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ABSTRACT 

 

Web-based tailored approaches hold much promise as effective means for delivering 

health education and improving public health.  This study examines the effects of interactive 

tailored health videos on attention to health messages using neurophysiological changes 

measured by Electroencephalogram (EEG) and Electrocardiogram (EKG).  Sixty-eight college 

students were randomized to examine one of two conditions: an interactive tailored health video 

using web-automated human interaction technology or a static site on the same health topic.  

Neurophysiological changes during exposure to stimuli were measured using event-related 

potentials (ERP) related toP300 and N1, as well as heart rate variability (HRV), including low-

frequency power (LF), high-frequency power (HF), and the LF/HF ratio measurements. A survey 

questionnaire examined participants’ self-reported perceptions about their viewing experience 

including: attention, interactivity, overall evaluation, preference, and engagement. Results show 

that the P300 and HF values were significantly higher when viewing the WAHI compared to 

when viewing the static site, indicating greater levels of attention, which was confirmed by the 

self-reported data.  These results suggested that interactive tailored health intervention programs 

achieved a relatively greater effect on attention levels indicated by ERP, HRV and self-report, 

when compared to static message delivery.  The study indicated that further research should 

investigate other neurophysiologic analyses as possible means to better assess the impact of 

interactive tailored video as a health education approach.  
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CHAPTER I 

INTRODUCTION 

 

 Health educators are increasingly concerned about how attention to and engagement with 

health messages can be improved to maximize the effectiveness of health intervention programs.  

To this end, advances in information and communications technology via the Internet have been 

increasingly incorporated into strategies for delivering health promotion and education messages 

and behavior change intervention programs.  Information and communication technologies have 

been applied in interventions to improve the individual’s health behavior and to facilitate and 

improve the individual’s cognitive process by the use of interactive tailored health messages.   

Interactive video is a particularly promising tool that can generate tailored and 

cognitively engaging messages using a conversational approach.  Interactivity allows users to 

participate and modify the given content and form of the information, resulting in a patient 

specific message that is formulated in real time (Steuer, 1992, p. 14).  Recent advances in the 

technology now allow increasingly deeper levels of personalization by supporting the generation 

of unique messages matching individuals’ characteristics and by targeting variables important for 

encouraging behavior change (Kreuter, Farrell, Olevitch, & Brennan, 2000; Lustria, Cortese, 

Noar, & Glueckauf, 2009).  For example, web-based tailored health intervention programs are 

becoming increasingly effective in providing specific content for individuals by improving the 

relevance of presented information, thus increasing desired changes in response to these more 

personalized messages (Kreuter & Wray, 2005).   
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Web-based tailored health intervention programs focusing on different chronic diseases 

(i.e., obesity, diabetes, cancer, and cardiovascular disease) have shown positive effects on a 

variety of health outcomes.  Studies show these programs to be particularly effective in changing 

health behaviors by promoting smoking cessation, increased levels of physical activity, 

consumption of healthier diets, and greater awareness about safer sex behaviors.  Researchers 

find feedback and personalization essential and highly effective for engaging and persuading 

individuals (Cacioppo & Petty, 1982).  Health intervention programs that utilize an interactive 

and personally tailored process respond more directly to an individual’s specific needs, health 

status, and cognitive readiness.  These programs are proven to be much more effective in 

influencing the individual’s attitudes and result in a higher level of positive health behavior 

changes. 

Research regarding interactive message dissemination using new media technologies is 

conducted in diverse fields including human-computer interaction, communication, education, 

and advertising.  Most research is dedicated to increasing the efficacy of interaction with users 

through enhancing users’ attention (Clark &Hillyard, 1996; Kok, 1997; Anderson, 2005; Ruiter, 

Kessels, &Jansma, 2006; Chua, Polk, Welse, Liberson, &Strecher, 2009).  When the message is 

interactively tailored to the specific needs of the recipient, it is more likely to be relevant for that 

receiver, and as a result, the message stimulates the receiver to think more thoughtfully about the 

topic.  This ability to interactively tailor a message is one of the major advantages of web-based 

communications, as compared to standard paper-based or asynchronous modes of message 

delivery.  Advances in computer and information technology allow numerous opportunities to 1) 

increase user involvement with health content, 2) present information in a number of formats, 
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and 3) elicit user feedback.  In combination, these three factors dramatically improve the 

conditions needed for effective persuasion to occur.  

 

Problem Statement 

While an increasing number of health intervention programs attempt to enhance 

individuals’ attention to health messages by using diverse advanced technologies, there is little 

empirical evidence explaining how this approach might be more effective compared to standard 

and static web-based approaches.  There is also a lack of experimental studies comparing 

interactive and tailored approaches to less interactive and tailored approaches.  Most studies 

largely rely on self-reported data and do not involve testing the effects of interactive and tailored 

approaches under meaningful comparison conditions (Noar, Benac, & Harris, 2007; Lustria, 

Cortese, Noar, & Glueckauf, 2009).  Moreover, few studies fail to determine whether the 

positive benefits of health interventions are a result of the interactive and tailored messages or of 

the intervention program itself (Street & Rimal, 1997). 

Interactive tailored video is one common technology that has emerged as a viable 

approach for delivering health messages.  Interactive videos possess the attributes of interactivity 

and personalization, which are indicated to be necessary for more effective and persuasive health 

education efforts.  Web-based interactive tailored health videos, known as web-automated 

human interaction (WAHI), are created by the company Wahi Media, Inc.  WAHI uses web-

automated human interaction technologies that allow users to interact with the website by 

prompting the user with questions that allow the tailoring of the content being delivered, thus 

providing a highly interactive learning environment.   
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Wahi Media has developed a WAHI-type program that deals with the topic of sexually 

transmitted disease (STD).  STD education is a sensitive but critical topic for younger 

generations who are facing a new and unfamiliar experience related to sexual decision making.  

This experience is particularly applicable to college students, who constitute the main 

participants of this study.  For example, approximately 60 percent of college students indicate 

that they have their first sexual experience while in college (Cooper, 2002).  Within that college 

age group, about 30 percent indicate that they have sex with two or more partners (Mosher, 

Chandra, & Jones, 2005).  These statistics indicate that the younger generations are at higher risk 

of STD exposure (Grunbaum, et al., 2004).   

Interactive approaches are particularly appropriate for delivering health messages to 

younger audiences.  The youth are not only more technologically savvy as information seekers, 

but they may also be more likely to be receptive to and effectively influenced by more interactive 

approaches compared to static and generic approaches.   

In terms of effective STD-related sex education, the interactive tailored health video 

could offer the most effective means to educate the young generation about sex education in 

online environments.  In WAHI, the automated interaction between computer and human creates 

an environment in which the user feels safe to discuss sensitive issues, while feeling confident in 

the quality of the content provided, when seeking knowledge about STD-related health issues.  

The greatest value of using automated human interaction technologies for health education is the 

ability to stimulate human engagement and to provide messages that are tailored to the specific 

needs of the user, all in real time. 

 



5 
 

Purpose of the Study 

 The purpose of this research effort is to study the effects of web-based interactive tailored 

health videos (specifically WAHI) on users’ attention using neurophysiologic approaches.  

 This study seeks to assess the relative effectiveness of interactive tailored health 

intervention programs in improving attention to health messages by using a neurophysiologic 

analysis of Heart Rate Variability (HRV) and Event-Relevant Potentials (ERP).  Measuring HRV 

and ERP provides insight into understanding the process by which messages effectively act to 

inform the individual.  ―As researchers better understand the interface where mind meets 

messages; this research will contribute more and more to our ability to understand, explain and 

predict the outcome of mediate messages‖ (Lang, Bradley, Chung, & Lee, 2003). 

 HRV and ERP are indicators of physiological and cognitive changes in reaction to a 

given stimulus.  Part of that reaction is the information processing that the thought processing 

that the human mind undertakes to understand the stimulus and to calculate a suitable response.  

When stimuli (i.e., alerts, messages, lights and auditory, visual signs, and media) stir the 

receiver’s information processing, the human body responds with a physiological reaction and a 

cognitive reaction indicated by ERP and HRV.  The amount of stimulus directly relates to the 

amount of reaction (or fluctuation of reaction) indicated by the HRV and ERP values.  The level 

of attention displayed by the message receiver is indicated by the observed levels of the ERP, 

along with the physiological changes that can be measured by HRV.  More specifically, the 

changes in the P300 and N1 wave measurements from ERP and changes of sympathetic (Low 

Frequency) and parasympathetic (High Frequency) nervous system from HRV combined will 

indicate the level of cognitive and physiological reaction.  The combined measurement of these 

cognitive and physiological reactions is a summative measure that indicates the level of attention 
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displayed by the user.  Therefore, measuring the changes of HRV and ERP are meaningful to 

understanding the effectiveness of a given stimulus provided within a specific message.   

 ERP measurements are obtained from electroencephalogram (EEG) monitoring of 

brainwave activity.  The analysis of ERP measurements has been used in related studies to shed 

light on an individual’s brain responses when exposed to different media (Clark & Hillyard, 

1996).  Previous empirical studies regarding the effectiveness of health messages show fairly 

consistent findings using the ERP indexing technique.  The studies look at tailored health 

message delivery methods and find increased effectiveness related to larger amplitudes for the 

N1 and P300 for these tailored messages (Ruiter, Kessels, & Jansma, 2006).  One such study 

indicates that users exposed to tailored messages have larger changes in ERP (Chua, Polk, 

Welse, Liberson, & Strecher, 2009) when compared to traditional message delivery methods.  

Several studies also reveal a larger number of ERPs (frequency, or count of occurrence over a 

given time period) in response to relevant visual and contextual stimuli than irrelevant stimuli 

(Kok, 1997).   

 HRV measurements from an electrocardiogram (ECK) are used to investigate emotion-

related physiological changes, including attention and arousal to stimuli such as a media 

presentation.  Early studies regarding media effects were focused on measuring attention, 

emotion, effort, and arousal related to physiological responses.  Such physiological responses 

were typically centered on the increase of heart rate during an exposure to stimuli (Lang, Potter, 

& Bolls, 2009).  Regarding this use of HRV indicators, Lang (1992) suggested the Limited 

Capacity Model of Mediated Message Processing.  In this model, Lang indicated that message 

processing was an activity conducted by the parasympathetic nervous system versus the 

sympathetic nervous system.  Lang wrote that this was because no actual fight or flight responses 
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were involved (which are activities of the sympathetic nervous system).  Lang indicated that 

such strong responses were actually inhibited during exposure to messages, which was more 

indicative of the functioning associated with the parasympathetic system.  Previous empirical 

research indicated that a user’s level of attention to a specific message was related to slower 

heart rate, typical of the parasympathetic nervous system, and a not faster heart rate, which was 

more typical of the sympathetic nervous system (Lang, Bolls, Potter, & Kawahara, 1999).   

While these studies pointed to the use of HRV in specific application of measuring 

message delivery, there are no studies that examine physiological changes for message delivery 

using interactive technologies such as interactive videos.  Measuring the physiological response 

to interactive, web-based message delivery would fill a noted gap in knowledge and result in an 

improved understanding that could lead to the design of more effective interactive tailored health 

interventions.   

 In summary, this review of the few studies that do relate to this topic area supports the 

potential usefulness of measuring ERP and HRV to indicate attention levels given exposure to 

different stimuli.  In turn, by advancing the knowledge base in this area, this research study will 

provide more robust and systematic investigation into interactive and tailored health messaging 

systems, especially when compared to more traditional methods of measurement based on self-

reported data. 

 

Research Questions 

 This study seeks to compare users’ attention to health messages delivered using 

interactive videos versus users’ attention to health messages delivered via a standard, 

hierarchical health education website.  The variables used as measurements in this study are a 
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physiological reaction and a cognitive reaction (indicated by Event-Related Potentials and Heart 

Rate Variability).  Specifically, this study seeks to address the following research question: 

 Can exposure to web-based interactive tailored health videos (compared to static website 

approaches) elicit greater attention to health messages, as indicated by ERP and HRV? 

 How will participants rate the interactive video approach compared to the static website 

approach on the following measures: attention, interactivity, intention, evaluation, 

preference, and engagement? 

In relation to the abovementioned research questions, this study also tests two research 

hypotheses: 

 

Hypotheses 

H1: When exposed to WAHI, participants will exhibit significantly greater amplitude 

changes in N1 and P300 measurements compared to exposure to a static website. 

H2: When exposed to WAHI, participants will exhibit significantly greater parasympathetic 

nervous system (HF) changes and sympathetic nervous system (LF) changes compared 

to exposure to a static website. 

 

Significance of the Study 

 The practical significance of this study is that it provides empirical evidence to better 

understand the effectiveness of delivering a message by use of web-based interactive tailored 

health videos compared to a static website, using neurophysiologic analysis as the basis of 

measurement.  This approach provides a more objective means of measuring message 

effectiveness in that it indicates attention levels by examining changes in ERP and HRV values.  
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Most studies provide limited empirical evidence regarding the effectiveness of health messages 

by relying largely on self reported assessments (self-reports) to measure outcomes.  By using 

quantitative measurements of neurophysiologic indicators (e.g., ERP and HRV) the measurement 

process can more accurately assess whether the given messages can increase an individual’s 

attention and arousal.  More studies are needed that use neurophysiologic assessment to 

understand the information processes involved in message delivery.  Such studies could lead to a 

better understanding of ways to enhance the receiver’s interpreting and comprehension of 

various types of messages.  This improved understanding would provide insight into designing 

messages that more effectively deliver health messages utilizing a multimedia approach (such as 

approaches using interactive video).   

This study provides more insight into better ways to develop web-based interactive 

tailored health video intervention programs and will serve to improve the quality of web-based 

health information programs.  This study integrates theories and background knowledge from 

several different disciplines, including health information seeking behavior studies, health 

behavior studies, health communication, and neurophysiology to enrich the exploration of 

approaches for a more effective delivery of health messages.  This interdisciplinary approach 

brings new light and an alternative conceptual framework to the investigation of health education 

materials. 
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CHAPTER II 

LITERATURE REVIEW 

 

Interactive Technologies for Public Health 

 Interactive technologies successfully provide tailored health messages, health 

knowledge and behavior learning to individuals for public health.  Applications of interactive 

technologies include efforts directed at improving the health care system, promoting improved 

health, and providing more effective medical intervention programs (Street, Gold, & Manning, 

1997; Rice & Katz, 2001).  Additionally, interactive technologies play a pivotal role in 

developing web-based patient-tailored health intervention programs that focus on the prevention 

of chronic diseases including obesity, diabetes, and cardiovascular disease.  Other user-tailored 

applications address smoking cessation, increasing physical activity, promoting a healthy diet, 

and providing sex education (Kreuter, Farrell, Olevitch, & Brennan, 2000; Prochaska, 2008).  

 In particular, patient tailored, interactive health interventions are able to deliver health 

messages that respond to an individual’s specific needs, health status, and cognitive readiness.  

