonal health care system.  Ultimately, as 

seen from the previously discussed qualitative and quantitative findings of this study, the 

evolution of WARD from a proof-of-concept testbed to a limited prototype has contributed to 

the realization for such an affective system in the current impersonal health care system. 
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Figure 6.1: Framework summarizing study’s findings 

Limitations and Future Work 

This study featured a number of limitations, which have implications for future 

research that should be undertaken to further clarify the issues discussed herein.  The first 

limitation involved the use of two widely different anthropomorphic computer characters in 

the experiment of Phase II.  Specifically, in paraphrasing the participants’ comment on the 

pig (i.e., non-credible anthropomorphic computer character), they had “no reason to listen to 

a pig.”  After all, as participants commented, “What would a pig know about medicine?”  In 

retrospect, by selecting the pig, the experiment was confounded.  Yet, as previously 

discussed, I chose these two widely different anthropomorphic computer characters in order 

to investigate if novelty would enhance cognitive ability and emotion.  In fact, Berry et al. 
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(2005) indicated that novelty could increase an individual’s attention toward 

anthropomorphic computer characters, which influenced my decision for using these two 

highly dissimilar characters.  However, this resulted in important validity issues in which 

participants held preconceived notions that anthropomorphic computer characters like the pig 

could not possibly be of any use (i.e., confirmation bias).  Therefore, any statistically 

significant differences between the blond girl and the pig could have been polluted by this 

bias.   

Recall that the original intention of the experiment of Phase II was a within-subject 

design.  Therefore, it was postulated that the sample size of sixteen (16) would suffice to 

answer the research questions.  Subsequently, however, the experiment was modified into a 

between-subjects design due to the pseudo-random approach for assigning a participant to a 

particular MIP/intervention condition.  As a result of this pseudo-random approach, the 

sample size was increased to thirty-two (32) for conducting two-sample t tests appropriately.  

Hence, from a between-subjects design perceptive, the sample size of 32 merely satisfied this 

between-subjects design. 

Another limitation was the prototyping of WARD for its inability to infer emotional 

states in real-time.  Although brain-computer interface (BCI) and neurofeedback are not new 

technologies (Weinberger, 2007), it was cumbersome and challenging to infer a participant’s 

emotional state using only physiological signals.  However, with the recent 

commercialization of several BCIs (e.g., Emotiv EPOC and NeuroSky) that are specifically 

designed for inferring emotion (Waters, 2008), real-time emotional state inference barriers 

could be overcome in future studies to further refine WARD.  Further limitation of WARD 
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was the inability to synchronize the anthropomorphic computer characters’ facial 

expressions, gestures, and speech in real-time.   

As this study indicated, while brain-computer inferences can yield important data, 

accuracy is still a concern for researchers.  In fact, the affect appraisal (Lazarus, 2001) 

indicates that situational or contextual information (e.g., medical staff availability, a season 

more prone to disease outbreaks, a situation involving mass casualties, or time of day) are 

vital factors that affect accuracies and realisms.  This further implies that other modalities 

should be employed to enable the gathering of additional information, since other modalities 

could likely assist the detection of hazards and the improvement of SA (Hall, 2006; 

O'Connor, 2007).  Finally, when one uses embodied conversational agents, behavior and 

visual realisms are significant factors in creating emotionally comforting, effective, and 

trustworthy mediums (DeBruine, 2005; Dunn, 2005; McQuiggan & Lester, 2007).  

Therefore, a future study could investigate the types of behavior that could provide the best 

urgency mappings (Hellier & Edworthy, 1999; Stanton & Edworthy, 1998) for potential 

hazards and dynamic situations. 

From a systems engineering perspective, individuals, organizations, technologies and 

cultures are important factors within a health care sociotechnical system (Hancock & Easen, 

2006; Kleiner, 2007; Reddy, Pratt, Dourish, & Shabot, 2003).  As the major engineering 

contribution from this study, WARD was initially designed from a sociotechnical systems 

perspective.  However, to minimize the complexity of implementing WARD, the limited 

prototype used in this study could not take all these factors into account.  Therefore, a future 

study could simulate communication during handoff in shifts changes (Yule, Flin, Paterson-

Brown, & Maran, 2006) or consider emotional intelligence (Grewal & Davidson, 2008), 
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since these have been shown to be important organizational and cultural factors in health 

care.   

However, by expanding the factors within a health care sociotechnical system, it 

means the team concept becomes another important component for success.  This study’s 

findings were limited by considering only individual clinicians.  Yet, in many of today’s 

health care settings, a team of multidisciplinary clinicians—sometimes spanning across 

several physical locations (i.e., telemedicine)—must often work together seamlessly.  This 

further suggests that a future study could expand the measurements of individual SA and risk 

perception into team SA (Patrick, James, Ahmed, & Halliday, 2006), distributed cognition 

(Furniss & Blandford, 2006), and safety culture/climate (Itoh, Anderson, & Madsen, 2007) in 

health care. 

