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Abstract 

 This study attempts to reveal theoretical mechanisms by which interactivity features on 

an anti-smoking website influence individualsô attitudes and beliefs toward anti-smoking 

messages on the site. Interactivity is operationalized as modality interactivity (i.e., the degree to 

which users control the medium) and message interactivity (i.e., the degree to which the 

messages from the medium are contingent upon usersô input). Three types of user engagement - 

imagery engagement (the ease with which participants can picture the effects of smoking in their 

mind), cognitive engagement (the degree to which participants engage in message elaboration), 

and emotional engagement (the degree of fear and arousal that participants feel while browsing 

the site) - are suggested as key mechanisms by which interactivity influences persuasion.  

A 3 (Message interactivity: High vs. Medium vs. Low) X 2 (Modality Interactivity: 

Slider vs. Control) fully factorial lab experiment was performed to test the persuasive effects of 

interactivity on the stimulus website (N = 167).  Results showed that modality interactivity led to 

more positive interface assessment and greater cognitive absorption. These two outcomes, in turn, 

contributed to more favorable attitudes toward the website and even toward the anti-smoking 

messages. Modality interactivity also enhanced the feeling of presence and imagery engagement, 

which in turn, resulted in more favorable attitudes toward the anti-smoking messages and a 

perception of smoking as a less attractive behavior. As for emotional engagement, modality 

interactivity caused greater fear appeal, especially when there was no message interactivity on 

the website. The presence of modality interactivity tended to reduce the amount of message-

related thoughts after browsing. In contrast, message interactivity enhanced message elaboration 

for participants, especially those with low involvement in the message topic. Theoretical and 

practical implications of these findings are discussed.  
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INTRODUCTION  

 Interactivity is perhaps the most distinguishable feature of modern media technology. 

Interactive features allow users to take a number of actions instead of passively receiving 

information from a medium. Users can swipe, zoom, and mouse over content on an interactive 

website, and click through several layers of hyperlinks to open hidden content. As the term itself 

implies, interactivity rests on the notion of active users who can control media content and 

interface.  To media effects researchers, interactivity requires a completely new angle to study 

the interaction between users and media ï the perspective that accounts for usersô input and 

capability to change both the content and the form of mediated messages. 

 Persuasion and health communication literature has been focusing on message features 

such as argument quality (e.g. Petty & Cacioppo, 1984) and message sensation value (e.g. 

Palmgreen, Donohew, Lorch, Rogus, Helm, & Grant, 1991) that can change usersô attitudes and 

behaviors. On the other side, structural features such as scene changes on TV (Lang, 2000) and 

usability and aesthetics of webpage (Fogg, Marshall, Laraki, Osipovich, Varma, Fang et al., 2001; 

Sutcliffe, 2002), and even the type of medium (i.e. Web, television, radio, print, etc.) (Lang, 

2006) also have been discussed as an important factor to change attitudes toward message. With 

the arrival of digital media, however, there is a growing realization that the interactivity afforded 

by the medium can also have a persuasive appeal (Sundar, 2008). Going beyond the given, fixed 

format of messages delivered by media, digital media users are actively involved in accessing 

information in a variety of ways--by swiping and zooming images, and making decisions about 

which parts of the message to read by clicking different hyperlinks and buttons.  If the user is 

navigating their way through various paths of a website, the way they interact with the content 
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could change the way they are influenced by the messages delivered by the website. In the 

context of health communication, the same message may be more or less effective in changing 

health-related outcomes depending on the interactivity of the medium via which the message is 

delivered. 

 Given that interactivity calls for heightened user activity, it is generally assumed that 

interactivity can create higher involvement in interacting with media (Sundar & Kim, 2005). 

However, it is debatable whether this heightened degree of user activity can hold true for 

engagement with content, and further, whether it can influence individualsô attitudes and beliefs 

toward the content. Several theoretical approaches have been suggested for examining the ways 

in which interactivity engages users and creates psychological effects for individuals, including a 

curvilinear model of interactivity (Bucy, 2004), the mediated moderation model of interactivity 

(Bucy & Tao, 2007), a dual-process model of interactivity effects (Liu & Shrum, 2009), and the 

model of interactivity effects on user engagement (Sundar, 2007). As Rafaeli (1998) suggested in 

his seminal work on interactivity, it is important to clearly define the concept of interactivity and 

theorize the effects of interactivity independently from the ever-changing examples of 

interactivity, given that newer interfaces are continuously developed and introduced. 

One of the most basic definitions of interactivity refers to almost any function that can 

enable two-way communication between the user and system (e,g., Bucy, 2004; Liu & Shrum, 

2009). The next question is whether all the different interactive features uniformly influence 

psychology of users, or differentially affect the outcome depending on their own characteristics. 

Given the vast variety of operationalizations and conceptualizations of interactivity, it is difficult 

to draw any firm conclusions that can summarize previous results. When technology changes 

rapidly according to the demand of users, it is harder to find a firm theoretical ground where the 
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term interactivity can be defined consistently throughout the diverse applications. Given this, the 

concept of interactivity needs to be rigorously defined before discussing its persuasive effects. 