The literature examining web-based patient-tailored intervention programs in healthcare 

applications reports positive health behavior outcomes that include improving patient outcomes 

by enhancing physical activity levels, encouraging healthier diet, and providing tools to 

successfully maintain weight loss (Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra, 2008).  A 

significant advantage inherent to using interactive technologies stems from improved levels of 

communication via the interactive nature of the exchange, capability for feedback and the 
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anonymity of the online environment.  These features become even more important when the 

health messages relate to such sensitive topics as sexually transmitted disease (STD), HIV/AIDS, 

and smoking by adolescents (Walther, Pingree, Hawkins, &Buller, 2005).  By tailoring responses 

that more closely address the users’ concerns, and by doing so in an environment that is 

confidential, users are more willing to communicate with health information experts regarding 

their information needs.  As an extended application of interactive technologies, interactive 

tailored health videos (via web-automated human interaction technologies) have been developed 

to provide more effective health messages for targeted individuals.  WAHI video is a 

representative example of how interactive tailored health videos can be used to deliver effective 

health care information.  Successful WAHI applications include efforts to provide delivery of 

health-related content focusing on STD information for college students and high school 

students.    

 

Web-based Interactive Tailored Health Videos 

 There is a growing interest in how Internet technologies can be used to improve an 

individual’s health behavior, and that interest includes the desire to incorporate advanced 

technologies that support users’ interaction and tailoring.  Particularly, researchers of innovative 

online interactive tailored health videos like WAHI expect that interactivity and tailoring might 

have the potential to enhance the effectiveness of health messages.  This medium offers 

conversational and interactive communication for the purposes of health education, disease 

prevention, and self-care.  This study explores this new approach to health communication, 

particularly by focusing on its immediate effect on improving attention to health messages.   
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 To more clearly explain the effectiveness of the web-based interactive tailored health 

videos, this study first discusses what interactivity and tailoring are, and then details why 

interactivity and tailoring might be of significant value in health communication.  This study 

shows how the interactivity and tailoring contributes to the efficacy of health messages.   

 

Interactivity 

The concept of interactivity involves the effects of a sequential connection between 

stimulus (e.g., messages from the computer) and responses (e.g., messages provided by the 

human).  Rafaeli and Sudweeks (1997) broadly defined interactivity as ― the extent to which 

messages in a sequence are related to each other and especially the extent to which later 

messages recount the relatedness of earlier messages‖ (p. 32).  Interactivity is the result of 

consequent exchanges that occur continuously and simultaneously (Biocca, 1992; Rafaeli & 

Sudweeks, 1997).  Refaeli (1988) stated that interactivity enables mutual discourse by combining 

sequential messages.  Accordingly, interactivity depends on how closely messages are affiliated 

or interrelated.  

Rafaeli and Ariel (2005) categorized two primary types of interactivity: one of function 

and the other of users.  First, function interactivity was a characteristic of technology (Markus, 

1990; Steuer, 1992; Kayany, Wotring, & Forrest, 1996; Sundar & Kalyanaraman, 2003).  Steuer 

(1992) defines interactivity as ―the extent to which users can participate in modifying the form 

and content of a mediated environment in real time‖ (p. 22).  Second, the users’ interactivity 

focused on human information seeking behavior.  Rogers (1995) defined user interactivity as 

―the degree to which participants in a communication process control and exchange roles in 

mutual discourse (p. 24).‖  The users’ ability to do so determines three factors influencing 
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interactivity: speed (the input rate needed to integrate into the mediated environment), range (the 

number of possibilities for action at a given time), and mapping (the way human involvement 

leads actions within a mediated environment).  Based on the level of interactivity, as measured 

by speed, range, and mapping, Steuer (1992) suggested that approaches using computer 

technology are likely more interactive than traditional paper approaches.   

Regarding interactivity between users and computers, McMillar (2002) stated that 

interactivity is a product of user-to-system interaction.  The different conceptualizations of 

interactivity involve users accessing information from a particular source and receiving feedback 

from that source.  Interactivity offers the benefits of user control and responsiveness.  User 

control means that users can develop the content and formats of their own messages including 

their interests, needs, and preferences relevant to the purposes of the information system.  Then 

the system automatically can incorporate those interests, needs, and preferences to develop users’ 

specific content and format of feedback.   

Responsiveness is an important characteristic of interactivity.  Rafaeli and Sudweeks 

(1997) posited that responsiveness depends upon form and content.  The more users respond to 

messages, the more data that is gathered and the more effectively the system can develop 

messages (i.e., feedback & praise).  For the purposes of healthcare information, advanced 

interactive technology allows users to involve themselves in health information processing 

through feedback.  This greater level of involvement improves the likelihood of initial and 

continued participation.  These advancements have been applied in the development of web-

based, health intervention programs (Rafaeli& Ariel, 2005).  
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Tailoring 

 Tailoring is defined as an adaptation for detailing the delivery of unique individual 

messages with specific content relevant to an individual’s goals based on the individuals’ 

assessment (Hawkins, Kreuter, Resnicow, Fishbein, & Dikstra, 2008).  Tailored information 

better meets an individual’s needs by incorporating characteristics such as his or her health 

knowledge and physical and psychological health status (Lee & Lustria, 2009).   

Delivery of health information through the Internet is one development that greatly 

increases access to expert care and supports the capability to obtain tailored feedback. 

Additionally, users react positively to the adoption of these interactive technologies due to the 

convenience provided by having these systems readily available in a user friendly online 

(Internet based) environment (Portnoy, Scott-Sheldon, Johnson, & Carey, 2008).  

Web-based tailored health intervention programs have increased in popularity because 

they inherently focus on personal needs, healthy behaviors, and motivation that lead to healthy 

outcomes like increased physical activity, improved diet, and smoking cessation (Brug, Oenema, 

& Campbell, 2003; Marshall, Leslie, Bauman, Marcus, & Owen, 2003; Kroeze, Werkman, & 

Brug, 2006; Bourdeaudhuij, Stenvens, Vandelanotte, & Brug, 2007; Smeets, Brug, & de Vries, 

2008).  By continuing to develop the science of facilitative technology, more sophisticated 

tailoring and interactive programs are possible (Smeets, Brug, & de Vries, 2008).  Web-based 

tailored health intervention programs gather personal information for the purpose of providing 

individualized health information to consumers (Dijkstra, 2005).  To build a relevant information 

profile for a user, web-based tailored health intervention programs gather information his or her 

needs and build personal strategies for promoting health behavior change (Sutton, Balch, & 

Lefebvre, 1995).  User acceptance is high as the content received from these systems is more 
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relevant, concise, and targeted to addressing their specific concerns.  Moreover, tailored health 

messages are more likely to lead to improved self-efficacy and health behaviors because they 

provide relevant information by assessing an individual’s specific needs (Rimer & Kreuter, 

2006).   

Research on web-based, tailored health intervention programs demonstrates that 

individualized messages have a greater impact than non-tailored messages because users prefer 

the user-specific and less redundant information (Brug, Oenema, & Campbell, 2003; Kreuter, 

Caburnay, Chen, & Donlin, 2004; Kreuter & Wray, 2003; Smeets, Brug, & de Vries, 2008).  

Moreover, they are more likely to pay more attention and remember tailored messages than 

generic messages (Noar, Benac, & Harris, 2007). 

The literature provides support that interactive and tailored elements can potentially 

strengthen the delivery of health messages.  Despite these potentially promising results, however, 

more research concerning tailored health intervention programs is needed to clarify how and 

under what circumstances tailoring works.   

 

Attention & Web-based Interactive Tailored Health Video Intervention 

Over the past two decades, a number of innovative communication tools essential to the 

development of health intervention programs have been developed.  Particularly, web-based 

interactive videos have become a promising health communication tool to motivate healthy 

behavioral change.  Scholars expect a number of advantages from web-based interactive videos, 

but empirical evidence is limited.   

It is assumed that users will pay greater attention to interactive messages that include 

individualized feedback and up-to-date relevant health information that matches the individual’s 
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needs.  Attention to message can be indicated by the timeliness of the user response during an 

interactive session.  More timely interactions to messages can influence whether or not those 

messages will be effective (Petty & Wegener, 2008).  While much research has been dedicated to 

increasing the efficacy of health messages, the value of this dissertation lies in its focus on 

assessing user’s attention as a result of enhancing interactivity and tailoring.    

 

Theoretical Concepts of Attention 

The most common factors associated with understanding the concept of attention are 

mental effect and selective processing (Posner & Petersen, 1990).  Attention is the cognitive 

process in which the brain selects relevant information among multiple signals and protects its 

limited higher priority resources (Desimone & Duncan, 1995).   

In general, attention is the process of enabling and guiding the selection of incoming 

perceptual information (Driver & Spence, 1998; Roda & Thomase, 2006).  Influential 

philosopher and psychologist William James (1890) defined attention as follows:  

Everyone knows what attention is. It is the taking possession by the mind, in clear and 

vivid form, of one out of what seem several simultaneously possible objects or trains of 

thought.  Focalizations, concentration of consciousness is of its essence.  It implies 

withdrawal from some things in order to deal effectively with others (p. 421). 

Attention both inhibits and facilitates the effects of given messages (Roda & Thomase, 

2006).  For example, if one pays close attention to a message, the level of attention facilitates the 

receiving of the message.  If one pays little attention to a message, the level of attention inhibits 

the receiving of the message.  Chun and Wolfe (2001) stated that, ―attention can be used to select 

behaviorally relevant information and/or ignore the irrelevant or interfering information (p. 
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289).‖  Secondly, they hold that attention possibly enhances this selection ―according to the state 

and goals of the perceiver‖ (Chun & Wolf, 2001, p. 298).  Rather than passively receiving 

information, Chun and Wolf (2001) claimed that, ―perceivers actively seek and possess 

information and interact intelligently with their environment‖ (p. 289).  Accordingly, Chun and 

Wolfe’s (2001) research focused on how the selection of effective messages to increase attention 

and present direct and indirect personal content such as evidence-based personalized feedback 

and personal information users receive can affect his or her health care interests.  

 

Neurophysiologic Measures of Attention 

 This dissertation recognizes the neurophysiologic phenomena entailed in interactive 

tailored messages, in the belief that neurophysiologic research can shed light on information 

processing involved in the brain’s interpretation of interactive and tailored messages.  Applied 

neurophysiology studies cross a wide range of areas.  Many researchers hold that the 

neurophysiologic approach contributes to our understanding of information processing including 

the phenomenon of attention (McGuire, 1985; Petty & Cacioppo, 1986a).  Empirical 

neurophysiologic studies indicate a correlation between cognitive processing and 

neurophysiologic signals.  There have been neurophysiologic ERP and HRV studies on 

language-processing, advertisements, communication disorders, and health communication to 

generate effective messages (Pieters & Wedel, 2004; Pihko, Mickos, Kujala, Pihlgren, Westman, 

Alku, Byring, & Korkman, 2007; Chua, Polk, Welse, Liberson, & Strecher, 2009; Wild-Wall & 

Falkenstein, 2010).   

 For example, several of these studies examine the contribution of text size, color, and 

graphics used to generate more effective messages by increasing an individual’s attention level 
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indicated by neurophysiologic markers (Wijers & Mulder, 1989; Anllo-Vento & Hillyard, 1996; 

Anllo-Vento, Luck, & Hillya, 1996; Wijers, Lange, Mulder, & Mulder, 1997).  Additionally, 

some ERP and HRV studies intend to find age-related differences in attention to relevant 

information (Wild-Wall & Falkenstein, 2010).  To develop effective health messages and media, 

researchers have relied on HRV and ERP studies to better understand neurophysiological 

changes regarding the given messages.  Accordingly, measuring the ERP component and HRV is 

one of the crucial key means to understanding an individual’s attention levels.   

 

Information Processing 

 The concept of information processing refers to the sequential mechanism of central 

nervous system (CNS) that regulates response and reaction toward external and internal stimuli 

within the brain (Braff, 1993).  The term information processing that involves in human 

thinking process is broadly used in the areas of psychophysiology.  The information processing 

facilitates the individual’s attention, perception, memory, and associations with external and 

internal stimuli.  The level of attention could determine the success or effectiveness of the 

information processing, and that attention level also influences the level of continual activity of 

central nervous system in the brain.  Specifically, Braff and Geyer (1990) indicated that the 

information processing function is important to the cognitive organization of organisms, and to 

the attention threshold level.  Braff and Geyer pointed out that the impairment of the 

information processing function leads to attentional or cognitive abnormalities.  Information 

process studies have primarily employed two distinct approaches, being electrophysiological 

measurement and by taking microgenetic based measurements.  The goal of the microgenetic 

method is direct observation of the process of change that occurs in learning and cognitive 
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development.  The information process activity is measured by the very short (milliseconds) 

changes in event-related brain potentials (ERP).  When the intent is to understand information 

processing, the microgenetic approach using ERP measurements has been proven to be a valid 

and successful approach within the research community.    

 

Event-related Brain Potentials (ERP) 

 Attention studies using neurophysiologic measures attempt to explain how such empirical work 

contributes to the theoretical framework of cognitive processing.  Early ERP studies used 

average voltage fluctuations as measurements that provide neurophysiologic evidence of reaction 

levels to stimuli (Van Voorhis & Hillyard, 1977).  Eimer and Driver (2000, p. 32) discovered 

that:  

scalp-recorded ERPs provide a precise measure of the time course of mental operations and 

can reveal attention effects that are completely masked in overt behavioral response 

measures.  ERPs can also measure the processing of stimuli even when there is no 

behavioral response, which allows us to examine the brain response to both attended and 

unattended information. 

Studies like these provide consistent ERP evidence for understanding individuals’ attention 

(Wijers, Lange, & Mulder, 1997; Luck, Woodman, & Vogel, 2000).  Many attention studies find 

larger amplitude in relatively early ERP components when relevant stimuli are attended to, than 

when stimuli are ignored (Eimer & Driver, 2000).   
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Figure 1.  An example of ERP components as affected by attention. Attended stimuli lead larger 
amplitude in N1, P1, and P3 (P300) than unattended stimuli (Luck, Woodman, & Vofel, 2000).  

 

The ERPs represent the location of stimuli and the amount of response in the brain.  Each 

electrode should be placed where the response originates in the brain.  When stimuli trigger each 

electrode site, the brain signal is displayed on amplifiers that consist of positive (P) and negative 

(N).  The amplitude is revealed in the averaged waveform.  For this study, there are two ERP 

components of interest: the N1 and P300.  N1 defines a negative peak at around 120-200 ms, 

when stimuli are attended (see Figure 2.1).  ERP data is recorded from brain electrodes to 

generate attention data.  To detect the amount of attention, the N1 is generated in contra-lateral 

occipital-parietal scalp sites (Hillyare & Anllo-Vento, 1998).  Researchers focus on N1 because 

the ERP indices indicate attention regarding visual attention (Clark & Hillyard, 1996).   

The other ERP component of interest is the P300 measurement, taken from central 

parietal scalp sites.  This value indicates the consolidation of relevant information into memory 

as a later, post-perceptual component (Donchin & Coles, 1988).  In fact, because the P300 is so 
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sensitive and associated with other perceived processes, it is difficult to detect even in controlled 

experimental environments (Luck & Steven, 2005).  Within attention studies, attended stimuli 

(including tailored messages) lead to the production of larger P300 amplitudes than unattended 

stimuli (Coull, 1998; Ruiter, Kessels, & Jansma, 2006).  More specifically, the wave link 

measures N1 and P300 (the main indicators of attention among ERP components in this 

research), which are interpreted to distinguish the different levels of attention.  These values are 

the basis of comparison when looking at the two scenarios studied: 1) participants receiving 

health messages delivered via interactive tailored video, and 2) participants receiving health 

messages delivered via static website.  