From a human factors perspective, the definitions (process vs. product) and 

measurement methods (subjective vs. objective vs. performance) associated with SA have 

received mixed reactions even though most researchers agree on their importance (Durso & 

Sethumadhavan, 2008; Gorman, Cooke, & Winner, 2006; Wickens, 2008).  This study used 

two popular SA measurement techniques:  SAGAT for the second formative evaluation and 

SART for the main study.  As Endsley, Selcon, Hardiman, & Groft (1998) discussed, 

however, SAGAT and SART both have potential advantages and disadvantages.  This 

implies that current SA measurement techniques must be carefully considered and may 

necessitate tradeoffs.  For example, as revealed in previous analyses, when applied in the 

health care domain, 3-D SART’s reliability improved only when certain items were removed.  

This suggests that future studies should consider developing individualized SA measurement 

techniques using probable medical error taxonomies (Thomadsen, 2007) for the health care 
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domain, since Drews et al. and others (Bond & Cooper, 2006) have indicated that SA is an 

important factor in both inpatient and outpatient care (McCarthy, 2006).   

As mentioned previously, the safety culture (similar to risk perception) is another 

increasingly important challenge for healthcare providers (Pronovost, Miller, & Wachter, 

2006; Shortell & Singer, 2008).  Unfortunately, the techniques for assessing safety culture in 

health care are also insufficient at the present time.  As Pronovost et al. discussed, more 

comprehensive and validated measures are needed.  Even if these new measures are 

developed, Shortell et al. revealed that safety culture in health care is still not a high priority 

for most hospitals.  Also, Shortell et al. stressed that in order to achieve any viable safety 

culture, a change in the health care system is greatly needed.  Interestingly, two of the 

frequently cited barriers for advancing safety culture and changing the health care system are 

the autonomy of clinicians and technology.  These barriers have tended to impede viable 

systemic changes from an engineering perspective. 

From a human-computer interaction perspective, Drews & Westenskow (2007) have 

stressed the importance of user interface design in health care technologies.  Although it was 

first inspired by advanced risk communication systems as being adaptable, customizable, and 

mobile (Smith-Jackson & Wogalter, 2004), WARD has since been further improved through 

advancements in affective computing.  However, as discussed previously, WARD was 

merely a limited prototype.  As discussed earlier in the Literature section, one the reasons for 

anger among clinicians is their perceived lack of autonomy.  This finding, along with 

findings revealed in this study, confirms that the impact of emotion cannot be overstated in 

the health care domain.  With the continued advancement of health-related technologies—

from nanoscale medical devices to remote robotic surgery—there is a need to identify 
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potential risk and benefits when applying these new technologies in the health care domain 

(Ward & Clarkson, 2007).  As this study has shown, the use of anthropomorphic computer 

characters may or may not be the best choice, depending on circumstances.  Instead, this 

study’s content analyses and correlation results have revealed that text-based interventions 

can be useful as reminder and confidence boosters with minimal distractions.  A 

recommendation for future research could involve studies that investigate the influence of 

credible vs. non-credible anthropomorphic computer characters on cognitive abilities, social 

interactions, and emotions mediation. 

 Findings from this study can also be used in future research in systems engineering, 

human factors, and human-computer interaction for health care—especially in understanding 

how new technologies might be used in actual health care environments.  In fact, one of the 

potential drawbacks of this study is that it was confined to a highly controlled environment.  

Therefore, future studies might expand the laboratory controlled environments into 

simulation centers of teaching hospitals. 
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Appendix B: General Risk Perception Questionnaire 

 

Alcohol 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Biking 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Climbing 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Computer games 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Drugs 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 
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Guns 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Hunting 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Seatbelts 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Sex (unprotected) 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Skiing 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Smoking 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 
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Soccer 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Stop sign 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Swimming 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Explosion 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Fire 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Toxic gas leak 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 
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Hit by falling object 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Slipping 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Burns 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Electric shock 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 

Radioactive substances 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

    (1 = not risky)                                                                                                  (5 = extremely risky) 
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Appendix C:  CDC Universal Precautions (Ups) Questionnaire 

 

Dispose of sharp objects into a sharps container 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Follow all universal precautions with all patients regardless of their diagnosis 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Wash my hands after removing my disposable gloves 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Wear a disposable outer garment that is resistant to blood and body fluids whenever there is a chance of 

soiling my clothes at work 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Wear disposable gloves whenever there is a possibility of exposure to blood or other body fluids 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Wear a disposable face mask whenever there is a possibility of a splash or splatter to my mouth 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 
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Dispose of all potentially contaminated materials into a red (and/or labeled) bag of disposal as biomedical 

waste 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Promptly wipe up all potentially contaminated spills with a disinfectant 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Never eat or drink while working in an area where there is a possibility of becoming contaminated with 

blood or body fluids 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Take special caution when using scalpels or other sharp objects 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Never recap needles that have been contaminated with blood 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Never unscrew needles that have been used to draw patients’ blood 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 
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Wear gloves while drawing a patient’s blood 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 

Treat all material that have been in contact with patients’ saliva as if they were infectious 