The outcomes of interactivity include various aspects of user engagement. Users can 

emotionally engage with the message as a result of interacting with the interface, or they can also 

cognitively engage with processing and learning from the messages that are delivered by the 

interface. Another unique type of user engagement that can be created by interactivity is a vivid 

visualization of objects or phenomena in usersô mind. For instance, panning a virtual camera on a 

shopping site provides a realistic experience of observing the actual object. Thus, a 

comprehensive model for theorizing persuasive effects of interactivity needs to incorporate these 

various dimensions of user engagement. 

Persuasive message designers have suggested various message features that can induce 

persuasive outcomes, such as fear appeal, argument quality, and message vividness. However, 

such message features have often been conceptualized in terms of the effect of message 

variations, rather than in terms of intrinsic message properties (OôKeefe, 2003). In other words, it 

is still unclear what kind of features we have to employ in order to induce fear appeal or vivid 

imagery in usersô mind. For designing persuasive messages, it is critical to find a medium or 

message feature that can be defined independently from its expected effects (Sundar, Oh, Kang, 

& Sreenivasan, 2013). If interactivity as a technological attribute is shown to have persuasive 

appeal by inducing further user engagement, it will provide a useful set of rules of thumb for 

health campaigns and interface designers. 

 This dissertation examines the persuasive appeal of interactivity on an anti-smoking 

website. It proposes a theoretical model including two types of website interactivity and three 

types of engagement. Two forms of interactivity (modality interactivity and message 
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interactivity), both theoretically and practically meaningful in a persuasion context, will be 

examined. Imagery engagement, cognitive engagement, and emotional engagement will be 

proposed and examined in order to explain the persuasive effects of interactivity on individualsô 

attitudes and beliefs toward anti-smoking messages. 

LITERATUR E REVIEW  

Interactivity  as Medium and Message Features 

Interactivity has been defined as a construct having several elements within it ï two-way 

communication (Liu & Shrum, 2002), multi-media (Ahren, Stromer-Galley, and Neuman, 2000), 

personalization (Wu, 2006), user control (Coyle & Thorson, 2001; McMillan & Hwang, 2002; 

Steuer, 1992), responsiveness (Rafaeli, 1988), reciprocal communication (Ha & James, 1998) 

and synchronicity (Liu &Shrum, 2002). Previous definitions often do not distinguish the concept 

of interactivity itself from its possible effects such as reciprocal communication, multi-media 

output, and user control. However, when designing persuasive interfaces or persuasive messages, 

this outcome-based definition cannot answer the question about how to design interactive 

websites in order to create persuasive outcomes. Thus, this dissertation first defines interactivity 

as a technological feature of media, not the outcome produced by using the feature.  

Another approach to defining interactivity is to consider interactivity as any type of 

action possibilities provided by the system (Jensen, 1998; Liu & Shrum, 2009; Lombard & 

Snyder-Dutch, 2001). However, simply equating interactivity with action possibilities stops short 

of defining the object of user actions. The object of user actions could include source of 

information, a medium involved in the interaction, or a message that is delivered by the medium. 

For instance, users can become the source of information by generating contents through social 
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media. Users can control a medium or an interface by swiping, zooming, and dragging product 

pictures on a shopping website. They can also control the message involved in the human-

website interaction by clicking through layers of hyperlinks.  Thus, what precisely the user can 

control during the communication process is an important defining feature.   

Three forms of interactivity explicated by Sundar (2007) suggest three forms of 

interactivity that can be central to delivering persuasion messages. Based on three basic factors 

in a communication process (i.e. medium, source, and message), interactivity can exist as a 

medium feature, source feature, and message feature.  Modality interactivity (or Medium-based 

interactivity) refers to the variety of tools or modalities available on the interface for accessing 

and interacting with information. Traditionally, different modalities have referred to text, 

graphics, audio, and video. Modern multimedia interfaces offer users greater capacity for 

interaction. For instance, with more developed interfaces, modalities include examples such as 

sliders, drags, mouse-overs and zoom features available on websites. Thus, the more modalities 

offered by the website, the greater its interactivity. Using the mouse to spin a virtual camera and 

to zoom in the details of it would be considered as having more capacity for interacting with the 

medium or the interface, thus as being higher in interactivity, compared to merely scrolling a 

webpage with corresponding static pictures, as if in a magazine. 

Different from modality interactivity, some forms of interactivity can go beyond being 

bells and whistles on the interface. Message interactivity refers to the degree to which the system 

affords users to construct an idiosyncratic message thread by reciprocally communicating with 

the system. In order to do this, the system has to be capable of accounting for previous messages 

from users as well as those preceding them and thus contingently responding usersô input. For 
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instance, hyperlinks embedded on a website consist of interlinked messages that reflect the userôs 

previous inputs as well as those preceding them.  