The current trend in attention studies is the investigation of single animal and human 

brain cells at different attention levels (Chelazzi, Miller, Duncan, & Desimone, 1993).  ERP 

research is a major evaluative technique used in those empirical studies of attention.  Using a 

similar approach, this research looks into the effects of health messages delivered via interactive 

tailored videos (specifically WAHI) on users’ attention using neurophysiology.  Previous studies 

used event-related brain potentials (ERP) measured by electroencephalograms (EEG) monitoring 

brainwave activity to shed light on cognitive processing when subjects are exposed to different 

media (Clark & Hillyard, 1996).  Empirical studies on health messages have shown more or less 

consistent findings regarding tailored messages’ effect on attention using ERP indexes: larger 

amplitudes for the N1 and smaller amplitudes for the P300 in tailored messages (Ruiter, Kessels, 

& Jansma, 2006).  One such study indicates that users exposed to tailored messages have larger 

changes in ERP (Chua, Polk, Welse, Liberson, & Strecher, 2009).  Several studies also reveal a 

larger number of ERPs in response to relevant visual and contextual stimuli than to irrelevant 

stimuli (Kok, 1997).  These previous studies support the potential usefulness of measuring ERP 
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to indicate attention levels given exposure to different stimuli, and in turn, contribute more 

robust evidence than data obtained through self-report.  

 ERP studies show neurophysiologic differences between relevant and irrelevant stimuli, 

including visual and contextual stimuli, in subjects’ attention during information processing 

(Kok, 1999).  For example, Ruiter et al. (2006) examined attention to tailored messages by using 

neurophysiologic indicators.  ERP in tailored messages had larger waveforms than in static 

messages.  Likewise, Chua et al. (2009) conducted neurophysiologic studies using functional 

magnetic resonance imaging (MRI) and ERP to determine an individual’s response regarding 

relevant messages (i. e., personalization and feedback) in a web-based, tailored, smoking 

cessation intervention program.  The researchers found that the brain responded differently to 

relevant messages than to irrelevant messages.    

Several studies support using the ERP index as a measure of an individual’s attention to 

messages.  To represent a specific information processing function regarding attention, ERP 

indices are applied to measure attention in information processing (Fabiani, Gratton, & Coles, 

2000).  The ERP index indicates the number of neurons that are stimulated by a message and 

reflects the messages receiving more attention (Clark & Hillyard, 1996).  ERP index is also 

applied to distinguish irrelevant (unattended) stimuli and relevant (attended) stimuli to measure 

attention (i.e., effective letter size, picture, video, affective context, and color) and auditory 

attention (i.e., tone and sound) (Ma, Hua, Lu, & Zhang, 2002; Smith, Larsen, Chartrand, 

Cacioppo, Katafiasz, & Moran, 2006).  For example, one study measures relative attention given 

tailored versus non-tailored web-delivered nutrition information using ERP.  During exposure to 

nutrition messages with auditory stimuli, participants pay more attention to tailored messages 

than static messages, as measured by recording ERP (Ruiter, Kessels, & Jansma, 2006; Chua, 
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Polk, Welse, Liberson, & Strecher, 2009).  The benefits of ERP are that they directly measure 

attention to messages in information processes (Smith, Larsen, Chartrand, Cacioppo, Katafiasz, 

& Moran, 2006).  However, more studies are needed to investigate the relative advantage of 

using interactive technologies with visual, auditory, and textual stimuli such as interactive 

tailored videos for health education purposes. 

 

Heart Rate Variability (HRV) 

  Attention is related to several variables including psychophysiological variables that 

include effort, emotion, and arousal.  These variables have the potential to influence a receiver’s 

attention to messages.  HRV studies to understand attention changes toward stimulus such as 

messages, visual, and audio signs or videos have been investigated via collaborations within 

diverse academic fields across psychology, communication, and media studies (Lang, 1990, 

Dillard & Willson, 1993; Lombard & Ditton, 1997).  The purpose in using an HRV study is to 

provide an objective and visual indication of a human bodily function.  HRV changes reflect the 

changes in the physiological indices that measure the attention to messages (Niklas, 2004).     

 HRV study is used to measure attention levels related to various stimuli, including 

messages and media.  The heart rate variability reflects changes in the autonomic nervous system 

(ANS) that act to control the body’s visceral functions, operating below the level of 

consciousness (Stern, Ray, & Quigely, 2000).  The two divisions of ANS are the 

parasympathetic nervous system (PNS) and sympathetic nervous systems (SNS).  The SNS 

affects heart rate, respiration rate and all unconsciousness body functions.  The beating of the 

heart can tell us something about attention, arousal, effort, and emotion‖ (Lang, 1994).  Strong 

emotional messages, anger, and appreciation are all validly and reliably measurable using the 
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HRV approach (McCraty, Atkinson, Tiler, Rein, & Watkins, 1995).  Friedman and Thayper 

(1998) pointed out that a relative reduction of HRV is related to depression, anxiety and poor 

attention control, ineffective emotional regulation and behavioral inflexibility.  As a main cause 

of HRV reduction, Porges et al. (1992) explained that cardiac vagal tone is related to self-

regulation and attention.   

 HRV studies are key tools for researcher as they attempt to understand the information 

process.  These studies measure initial attention and the ongoing engagement of attention to 

messages, including media presentations.  Lang (2004) used the Limited Capacity Model of 

Mediated Messages Processing to investigate individuals’ information processing during media 

viewing.  Lang found that the heart rate slows down due to a dominant PNS, related to a change 

of relationship between PNS and SNS.  However, there were studies indicating that the activity 

of the ANS was related to the content of media.  For example, very violent games increased heart 

rate compared to non-violent games (Ballard & Weist, 1996).  The increased heart rate in 

physically active nature of video games was associated with the sympathetic nervous systems, 

rather than the parasympathetic nervous systems. 

 In this study, the electrocardiography (EKG) is used to measure the subject’s heart rate 

variability, focusing on high frequency (HF) and low frequency (LF).  The HF and LF 

measurements indicate an individual’s physiological state while viewing interactive tailored 

health video and static web site.  This approach is selected as the HRV indicates the balance 

between sympathetic nervous system (SNS) and parasympathetic nervous system (PNS) in the 

autonomic nervous system, which controls the level of consciousness, and visceral function.  

HRV is typically used to investigate integrated neurocardiac function.  Not only is HRV used to 
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monitor pathologic states including cardiac failures, but it is also able to indicate emotional states 

that link to psychological illness (e.g., attention, depression and panic disorders).  

 The HRV accurately reflects the occurrence of Respiratory Sinus Arrhythmia (RSA), 

which is an occurring variation in heart rate during a breathing cycle.  For example, the heart rate 

increases during inhalation and the heart rate decreases during exhalation.  Accordingly, the 

HRV is measured by analyzing the variation in the heart rate.  The HRV is a selective 

measurement of PNS and SNS because the HRV is related to the vagus nerve, which is a critical 

component of the PNS.  The vagus nerve decreases heart rate by inhibiting sinoarterial (SA) 

node firing.  

 The HRV mainly consists of High Frequency (HF), which is a component between 0.04Hz 

and 0.15Hz and Low Frequency (LH), which is a component between 0.15 Hz and 0.4 Hz.  HF is 

under the control of parasympathetic and LF is under the control of sympathetic nervous system.  

The LF/HF ratio is an indicator of the balance of the sympathetic nervous system and 

parasympathetic nervous system.  The application of the HRV is related to physiological and 

psychological body function.  This study considers that emotional-related physiological changes 

indicated by the HRV might relate to attention changes that are influenced by exposure to 

interactive tailored video messages or static health messages focus on sexually transmitted 

disease (STD).  Because of the sensitivity of this topic, it is expected that the intended audience 

will experience more emotional, and physiological changes compared to messages concerning 

more benign health topics (i.e., cancer, diet, or chronic disease).   
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Rationale for the Neurophysiologic Approach 

This study investigates the effectiveness of interactive tailored videos focusing on STD 

using neurophysiologic analyses.  There are several reasons why a neurophysiologic approach is 

appropriate for this study.   

First, well-established research on attention is examined from a neurophysiologic 

perspective.  Although neurophysiologists do not yet completely understand attention 

mechanisms, electrophysiological technology is providing empirical findings on cognitive 

processes.  In looking at the effect of attention on such stimuli as messages, picture, or videos, 

neurophysiologic studies find that relevant and irrelevant stimuli lead to different prototypes in 

ERP, indicating the amount of concentration.  Based on the neurophysiological understanding, it 

is logical and appropriate to apply the ERP analytic approach to this study.  In this study, it is 

assumed that the more effective a message is, the more attention individuals will pay to it.  This 

innovative study will help to understand the effectiveness of interactive tailored videos through 

the use of neurophysiologic analyses.   

Second, HRV studies might provide better insight into and understanding of the 

physiological changes individuals experience when exposed to web-based interactive tailored 

health videos.  By improving our physiological and psychological understanding of information 

processing, it will be possible to design more effective delivery systems for health messages.  

Third, there is a need for more empirical evidence examining the relative effectiveness of 

interactive tailored approaches compared to traditional and static for delivering health messages.  

While the developers of many health intervention programs have attempted to determine whether 

online interactive messages are more effective than static messages at attracting the attention of 

participants, these studies provide limited evidence based largely on self-report data (Ruiter, 
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Kessels, & Jansma, 2006).  To overcome the limitation of self-reporting as a measurement tool, 

this study takes a neurophysiologic approach to provide independently verifiable empirical 

evidence. 

Moreover, ERP studies regarding attention supported by HRV might suggest more in 

depth understanding of individual responses to interactive media.  Combined studies that include 

both ERP and HRV are rare.  This combined study might help better understand the concept of 

attention, as it relates to emotional-related physiological changes in response to specific 

messages.  

 Finally, the neurophysiologic approach is an interdisciplinary approach building on 

evidence from fields such as information studies (i.e., health information seeking behavior, 

health information), health communication, computer science, media studies, and 

neurophysiology.  Based on the bridging of diverse disciplines, this study might lead to dramatic 

changes in development and application of health intervention programs by combining analytical 

and technological approaches from information technology and physiological science.  
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CHAPTER III 

RESEARCH METHODOLOGY 

 

Overview of Research Design 

 An experiment was conducted to compare the effects of a highly interactive and tailored 

website using interactive video technology versus a static website on users’ attention and 

engagement as indicated by ERP and HRV.  Participants were randomized to one of two 

conditions in a counterbalanced design whereby each subject completed two sessions, starting 

with exposure to health messages delivered either through WAHI or a static website.  To control 

for order effects, participants were divided into two groups: group A or group B.  Group A 

observed the static website during the first session and then the WAHI website during the second 

session.  Group B was exposed to the WAHI during the first session and then the static website 

for the second session.  The principal dependent variable was attention as measured by 

differences in ERP (as indicated by amplitude differences in N1 and P300) given exposure to the 

two different conditions.  Heart rate variability (HRV) was also explored to monitor 

physiological changes that might affect reactions to the experimental stimuli.  

 

Participants 

 At total of 68 participants were recruited for this study and randomized into two groups. 

The number of participants in previous studies has typically been below 15 participants.  This 
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study aimed to recruit at least 30 participants per group to achieve a normal distribution 

regardless of the original population shape (Gravetter & Wallnau, 2009).  Group A (n=34) 

consisted of the first thirty-four participants and group B (n=34) consisted of the following 

thirty-four.  In the first session, group A was exposed to the WAHI, while group B was exposed 

to the static website (Table 1).  After completing the first session, group A was then exposed to 

the static website and group B was exposed to the WAHI. 

 

Recruitment Procedures 

 Participants were recruited based on specific inclusion and exclusion criteria (Appendix 

I).  In particular, to be eligible for the study, participants must be 18 to 22 years of age, right-

handed1, non-smoking, and healthy, have normal vision with no color-blindness, and have no 

mental or physical problems.  Undergraduate students were recruited from courses at Florida 

State University with the help of undergraduate teaching instructors.  If the course instructors 

agreed, student participants received extra course credit as incentive for their voluntary 

participation.   

 

 

                                                           

1 The human brain is a paired organ, which consists of two cerebral hemispheres and each 

hemisphere has specialized functions.  Paul Broca suggested that a person’s handedness is 

related to the specialized hemisphere (Broca, 1895a).  In general, the hand-brain link becomes a 

marker for brain lateralization to study patterns of brain asymmetries (Fisher, Alexander, 

Gabriel, Gould, & Milione, 1991). 
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Research Protocol 

 Neurophysiologic profiles including ERP and HRV were collected to examine participants’ 

attention to the stimulus material.  Figure 2 presents the experiment process.  This experiment 

was conducted in Dr. Leonard LaPointe’s Laboratory at the School of Communication Science 

and Disorders at Florida State University.  Prior to their sessions, participants were instructed to: 

refrain from drinking any caffeinated drinks, refrain from taking certain medications, and avoid 

excessive exercise for at least 12 hours prior to participating in the experiment.  The researcher 

screened all participants to assure they meet the inclusive/exclusive criteria just prior to 

participation.  When participants arrived at the laboratory, they received the consent form and 

were informed about the experiment.  After completing the consent form, the participants were 

escorted to a computer desk.  The participants were told that they would be exploring two 

websites on sexually transmitted diseases (STDs), while their neurophysiologic attention profiles 

were recorded for approximately twenty minutes.   

 To measure the main dependent variables, the ERP was measured by 

electroencephalography (EEG) and the HRV was measured by electrocardiography (EKG).  

Participants were checked to ensure they had an appropriate resting heart rate (below 70 bpm), 

and then fitted with the devices to measure ERP and HRV.  Participants were asked to register on 

the website and to create their own login ID and password.  The researcher gave the participants 

a scenario2 in which they had to imagine that they have just been diagnosed with a sexually 

                                                           

2 You have just been diagnosed with a sexually transmitted disease. Although you have 

confirmation of the infection from your doctor, you don’t have much information on the disease 

itself.  
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transmitted disease and do not have enough knowledge about the disease.  The first screen of the 

website was a survey to collect participants’ basic demographic and personality variables.  All 

personal information was anonymous.  Each session took no more than twenty minutes for the 

participants to complete.  Between the first and second sessions, participants were asked to 

evaluate their website experience including perceptions about the site’s interactivity and overall 

acceptability; their personal attention to and engagement in each website, as well as their 

behavioral intentions after exposure to the sites.  

 After each participant had been exposed to both WAHI and static conditions, a final survey 

questionnaire (self-report) was given to allow for a comparison between the WAHI and static 

sites. 

 

Data Collection 

Describing the Stimulus  

The experimental stimulus was an interactive website using tailored video focusing on sexually 

transmission diseases (STD) produced by a company called Wahi Media for the Florida 

Department of Health Bureau of Sexually Transmitted Diseases.  The content included basic 

information about STDs, how to prevent and treat STD, and described how to build a good 

relationship between male and female partners.  As part of the interactive video experience, 

participants answered conversational-style questions based on their personal situation and 

information needs.  Answers to each question determined the next message that would be 

featured, effectively tailoring the entire experience for each participant.  The specific content was 

organized to address information needs based on nine main categories: 1) I have been infected, 

2) I might have been exposed, 3) I am sexually active and want to stay healthy, 4) I am not 
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sexually active, but want to learn about STDs, 5) I am interested in learning how and why to 

wait, 6) my child has been diagnosed with an STD, 7) I want to help my child avoid infection, 8) 

I want to learn how to look for information about STDs and 9) evaluation about this resource.  It 

took each subject approximately ten minutes to explore the WAHI website.   

 The control condition included content equivalent to that in the WAHI but this was 

embedded in a standard, static and hierarchical website.  Five main topics were covered in the 

static website: 1) How dangerous is sex?, 2) How many people are waiting to have sex?, 3) How 

do you get an STD?, 4) How can I say no to sex?, and 5) What if I am in love?  Figure 3 presents 

a screenshot of the web-based interactive tailored health video, and Figure 4 provides a 

screenshot of the static web-site. 