•-----------------------•-----------------------•-----------------------•-----------------------• 

              1                              2                              3                              4                              5 

   (1 = disagree)                                                                                                       (5 = highly agree) 
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Appendix D:  PANAS-X Emotion Questionnaire 

PANAS-X 

 

This scale consists of a number of words and phrases that describe different feelings and 

emotions. Read each item and then mark the appropriate answer in the space next to that 

word. Indicate to what extent you feel this way right now. Use the following scale to record 

your answers: 

 

1                        2                           3                            4                          5 

    very slightly          a little               moderately             quite a bit            extremely 

    or not at all 

 

1. ______ cheerful   

2. ______ disgusted  

3. ______ attentive  

4. ______ bashful    

5. ______ sluggish   

6. ______ daring     

7. ______ surprised  

8. ______ strong     

9. ______ scornful   

10. ______ relaxed    
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11. ______ irritable  

12. ______ delighted  

13. ______ inspired   

14. ______ fearless   

15. ______ disgusted with self 

16. ______ sad     

17. ______ calm    

18. ______ afraid  

19. ______ tired  

20. ______ amazed  

21. ______ shaky  

22. ______ happy   

23. ______ timid   

24. ______ alone   

25. ______ alert   

26. ______ upset   

27. ______ angry   

28. ______ bold    

29. ______ blue    

30. ______ shy     

31. ______ active   

32. ______ guilty   

33. ______ joyful  
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34. ______ nervous  

35. ______ lonely   

36. ______ sleepy   

37. ______ excited  

38. ______ hostile  

39. ______ proud    

40. ______ jittery  

41. ______ lively   

42. ______ ashamed  

43. ______ at ease  

44. ______ scared   

45. ______ drowsy   

46. ______ angry at self 

47. ______ enthusiastic 

48. ______ downhearted 

49. ______ sheepish 

50. ______ distressed 

51. ______ blameworthy 

52. ______ determined 

53. ______ frightened 

54. ______ astonished 

55. ______ interested 

56. ______ loathing 
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57. ______ confident 

58. ______ energetic 

59. ______ concentrating 

60. ______ dissatisfied with self 
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Appendix E:  Beck Depression Inventory-II (BDI-II) 

 

Instructions:  This questionnaire consists of 21 groups of statements.  Please read each group 

of statements carefully, and then pick out the one statement in each group that best describes 

the way you have been feeling during the past two weeks, including today.  Circle the 

number beside the statement you have picked.  If several statements in the group seem to 

apply equally well, circle the highest number for that group.  Be sure that you do not choose 

more than one statement for any group, including Item 16 (Changes in Sleeping Pattern) or 

Item 18 (Changes in Appetite). 
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Appendix F:  Demographics 

Pre-Task 

 

Please help me to categorize our user population by completing the following items. 

 

Gender (circle one):         Male                      Female 

 

Age: _____________    E-mail address: _____________ 

 

 

Occupation:  

_______________________________________________ 

 

Year(s) in medical school (circle one):          One  Two  Three 

 

 

Please rate your familiarity with computers: (circle one) 

 

 •-----------------------•-----------------------•-----------------------•-----------------------• 

not familiar at all       not very familiar     somewhat familiar      fairly familiar     very 

familiar 
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How often do you use computers? 

 ...for work? (circle the best answer)  ...for fun? (circle the best answer) 

 a. not at all     a. not at all 

 b. once a month    b. once a month 

 c. once a week     c. once a week 

 d. several times a week   d. several times a week 

 e. daily      e. daily 
 

I have played computer games on a PC or a console before. 

 

•-----------------------•-----------------------•-----------------------•-----------------------• 

strongly disagree       disagree       Neutral   agree           strongly agree 

 

I have interacted with computer animated characters before (please see screen for an 

example). 

 

•-----------------------•-----------------------•-----------------------•-----------------------• 

strongly disagree       disagree       Neutral   agree           strongly agree 

 

Please rate your familiarity with computer animated characters (please see screen for an 

example): (circle one) 

 

 •-----------------------•-----------------------•-----------------------•-----------------------• 

not familiar          not very familiar     somewhat familiar    fairly familiar     very familiar  
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In general, I like to interact with computer animated characters (please see screen for an 

example): (circle one) 

 

•-----------------------•-----------------------•-----------------------•-----------------------• 

strongly disagree       disagree       Neutral   agree           strongly agree 

 
Within the past one month, I have experienced a patient’s death directly and personally. 

(circle one) 

 

 

_____Yes             _____No 

 

 

Within the past one month, I have heard stories or episodes of patient death from colleagues. 