Indeed, different modality interactivity features and message interactivity features have 

been widely used for designing health campaign websites. For instance, anti-smoking websites 

provide layers of hyperlinks where users can click through to see the list of common triggers of 

smoking. They also embed different modes of interaction such as a video clip about how to quit 

smoking, a smoking cost calculator, or a slideshow with images and texts about smoking 

outcomes. While previous persuasion literature has mostly focused on message features to design 

a successful intervention (e.g. Everett & Palmgreen, 1995; Kang, Cappella, & Fishbein, 2006), 

interactive tools for persuading people have been only recently highlighted by researchers. Thus, 

formally testing the persuasive appeal of modality and message interactivity features would 

reveal both theoretical implications for the role of technology in persuasion and practical 

implications for designing more effective online interventions for health campaigns. 

Interactivity and User Engagement 

The traditional approach to investigating interactivity effects on the level of engagement 

is based on dual-processing theories such as ELM (Petty & Cacioppo, 1986). For high-

involvement individuals, interactivity has been found to enhance user engagement with content 

by demanding user action, resulting in systematic processing of content (Liu and Shrum, 2009). 

On the other hand, for low-involvement individuals, interactivity is said to induce heuristic 

processing. For instance, the mere presence of interactivity can serve as a positive peripheral cue 

such that users with low involvement positively evaluate the credibility of website without 

further elaboration (Sundar, 2008).   
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However, individualsô psychological states influenced by interactivity can be varied 

beyond taking one of the two processing routes (i.e. central and heuristic). In fact, the concept of 

user engagement has tried to incorporate various dimensions of user experience with media 

beyond the dual routes of cognitive processing. User engagement, as a broader concept, refers to 

a psychological state where users are either cognitively or emotionally involved in a task at hand 

(e.g. Busselle & Bilandzic, 2008; Chapman, Selvarajah & Webster, 1999; Jacques, Preece & 

Carey, 1995; Strange & Leung, 1999). As Green and Brock (2002) pointed out, the state where 

users feel engaged with media content does not necessarily mean that they take the central route 

of cognitive processing about the content. 

Also, the theoretical connection between interactivity and user engagement is still 

unanswered. Some scholars argue that interactivity leads to shallow processing and superficial 

interactions with media content (e.g. Carr, 2010), whereas others claim that interactivity richly 

operationalizes the ideal of ñactive audienceò that was not quite realized with traditional mass 

media (e.g. Sundar, 2007). The interactivity effects model proposed by Sundar (2007) points out 

that three forms of interactivity (i.e. modality interactivity, source interactivity, and message 

interactivity) affect individualôs cognition, attitudes, and behavior by first influencing user 

engagement via different mechanisms. When interactivity affords a variety of ways accessing 

content (i.e. modality interactivity), it can enhance our ability to mentally map the content by 

expanding our ñperceptual bandwidthò and thereby lead to greater user engagement with content, 

with consequences for usersô attitudes toward the interface and content in general. Message 

interactivity can imbue the sense of back and forth and interconnected interaction, i.e., perceived 

contingency. This user perception can heighten user engagement with the content, which then 

leads to other cognitive, attitudinal and behavioral outcomes. 
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To further elaborate the theoretical connection between interactivity and user engagement, 

this paper notices two limitations in previous research: first, interactive features have been 

operationalized as a peripheral feature, rather than playing a central role in delivering messages. 

Examples of interactive features used in advertising studies are often limited to communication 

or navigational tools, such as online-contact form, site search tool, online bulletin board, or an 

interface feature for adjusting information flow (e.g. Lynch & Ariely, 2000; Liu & Shrum, 2009), 

which are not central to delivering the central persuasion messages related to the product.  In 

order to be a central feature to deliver a persuasive message, interactive features should 

significantly change the way users access the core message that the website aims to deliver, 

rather than merely add optional features to the site that can potentially increase the navigational 

burden. 

Second, the concept of user engagement has been narrowly defined which inhibits 

scholars from constructing more comprehensive model of interactivity effects. Adopting the 

frame of dual-process models, most studies have focused on elaboration ï the degree to which 

interactivity enables users to systematically process the message (e.g. Sundar & Kim, 2005; Liu 

& Shrum, 2009; Sicilia, Ruiz, and Munuera, 2005). However, other aspects of user engagement 

could also be influenced by interactivity. For instance, panning and zooming tools in online 

shopping websites, with their ability to let users intuitively interact with the product, may lead to 

more cognitive absorption in the browsing task. This heightened engagement is conceptually 

different from message elaboration. If elaboration is a process making connections between the 

product information and what the user has heard about elsewhere, the absorbing experience of 

interacting with a virtual product is a process where all of the usersô cognitive ability is focused 

on processing the incoming information from the website.  With this in mind, this dissertation 
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proposes two different types of cognitive engagement as mediators for the persuasive effects of 

message interactivity, as discussed in the following sections. 