 

Table 1. Diagram for experimental groups and sessions.  

Total (n=68) Group A (n=34) Group B (n=34) 

The First Session  Static WAHI 

The Second Session  WAHI Static 
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Stage  Process  Measurement 

Pretest  Consent form   
     
  Check restriction   
     
  Pretest survey   
     

Preparation  EKG & EEG   
     
  HR   
     
  Scenario   
     

 Group I  Group II  
     

Treatment Static website  WAHI website ERP & HRV 
     

Posttest Posttest survey I  Posttest survey I  

     
Treatment WAHI website  Static website ERP & HRV 

     
Posttest Posttest survey II  Posttest survey II  

     

  Posttest survey 
III 

  

 

    Figure 2. Experiment process. 
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Figure 3. Screenshot of the web-based interactive tailored health video site. 

http://www.wahiplayer.com/?u=fsutest&p=fsutest&startId=11771 

 

 

 

 

 

 

 

http://www.wahiplayer.com/?u=fsutest&p=fsutest&startId=11771
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Figure 4. Screenshot of the static site. 

http://www.whitedogdesigngroup.com/clients/wahimedia/std/ 

 

 

 

 

 

 

 

 

 

http://www.whitedogdesigngroup.com/clients/wahimedia/std/
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Independent and Dependent Variables 

 This study examined participants’ attention to online interactive tailored health video 

messages as compared to static health messages using neurophysiologic indicators.  It was 

hypothesized that participants would pay more attention to WAHI messages compared to static 

health messages.  The independent variables were the interactive tailored health video messages.  

The main dependent variable was attention level.  Attention level was measured by three 

different methods using two physiological measures, ERP and HRV, and using self-report.  

Specifically, two dependent variables were used to measure attention to the interactive tailored 

health video messages and static health messages: 1) N1 and P300 in the event-related brain 

potentials, and 2) high frequency and low frequency in heart rate variability.  Additionally, this 

study collected participants’ perceptions (attention, interactivity, intention, evaluation, preference 

and engagement) about the WAHI and static websites. 

 

Event Related Brain Potentials (ERPs) 

 The electroencephalogram (EEG) was used to measure ERP.  Subjects wore an EEG 

cap, which holds 3 embedded tin electrodes close to the subject’s head, which recorded multiple 

EEG channels generating an ERP.  To find the exact target places for measurement in the brain, 

the subject’s brain circumstance, nasion, and inion were measured three times.  The three target 

sites were the Cz (central), Fz (central frontal), and Pz (parietal) areas of the brain. Previous 

studies have used these three target sites to measure individuals’ attention levels (Ma, Hua, Lu, 

& Zhang, 2002; Smith, Larsen, Chartrand, Cacioppo, Katafiasz, & Moran, 2006; Ruiter, Kessels, 

& Jansma, 2006; Chua, Polk, Welse, Liberson, & Strecher, 2009).  Electrodes were referenced 

off-line, with one electrode linked at the right earlobe and the ground electrode linked at the left 
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earlobe during recording.  Horizontal and vertical electro-coulograms (EOGs) were recorded by 

placing electrodes near the left eye at the left and right external canthi locations.  These EOG 

measurements provided a means to distinguish between (and eliminate the measurement of) eye 

blinks and the more intentional eye movements.  Electrode impedances were kept below 5kΩ.  

The EEG data was digitized at a sampling rate of 500 Hz.  Automated artifact rejection was 

conducted to adjust for eye movements, blinks, or amplifier blocking.  From the EOG-corrected 

data, the continuous EEG signal epochs of 700 ms were obtained, stating 100 ms prior to 

exposure to each stimulus.  The P300 obtained the highest positive deflection in the averaged 

ERP within a post-stimulus time interval of 250-400 ms. The N1 obtained the lowest negative 

deflection in the averaged ERP within a post-stimulus time interval of 100-200 ms.   

 All participants explored each website within a scenario that they had just been 

diagnosed with a sexually transmitted disease.  Participants were instructed to fully explore each 

condition.  The average ERP from WAHI was calculated by collecting nine amplitudes from 

nine categories.  The average ERP from the static website was calculated by collecting five 

amplitudes from five categories.  The click time from the previous category to the next category 

was recorded and marked on the EEG data to find the starting points of ERP amplitudes.  The 

main components of the average ERP were the individuals’ P300 and N1 for each condition. 

 In this case, the principle dependent variable was the measurement of differences in 

amplitude of ERP (for N1 and P300) given exposure to either WAHI or static website.  To 

investigate subjects’ attention levels to the WAHI vis-à-vis the static website, the mean 

amplitude (µV) from the N1 and P300 for each condition was collected.  
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Heart Rate Variability (HRV) 

 Heart Rate Variability (HRV) was measured by attaching to the electrocardiograph 

monitor, three leads of electrodes at the right arm, right leg, and left leg.  Electrocardiography 

(EKG) measurement indicated attention changes during each intervention exposure to each 

stimulus by reflecting the activity of autonomic regulation of the circulatory function.  HRV was 

measured by analyzing variations in the heart rate.  Analyzing the time series of beat-to-beat 

intervals from EKG was an indicator of HRV.  The time series of beat-to-beat intervals was 

called power spectrums of the R-to-R interval.  Data was processed using Acknowledge 4.1 

software.  The power of HF and LF were calculated by measuring the total area under the curve 

of that component.  The ratio of HF/LH, mean HF, and mean LH were used to find the 

differences between group A and group B.   

 

Survey Questionnaire 

 While physiological measures were collected to determine participants’ attention levels, 

participants were also asked to evaluate their experience using each website via an online survey.  

Participants evaluated the WAHI and static intervention programs by indicating their attention to, 

interaction with, engagement in and preference for each stimulus..  Participants completed three 

survey sessions: 1) before completing the first session, 2) after completing the first session, and 3) 

after completing the second session.  Responses to the survey questions were captured using a 

ten-point Likert scale ranging from 1 ―Strongly Disagree‖ to 10 ―Strongly Agree.‖  The 

engagement questionnaire used a modified assessment tool (coefficient alphas =0.67) that was 

originally designed by Evelan, Cortese, Park, and Dunwoody (2004).  The attention 

questionnaire also used a modified assessment tool (coeffienct alphas =0.76) that was originally 
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designed by Hoyle, Stephenson, Palmgreen, Lorch, and Donohew (2002).  

Likert values for each scale were summed to obtain an overall value.  That overall value was 

used to compare the differences in evaluation of WAHI and static sessions.  Higher scores 

generally represented more positive perceptions, and greater attention, engagement, and 

interaction.  

 

Data Analysis Methods 

 For the hypothesis testing, statistical analysis was performed using SPSS for Windows 

version 18.0 (SPSS Inc., Chicago, IL).  A paired samples t-test was used to compare WAHI and 

static groups on ERP data (e.g., P300cz, P300fz, P300pz and average P300), HRV data (N1cz, 

N1fz, N1pz, and HF, LF, the ratio LF/HF), and self-report data (attention, interactivity, intention, 

preference, and engagement).  The paired samples t-test compares the means of two variables. It 

computes the difference between the two variables for each case, and tests to see if the average 

difference is significantly different from zero. The paired samples t-test was reposted as mean +/- 

SD.  Significance was set at alpha < 0.05.  

 Potential order effects between the groups, comparing WAHI (group A) and the static 

(group B), were analyzed by using the independent samples test.  More specifically, this test 

determined whether any statistically significant order effect existed between the two groups, 

using a two-tailed test at the 0.05 level of significance (i.e., 0.025 in each tail), the effect size and 

power were calculated using G*power software.  Mean amplitude of N1 and P300 and total 

power of LF and HF were calculated across the within-subjects variable of intervention (WAHIs 

vs. Static).  ERP data were interpreted by Matlab software. 
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CHAPTER IV 

RESULTS 

  

 This chapter reports on results of an experiment evaluating the effectiveness of an 

interactive tailored video on promoting attention to STD-related health messages by using 

neurophysiologic analyses.   

 Sixty-eight undergraduate students volunteered to participate in this study (Table 2 & 

Table 3).  The age ranges for the participants were 20.05 ± .05 years for group A and 20.02 ± .02 

years for group B.  Group A consisted of thirty-eight participants, where six participants were 

male (15.8%) and thirty-two are female (84%).  Group B consisted of thirty-eight participants, 

where five participants were male (13.25%) and thirty-three were female (87%).  In Group A, 

thirty-four were White (89%), three were Hispanic or Latino (7%), and one was African 

American (2.6%).  Group B included thirty-four White (89%), two Hispanic or Latinos (5%), 

and two African American (5%) individuals.  The academic majors of the participants in group A 

were Communications (55%), Information Technology (13%), Business (5%), Nutrition (5%), 

and undeclared (22%).  The academic majors of participants in group B were Communications 

(58%), Information Technology (16%), English (5%), Business (2%), and undeclared (19%).  

Within group A, the participants’ academic year of study was:  first (32%), second (40%), third 

(20%), and fourth (8%) year.  For group B the academic year of study was: first (35%), second 

(38%), third (21%), and fourth (6%) year.  
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 To record Cz, Fz, and Pz from electroencephalogram (EEG), brain circumstance, and 

length between nasion and inion were measured.  Mean brain circumstance was 55.3 ± 1.84 (cm) 

in group A and 55.82 ± 2.00 (cm) in group B.  Length between nasion and inion was 27.6 ± 2.15 

(cm) in group A and 27.23 ± 1.69 (cm) in group B.  Subject characteristics for group A and 

group B are presented in Table 2 & Table 3.  All subjects started the experiment at resting heart 

rate: group A (62.05 ± 3.83 bpm) and group B (63.18 ± 3. 37).  The duration of participants’ 

exposure to the WAHI and static websites in each session are presented in Table 4. Group A 

participants explored the static site for an average of 217.76 seconds (± 143.73 seconds, p < 

0.05), while group B participants explored the static site for an average of 165.41 seconds (± 

57.76 seconds, p < 0.05) for group B. On the other hand, Group A participants explored the 

WAHI site for an average of 504.40 seconds (±308.39 seconds, p < 0.05), while Group B 

participants explored the WAHI site for an average of 926.94 seconds (± 371.83 seconds, p < 

0.05) for group B.
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Table 2. Subject characteristics: group A (n=34). 

Variables  %   

Gender Female                                             84%   

 Male 15.8%  

Race & Ethnicity White  89%  

 African American 2.6%  

 Hispanic or Latino 7%  

Major Communication 55%   

 Information Technology 13%   

 English 5%   

 Business 5%   

 Undeclared Major 22%   

Year in School First year  32%   

 Second year 40%   

 Third year 20%   

 Fourth year 8%   

                  Variables  Mean SD Range 

Age (year) 20.05 1.13 18-21 

Heart rate (bpm) 62.05 3.83 60-72 

Brain Circumstance (cm) 55.3 1.84 52-59 

Length between Nasion and Inion (cm) 27.60 2.15 26-34 

 

 

 

 

 

 



43 
 

Table 3. Subject characteristic: group B (n=34). 

Variables  %   

Gender Female                                            87%   

 Male 13.25%  

Race & Ethnicity White  89%  

 African American 5%  

 Hispanic or Latino 5%  

Major Communication 58%   

 Information Technology 16%   

 English 5%   

 Business 2%   

 Undeclared Major 19%   

Year in School First year  35%   

 Second year 38%   

 Third year 21%   

 Fourth year 6%   

                 Variables Mean SD Range 

Age (year) 20.02 0.83 18-21 

Heart rate (bpm) 63.18 3.37 60-72 

Brain Circumstance (cm) 55.89 2.00 52-59.5 

Length between Nasion and Inion (cm) 27.23 1.69 26-34 
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Table 4. Duration of exposure to the WAHI or static sites. 

 Duration (seconds) 

Session Group A (n=34) Group B (n=34) 

The First Session  217.76 ± 143.73, p < 0.05 926.94 ± 371.83, p < 0.05 

The Second Session  504.00 ± 308.39, p < 0.05 165.41 ± 57.76, p < 0.05 
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Order effects between group A and group B 

 To address the order (sequence) of website viewing, an independent samples t-test was 

conducted to find the difference between the group starting with static (group A) and the group 

starting with WAHI (group B).  The researcher tested for potential order effects in all variables 

including: duration of exposure, P300cz, P300fz, P300pz, mean P300cz, P300fz and P300pz, 

N1cz, N1fz, N1pz, mean N1cz, N1fz, and N1pz, HF, LF, ratio LF/HF and self-report variables 

(i.e., attention, interactivity, and overall evaluation) in group A and group B using an 

independent sample t-test analysis.  The independent sample t-test analysis compares the means 

of two groups, examining each variable for any statistically significant order effects.  If the 

significance is less than 0.05 (using a two tailed test), then there is a statistically significant 

difference between the groups, which indicates the presence of an order effect between group A 

and group B.  If during the independent sample t-test analysis a variable was found to have a 

significant difference (p < 0.05) in mean values between the two groups, then the effect size and 

power were subsequently calculated to determine the strength of the relationship of the variables 

in group A and group B.  Table 5, Table 7, and Table 9 present the results of the independent t-

test analysis of variables related to viewing of the static site for groups A and B.  Table 6, Table 

8, Table 10, and Table 12 present the results of the independent t-test analysis of variables 

related to viewing of the WAHI site for groups A and B.  

 Among thirty variables, only three statistically significant order effects were found.  

First, for the static site, a significant order effect was found forP300fz (F(2, 66)=3.93, p=0.046).  
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The effect size (d) of this order effect was 0.49 (1-β=0.51), which is a medium effect size 

(Cohen, 1980)3.   

 For the WAHI site, a significant order effect was found for HF (F(2, 66) = 6.36, p = 

0.041). The effect size (d) of the order effect was 0.83 (1-β = 0.92), which is described as a large 

effect size (Cohen, 1980).  The third significant order effect was observed in terms of the 

duration of viewing of the WAHI site (F(2, 66) = 2.198, p = 0.00).  The effect size (d) of this 

order effect for the WAHI site was 1.24 (1-β = 0.989), which is categorized as having a 

statistically large effect size (Cohen, 1980). 

 

 

 

 

 

 

 

 

 

 

                                                           

3 As guidelines in social research, Cohen (1980) used three ranges to describe the power effect 

size: small effect size, d = 0.1 − 0.23; medium, d = 0.24 − 0.36; large, d = 0.37 or larger. 
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Table 5. Results for test of order effects in ERP in viewing the static site. 
 

 Group A Group B       

 Mean Mean F t df Sig.(2-tailed) Effect 
Size 

Power (1-
β) 

P300cz 3.8 µV 3.64 µV 0.095 1.29 66 0.201 - - 

P300fz 4.44 µV 4.24 µV 3.93 2.04 66 0.046* 0.49 0.51 

P300pz 3.88 µV 3.80 µV 13.55 0.464 66 0.644 - - 

Mean 
(P300pz+ P300fz+ 
P300pz) 

4.04 µV 3.80 µV 4.949 1.749 66 0.85 - - 

N1cz -1.78 µV -1.60 µV 0.004 1.05 66 0.298 - - 

N1fz -1.57 µV -1.62 µV 1.49 1.05 66 0.78 - - 

N1pz -1.69 µV -1.66 µV 0.046 0.19 66 0.851 - - 

Mean 
(N1cz+N1fz+N1pz) 

-1.68 µV -1.63 µV 0.009 0.48 66 0.64 - - 

 
Note: Effect size and power were only calculated for significant findings. 
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Table 6. Results for test of order effects in ERP in viewing the WAHI site.  
 