(circle one) 

 

 

_____Yes             _____No        
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Appendix G:  Phase I – Formative Evaluation Design 

 

Induced emotion 

(Within-subjects) 
Neutral Sad 

Non lifelike and 

neutral 
S1 … S2 S1 … S2 

Anthropomorphic 

computer character 

behavior 

(Within-subjects) 
lifelike and sad S1 … S2 S1 … S2 

 

Conditions Combinations 

A Non lifelike and neutral 

B Non lifelike and sad 

C Lifelike and neutral 

D Lifelike and sad 

 

Ordering 
Participants 

Day 1 Day 2 

S1 A, B, C, D 

S2 B, A, D, C 
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Appendix H:  3-D SART 

 

Instability of Situation 

How changeable is the situation? Is the situation highly unstable and likely to change 

suddenly (high), or is it very stable and straightforward (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Complexity of Situation 

How complicated is the situation? Is it complex with many interrelated components (high) or 

is it simple and straightforward (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Variability of Situation 

How many variables are changing in the situation? Are there a large number of factors 

varying (high) or are there very few variable changing (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Arousal 

How aroused are you in the situation? Are you alert and ready for activity (high) or do you 

have a low degree of alertness (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Concentration of Attention 

How much are you concentrating on the situation? Are you bringing all your thoughts to bear 

(high) or is your attention elsewhere (low)? 
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Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Division of Attention 

How much is your attention divided in the situation? Are you concentrating on many aspects 

of the situation (high) or focused on only one (low? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Spare Mental Capacity 

How much mental capacity do you have to spare in the situation? Do you have sufficient to 

attend to many variables (high) or nothing to spare at all (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Information Quantity 

How much information have you gained about the situation? Have you received and 

understood a great deal of knowledge (high) or very little (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Information Quality 

How good is the information you have gained about the situation? Is the knowledge 

communicated very useful (high) or is it a new situation (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 

 

Familiarity with Situation 

How familiar are you with the situation? Do you have a great deal of relevant experience 

(high) or is it a new situation (low)? 

 

Low •-----------------------•-----------------------•-----------------------•-----------------------• High 
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Appendix I:  Informed Consent Form for Formative Evaluation of Phase I 

 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

 

Informed Consent for Participants 

in Research Projects Involving Human Subjects 

 

Title of Project: The Influence of Emotion on the Risk Perception and Situation Awareness 

of Clinicians 

 

Investigator(s): William Lee, Dr. Tonya Smith-Jackson, and Dr. Woodrow Winchester, III 

 

I. Purpose of this Research/Project 

The purpose of this research is to study the effects of computer animated character 

(i.e., avatars) intervention on medical students’ situation awareness (SA) and risk perception 

under emotional situations.  This research will also evaluate the use of various types of 

avatars in order to improve the design and interactive capabilities of avatars for other 

situational interventions. 

 

II. Procedures 

You will first be pre-screened to assess your general emotional status through an 

online survey at http://www.survey.vt.edu/.  If you are eligible, you will be given a 

demonstration copy of the computer-based medical diagnostic simulations for practice.  You 



 218 

will then be invited to visit the Laboratory for User-Centric Innovations in Design (LUCID) 

for the study.  The study consists of two different sessions.  Each session consists of two 

iterations. 

 

For the first iteration of the study, you will be asked to (1) perform medical diagnostic 

tasks via two desktop-based medical simulations, and (2) to interact with avatars in Room 

536B of LUCID. Prior to engaging in the medical diagnostic tasks and the avatar 

interactions, however, you will be completing three questionnaires: 1) a risk perception 

questionnaire, 2) a situation awareness questionnaire, and 3) an emotion questionnaire.  

Afterward, you will be fitted with two physiological devices to monitor your GSR (Galvanic 

skin response) temperature and heart rate.  You will then be asked to watch a short video clip 

with background music designed to induce a specific emotion.  Next, you will start 

performing medical diagnostic tasks and interacting with avatars, which will require some 

oral verbalization.  Toward the middle of the experiment, the experimenter may pause the 

experiment and ask you to complete the same set of three questionnaires.  The experiment 

will resume after you have completed them.   

 

During the experiment you will be required to interact with a dual-monitor setup:  the 

medical diagnostic tasks will be shown on one monitor, and the avatars will be shown on the 

other. There will also be ambient noise playing in the background.  You will be timed and 

your reactions/behaviors may be videotaped.  You may be asked questions during and after 

the experiment in order to clarify my understanding of your evaluation.  All information 
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collected during each phase of the process will be kept strictly confidential and your identity 

will remain anonymous. 

 

After you complete the two medical diagnostic tasks, you will go to Room 536A 

where your risk perception and emotions will be ascertained through the use of two post-test 

questionnaires.  Additionally, a third questionnaire that is designed to gauge situation 

awareness will be used to assess your overall subjective SA.  You will then be given a 15-

minute break, after which you will be asked to complete another questionnaire.  Once that 

has been completed, the second iteration will begin.  You will then watch another short video 

clip to induce you into a different emotional state.  This time, however, you will encounter 

different avatar interventions while engaging in the same three medical simulations.  

Afterward, you will complete another set of risk perception, emotion, and 3-D SART 

questionnaires. 

 

For the second part of the study, you will be asked to return to Room 536A of the 

Laboratory for User-Centric Innovations in Design at least two days after the initial testing 

was administered.  At that time you will repeat the two iterations of the previous day, but will 

encounter two different avatar interventions. 