Explication of User Engagement 

User engagement in traditional media has often been defined as a state where users are 

cognitively and affectively focused on the unfolding of the storyline or narrative. With TV 

content, viewers are said to be ñhookedò on the program emotionally and watch the whole 

program with focused attention (e.g. Cunningham, Hall, & Young, 2006). Engagement with 

narrative in general has been defined as a storyôs success in ñdirecting a readerôs thought toward 

the story and its themesò (Strange & Leung, 1999, p. 437). Narrative engagement is often called 

as ñtransportationò, which means a construction of mental models where all mental systems and 

capacities become focused on events occurring in the narrative (e.g. Busselle & Bilandzic, 2008; 

Green & Brock, 2000). Studies in narrative persuasion have indicated that engagement, 

absorption, and transportation are describing the same phenomenon in that each concept is the 

degree to which a message recipient is cognitively and affectively engaged with the vicarious 

experience of narratives (Slater & Rouner, 2002).   

In the context of human-computer interaction, engagement has been defined as userôs 

intrinsically motivated attraction to a multimedia system (Chapman, Selvarajah & Webster, 

1999; Jacques, Preece & Carey, 1995, Webster & Ho, 1997). Jacque et al. (1995) mention that 

users are ñengagedò with educational multimedia when it holds their attention and they are 

attracted to it from their own desire. These authors argue that multimedia design should be 

attractive enough to engage users, but should not be distracting for final learning outcomes to 

occur (Jacques, Preece & Carey, 1995). User engagement has also been defined as ña state of 

playfulness which includes attention focus, curiosity, and intrinsic interestò with the presentation 
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of multimedia features (Webster & Ho, 1997, p. 65). Oô Brien and Toms (2008) suggested 

similar attributes of user engagement, including aesthetic and sensory appeal, attention, interest, 

awareness and positive affect. In sum, user engagement indicates a psychological state of being 

attended or attracted, usually from intrinsic curiosity toward media content or system. 

User engagement can be also defined as cognitive efforts or application of rational 

strategy. In education research literature, cognitive engagement refers to be the level of self-

regulatory activity and use of meaningful study strategies to process class material (e.g. Greene 

& Miller, 1996;  Meece, Blumenfeld, & Hoyle, 1988), or to incorporation of new knowledge 

with pre-existing knowledge while completing learning tasks (Stoney & Oliver, 1999). In this 

conceptualization, engaged users are proactively setting a strategy to access the content and to 

thoughtfully process it. Likewise, Douglas and Hargadon (2000) define engagement with 

hypertext fiction as readersô attempts to discover congruencies between the hypertext and their 

pre-existing schemas based on the ability to make sense of the work as a whole. Thus, user 

engagement does not only refer to the state where users are emotionally engrossed by media, but 

also the rational state of investing mental effort to process incoming information, which can be 

similar with the concept of elaboration or systematic processing of media messages.  

Other conceptually similar terms, such as user involvement (i.e. emotionally and 

cognitively engaged way of enjoying media content) (Vorderer, 1992, as cited in Klimmt & 

Vorderer, 2003), transportation (i.e., the degree to which a message recipient is cognitively and 

affectively engaged with the vicarious experience of narratives) (Slater & Rouner, 2002), 

absorption (i.e., the degree to which people experience temporal dissociation, focused 

immersion, heightened enjoyment, curiosity, and control over the computer interaction) 

(Agarwal & Karahanna, 2000), and immersion (i.e., the degree to which people experience lack 
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of awareness of time, loss of awareness of the real world, involvement and a sense of being in 

the task environment) (Jennett, Cox, Cairns, Dhoparee, Tijs & Walton, 2006), have been used to 

refer to the same phenomenon. Across these different usage of terms, the common factors in 

those definitions is the degree to which users become cognitively and affectively focused on the 

interaction with media. In summary, cognitive engagement and emotional engagement have been 

used as key features to describe the intensity of user experience with media. 

 Another important facet of user engagement is imagery engagement. In cognitive 

psychology, visually imagined things are said to be powerful enough to govern peopleôs actual 

behaviors compared to the things from purely logical reasoning (Shepard, 1978). When it comes 

to media effects, visual imagery constructed in usersô mind as a result of reading a narrative has 

been an indicator to show the degree to which users are engaged in the story (Green & Brock, 

2000). However, visual imagery does not function only in the context of textual media. New 

media interfaces, with their broadened informational bandwidth, are capable of delivering more 

vivid, realistic images of objects to users. In this sense, imagery engagement induced by 

interactive media needs to be considered as an important facet of user engagement. 

 Oh, Bellur, and Sundar (2010) explicated the concept of user engagement as a construct 

that has four dimensions: physical interaction with interface, cognitive experiences, absorption, 

and outreach through social network. Physical interaction with interface and outreach through 

social network represent behavioral dimensions of user engagement whereas cognitive 

experience and absorption refer to psychological dimensions of user engagement.  In this 

framework, definitions from previous research related to cognitive involvement in a mediated 

experience can be equated with the stage called absorption, where the individual is consciously 

involved in an interaction, and more specifically with the content of the interaction, with almost 
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complete attentional focus in the activity. Imagery engagement can be included as one aspect of 

cognitive experience, which is operationalized as ñthe extent to which the user processes 

preliminary information from the interface as well as the media content which is marked by an 

activation of the usersô sensory mechanisms.ò This stage has been said to include perception of 

visual features, sounds, motion, touch and novelty of informationðall stimulus features of 

ñperceptual interfacesò (Reeves and Nass, 2000) which serve to expand the amount of sensory 

channels.  