 Group A Group B       

 Mean Mean F t df Sig.(2-
tailed) 

Effect 
Size 

Power (1-
β) 

P300cz 5.45 µV 5.45 µV 0.10 -1.91 66 0.61 - - 

P300fz 5.05 µV 5.59 µV 51.76 -1.74 66 0.87 - - 

P300pz 5.43 µV 5.31 µV 1.19 1.36 66 0.18 - - 

Mean 
(P300pz+ P300fz+ 
P300pz) 

5.31 µV 5.5 µV 27.15 -1.55 66 0.12 - - 

N1cz -1.95 µV -1.93 µV 0.46 0.142 66 0.888 - - 

N1fz -2.03 µV -2.14 µV 0.46 0.14 66 0.88 - - 

N1pz -1.92 µV -1.91 µV 2.117 -0.68 66 0.499 - - 

Mean 
(N1cz+N1fz+N1pz) 

-1.97 µV -1.99 µV 4.09 0.47 66 0.84 - - 

 
Note: Effect size and power were only calculated for significant findings. 
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Table 7. Results for test of order effects in duration in viewing the static site. 
 
 Group A Group B       

 Mean Mean F t df Sig.(2-tailed) Effect 
Size 

Power (1-
β) 

Duration 
(second) 

217.76 165.41 870 1.97 66 0.053 - - 

 
Note: Effect size and power were only calculated for significant findings. 
 
 

 
Table 8. Results for test of order effects in duration in viewing the WAHI site.  
 

 Group A Group B       

 Mean Mean F t df Sig.(2-tailed) Effect 
Size 

Power (1-
β) 

Duration 
(second) 

504.00  926.94  2.198 -5.105 66 0.000 1.24 0.998 

 
Note: Effect size and power were only calculated for significant findings. 
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Table 9.  Results for test of order effects in HF, LF and ratio HF/LF in viewing the static site.  
 
 Group A Group B       

 Mean Mean F t df Sig.(2-tailed) Effect 
Size 

Power (1-
β) 

HF 6.00 
 Ln ms2 

6.14 
Ln ms2 

27.78 -1.74 66 - - - 

LF 5.44 
 Ln ms2 

5.59 
Ln ms2 

3.26 -1.15 66 - - - 

Ratio 
LF/HF 

0.94 
 Ln ms2 

0.93 
Ln ms2 

1.85 0.94 66 - - - 

 
Note: Effect size and power were only calculated for significant findings. 
 

 
Table 10. Results for test of order effects in HF, LF and HF/LF in viewing the WAHI site.  
 

 Group A Group B       

 Mean Mean F t df Sig.(2-tailed) Effect 
Size 

Power (1-
β) 

HF 6.30 
 Ln ms2 

6.36 
Ln ms2 

0.00 -2.088 66 0.041* 0.83 0.92 

LF 6.30 
 Ln ms2 

6.36 
Ln ms2 

0.008 -0.14 66 - - - 

Ratio 
LF/HF 

0.94 
 Ln ms2 

0.93 
Ln ms2 

3.47 0.054 66 - - - 

 
Note: Effect size and power were only calculated for significant findings. 
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Table 11. Results for test of order effects in site perceptions in viewing the static site.  
 
 Group A Group B       

 Mean Mean F t df Sig.(2-
tailed) 

Effect 
Size 

Power (1-
β) 

Attention 5.56 5.57 0.056 -0.25 66 - - - 

Interactivity 4.44 3.97 1.20 0.78 66 - - - 

Overall 
Evaluation 

2.94 2.98 0.55 0.89 66 - - - 

 
Note: Effect size and power were only calculated for significant findings. 
 
 
 
Table 12. Results for test of order effects in site perceptions in viewing the WAHI site. 
 
 Group A Group B       

 Mean Mean F t df Sig.(2-
tailed) 

Effect 
Size 

Power (1-
β) 

Attention 6.68 6.85 1.45 -0.26 66 - - - 

Interactivity 7.35 7.85 10.45 -0.87 66 - - - 

Overall 
Evaluation 

3.75 3.57 0.44 0.89 66 - - - 

 
Note: Effect size and power were only calculated for significant findings. 
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Event-Relevant Brain Potentials 

 Mean amplitudes of the N1 (100-150 ms) and P300 (300-500 ms) are presented in 

Table 13 & Table 14.  For each group, the mean P300 ERP on the Cz was significantly higher 

upon exposure to the WAHI (group A: 5.45 ± 0.33 µV, p < 0.05,and group B: 5.45± 0.33 µV, p 

< 0.05) compared to after exposure to the static website (group A: 3.80 ± 0.43 µV, p < 0.05, and 

group B: 3.64 ± 0.57µV, p < 0.05).   

 In group B, the mean P300 ERP on the Fz was significant when they were exposed to 

the WAHI (5.9 ± 0.29 µV, p < 0.05) compared to when they were exposed to the static website 

(4.42 ± 0.49 µV, p < 0.05).  However, there were no significant differences in the mean P300 

ERP on Fz in group A (p > 0.05).    

 The mean P300 ERP on Pz was significantly higher for each group when exposed to the 

WAHI (group A: 5.43 ± 0.31 µV, p < 0.05, and group B: 5.31 ± 0.41 µV, p < 0.05) compared to 

when they were exposed to the static website (group A: 3.88 ± 0.35 µV, p < 0.05, and group B: 

3.80 ± 0.94 µV, p < 0.05).   

 The mean P300 ERP on Cz, Fz, and Pz sites was significantly higher during exposure to 

the WAHI (group A: 5.31 ± 0.67 µV, p < 0.05, and group B: 5.50 ± 0.26 µV, p < 0.05) compared 

to exposure to the static website (group A: 4.04 ± 0.19 µV, p < 0.05, and group B: 3.89 ± 0.45 

µV, p < 0.05).   

 Mean amplitudes (µV) of the N1 ERP on Cz, Fz, Pz sites are depicted in Figure 5. 

 There were no significant differences in the mean N1 ERP on Cz for the two groups (p 

> 0.05).  However, the mean N1 ERP on Fz was significantly higher in both groups after 

exposure to the WAHI (group A: -2.03 ± 0.55 µV, p < 0.05, and group B: -2.14± 0.68 µV, p < 
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0.05) compared to when they were exposed to the static website (group A: -1.57 ± 0.60 µV, p < 

0.05 & group B: -1.62 ± 0.77 µV, p < 0.05).   

 There were no significant differences in the mean N1 ERP on Pz for the two groups (p 

> 0.05).  However, in group A, the average N1 ERP on all three sites (Cz, Fz, and Pz) was 

significantly higher during exposure to the WAHI (-1.97 ± 0.36 µV, p < 0.05) compared to when 

they were exposed to the static website (-1.67 ± 0.47 µV, p < 0.05).  No such significant 

differences in the mean N1 ERP on the Cz, Fz, and Pz sites was observed in group B (p > 0.05).  

Figure 6 depicts the mean amplitudes (µV) of the N1 on Cz, Fz, and Pz.   

Figure 7 presents the mean amplitudes (µV) of the P300 ERP and N1 ERP for group 

A’s viewing of the STD intervention program, indicating the pattern of amplitude changes.  

Mean amplitudes (µV) of the P300 ERP and N1 ERP during group B’s viewing of the STD 

website are depicted in Figure 8, indicating the pattern of amplitude changes.  In Figure 7 and 

Figure 8, the Matlab analysis of the amplitude values indicate a curve at 50 ms, 100 ms, 150ms, 

200ms, 250ms, 300ms, 350ms, 400ms, and 450ms. 
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Table 13. Mean amplitudes (µV) of the P300 ERP while exploring the STD websites. 

 

Mean amplitudes Group A Group B 

Cz (µV)   

       Static 3.80 ± 0.43 3.64 ± 0.57 

       WAHI 5.45 ± 0.33* 5.45± 0.33* 

Fz (µV)   

       Static 4.44 ± 0.30 4.24 ± 0.49 

       WAHI 5.05 ± 1.79 5.59 ± 0.29* 

Pz (µV)   

       Static 3.88± 0.35 3.80 ± 0.95 

       WAHI 5.43 ± 0.31* 5.31 ± 0.41* 

Mean (µV)   

       Static 4.04 ± 0.09 3.80 ± 0.95 

       WAHI 5.31 ± 0.67* 5.5 ± 0.26* 

 

Values are means SD. 

*p < 0.05, significantly different.  
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Table 14. Mean amplitudes (µV) of the N1 ERP while exploring the STD websites. 

Mean amplitudes Group A Group B 

Cz (µV)   

       Static -1.78 ± 0.70 -1.60 ± 0.73 

       WAHI -1.95 ± 0.76 -1.93± 0.83 

Fz (µV)   

       Static -1.57 ± 0.58 -1.62 ± 0.77 

       WAHI -2.03 ± 0.55* -2.14 ± 0.68* 

Pz (µV)   

       Static -1.69 ± 0.0.78 -1.66 ± 0.85 

       WAHI -1.92 ± 0.85 -1.91 ± 0.71 

Mean (µV)   

       Static -1.68 ± 0.47 -1.63 ± 0.45 

       WAHI -1.97 ± 0.36* -1.99 ± 0.52 

 

Values are means SD. 

*p < 0.05, significantly different.  
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Figure 5. Mean amplitudes (µV) of the P300 ERP while exploring the STD websites. 

Values are means SD. 

*p < 0.05, significantly different.  
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Figure 6. Mean amplitudes (µV) of the N1 ERP while exploring the STD websites. 

Values are means SD. 

*p < 0.05, significantly different. 
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Figure 7. Mean amplitudes (µV) of the P300 ERP and N1 ERP for group A while exploring the 

STD websites. 
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Figure 8. Mean amplitudes (µV) of the P300 ERP and N1 ERP for group B while exploring the 
STD websites 
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Heart Rate Variability  

 Cardiovascular variables related to exposure to the WAHI website and the comparison 

or static website are presented in Table 15.  The high frequency (HF), which indicates activity in 

the parasympathetic nervous system was significantly higher when the groups were exposed to 

the WAHI website (group A: 6.30 ± 0.12 Ln ms2, p < 0.05, & group B: 6.36 ± 0.12 Ln ms2, p < 

0.05) compared to when they were exposed to the static website (group A: 6.00 ± 0.44 Ln ms2, p 

<0.05, & group B: 6.14 ± 0.0.16 Ln ms2, p < 0.05).  Figure 9 presents the HF values observed in 

both treatment and control conditions.  The HF values were significantly higher for during 

exposure to the WAHI compared to during exposure to the static website. 

 Figure 16 illustrates the mean Low Frequency (LF) readings during exposure to 

treatment and control conditions.  The low frequency (LF), which indicates activity in the 

sympathetic nervous system was significantly higher among group A participants when they 

were exposed to the WAHI website (e.g., group A 5.94 ± 0.58 Ln ms2, p < 0.05) compared to 

when they were exposed to the static website (5.44 ± 0.66 Ln ms2, p < 0.05).  There was no 

significant difference in the LF of group B based upon exposure to either the WAHI or static 

website.  

 Figure 17 indicates the ratio of low frequency and high frequency (LF/HF), resulting 

from exposure to the treatment and control conditions.  Findings show that there was no 

significant difference in the LF/HF ratio between the two conditions, which indicates 

sympatheovagal balance (p > 0.05).  In Figure 9 and Figure 10, the WAHI related values are 

higher than those obtained for the static website. 
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Table 15. Differences in cardiovascular variables as a result of exposure to treatment and control 
conditions. 

 

Mean amplitudes Group A Group B 

HF (Ln ms2)   

       Static 6.00 ± 0.44 6.14 ± 0.16 

       WAHI 6.30 ± 0.12* 6.36 ± 0.12* 

LF (Ln ms2)   

       Static 5.44 ± 0.66 5.59 ± 0.39 

       WAHI 5.94 ± 0.59* 5.96 ± 0.56 

Ratio LF/HF   

       Static 0.94 ± 0.19 0.93 ± 0.15 

       WAHI 0.94 ± 0.13 0.93 ± 0.08 

 

Values are means SD. 

*p < 0.05, significantly different.  
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Figure 9.  High Frequency (HF) during exposure to treatment and control conditions. 

Values are means SD. 
*p < 0.05, significantly different.  
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Figure 10.  Low Frequency (LF) during exposure to the treatment and control conditions.   

Values are means SD. 

*p < 0.05, significantly different.  
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Figure 11.  The ratio of Low Frequency and High Frequency (LF/HF)  during exposure to 
treatment and control conditions. 

Values are means SD. 

*p < 0.05, significantly different.  
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Perception about Stimulus 

 Tables 16 & 17 summarize the participants’ self-reported evaluations of their online 

experience including their overall evaluation of their attention to the health messaging, 

engagement with the interactive video, and their perceptions regarding the usefulness and 

interactivity of the WAHI and static sites.  For both groups, the participants rated the WAHI 

website significantly higher compared to the static website on the following variables: attention, 

interactivity, and overall evaluation (p < 0.05).  However, within Group B the perceived level of 

interactivity between the WAHI and the static website was not significantly different (p > 0.05).   

Majority of the participants reported greater preference for the WAHI website over the 

static website (group A: 76 % & group B: 88%).  Additionally, majority of the participants 

indicated a higher level of engagement in the WAHI (group A: 76% & group B: 82%).  
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Table 16. Self-reported ratings for attention, interactivity and overall evaluation of treatment and 
control conditions. 

 

Perceived Variables Group A Group B 

Attention   

       Static 5.56 ± 2.28 5.70 ± 2.55 

       WAHI 6.68 ± 2.93* 6.86 ± 2.57* 

Interactivity   

       Static 4.44 ± 2.32 3.97 ± 2.66 

       WAHI 7.35 ± 2.74* 7.85 ± 1.94* 

Evaluation   

       Static 5.94 ± 1.12 5.96 ± 1.07 

       WAHI 7.5 ± 0.89* 7.14 ± 0.80* 

 

Values are means SD. 

*p < 0.05, significantly different.  
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Table 17. Self-reported ratings of preferences for and engagement in the treatment and control 
conditions. 

 

Perceived Variables Group A Group B 

Preference   

       Static 24% 12% 

       WAHI 76% 88% 

Engagement   

       Static 24% 18% 

       WAHI 76% 82% 
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Figure 11. Participants’ ratings about perceived attention to and perceived interactivity of the 
experimental stimuli. 

Values are means SD. 

*p < 0.05, significantly different.  
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CHAPTER V 

DISCUSSION 

 

 Modern health intervention programs are making use of recent technological advances 

to deliver health messages that are interactive and that provide content specifically tailored for 

individual users.  These tailored health intervention programs have been found to be effective in 

delivering public health messages (Hawkins, Kreuter, Resnicow, Fishbeinm, & Dijkstra, 2008).  

Multimedia video presentation and gaming style interactions are just two of the latest 

technologies being adopted to produce a diverse array of health education and health information 

tools.  

 Health interventions that use interactive and tailored technologies are potentially more 

effective tools for improving individuals’ health knowledge, attitude, motivation, and for 

promoting healthier behaviors among users (Kreuter & Wray, 2005).  These approaches are 

known not only improve the delivery of health information, but do so in a way that promotes the 

user’s engagement by enhancing the cognitive processing of the health messages.   