 

III. Risks 

Participation involves sitting and using a desktop computer with dual-monitor and a 

mouse. The physical components of these tasks are not stressful, and include head and body 

turning and pointing. All light and sound intensities are well within normal ranges. The only 
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foreseeable physical risks are possible slight eye strain and fatigue. There are no known 

mental risks. 

 

If you experience any eye strain or fatigue during any session, you can step away 

from the desktop and take a break. If you have trouble with any task, please tell me. If you 

become uncomfortable with any aspect of the process, you will be allowed to leave with no 

penalty. 

 

IV. Benefits 

Participation in this experiment will generate information that is intended be used to 

understand the applications of computer animated characters for improving task-related 

attention.  Participants will also have the opportunity to help advance the innovative 

technology of avatars and Human Computer Interaction (HCI) techniques.  Although the 

researcher is hopeful with respect to anticipated outcomes, no benefits are guaranteed.   

 

V. Extent of Anonymity and Confidentiality 

As noted above, the results of this study will be kept strictly confidential. Your 

written consent is required for the researchers to release any data identified with you as an 

individual to anyone other than personnel working on the project.  If and when any portion of 

these results is published, your name will be removed and only a subject number will identify 

you as a participant in this study. 

 



 221 

All video recordings will be stored in a secured file cabin in Whittemore 536.  Only 

personnel working on this project will have access to the recordings.  All video recordings 

will be destroyed upon completion of this research. 
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VI. Compensation 

Participation is voluntary, but you will be compensated at a rate of $20 per hour for 

your participation in this study.  If you decide to withdraw from the study, you will receive 

compensation prorated to the amount of time you spent in the study. 

 

VII. Freedom to Withdraw 

You will be free to withdraw from this study at any time for any reason. 

 

VIII. Subject's Responsibilities 

I voluntarily agree to participate in this study, and I know of no reason why I cannot 

participate. I have read and understand the informed consent and conditions of this project. I 

have had all my questions answered. I hereby acknowledge the above and give my voluntary 

consent for participation in this project. If I participate, I may withdraw at any time without 

penalty. I agree to abide by the rules of this project. 

 

VIII. Subject's Permission 

I have read and understand the Informed Consent and conditions of this project. I 

have had all my questions answered. I hereby acknowledge the above and give my voluntary 

consent: 

 

 

_______________________________________________ Date__________ 

Subject signature 
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_______________________________________________ Date __________ 

Witness (Optional except for certain classes of subjects) 

 

 

Should I have any pertinent questions about this research or its conduct, and research 

subjects’ rights, and whom to contact in the event of a research-related injury to the subject, I 

may contact: 

 

 

William Lee      wilee@vt.edu 

Graduate student, Industrial and Systems     

Engineering Department 

_________________________________  ________________________     

      Investigator(s)       Telephone/e-mail 

 

 

Dr. Tonya Smith-Jackson    540-231-4119/smithjack@vt.edu 

Associate Professor, Industrial and Systems     

Engineering Department         

 

Dr. Woodrow Winchester, III    540-231-5936/wwwinche@vt.edu 

Assistant Professor, Industrial and Systems     
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Engineering Department 

_____________________________________  ________________________   

 Faculty Advisors                    Telephone/e-mail 

 

 

 

David M. Moore     540-231-4991/moored@vt.edu  

Chair, Virginia Tech Institutional    Telephone/e-mail 

Review Board for the Protection  

of Human Subjects     

1880 Pratt Drive, Suite 2006,  

Blacksburg, VA 24061 

   

 

 

This Informed Consent is valid from ________ to ________. 
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Appendix J:  Informed Consent Form for Study of Phase II 

 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

 

Informed Consent for Participants 

in Research Projects Involving Human Subjects 

 

Title of Project: The Influence of Emotion on the Risk Perception and Situation Awareness 

of Clinicians 

 

Investigator(s): William Lee, Dr. Tonya Smith-Jackson, and Dr. Woodrow Winchester, III 

 

I. Purpose of this Research/Project 

The purpose of this project is to study effects of negative emotions on medical 

students’ levels of risk perceptions and situation awareness.  By situation awareness, I am 

interested in an individual’s understanding of and attention to the current environment and 

surroundings.  An example of situation awareness that pertains to hospital-based clinicians is 

their need to constantly monitor different types of equipment.  These include sensors, alarms, 

and machines that monitor a patient’s status.  When an alarm goes off, clinicians need to 

understand the meaning of the alarm and be able to identify the origin of the alarm, while 

remembering whatever current task they are undertaking.  However, due to constant exposure 

of patient suffering and sometimes death, clinicians’ emotions are often negatively 

influenced, which could cause distractions and errors.  Therefore, the purpose of this research 

is to examine if computer animated characters with human-like behaviors (i.e., avatars) will 

improve attention while performing multiple tasks. 
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II. Procedures 

 You will first be pre-screened to assess your general emotional status through an 

online survey at http://www.survey.vt.edu/.  If you are eligible, you will be given a 

demonstration copy of the computer-based medical diagnostic simulations for practice.  You 

will then be invited to visit the Laboratory for User-Centric Innovations in Design (LUCID) 

for the study.  The study consists of two different sessions.  Each session consists of two 

iterations. 