In summary, three different species of engagement, imagery engagement, cognitive 

engagement, and emotional engagement of users, can be identified as critical concepts that can 

reflect the intensity of user experience with media. The next few sections will propose the 

theoretical and operational definition of each. 

Imagery engagement. Imagery engagement is defined as the degree to which users 

construct vivid mental imagery of objects in their mind in a mediated environment. One 

precursor of imagery engagement can be the concept of presence. Presence has been defined as a 

sense of ñbeing thereò in a mediated environment (Biocca, 1992; IJsselsteign, de Ridder, 

Freeman, & Avons, 2000). Biocca (1992) attributes this phenomenon of presence to the 

characteristic of our perceptions - the same perception used to stimulate the automatic perceptual 

processes in order to respond to the physical world creates the sense of being there when 

technology can afford it. In human-website interaction contexts, the feeling of presence is said to 

be heightened when the website gives a sense of interacting with real-life stimuli. For instance, 

panning and zooming in a virtual product in a commercial website would provide users a sense 

of manipulating a physical object in real world. 
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 When the websites provide vivid enough stimuli that can involve usersô perceptual 

resource to the extent that the real world requires it when they process the real world 

counterparts, the websites can create vivid imagery of objects in usersô mind. According to 

Steuer (1992), vividness as formal or technological attribute is comprised of sensory depth and 

breadth. Sensory breadth refers to the number of sensory dimensions simultaneously presented, 

and sensory depth refers to the resolution of each perceptual channel. For instance, the 3D 

carousel feature by which users can flip through pictures on a website can appeal to both our 

motion and visual systems, whereas static pictures appeal to our visual system only. Likewise, a 

3D-animation feature embedded on a website provides higher resolution to describe the same 

object compared to static 2D pictures. As a result of it, more vivid representations from media 

stimuli enhance usersô ability to picture objects in their mind. Therefore, imagery engagement 

can be measured by the degree to which media stimuli can evoke vivid pictures or visualizations 

of the mediated objects in usersô mind. 

Cognitive engagement. Cognitive engagement is defined as the degree to which users 

have a focused attention on the message or object described by media. An indicator of cognitive 

engagement can be the state of absorption, which has been defined as the state of temporal 

dissociation and focused immersion in the interaction (Agarwal & Karahanna, 2000), or the state 

where individuals are consciously involved in an interaction or with the content of the interaction, 

with almost complete attentional focus in the activity (Oh, Bellur, and Sundar, 2010). 

One might question the distinction between absorption and cognitive involvement when 

it comes to systematic processing or elaboration in the context of dual process models. 

Transportation theory suggests one way to make the distinction: Whereas cognitive elaboration 

includes a divergent process by which individuals are involved in diverse issue-related thoughts 
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and previous experience to evaluate an argument, transportation (or absorption) is said to be 

more convergent in that individuals would have a single, strong focus on the narrative (or in 

general, the content) itself. It is the phenomenon where ñall of the personôs mental systems and 

capacities become focused on the events occurring in the narrativeò (Green & Brock, 2002, p. 

324).  

Whether it is more convergent process such as absorption, or more divergent process like 

elaboration, both of them ultimately refer to the same phenomenon where all of usersô cognitive 

resources are focused on processing media stimuli at hand. Given that both of the concepts refer 

to an intensive psychological state where users are deeply involved with mediated content, a 

comprehensive measurement strategy for cognitive engagement would be to incorporate both 

aspects of absorption and elaboration. Thus, this study operationalizes cognitive engagement as 

the degree to which users feel absorbed in the process of interaction they are involved in as well 

as the degree to which they systematically process the messages.  

 Emotional engagement. Emotional engagement is defined as the degree to which users 

are aroused and/or experience a certain emotion (e.g. fear, anger, or joy) by mediated content. 

Emotional engagement has been defined broadly as the degree to which users are affected 

emotionally by media stimuli. For instance, individuals are said to be emotionally engaged with 

narrative when they feel empathy or sympathy toward characters (Busselle & Bilandzic, 2009) or 

when they perceive the narrative content affected them emotionally such that the emotions keep 

lingering after the exposure (Green & Brock, 2000).  

Apart from this general perception of being emotionally affected by media content, one 

indicator of emotional engagement with media content can be the degree to which individuals 

feel aroused. According to dimensional views of emotion (Russell, 1980; Tellegen, 1985), 
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emotional experience varies along two primary dimensions of affective valence and arousal, 

which can explain most of the variability in affective judgment created by individuals (Osgood, 

Suci, & Tannenbaum, 1957). Along with specific emotional states, the dimension of arousal 

needs to be addressed when it comes to measure emotional engagement of users. Thus, this study 

employs both the degree of arousal and specific emotional states of users affected by media as 

measurement of emotional engagement. 