 As this is a new area of study, there are many gaps in the current body of knowledge.  

The literature indicates that additional research is needed to answer three main questions:  

1) Are interactive tailored health intervention programs more effective than more traditional 

health intervention programs?  

2) If they are, what factors make interactive tailored approaches for health education 

potentially more effective than non-interactive standard approaches? 
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3) What are more effective ways to measure the effectiveness of such strategies?  

The current study examines the use of neurophysiological analyses to empirically examine 

potential answers to these questions by exploring the potential effects of health messages 

delivered via interactive tailored video on attention.  

 From the perspective of the current study, the effectiveness of the tailored interactive 

video approach is determined by how much this approach can facilitate information processing, 

as indicated by the cognitive and emotional processing of content.  LeDoux (2000) used the term 

information process to identify the individual’s efforts to initially comprehend the content and 

then use that information in formulating decisions.  LeDoux indicated the complicated 

involvement of cognition and emotion in information processing and emphasized the need for 

objective measurement.  EEG and EKG measures are increasingly being used to measure how 

users process information during exposure to certain stimuli.  These quantitative and convenient 

measures are relatively easy to obtain, as they are available noninvasively and they measure 

information processing from the psychophysiological perspectives of emotion and cognition.   

 This study uses these two neurophysiological measures (EEG and EKG), in addition to 

self-reported evaluations, to indicate relative attention to and engagement in health messages 

delivered via interactive tailored videos.  To control for potential order effects between 

experimental groups, this study used a counterbalanced design so that test subjects were exposed 

to both conditions in different orders: a health education site using an interactive tailored video 

and a static health website (both focused on sexually transmitted diseases).  This study measured 

differences in attention between participants exposed to either condition (the WAHI and static 

messages) by comparing ERP and HRV values during and after exposure.  This dissertation is 
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one of very few studies using neurophysiological approaches to provide empirical evidence 

about the effectiveness of web-based interactive tailored health videos.   

 

Main Findings 

 The main findings from this investigation are that participants’ attention towards the 

health messages is significantly greater when they are exposed to the interactive video (WAHI) 

compared to when they are exposed to the static health website.  This comparison uses an 

analysis of the following neurophysiological measurements and self-report data: 1) P300 that 

indicates attention level from ERP analysis; 2) HF which indicates parasympathetic activation 

from ERP and LF which indicates sympathetic activation; and 3) self-reported measures that 

indicate individual perceptions, taken from responses to the survey questionnaire. 

 

Hypotheses  

H1: When exposed to WAHI, participants will exhibit significantly greater amplitude 

changes in N1 and P300 measurements compared to exposure to a static website. 

 

Event-Related Brain Potentials 

 This is an innovative experimental study that measures attention levels based on 

exposure to each test condition.  Mean P300 and N1 readings from EEG monitoring taken when 

test subjects explored the test condition (a web-based and interactive tailored health video on 

STDs) and the control condition (a static website) were analyzed.  The ERP components 

measured response levels to the stimulus, as indicated by the distribution of voltages during the 

experimental manipulations (viewing of the video) (Luck & Steven, 2005).  The millisecond 
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resolution of average P300 and N1 from ERP recordings is well fitted to measuring individual 

attention levels during exposure to the stimulus materials.  The almost instantaneous 

measurement of reactions to the stimulus using ERP allows the researcher to observe and 

understand brain activity in real time.  

 The relatively larger P300 amplitude, which measures an individual’s attention level, is 

meaningful as an indicator of the participant’s overall effort.  Luck (2005) pointed out that P300 

measures could reflect the amount of effort devoted to the task of comprehending given certain 

messages.  The attention efforts (as measured by the P300 values) are related to knowledge 

retention; this, in turn, could be a significant precursor to health behavior change, which is the 

intended overall goal of most health intervention programs. 

  Elevated N1 amplitudes indicate an increase in arousal in response to a specific 

stimulus during the period of exposure to that stimulus (Naatanen, 1992).  The N1 amplitude is 

an important measurement component that occurs when an individual processes information.  

For tailored health messages, Kok (1997) indicated that N1 reflects the participant’s level of 

attention during a stimulus period.  N1 amplitudes are typically more pronounced after exposure 

to tailored health messages compared to exposure to non-tailored health messages (Ruiter, 

Kessels, Jansam, & Brug, 2006).   

 The mean P300 and N1 ERP readings reported in this study support the hypotheses that 

participants’ attention would be enhanced given exposure to the interactive tailored health video 

compared to the static health website.  These results are similar to that of a previous study, which 

indicated the occurrence of larger P300 and N1 values when comparing exposure to tailored 

health messages and non-tailored health messages (Ruiter, Kessels, Jansma, & Brug, 2006).  
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 The present study goes further to focus on the measurement of individuals’ ERP levels 

during a WAHI session that consists of visual and auditory stimuli.  The results show that P300 

and N1 values were significantly higher during the WAHI sessions.  As the participants are 

college students recruited within this university, the participants likely have a great deal of 

experience in multimedia presentations and a high level of comfort watching video presentations.  

The combined message format (using visual and auditory stimuli) is a familiar means of 

receiving information.  Additionally, presentation of these messages uses a conversational and 

interactive style, which may affect their increased engagement in the WAHI sessions.  

 To clearly measure attention levels, the present study measured participants’ ERP data 

as they were exploring either condition (WAHI or static sites).  Reactions to the visual or 

auditory stimuli (i.e., message, light, picture, and sound) are measured directly by the varying 

ERP values, providing a better understanding of the brain activity during the information 

process.  

 Within a WAHI multimedia presentation, the participant is subjected to a number of 

stimuli (e.g., audio, visual).  As such, the actual elements of stimuli that make up the message 

experience are considered diverse.  For example, in similar studies, the P300 and N1 are 

measured during message sessions that used other stimuli, such as high or low frequency tones.  

In one such study, participants were subjected to a high frequency or low frequency tone while 

reading nutrition-related health messages.  The intent of this study was to determine the 

participants’ reaction to the tone stimuli and to have the participant indicates whether they heard 

a high frequency tone or a low frequency tone.  The participants were instructed to push a button 

to indicate whether the tone was either a high frequency tone or a low frequency tone.  This 

previous test presents another, similar type of experimental approach to measuring attention 
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levels, albeit using much simpler stimuli in comparison to the more complex stimuli used in this 

study.  

 Several studies have showed significant differences in mean P300 and N1 readings 

given exposure to different health messages.  For example, one study measured reactions to high-

risk message content or low-risk message content in order to evaluate what types of content were 

more effective in motivating individuals to change their health behavior.  In another study, the 

P300 amplitudes were higher given exposure to less threatening health messages compared to 

more threatening health messages (Kessels, Ruiter, & Jansma, 2010).  For example, when 

participants viewed messages with self-relevant health risk information, their attention levels 

were higher when viewing less threatening smoking messages than when viewing more 

threatening smoking messages.  Kessels et al. (2010) explained that the low level of attention to 

more threatening messages might be related to a defensive reaction during the cognitive 

processing of the more threatening health messages.  Similarly, this study shows that the tailored 

video messages were significantly more effective in enhancing participants’ attention.  Further 

research is needed to determine whether these significant differences might be related to the 

multi-media approach or due to the nature of the tailored health messaging.  

 Information processing related to health message comprehension is diverse.  

Influencing factors may include knowledge, motivation, and attitude, but also factors related to 

the type of message, content, relevance, and stimuli.  To better understand the complexity of 

information processing as it relates to the enhancement of health message delivery, an 

interdisciplinary approach that includes neurophysiologic aspects is required.  As to improving 

the effectiveness of health messages, ERP studies have contributed empirical evidence and 

helped explain the mechanisms within information processing.  The HRV analysis provides 
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additional information regarding the psychophysiological changes that take place when an 

individual pays attention to health messages.     

 

Hypotheses 

H2: When exposed to WAHI, participants exhibit significantly greater parasympathetic 

nervous system (HF) changes and sympathetic nervous system (LF) changes compared 

to exposure to a static website. 

 

Heart Rate Variability 

 Heart Rate Variability (HRV) studies help in the examination of the attention level as 

participants react to diverse external stimuli, such as visual and auditory messages.  

Cardiovascular variables, including cardiac vagal tone, parasympathetic nervous system (PNS), 

activation system, and sympathetic nervous system (SNS), have been demonstrated to reflect 

emotional expressiveness, attention capacity, and behavioral inhibition (Stifter, Foz, & Porges, 

1989; Suess, Porges, & Plude, 1994; Kagan, Rexnick, & Snidman, 1997).   

 Measuring HRV is meaningful in understanding how the autonomic nervous system 

regulates physiological function when individuals pay attention to given messages.  As activities 

capture one’s attention, the autonomic nervous system (consisting of the PSN and the SNS) 

contributes to the regulation of information processing.  The reciprocal coordination between 

PSN and SNS serves to regulate an appropriate internal state that adjusts to internal and external 

demands, which may be triggered by such visual activities as viewing media and messages.  

Within the autonomic nervous system, an increase in the vagal tone is related to increased self-
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regulation of information processing, which maintains the individual’s attention level for a given 

message.  

 Early studies using HRV attempted to understand individuals’ responses to messages by 

identifying the regulating relationship of the PNS and the SNS by testing: 1) types of content 

(i.e., arousing message, violent message, sad message, and happy message), 2) stimulus types 

(i.e., texture, picture, and video), and 3) periods of stimulus in a limited experimental setting.  

These studies typically sought to understand single physiological changes brought about by 

messages that are arousing, violent, or happy.  Throughout the first screening assessment, the 

participants were subjected to a message that conveyed a single emotion in order to maximize 

the related physiological changes in the experimental environment.  Using this approach, 

previous studies have concluded that SNS increased when the stimulus was related to anger, 

unhappiness, violence, or threatening words, and that the physiological response was represented 

by increased low frequency (LF) or accelerated high frequency (HF).   

 The major flaw in these studies is that the participants reacted immediately and strongly 

to the message delivered, rather than elaborating on those messages.  Therefore, this study 

considers individuals’ elaboration in an effort to evaluate the effectiveness of the interactive 

tailored video approach.  Within this study, HRV is the measure used to evaluate physiological 

changes after exposure to the WAHI and static approaches.  The results of this study focused on 

analyzing HF, LF, and HF/LF ratios from EKG monitoring as the participants viewed either the 

WAHI or static websites.  By measuring HRV, this study investigates the individuals’ 

physiological changes, including the parasympathetic and sympathetic nervous system 

responses, during the viewing of the WAHI or static websites.  Measuring the HRV provides 

clarification regarding information processing associated with physiological changes resulting 
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from the stimulation arising from the visual and auditory messages.  HRV is a crucial marker of 

the neural feedback mechanism, and of the individual’s attention capacity to respond 

appropriately.  

 Several studies have successfully used HRV measurements as a means to assess the 

effects of the specific messages, based on changes of the autonomic nervous system.  The most 

consistent findings focus on the role of PNS and SNS (Stern, Ray, & Quigely, 2000).  In other 

words, information processing initiated by specific messages is indicated by either an 

enhancement of the SNS or by an enhancement of the PNS. 

 The primary conceptual frameworks that model information processing are the Limited 

Capacity Model of Mediated Message Processing (1991) and the Tolyvagal Theory of Porges 

(1995) that proposed that information processing is enhanced by parasympathetic activity.  Both 

theories focus on the PNS role in regulating information processing.  Predominantly, most 

studies focus on the role of PNS rather than the role of SNS when modeling information 

processing of the given message.  The two theories have been influential in accounting for the 

vagal system’s role in regulating attention in response to a stimulus.  

  These two theories minimize the role of the SNS and minimize the balancing action 

involvement of the SNS and PNS.  In addition, studies of the sympathetic nervous systems 

conclude that activities of sympathetic nervous systems are related to unconsciousness reaction.  

However, Lang et al. (1990) pointed out that an initial awareness relates to behavioral, cognitive, 

and physiological factors that react independently to the same stimuli.  In this vein, this study 

attempts to find the initial awareness that relates to attention level and maintains information 

processing by using SNS activity indicated by LF.  The SNS also needs consideration as an 

important factor in indicating emotional responses related to physiological changes during the 
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participant’s information processes.  With regard to the unconscious and conscious information 

process, this study considers the two main physiological variables (SNS and PNS), along with 

the sympathetic and parasympathetic balance.  As such, this study addresses each of the most 

significant variables when examining information processing that occurs during the viewing of 

the interactive tailored health intervention programs.  

 The increased activity of PNS precedes the occurrence of a deceleration in heart rate, 

when the participant reports increased elaboration about the given message.  For example, 

arousing content that is accompanied by a decreased heart rate indicates greater attention (Lang, 

Bolls, &Kawahara, 1996, Lang, Bolls, Poter, & Kawahara, 1999).  The results of this study (as 

indicated by the HRV analysis) indicate that the HF is significantly higher during exposure to the 

WAHI compared to exposure to the static website.  The higher HF is related to parasympathetic 

activity that indicates greater elaboration.   

 In this study, the individuals in group A exhibited significantly higher LF readings 

related to increased SNS activity when exposed to the WAHI compared to when they were 

exposed to the static site.  It should be noted that the WAHI site consisted of auditory and visual 

stimuli that might have a higher likelihood of triggering sympathetic activity compared to the 

static site.  One possible reason that only one group’s mean LF readings was significant is a 

possible relationship to the mid frequency (MF, 0.07-0.14 Hz) response, which is measured to 

evaluate physiological changes (Veltman & Gillard, 1996).  Another possible reason for this 

finding may be that the experimental design was contaminated by noise or other unknown 

environmental factors. 

 The results of this study indicate enhanced attention levels for the WAHI compared to 

the static website, as measured by ERP and HRV.  These results provide neurophysiological 
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evidence that the interactive tailored health videos are more effective in enhancing attention than 

the static health messages.  The interactive tailored strategy can help to improve health 

intervention programs by raising the individual’s attention to and by enhancing the individual’s 

engagement with the given health messages.  Along with neurophysiologic analyses, the survey 

questionnaire provides additional information that supports the potential effectiveness of 

interactive tailored videos for disseminating health messages.  

 

Perception about Stimulus 

 Participants rated the WAHI website significantly higher compared to the static website 

on the following variables: attention, interactivity, and overall evaluation.  Moreover, a greater 

proportion of participants preferred the WAHI website over the static website and found the 

WAHI website to be more engaging than the static website.  It is not surprising that participants 

indicated that the health messages from the WAHI were more interactive and enhanced their 

attention compared to static intervention programs.  The WAHI message is designed for a 

college student audience with the goal of educating viewers about sexually transmitted disease 

(STDs) and is presented as a human conversation.  The human-like conversational style of this 

type of intervention might help to enhance the individual’s attention and engagement.  This is in 

line with previous research that shows that multi-media and highly interactive presentation styles 

are preferred by and found to be more engaging to younger audiences, the so-called digital 

natives (Prensky, 2001).  These multi-media types of health intervention approaches were found 

to be more readily accepted by different types of audiences, when compared to static and non-

tailored health intervention approaches (Neuhauser & Kreps, 2003).  However, as the goal of 

health intervention programs is to encourage healthier behaviors, additional follow-up research 
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will need to examine the overall efficacy of interactive tailored health message delivery from the 

perspective of obtaining actual healthier outcomes. 