 

Once you arrive at LUCID for the first session, the researcher will review the 

Informed Consent process with you, and will then briefly explain the study.  I will then 

ascertain your initial risk perception, situation awareness, and emotional state using three 

pre-questionnaires.  You will also be asked to complete a demographics questionnaire.  

Afterward, you will be escorted to Room 536B where two physiological devices will be 

positioned by the researcher for monitoring your GSR (Galvanic skin response) temperature 

and heart rate.  Specifically, a Polar Heart Rate Monitor will collect your heart rate and the 

SenseWear PRO2 Armband will collect your skin temperature.  Using these two 

physiological devices, I will infer your affect and stress from the heart rate and skin 

temperature measurements.  Next, a short film clip will be shown on a large screen display 

and a series of continuous International Affective Digital Sounds will be played to induce a 

specific emotion.  After the emotion induction, you will begin to perform medical diagnostic 

tasks via two computer-based medical simulations.  You might also interact with avatars 

during the two medical diagnostic tasks. 
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Additionally, during the two computer-based medical simulations, you might be 

asked to pause and complete a questionnaire for assessing your levels of SA.  If you are 

asked to pause, all monitors will be turned off simultaneously.  After the questionnaire for 

assessing SA is completed, you will be asked to resume the two computer-based medical 

simulations.  After you have completed the two computer-based medical simulations, you 

will be escorted back to Room 536A where you will complete three post-questionnaires.  

This will then conclude the first session. 

 

For the remaining five sessions, you will be scheduled to return to Room 536A of 

LUCID at least two days later for each session.  The sequence of procedures described above 

will be repeated at each session. 

 

Each session will last about two hours.  Although the interaction is not considered to 

be tiring, you are welcome to take rest breaks as needed.  You may also terminate your 

participation at any time, for any reason.  You will be given full instructions before every 

task. 

 

III. Risks 

Participation involves sitting and using a desktop computer with dual-monitor and a 

mouse. The physical components of these tasks are not stressful, and include head and body 

turning and pointing. All light and sound intensities are well within normal ranges. The only 
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foreseeable physical risks are possible slight eye strain and fatigue. There are no known 

mental risks. 

 

If you experience any eye strain or fatigue during any session, you can step away 

from the desktop and take a break. If you have trouble with any task, please tell me. If you 

become uncomfortable with any aspect of the process, you will be allowed to leave with no 

penalty. 

 

IV. Benefits 

Participation in this experiment will generate information that is intended to be used 

to understand the applications of computer animated characters for improving task-related 

attention.  Participants will also have the opportunity to help advance the innovative 

technology of avatars and Human Computer Interaction (HCI) techniques.  Although the 

researcher is hopeful with respect to anticipated outcomes, no benefits are guaranteed. 

 

Once the research has been completed, you can receive a synopsis of the study.  

Please indicate below whether you want to receive a synopsis.   If you checked the YES box, 

please also provide me with an address for mailing the synopsis to you. 

 

I would like to receive a synopsis of this research when completed (please check the 

appropriate box below), mailed to the address I have shown below. 

[   ]  Yes 

[   ]  No 
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My Mailing Address: 

 

____________________________________________________________ 

 

____________________________________________________________ 

 

____________________________________________________________ 

 

 

If you prefer, you are also welcome to pick up the synopsis from Whittmore 536.  A 

drop box located on the front door of Whittmore 536 will contain copies of the synopsis 

when available  

 

V. Extent of Anonymity and Confidentiality 

As noted above, the results of this study will be kept strictly confidential. Your 

written consent is required for the researchers to release any data identified with you as an 

individual to anyone other than personnel working on the project.  If and when any portion of 

these results is published, your name will be removed and only a subject number will identify 

you as a participant in this study. 
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All video recordings will be stored in a secured file cabin in Whittemore 536.  Only 

personnel working on this project will have access to the recordings.  All video recordings 

will be destroyed upon completion of this research. 

 

VI. Compensation 

Participation is voluntary, but you will be compensated at a rate of $20 per hour for 

your participation in this study.  If you decide to withdraw from the study, you will receive 

compensation prorated to the amount of time you spent in the study. 

 

VII. Freedom to Withdraw 

You will be free to withdraw from this study at any time for any reason. 