Based on these definitions of user engagement, the next few sections will decompose the 

theoretical mechanisms by which different forms of interactivity alter the degree of user 

engagement, en route to explicating their effects on persuasive outcomes. 

Modality Interactivity and Its Persuasive Effects 

Modality interactivity and imagery engagement. One of the primary roles of interactivity 

is to help individuals access information in a variety of ways. For instance, using the mouse to 

spin a virtual camera and to zoom in the details of it would be considered as more interactive 

way of accessing the product information, as supposed to merely reading a webpage with 

corresponding static pictures. This type of interactivity has been defined as ñmodality 

interactivityò or ñinteractivity as a modality featureò (Sundar, 2007, p. 90). Interactivity as a 

modality feature strives to create a variety of ways to present information for users, which often 

leads to greater number of bells and whistles on the website. Thanks to the increasing amount of 

Internet bandwidth, lots of bells and whistles in contemporary websites employ graphical 

elements, such as video clips, and animated graphics. 

When website interactivity involves modality interactivity, it is often accompanied with 

an ability to manipulate virtual objects. When users spin a virtual camera, the object responds as 

if the event is occurring in the physical world. 3D carousel, the rotating set of images where you 
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control the flow by hovering over each image, also provides us an illusion that we control the 

rotating objects. If the virtual object seamlessly responds to usersô input, it can create a feeling of 

presence ï where users feel like they are manipulating an actual object. The combination of the 

usersô movement to manipulate the object and the visual changes accompanied by that is a 

fundamental factor to explain the effects of modality interactivity.  

Previous studies have found that subtle manipulation of modality interactivity can 

successfully lead to the feeling of presence. For instance, Li et al (2002) found that interactive 

features enabling users to move, rotate, and zoom-in a virtual video camera evoked greater 

feeling of presence compared to the 2D version of the same website. Further, persuasion 

literature points out that modality interactivity can change individualsô attitudes when it induces 

greater sense of presence. Klein (2003)ôs work found that a product website with video and audio 

features evoked greater feeling of presence than the site with text and static pictures, which led to 

stronger belief and attitudes about claims made in the advertisement. Li et al (2002)ôs findings 

also revealed that the feeling of presence evoked by move, rotate, and zoom-in interactions with 

the virtual camera led to greater product knowledge, more positive brand attitudes, and greater 

purchase intention.  

A mechanism by which modality interactivity evokes the feeling of presence and imagery 

engagement is based on a basic feature of human perception - we have not evolved enough to 

distinguish the mediated content from real world objects (Reeves & Nass, 1996). When modality 

interactivity allows users to interact with a virtual object in a manner that is similar to the way 

they perform the behavior in the real world, it can easily create real-life imagery in our mind. 

Given that human mind does not distinguish the virtual stimulus from real world phenomena, the 

heightened presence and real-life imagery in human mind created by modality interactivity can 
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be comparable to direct experience. Direct experience, such as product trial in an advertising 

content, has been said to form more confident, enduring, and resistant attitudes than does indirect 

experience (Fazio & Zanna, 1981).  Direct experience is also known to be more trustworthy 

since individuals themselves control the focus and pace of the interaction (Smith & Swinyard, 

1982). Thus, it is likely that mediated experience through modality interactivity can generate a 

similar persuasive appeal when it successfully replicates the vivid and concrete aspects of direct 

experience.  

Indeed, researchers suggest evidence that a website employing modality interactivity 

such as zooming an image or animation to simulate movement of an object yielded no significant 

difference from direct experience of the same physical object, in terms of brand attitudes and 

purchase intention (Daugherty, Li, & Biocca, 2008). Empirical evidence suggests that modality 

interactivity increases the degree to which users generate vivid mental images, which can change 

usersô attitudes toward content. Schlosser (2003) found that modality interactivity as clicking on 

or rolling the mouse over a camera image created more mental imagery than the control 

condition with static pictures of each corresponding step. The degree of imagery engagement 

fully mediated the relationship between modality interactivity and participantsô purchase 

intention. Coyle and Thorson (2001)ôs findings also suggest more vivid website with audio and 

animation is able to maintain positive attitudes toward the website even after two weeks. 

In sum, when users can interact with objects and products through modality interactivity 

that simulates real-world phenomenon, the interaction can create feeling of presence in usersô 

mind. Subsequently, the feeling of presence would shape more vivid mental imagery in usersô 

mind, which can lead to more persuasiveness. In the context of website browsing, it can 
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positively affect individualsô attitudes toward the messages delivered by the website as well as 

attitudes toward the website. Thus, the following hypotheses are proposed: 

H1: Modality interactivity will lead to greater feeling of presence compared to the control 

condition. 

H2: Modality interactivity will lead to greater imagery engagement compared to the 

control condition. 

H3: Greater feeling of presence and imagery engagement created by modality 

interactivity will, in turn, lead to more positive attitudes toward the website. 