 

Order effects between group A and group B 

 Performance on a series of tasks may depend on the order in which the tasks are 

undertaken (order effect).  This study did address any affect that the sequence of viewing the 

websites may have on the findings.  The order effect analysis examined the order (sequence) of 

website viewing in the two differently ordered groups: one order was group A, starting with 

static, and the other order was group B, starting with WAHI.  The researcher tested for any 

potential order effects using an independent t-test analysis.  From that analysis, values for effect 

size and power were calculated for the significant variables (p < 0.05) in order to determine the 

strength of the relationship between group A and group B.  Based on the results of the 

independent sample t-test, out of 28 measures examined, only  three were found to be 

statistically significant order effects: 1) in the duration of viewing the WAHI, 2) in mean HF 

related to viewing the WAHI site, and 3) in mean P300 fz related to viewing the static site.  The 

following paragraphs discuss these three significant order effects (duration of viewing the 

WAHI, mean HF related to viewing the WAHI, and mean P300 fz related to viewing the static 

site), and presents the potential reasons for these order effect.  Each order effect is addressed 

separately, as each of these variables has a unique set of influencing characteristics.  

Additionally, this discussion includes recommendations as to how these order effects may be 

mitigated in future research involving neurophysiologic analysis. 

 For each group, the duration of viewing either WAHI or the static site was longer when 

presented in the first session.  The duration of group B’s (Mean = 926.94 seconds, p = 0) viewing 
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of the WAHI site (which was presented first) was significantly longer than group A’s viewing of 

the WAHI site (Mean = 504.00 seconds, p = 0) (the WAHI site was presented second for this 

group). Upon closer examination of this relationship, the resulting associated order effect had a 

large effect size (d=1.24, (1-β = 0.989).  Like the first session in group B, the duration of the first 

session in group A, which started with their viewing the static site (Mean = 217.77 seconds, p = 

0.053) was longer than group B’s second session involving viewing of the static site (Mean = 

165. 42 seconds, p = 0.053), but this difference was not significant. In this analysis, the 

significance of the independent sample t-test was above 0.05, making it a borderline decision as 

to the existence of any significant order effect.  

 One possible reason for order effects in duration may relate to the participants’ 

expectation about the length of the second session.  For example, the first session in group A was 

about 217.77 seconds, so the participants may have expected that the next session would take 

about the same amount of time to complete.  A couple of participants even asked about the 

duration of the next session.  

 The other reason for the existence of any order effect in duration could relate to 

participants’ enthusiasm in the first session or to the participants’ fatigue in the second session.  

Regardless of the initial message format (WAHI or static), each group spent more time viewing 

the experimental stimulus in the first session than in the second.  In other words, for both groups, 

the second session was shorter than the first. Between the first session and second session, the 

participants had to answer about thirty survey questions and that activity might have influenced 

the participants’ subsequent performance, impacting their attention and physiological responses.    

 Second, HF values were significantly higher when the WAHI was viewed first (F(2, 66) 

= 6.36, p = 0.041) with a statistically large effect size (d = 0.83, 1-β = 0.92).  As such, when the 



82 
 

WAHI was viewed first, group B exhibited larger activity in the HF values (Mean = 6.36 Ln ms2, 

p = 0.04) compared to when it was viewed second by group A (Mean = 6.30 Ln ms2, p = 0.04).  

These order effects could be related to the duration of exposure which in turn, is related to order 

of presentation (as noted earlier, duration was significantly longer in the first session).  From the 

literature review, HF is related with parasympathetic activity in a way that could reflect 

elaboration of the information process, rather than the participant’s prompt reaction to the 

stimuli.  In this vein, future study needs to define the threshold of HF responses, in relation to the 

minimum and maximum duration to external stimuli.  More specifically, these external stimuli 

would include interactive health intervention programs and other cognitive learning materials, 

which would provide an improved understanding of the information process.  It is possible that 

the HF could react aggressively with longer duration in the first session, or the HF may need a 

period of time to respond to a stimulus.  To minimize the order effects, further study should 

measure the HF within a certain limited period.   

 Third, mean P300fz values (F(2, 66) = 3.93, p = 0.046) was significantly higher when 

the static site was presented first (d = 49, 1-β = 0.51) with a statistically medium effect size.  

Group A, which viewed the static site first, exhibited larger amplitude (Mean= 4.44 µV, p = 

0.04) than group B (Mean = 4.24 µV, p = 0.04), which viewed the static site second.  Regardless 

of what was presented first (WAHI or static site), the mean P300fz was significantly higher in 

the first session.  Variables related to attention, including P300fz, exhibited by participants in 

group A, could be influenced by participants’ more active reading of information during the first 

session than in the second session.  This is in comparison to group B, which viewed the static site 

in the second session after completing about thirty survey questions.  Another possibility is that 

the group B’s attention level during the static portion could have been influenced by the 
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information obtained during the first session and by the survey questionnaire.  In this case, 

participants’ responses could have been affected by the additional cognitive load from having 

just completed the first session.  

 Significant order effects were only evident in the first session, and were found in only 

three variables, among the thirty variables examined.  The indications are that the HRV, ERP, 

and duration of viewing were affected by the order in which the WAHI and static sites were 

presented.  There are several possible steps that could reduce these potential order effects.  One 

way to minimize order effects is by presenting experimental stimuli on two different days within 

a one or two week time period, so that the participants would only be exposed to one condition 

per day.  Another recommendation is that the attention and physiological variables should be 

measured with equal durations to limit the potential order effects due to varying viewing times.  

This approach would need to consider that the given duration might also influence the 

participants’ readings related to the cognitive and physiological variables.   

Overall, the counter-balanced experimental design adopted in this study not only 

revealed potential order effects for some variables examined, but it also reveals other avenues of 

research that might be more systematically examined in future studies.  

 

Conclusions and Implications 

 The results from the present study indicate that exposure to web-based interactive 

tailored health videos can result in significantly higher physiological changes in ERP and HRV, 

which in turn can indicate changes in attention levels and physiological changes.  For example, 

the P300 and HF measures were significantly higher during exposure to the WAHI compared to 
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the static website.  The higher P300 and HF values represent a higher level of attention, and 

indicate a higher level of cognitive activity 

 Neurophysiological analysis has emerged as an important aspect of measuring 

information processing.  In the area of health promotion efforts, limited research has been 

conducted using more objective measures linking attention to message delivery approaches.  

This study is one of the few studies to provide empirical evidence of the links between 

interactive tailored approaches and attention to health messages.  According to the Elaboration 

Likelihood Model, persuasive communication is enhanced when users’ motivation to attend to 

the message is enhanced (Petty & Cacioppo, 1985; Petty & Wegener, 2008).  Much of the 

literature on tailoring points to the Elaboration Likelihood Model as a theoretical framework for 

explaining the value of tailoring on the elaboration of messages.  Little research, however, has 

provided direct evidence of interactive tailoring on attention (Hawkins, Kreuter, Resnicow, 

Fishben, & Dijkwtra, 2008).  Hawkins et al. (2008) pointed out that more research is needed in 

order to find links between tailoring and attention/information processing.  To address this issue, 

neurophysiologic analysis has attempted to measure the information processing associated with a 

given message (Coull, 1997).  This study enhances the current literature by using direct and 

objective measures of neurophysiological changes related to ERP and HRV, which, in turn, have 

been indicated as measures of attention and physiological changes (Lang, 1994; Ruiter, Kessels, 

& Jansma, 2006).  Particularly, this study attempts to investigate the mechanisms of attention 

and elaboration, which are important elements of information processing.  The literature review 

indicates how ERP and HRV can provide measures of individual reactions to a delivered 

message as this relates to attention and cognitive activity.  In fact, greater ERP and HRV activity 

indicates greater attention to the health messages, which in turn could indicate potentially greater 
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effectiveness of the interactive tailored video approach.  In other words, the neurophysiologic 

findings (represented by higher ERP and HRV values) indicate the degree to which individuals 

pay more attention to, engage in, and elaborate on the given messages delivered via the more 

interactive tailored video compared to static site.    

 This study has important implications for understanding information processing that 

occurs given exposure to different approaches for delivering health messages and provides 

improved guidance on decisions related to the selection of message delivery format (presentation 

style).  This study indicates that interactive tailored videos are effective in increasing attention 

and maintaining engagement in health information messages.  More specifically, the 

conversational interaction engendered by web-automated human interaction technology may 

offer great potential to influence individuals’ attention, engagement.  More importantly, the 

results of the study show neurophysiological evidence that interactive tailored videos can 

significantly affect individuals’ attention and elaboration of health messages.  As such, enhanced 

levels of attention and elaboration can enhance the preconditions for influencing health 

behaviors, which is the ultimate goal of health behavior change interventions.  The findings, 

therefore, show the potential for interactive tailored messages to be an effective approach for 

disseminating health messages and for delivering health intervention programs.  However, 

determining whether interactive tailored health video interventions are more effective overall 

from a health behavior change perspective will require further and more rigorous exploration. 

 

Limitations 

 One of the limitations of the study's design is that it does not isolate possible effects of 

the media change (text vs. video) from possible effects of the change in interactivity.  This limits 
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the ability to generalize the study findings.  For example, this study cannot assert with certainty 

that an interactive video message will receive greater attention from the users, compared to the 

same/similar video message delivered without interactivity (i.e., a static video messages).   

 Another limitation in this study is the demographic makeup of the participant groups.  

This study focuses on college students, the majority of whom in the present study are female.  

Ninety percent of the participants in this study are female.  By knowing the relative level of 

changes for various participants and by collecting additional demographic data, it may be 

revealed that certain demographic groups react differently to specific types of stimuli.  This 

knowledge of unique group reactions based on demographic characteristics may be a key factor 

in customizing WAHI presentations for distinct demographically defined audiences. 

 Due to the nature of experimental study, another consideration is the need to control 

internal validity in order to enhance external validity.  This study attempts to control potentially 

confounding variables that could affect the measurement process.  Precautions that are taken 

include restricting the arms and other bodily movements, and providing a distraction-free 

environment that supports the participants’ health information seeking behavior.  Providing an 

environment that is distraction-free is important, as the participants are required to wear multiple 

EEG sensors about their head while having additional EKG sensor leads placed on their right 

arm and foot.  These complex artificial restrictions could possibly influence the data collection 

effort, and prevent the consistent and accurate measurement of sensitive outcomes such as the 

subtle changes in the ERP and EKG readings.  In addition, the laboratory setting for the 

experiment is an unfamiliar experience to participants, which could cause a stress-related 

reaction in the participants that could yield aberrant readings of the ERP and EKG values during 

the experiment.       
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 An additional limitation of the study is that the participants are not a true representation 

of college students because the majority of the volunteers for this study are female.  For this 

study the recruitment efforts are made to a wide body of possible subjects, but there are more 

female than male volunteers.  There are few ERP and EKG studies that have identified 

significant gender differences in relation to information processing about attention level.  

However, this factor is of concern for future research efforts, and this research acknowledges that 

gender differences might influence the results.  

 

Recommendations for Future Research 

 Theoretically, interactive tailored technologies can help enhance the delivery of health 

messages.  The present study investigates the effects of interactive tailored health videos on 

attention to health messages by evaluating neurophysiologic factors such as ERP and HRV.  As 

such, this study presents an innovative neurophysiological approach to evaluating delivery 

methods that provides potentially more reliable empirical data compared to self-report measures.  

To expound on this research, the following proposals are offered for future studies:  1) 

examination of a more representative participant population, 2) investigation of the individual’s 

health behavioral changes that include a study of the biopsychosocial changes in reaction to the 

interactive tailored health intervention programs, 3) measuring metabolic and 

electrophysiological images of brain activity in longitudinal studies, and 4) developing metrics 

for measuring the effectiveness of health messages.  

 First, the participants of this study differ significantly from the general population.  This 

study’s sample participants consist of college students, who are White and African-American, 

more educated, and have more computer-related knowledge and skills.  Future research should 



88 
 

include participant groups that address: various populations (i.e., elderly, adults, and other ethnic 

groups), educational attainment levels, Internet experience, knowledge, and health status.  Age 

and gender differences may also be demographic characteristics that could affect the findings of 

this type of study.  These various differences could influence information processing, including 

the attention level and psychophysiological changes.  By examining these distinct groups 

separately, more responsive strategies may be revealed that can determine more effective and 

optimal approaches for delivering health messages.  

 Second, it would be interesting to understand the individual’s biopsychosocial changes 

that occur during the interactive tailored health message.  The main goal of health intervention 

programs is to educate lay people to improve their health behavioral changes.  For example, as 

an interactive tailored health video intervention program, WAHI has the potential to influence 

participants’ knowledge, motivation, and behavior changes about their sexual behaviors.  

Measuring health outcomes is an important factor in determining the effectiveness of specific 

message types and health intervention programs.  The individual’s responses to the health 

intervention programs need to be considered not only to tailor health messages, but also to 

develop health intervention programs that influence an individual’s health behavioral changes.   

 Fourth, future research should employ a variety of neurophysiological analyses.  This 

study uses only two neurophysiological related variables in its analytic effort.  The research 

related to information processing has shown strong relationships using not only EKG and EEG, 

but also by using metabolic and electrophysiological images of brain activity.  These metabolic 

and electrophysiological images offer a better position to investigate the effects of messages on 

information processing (Lang, 2006).  The use of neurophysiological analyses could be extended 

to include an examination of the role of time or repetition of the message delivery.  For example, 
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understanding of metabolic change in the brain could indicate a circulation related mechanism.   

Revealing this mechanism could lead to an improved understanding of the information process 

that would include the characteristic factors of initial attention, on-going attention, and attention 

delay.  

 In addition, the change of metabolic levels within the brain could have a direct 

relationship to the effectiveness of health intervention programs.  This duration aspect of health 

intervention programs may significantly contribute to the effectiveness of these informative 

programs.  This time-related aspect of the information process has not yet been explored and 

remains an unknown.  These additional neurophysiological methods may help to determine the 

optimal duration for interactive tailored health messages.   

 Finally, the recommendation is made for an additional research study that focuses on 

identifying a key set of metrics that appropriately measure the effectiveness of health messages.  

This study provided initial empirical evidence about the effectiveness of the interactive tailored 

health video intervention programs by using neurophysiological analysis.  From this initial work, 

the next step should be to determine how to appropriately measure the effectiveness of health 

messages that promote an individual’s behavioral changes.  This study suggests that a multi-

interdisciplinary approach that includes neurophysiology, health informatics, and health 

communication will contribute greatly towards improving the measurement of the effectiveness 

of health messages.  By identifying the key metrics, it will be possible to predict the longer term 

success of health message communication, provide a basis for designing improved health 

communication media, and to determine the success of health intervention programs.  As 

indicated by this research study, effective health intervention programs can be assisted by the 

application of interactive tailoring technologies as a meaningful strategy to enhance an 
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individual’s health behavior changes.  However, as the actual goal is to provide positive health 

related outcomes, the development of a key set of results-oriented measures would greatly assist 

in assuring those outcomes are attained in an efficient and effective manner.  
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APPENDIX A 

PRE-TEST QUESTIONNAIRE 

 

Relationship Section  

 
Are you currently in an ongoing close relationship (going out with or dating someone)? 

 No  
 Yes 

 
How long have you been in this relationship? 

 0-3 months 
 4-6 months 
 7-11 months 
 1 year - less than 2 years 
 2 years - less than 3 years 
 3 years - less than 4 years 
 4 years - less than 5 years 
 More than 5 years 

Are you currently living with this person? 
No 
Yes 
 
General Sex Partner Section 

 
Have you ever had sex? 

 No 
 Yes  

 
Did you use a condom the last time you had sexual intercourse? 