 

VIII. Subject's Responsibilities 

I voluntarily agree to participate in this study, and I know of no reason why I cannot 

participate. I have read and understand the informed consent and conditions of this project. I 

have had all my questions answered. I hereby acknowledge the above and give my voluntary 

consent for participation in this project. If I participate, I may withdraw at any time without 

penalty. I agree to abide by the rules of this project. 
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VIII. Subject's Permission 

I have read and understand the Informed Consent and conditions of this project. I 

have had all my questions answered. I hereby acknowledge the above and give my voluntary 

consent: 

 

_______________________________________________ Date__________ 

Subject signature 

 

_______________________________________________ Date __________ 

Witness (Optional except for certain classes of subjects) 

 

 

Should I have any pertinent questions about this research or its conduct, and research 

subjects’ rights, and whom to contact in the event of a research-related injury to the subject, I 

may contact: 

 

 

William Lee      wilee@vt.edu 

Graduate student, Industrial and Systems    

Engineering Department 

_________________________________  ________________________     

      Investigator(s)     Telephone/e-mail 
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Dr. Tonya Smith-Jackson    540-231-4119/smithjack@vt.edu 

Associate Professor, Industrial and Systems   

Engineering Department     

 

Dr. Woodrow Winchester, III    540-231-5936/wwwinche@vt.edu 

Assistant Professor, Industrial and Systems    

Engineering Department 

_____________________________________  ________________________   

 Faculty Advisor                   Telephone/e-mail 

 

David M. Moore    540-231-4991/moored@vt.edu  

Chair, Virginia Tech Institutional   Telephone/e-mail 

Review Board for the Protection  

of Human Subjects    

1800 Pratt Drive, Suite 2006,   

            Blacksburg, VA 24061 

 

 

This Informed Consent is valid from ________ to ________. 
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Appendix K:  Participant’s Debriefing for Phase II of the Study 

 

Title of Project: The Influence of Emotion on the Risk Perception and Situation Awareness 

of Clinicians 

 

Investigator(s):  William Lee, Dr. Tonya Smith-Jackson, and Dr. Woodrow Winchester, III 

 

 

DEBRIEFING 

 

Thank you for participating in this study.  As you know, you were initially told the following: 

 

1. Your performance (i.e., mistakes and time) from two computer-based medical 

simulations will be reviewed by your supervisor.   

 

2. You will need to explain your actions at the end of the study in front of a panel of 

judges. 

 

However, it was my intent to use those statements only for the purpose of raising your 

negative emotions and level of arousal.  In fact, your performance will not be reviewed by 

your supervisor and you will not need to explain your actions in front of a panel of judges.  

These two deceptions were necessary so that the data I gathered would not be confounded by 

the forewarnings.   
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Please do not share this information with others who may be participating in this research. 

 

If you have any questions or concerns, please ask them now or use the contact information at 

the bottom of your copy of the informed consent document. 

 

PARTICIPANT’S PERMISSION  

I have read and understand the debriefing revealing the two deceptions related to this 

research project.  I have had all questions answered.  I hereby acknowledge the above and 

give my voluntary consent to use the data I have provided. 

 

 

 

Signature ______________________________________________________ 

 

 

 

Date      _______________________________________________________ 
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Appendix L:  Additional Contact Information for the Study of Phase II 

 

Title of Project: The Influence of Emotion on the Risk Perception and Situation Awareness 

of Clinicians 

 

Principal Investigators: Dr. Tonya Smith-Jackson and Dr. Woodrow Winchester, III 

 

Co-Investigator: William Lee 

 

ADDITIONAL CONTACTS 

 

If you still have questions or concerns after this study, please feel free to contact me or visit 

any of the following resources: 

 

Cook Counseling Center 

http://www.ucc.vt.edu/ 

240 McComas Hall 

Virginia Tech. 

Blacksburg, VA 24061 

Phone (540)231-6557 

 

The Psychological Services Center 

http://www.psyc.vt.edu/centers/psc/ 



 236 

3110 Price’s Fork Road 

Blacksburg, VA 24061 

Phone: (540)231-6914 

 

Schiffert Health Center 

McComas Hall 

Blacksburg, VA 24061 

Phone (540)231-6444 
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Appendix M:  International Affective Picture System 

Description ID 
Pleasure valence 

(M) 

Arousal 

(M) 
Picture 

Attractive 

female 
2375.2 6.34 4.30 

 

Ice Cream 6250.2 6.32 5.13 

 

Coyote 1640 6.16 5.13 

 

Hawk 1560 5.97 5.51 

 

Train 7039 5.93 3.29 
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Abstract art 7188 5.50 4.28 

 

Buffalo 1675 5.24 4.37 

 

Rolling pin 7000 5.00 2.42 

 

Scale 7044 4.69 3.94 

 

Bees 1390 4.50 5.29 

 

Leopard 1310 4.60 6.00 
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Dental Exam 3280 3.72 5.39 

 

Dishes 9390 3.67 4.41 

 

Ruins 9470 3.05 5.05 

 

Pit bull 1300 3.55 6.79 

 

Injection 9592 3.34 5.23 

 

Rat 1280 3.66 4.93 
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Skull 9440 3.67 4.55 

 

Police 6840 3.63 5.95 

 

Boxer 8230 2.95 5.91 

 

Snakes 1111 3.25 5.20 

 

Scared child 9041 2.98 4.64 

 

Garbage 9330 2.89 4.35 
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Police 6834 2.91 6.28 

 

Police 6831 2.59 5.55 

 

Solider 9421 2.21 5.04 

 

Hunters 2688 2.73 5.89 

 