H4: Greater feeling of presence and imagery engagement created by modality 

interactivity will , in turn, lead to more positive attitudes toward anti-smoking messages that are 

delivered by the website. 

H5: Greater feeling of presence and imagery engagement created by modality 

interactivity will, in turn, lead to more negative attitudes toward smoking, after controlling pre-

existing attitudes toward smoking. 

The mechanism via which individuals shape their attitudes toward the website can be 

different from the mechanism by which they form their attitudes toward the messages delivered 

by the site. For instance, positive website attitudes can be shaped by the fact that modality 

interactivity enables users to smoothly manipulate the virtual object and thus experience greater 

feeling of presence. In contrast, positive attitudes toward the persuasive message should involve 

some processing of the message itself, going beyond playing with the interactive features on the 

website. Thus, feeling of presence by modality interactivity may create positive website attitudes 

without necessarily going through imagery engagement. However, invoking more positive 

attitudes toward message should involve increased level of imagery engagement, the degree to 
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which participants shape vivid visualization of the negative outcomes of smoking in their mind 

as a result of further processing the message. Thus, this paper also tests the following hypothesis: 

H6: Greater feeling of presence created by modality interactivity will  directly lead to 

more positive attitudes toward the website. 

Modality interactivity and cognitive engagement. Greater cognitive absorption in the 

mediated content can be another outcome of modality interactivity. When the site enables users 

to interact with the content, one consequence of the interaction might be that they can be led to 

pay more attention to the website browsing, have more fun while exploring various aspects of the 

website. A recent study (Sundar, Xu, Bellur, Jia, Oh, & Khoo, 2010) found that a website with 

the highest degree of modality interactivity including slide, animation, and 3D carousel induced 

higher degree of cognitive absorption than did the medium level of modality interactivity that 

was comprised of simple clicking. Users felt more absorbed while browsing the site and 

perceived that the website held their attention to a greater degree when they used the highest 

level of modality interactivity. Subsequently, this heightened degree of cognitive engagement led 

to more positive attitudes toward the website and the message delivered by the site. Thus, when 

users are more absorbed in the browsing task by well-designed interactive features, their attitudes 

toward the website and even the content can be positively affected. 

Then what aspect of modality interactivity makes individuals feel more immersed while 

browsing? One theoretical mechanism is based on the notion of perceptual bandwidth (Reeves & 

Nass, 2000). Sundar (2007) argues that the effect of modality interactivity is to increase the 

degree to which we can mentally represent the mediated information.  For instance, when 

individuals operate a slider feature on an anti-smoking website, it can show the changes in brain 

activities from non-smokerôs brain to heavy smokerôs brain when they move the mouse from left 
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to right along the slider. This process requires several different perceptions and cognitions. Users 

are adjusting their motor response to drag their mouse from left to right, perceptually coding the 

visual changes according to their mouse movement, and finally, cognitively processing the 

graphical information that shows more inactive areas in the heavy smokersô brain. They can, and 

often do, move the slider back and forth in order to see and encode dynamic changes. During this 

process, individualsô perceptual bandwidth will be expanded compared to the situation where 

they passively receive stimuli from media. Xu and Sundar (2012) found that the richer sensory 

experience afforded by modality interactivity could enhance usersô engagement while browsing 

the website, which subsequently carry over to persuasive outcomes. In their study, the high-

interactivity condition allowed users to spin, zoom, and mouseover the product image, whereas 

the low-interactivity condition only allowed them to scroll down different product images. As a 

result of interacting with the product image with a variety of tools, users reported having more 

fun and feeling in control, which led to more positive attitudes and greater behavioral intention 

than the low-interactivity condition.  

For individuals to successfully process all of this information provided by interactive 

media, the operation of the media interface needs to be natural and intuitive (Norman, 1991; 

Naumann & Hurtienne, 2010; Steuer, 1992). Modality interactivity, with its ability to access 

information by flipping, zooming, sliding, etc., often affords more natural and intuitive 

interactions than simple clicking or scrolling. As long as modality interactivity creates more 

natural, intuitive, and easy-to-use interface, the increased perceptual bandwidth by interactivity 

will be fully used to mobilize their perceptual, motor, and cognitive abilities, which in turn, 

creates further engagement with browsing.  However, if the interaction with system is error-

prone or not intuitive enough to interact with, it would be harder for users to be completely 
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immersed in the browsing experience. Sundar, Bellur, Oh, Xu, and Jia (2013) found empirical 

evidence supporting that individualsô interface assessment of its naturalness, intuitiveness, and 

ease of use led to greater feelings of being absorbed while browsing. Subsequently, the increased 

absorption led to more favorable attitudes toward the website and the content that is delivered by 

the website. 

Given this, this study proposes that participantsô evaluation of the interface ï including 

naturalness, intuitiveness, and easiness of the interface mediate the effect of modality 

interactivity upon usersô feeling of absorption while browsing, which in turn, is expected to 

enhance their attitudes toward the anti-smoking website and its persuasive messages. 