 No 
 Yes  

 
Have you had sexual intercourse in the last 3 months? (If no, skip to the sex history section) 

 No  
 Yes  
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How many times in the last 3 months did you have sexual intercourse: 
 with a condom? ______ (please type the number of times) 
 without a condom? ______ (please type the number of times) 

 
How often in the last 3 months did you (or your partner) use a condom during sexual intercourse 
together? 

 1 Never 
 2 Almost Never 
 3 Sometimes 
 4 Almost Every Time 
 5 Every Time 
 

How often in the last 3 months did you drink alcohol before or during sex with your partner(s): 
 1 Never 
 2 Almost Never 
 3 Sometimes 
 4 Almost Every Time 
 5 Every Time 
 

How often in the last 3 months did your partner(s) drink alcohol before or during sex with you: 
 1 Never 
 2 Almost Never 
 3 Sometimes 
 4 Almost Every Time 
 5 Every Time 
 

How often in the last 3 months did you use a drug besides alcohol before or during sex with this 
person: 

 1 Never 
 2 Almost Never 
 3 Sometimes 
 4 Almost Every Time 
 5 Every Time 
 

How often in the last 3 months did your partner(s) use a drug besides alcohol before or during 
sex with you: 

 1 Never 
 2 Almost Never 
 3 Sometimes 
 4 Almost Every Time 
 5 Every Time 
 

If you have sex with your partner(s) in the next 3 months, how often do youplan on using 
condoms? 

 1 Never 
 2 Almost Never 
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 3 Sometimes 
 4 Almost Every Time 
 5 Every Time 
 6 I don’t plan on having sex with my partner(s) in the next 3 months. 

 
In the past 30 days, how many sexual partners have you had? ______ 
 
In the past 3 months, how many sexual partners have you had? ______ 
 

Sex History 
 
Here are some final questions about a variety of topics.  Some of these questions relate to sexual 
history, which we must ask for control and statistical purposes.  Please answer them as honestly 
and accurately as possible, and remember, you answers are completely CONFIDENTIAL and 
ANONYMOUS. 
 
Have you ever had sexual intercourse?(If no, skip to demographic section) 

No 
Yes 

 
How old were you when you had sexual intercourse for the first time? ________  
 
How many male sexual partners have you had in the past year?  _______ 
 
How many female sexual partners have you had in the past year?  _______ 
 
How many male sexual partners have you had in your life?  _______ 
 
How many female sexual partners have you had in your life?  _______ 
 
Have you had sexual intercourse with a partner in the last 3 months who: 

 Had a sexually transmitted disease?   
 Injected drugs with a needle?  
 Was having sex with other people?   
 Had sex with both men and women in their past?  

(Randomize) 

 
All items above answered with this scale:  

1 Definitely No 
2 Probably No 
3 Probably Yes 
4 Definitely Yes 

 
Have you had a sexually transmitted disease (For Example: chlamydia, herpes, syphilis, 
gonorrhea, but not including HIV) in the past 12 months? 

 No 
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 Yes 
 I might have (don’t know) 

 
Have you been treated for a sexually transmitted disease (For Example: chlamydia, herpes, 
syphilis, gonorrhea, but not including HIV) by a doctor in the past 12 months? 

 No 
 Yes 

 
Do you know if you have HIV/AIDS? 

 Yes, I know my HIV status 
 No, I don’t know my HIV status 

 
 

Demographic Variables 

 
Are you male or female? 

Male 
Female 

 
What month and year were you born?  

Month _________ 
Year ___________ 

 
Are you Hispanic / Latino(a)? 

No 
Yes 

 
What is your race or ethnic identity? 

White or Caucasian 
Black or African-American 
Asian or Pacific Islander 
American Indian or Alaskan Native 
Other, specify _________________ 

 

Level of education (depends on sample) 
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APPENDIX B 

STIMULUS SCENARIO 

 
For the next part of the study, we will provide you with a scenario to keep in mind 
while viewing the online content to be presented.  
Scenario: You have just been diagnosed with a sexually transmitted disease. 
Although you have confirmation of the infection from your doctor, you don’t have 
much information on the disease itself. 
Now, please put on your headphones and connect them to the computer. Once you 
are ready, click on the link below to view the online content. Once you are finished 
you will be directed to a brief post-test questionnaire. 
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APPENDIX C 

POST-TEST QUESTIONNAIRE 

 

Post-Test Questionnaire (These questions will be repeated after each stimulus) 

(Website Perceptions) 
 
How much do you agree or disagree with each of the following statements about the features of 
the website? Please answer this as honestly as you can – we really want to know. 
 
(For this measure, use ―website‖ after the static website and ―video‖ after the Wahi video—don’t 
use both as indicated below) 
 

 

Disagree 

a lot 

Disagree 

a little 

Don’t 
agree or 

disagree 

Agree 

a 

little 

Agree 

a lot 

1 2 3 4 5 

a. Overall, I am satisfied with how easy it 
is to use the website/video.      

b. It was simple to use the website/video.      
c. I feel comfortable using the 

website/video. 
     

d. It was easy to learn to use the 
website/video. 

     
e. It is easy to find the information I 

needed. 
     

f. The information provided by the 
website/video was easy to understand.      

g. The organization of information on the 
website/video is clear.      

h. The look of the site/video is pleasant.      
i. I like using this website/video.      
j. This website/video is just what I would 

expect for a website/video created for 
individuals my age. 

     

k. This website/video was easy to navigate.      
l. I felt I had a lot of control over where I 

wanted to go on the website/video.      

m. At times, I felt confused about where I 
was or where I was going on the 
website/video. 

     
n. Overall, I am satisfied with the 

website/video. 
     

o. The website/video was highly 
interactive. 
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Information Evaluation 

Response Options 

Strongly 

Disagree Disagree 

Neither 

Disagree nor 

Agree Agree Strongly Agree 

1 2 3 4 5 

Please indicate your level of agreement/disagreement with each statement. 

a. I found the information presented to be very relevant to me and my life.  
b. I learned something new while examining the information presented.  
c. I learned something surprising while examining the information presented. 
d. The information I received will help me to make better decisions about my life. 
e. The information I received today has empowered me to help my friends make better 

decisions about avoiding risky behaviors. 

 
Behavioral Intentions 

Response Options 

Very Unlikely Unlikely 

Neither Unlikely 

nor Likely Likely Very Likely 

1 2 3 4 5 

 
Please indicate how likely it is that you will… 

a. Discuss the information you learned with your friends.  
b. Discuss the information you learned with you parents. 
c. Discuss the information you learned with your siblings. 
d. Recommend this Web site to your friends. 
e. Use a condom or other method of protection if you have sex. 
f. Not feel pressured to do something that you aren’t ready to do. 
g. Get tested for a sexually transmitted disease. 
h. Talk to your partner about STDs before having sex. 
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Elaboration 

Response Options Alpha: 

0.67* 

Strongly 

Disagree Disagree 

Neither 

Disagree nor 

Agree Agree 

Strongly 

Agree 

1 2 3 4 5 

 
Thinking about your exploration of the online content, how much would you agree or 
disagree with the following statements? 
 

a.  I found myself tying information that was presented to ideas I’ve had before. 
b.  I tried to relate the information that was presented to my own experiences. 
c.  I thought about how the topics that were presented related to other things I know. 
d.  I tried to see the connections between the topics that were presented. 
e.  I found myself making connections between the topics presented and information I’ve 

read or heard about elsewhere. 
f.  I tried to mentally piece together the topics/information presented like a puzzle to gain a 

thorough understanding. 
 

Engagement subscale 

Response Options 

Strongly Disagree                                                                                         Strongly 

Agree 

1 2 3 4 5 6 7 8 9 

 
While viewing the website/video, 

a. I was deeply engrossed. 

b. I was absorbed intently. 

c. My attention was focused. 

d. I concentrated fully. 
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Positive Affect subscale  

 
While viewing the website/video, I felt: 
Very Unhappy                                                                                                      Very 

Happy 

1 2 3 4 5 6 7 8 9 

 
While viewing the website/video, I felt: 
Very Annoyed                                                                                                    Very 

Pleased 

1 2 3 4 5 6 7 8 9 

 
While viewing the website/video, I felt: 
Very Dissatisfied                                                                                             Very 

satisfied 

1 2 3 4 5 6 7 8 9 

 
While viewing the website/video, I felt: 
Very Melancholic                                                                                        Very 

Contented 

1 2 3 4 5 6 7 8 9 

 
While viewing the website/video, I felt: 
Strongly Despairing                                                                                Strongly 

Hopeful 

1 2 3 4 5 6 7 8 9 

 
While viewing the website/video, I felt: 
Very Bored                                                                                                         Very 

Relaxed 

1 2 3 4 5 6 7 8 9 

 
 
Fulfillment subscale  

Response Options 

Strongly Disagree                                                    Strongly Agree 

1 2 3 4 5 6 7 8 9 

 
After viewing the website/video, I think 

e. It meant a lot to me 
f. It was rewarding 
g. It was useful 
h. It was worthwhile 
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Manipulation Check 

 

Low Interactivity High Interactivity 

1 2 3 4 5 6 7 8 9 10 

Please rate the interactivity of the module you just viewed. 
 

 

The following measures should not be repeated after each stimulus, but just once, after the 

second stimulus and questionnaire have been presented—so these are the last things they 

answer. 

 

WAHI vs Static site comparison questions (Just on the final post-stimulus questionnaire) 

 
You viewed two formats for information presentation today, one a WAHI video and the other a 
standard website. We would like you to answer a few questions indicating your preference. 
 
Of the two formats for presentation I viewed today… WAHI Static 

website 
a. I prefer the:   
b. I’d be more likely to recommend to a friend the:   
c. I’d prefer exploring further  information in safe sex using the:   
d. I’d prefer exploring further information on other subjects using 
the: 

  

e. I think other people my age would prefer:   
f. I was more engaged in the content while viewing the:   
g. I thought that the format that was more interactive was the:   
h. I feel that I remembered more information from the:   

 
If you would like to provide any comments about both or either format of presentation, please do 
so here: 
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Privacy and Security (Just on the final post-stimulus questionnaire) 
 
How much privacy do you feel you had when filling out these questionnaires? 

1 2 3 4 5 

 No privacy 
 

 A little 
privacy 

 

 Some privacy 
  

 A lot of 
privacy 

 

 Total privacy 
  

Overall, how honest would you say you were in answering questions on the surveys? 
1 2 3 4 5 

 Not Honest at 
All 

 Not Very 
Honest 

 Fairly Honest  Very Honest  Completely 
Honest  

 
*THANK YOU FOR YOUR TIME* 
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APPENDIX D 

FSU COLLEGE STUDENT CONSENT FORM 

 

Attention to Health Messages 

 

Dear FSU student: 

I am a doctoral student at the Florida State University in the College of Communication and 
Information.  I am testing the effects of interactive videos (via Web-automated human interaction 
technologies) on attention to health messages.  The Web-automated human interaction video has 
been created to educate students about sexually transmitted diseases (STDs) and how to make 
better decisions.  

The experiment will be conducted in Dr. Leonardo Lapointe’s Laboratory of Communication 
Science and Disorders at Florida State University.  You will view Web-automated human 
interaction video or a static website, while we will monitor your attention level and heart rate 
variability by using electroencephalography (EEG) and electrocardiography (EKG).  In order to 
measure your attention level, you will wear the EEG cap, which holds 3 embedded tin electrodes 
close to your head to record multiple EEG channels, which generate event related brain 
potentials (ERPs) as measures of your attention level.  EEG and EKG testing is safe and not 
harmful to your physical and mental health. 
 

The entire study should take no more than 90 minutes to complete.  If you agree to participate in 
the study you will be given access to the study website.  Once there you will register on the 
website using a login and password of your choice.  Next you will be asked to participate in a 
short survey containing basic demographic and personality variables.  At the completion of this 
survey you will be presented with the content on STDs.  After about 20 minutes of examination 
of the content, you will be directed to a final brief survey assessing what you learned from the 
information presented.  No personally identifiable information will be collected during the 
survey.  

This research involves minimal risks in the form of psychological discomfort if you dislike the 
content covered or are uncomfortable sharing personal information about relationships and sex. 
However, it is important to remember that all of your answers are completely CONFIDENTIAL 
and ANONYMOUS.  We will make no attempts to link your identity with the answers provided. 
Also, online content will be similar to that readily available on the Internet in this area of focus.  
A possible benefit of your participation is that you may find the content of interest and helpful 
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for yourself or people you know.  And, your participation will help us to further develop this 
kind of instruction for other students and subject matter.  Therefore, the benefits of this study far 
outweigh any risks.  

We will maintain confidentiality throughout this whole process to the extent allowed by law.  We 
will not be collecting any personally identifiable information in connection with the data 
provided during the sessions.  Data will be collected and stored on a secure server and will be 
accessible only to authorized researchers involved in this project at FSU.  

As an incentive for participating in this phase of the study you will receive extra course credit 
from the instructor of the course in which the study opportunity was presented.  Participation in 
this study is COMPLETELY VOLUNTARY. If you choose not to participate or decided to 
withdraw from the study, you are free to do so at any time with no penalty and your instructor 
will help identify another activity to replace this assignment. 

If you have any questions concerning this research study or your child's participation, please call 
me at (###)-###-###.  

Sincerely, 

 

Jung A Lee. 

* * * * * * * 

 
Please indicate your consent for the following: 
 

 I, _________________________ (print your name), agree to participate in the above study. 

Your  Name:         

Your  Signature:  Date:       
 

This study, which has been approved by the Florida State University Institutional Review 
Board (HSC Number: #######). If you have any questions or concerns regarding this study 
and would like to talk to someone other than the researcher(s), you are encouraged to contact the 
FSU IRB at 2010 Levy Street, Research Building B, Suite 276, Tallahassee, FL  32306-2742, or 
850-644-8633, or by email at humansubjects@magnet.fsu.edu. 
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APPENDIX E 

HUMAN SUBJECTS COMMITTEE APPROVAL LETTER 

 

/w EPDw UKLTY0  
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673, FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 9/23/2010 
 
To: JungA Lee   
 
Address:  

Dept.: INFORMATION STUDIES 
 
From: Thomas L. Jacobson, Chair 
 
Re: Use of Human Subjects in Research 
NEUROPHYSIOLGICAL ASSESSMENT OF THE EFFECTS OF INTERACTIVE VIDEOS 
(VIA WEB-AUTOMATED HUMAN INTERACTION TECHNOLOGIES) ON ATTENTION 
TO HEALTH MESSAGES 
 
The application that you submitted to this office in regard to the use of human subjects in the 
research proposal referenced above has been reviewed by the Human Subjects Committee at its 
meeting on 08/11/2010. Your project was approved by the Committee. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 
weigh the risk to the human participants and the aspects of the proposal related to potential risk 
and benefit. This approval does not replace any departmental or other approvals, which may be 
required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent 
form is attached to this approval notice. Only the stamped version of the consent form may be 
used in recruiting research subjects. 
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If the project has not been completed by 8/10/2011 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by 
the Committee prior to implementation of the proposed change in the protocol. A protocol 
change/amendment form is required to be submitted for approval by the Committee. In addition, 
federal regulations require that the Principal Investigator promptly report, in writing any 
unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is 
reminded that he/she is responsible for being informed concerning research projects involving 
human subjects in the department, and should review protocols as often as needed to insure that 
the project is being conducted in compliance with our institution and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is IRB00000446. 
 
Cc: Lustria Mia, Advisor 
HSC No. 2010.4720 
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