Plane crash 9050 2.43 6.36 

 

Drug addict 2710 2.52 5.46 
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War 2683 2.62 6.21 

 

Solider 6212 2.19 6.01 

 

Eye disease 3160 2.63 5.35 

 

Hospital 3220 2.49 5.52 

 

Cigarettes 9830 2.54 4.68 

 

Battered female 3181 1.95 5.95 
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Sick kitty 9561 2.68 4.79 

 

Attack 3500 2.21 6.99 

 

Burial 9430 2.63 5.26 

 

Dead cows 9181 2.26 5.39 

 

Accident 9435 2.27 5.00 

 

Starving child 9040 1.67 5.82 
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Dead body 9252 1.98 6.64 

 

Fire 9921 2.04 6.52 

 

Toddler 2095 1.79 5.25 

 

Assault 9254 2.03 6.04 

 

Battered female 3180 1.92 5.77 

 

Attack 6350 1.90 7.29 
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Dead man 9433 1.84 5.89 

 

Infant 3350 1.88 5.72 

 

Mutilation 3016 1.90 5.82 

 

Sad child 2800 1.78 5.49 

 

Sliced hand 9405 1.83 6.08 

 

Open grave 3005.1 1.63 6.20 
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Mutilation 3225 1.82 5.95 

 

Sad children 2703 1.91 5.78 

 

Burnt face 3101 1.91 5.60 

 

Attack 3530 1.80 6.82 

 

Burnt victim 3100 1.60 6.49 

 

Soldier 9410 1.51 7.07 
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Burnt victim 3053 1.31 6.91 
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Appendix N:  Example of a Step-by-Step Solution Guide 

 

Diagnosis: Pulseless electrical activity (PEA) – hypovolemia 

 

You arrived at the patient’s side. 

 

√ You taped and touched the patient.  The patient was unresponsive.  It is correct to 

assess responsiveness here. 

 

√ You performed a jaw-thrust maneuver. 

 

You performed a head tilt-chin lift. 

 

You inspected the mouth.  You could not see any obvious obstruction or secretions 

 

√ You examined the chest.  There are no breath sounds.  The chest is not moving up 

and down.  His skin is quite cold.  It is correct to check for breathing. 

 

√ You gave the patient 2 breaths using a mask.  It is correct to give 2 breaths at this 

point. 

 

√ You checked the pulse.  There is no pulse.  It was correct to assess circulation. 
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You attached the automatic NIBP measurement cuff. 

 

You turned on the defibrillator on. 

 

<AED analysis> 

 

√ You attached the defibrillator pads.  It’s correct to prepare for defibrillation here. 

 

<AED -> no shock advice> 

 

√ You started CPR with 30:2 ratio.  It was correct to perform CPR. 

 

√ You attached a 3-lead ECG.  It is correct to place the patient on monitor. 

 

√ You phoned the medical emergency team for help.  It was correct to activate medical 

emergency team at this point. 

 

√ You obtained IV access in the arm. 

 

√ You placed an endotracheal tube.  It is correct to try to secure the airway as long as it 

doesn’t interrupt the CPR for too long. 
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√ You checked the placement of the tube with an esophageal detector device.  The bulb 

expanded when you pressed it.  This is the correct action here. 

 

√ You checked the placement of the endortacheal tube.  The tube is 21 cm at the teeth. 

 

√ You listened to the patient’s lungs.  There are no breath sounds.  The percussion note 

is normal over all areas. 

 

√ You secured the endortacheal tube with a commercial tube holder.  This is correct. 

 

You resumed CPR with continuous compressions and ventilations. 

 

√ You listened to the patient’s lungs.  There are no breath sounds.  The tube is placed 

correctly.  The percussion note is normal over all areas. 

 

√ You attached the pulse oximeter. 

 

√ You started continuous temperature measurement. 

 

√ You took an arterial blood sample.  It is correct to search for reversible causes of this 

condition. 

 

√ You took a venous blook sample. 
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<AED -> no shock advice> 

 

You resumed CPR with continuous compressions and ventilations. 

 

√ You gave a bolus of saline.  This is an essential part of treating hypovolemic patients. 

 

√ You administered 1 mg of epinephrine IV.  Epinephrine is recommended here 

according to the current guidelines. 

 

You placed a urinary catheter. 

 

<AED -> no shock advice> 

 

You resumed CPR with continuous compressions and ventilations. 

 

√ You administered 40 units of vasopressin IV.  Administering vasopressin was correct 

here. 

 

<AED -> no shock advice> 

 

You resumed CPR with continuous compressions and ventilations. 
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√ You gave a bolus of saline. 

 

<AED -> no shock advice> 

 

You resumed CPR with continuous compressions and ventilations. 

 

You administered 1 mg of epinephrine IV.  This can cause arrhythmias.  Consider 

administering this drug as an infusion. 

 

√ You transferred the patient to ICU.  It was reasonable to transfer the patient at this 

point. 

 

√ You performed CPR during the arrest for 100% of the time it was recommended. 

 

Score: 100% 

 

 