Furthermore, given that the site is dedicated to delivering anti-smoking messages, this 

engagement process can eventually adjust their general attitudes toward smoking in a positive 

direction. 

H7: Modality interactivity will lead to more positive interface assessment compared to 

the control condition. 

H8: Modality interactivity will lead to higher cognitive absorption compared to the 

control condition. 

H9: More positive interface assessment and higher cognitive absorption created by 

modality interactivity will , in turn, lead to more positive attitudes toward the website. 

H10: More positive interface assessment and higher cognitive absorption created by 

modality interactivity will , in turn, lead to more positive attitudes toward anti-smoking messages 

that are delivered by the website. 
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H11: More positive interface assessment and higher cognitive absorption created by 

modality interactivity will , in turn, lead to more negative attitudes toward smoking, after 

controlling pre-existing attitudes toward smoking. 

The mechanism of inducing better attitudes toward the website can differ from the 

mechanism of producing better attitudes toward the messages delivered by the site. Previous 

literature about website design suggests that structural features of the website, including the 

design, usability, organization, and interactivity of the site, can play an important role in 

determining the credibility of website (Sundar, 2008; Wathen & Burkell, 2002). Thus, positive 

evaluation about the quality of interface can directly adjust participantsô attitudes toward the 

website. In contrast, attitudes toward the message would depend on the extent to which the 

positive quality of interface could actually engage users in cognitively processing the messages, 

rather than the evaluation of the interface itself. Therefore, it is likely that the attitudes toward 

the website can be solely determined by interface assessment, without going through further 

cognitive absorption.  

H12: More positive interface assessment created by modality interactivity will directly 

lead to more positive attitudes toward website. 

Another indicator of how individuals are cognitively engaged in website browsing is the 

degree of systematic processing of the message that is delivered by the website. In fact, the 

limited capacity model of mediated message processing (Lang, 2000) would claim that more and 

more bells and whistles on the interface would compete for the same pool of cognitive resources 

that are necessary for processing the message, which might negatively affect usersô information 

processing capability of the message itself.  Following this model, a website with many 

interactivity features would evoke more orienting responses (i.e. usersô immediate responses to 
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changes in the environment) because of the calls for interaction from the modality interactivity. 

The frequent calls for interaction issued by modality interactivity could result in cognitive 

overload, which would result in less available resource for systematically processing information 

displayed on the website with many interactivity features. 

There is empirical evidence from Sundar et al (2010) which indicates that a highly 

interactive website with 3D carousel feature inhibited participantsô recall memory on the content 

compared to the site with only simple clicking. Given that recall memory has been used as a 

measure of systematic processing (e.g. Chaiken & Maheswaran, 1994), one prediction would be 

that modality interactivity can inhibit participantsô systematic processing of information. 

However, the way modality interactivity influences individualsô cognitive processing is 

not simply negative. Given that modality interactivity includes a variety of bells and whistles 

existing on the website, different types of modality interactivity can affect their cognitive 

processing differently. In Sundar et al (2010)ôs study, for instance, the study examined the recall 

memory of different types of addiction from a webpage with a 3D carousel feature. A 3D 

carousel involves automatically rotating pictures, and the rotating movement functions as pure 

bells and whistles ï hovering over images and changing the direction of the flow do not have any 

function that can help users understand the information about addiction. Thus, it is natural that 

3D carousel can inhibit participantsô coding of the relevant content rather than enhance it. In 

contrast, if the interactive feature is accommodated to understanding the information, it can 

effectively enhance cognitive processing of the message.  

One study that examined six different types of modality interactivity supports this 

hypothesis. Sundar, Xu, Bellur, Oh, and Jia (2011) found that slider condition where participants 

moved a slider over hotspots along a timeline of Redwoods produced the most amount of recall 
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memory of content compared to other types of modality interactivity.  The slider is designed to 

open hotspots in a linear order (from left to right), which is congruent with the chronological 

information about Redwoods that the study employed. Thus, when modality interactivity is 

operationalized in a way that it can match the rhythm and flow of the persuasive content, it can 

aid individuals to more actively process the content, rather than distracting them from the 

content. 

Given this, this paper operationalizes modality interactivity as presence of a slider 

feature, whereby users can have more opportunities for interaction with the negative outcomes of 

smoking than merely looking at static pictures. If indeed this slider feature effectively delivers 

the persuasive content, higher modality interactivity will produce more elaboration about the 

message. However, if the slider feature merely functions as bells and whistles and consumes 

more cognitive resources that could have been used for processing the persuasive messages, 

including slider feature on the website will inhibit individualsô elaboration about the message. 

Thus, this paper asks the following research question:  

RQ1: Does higher modality interactivity, operationalized as presence of the slider, lead to 

greater message elaboration compared to the control condition? 

Modality interactivity and emotional engagement. Modality interactivity have been found 

to affect participantsô emotion, both in intensity and valence, which results in either more or less 

persuasive outcomes. Reeves and Nass (2000) points out that an increase in the breadth and 

depth of media representations ñturns up the volume knobò (p. 70) on perceptual responses, 

which may or may not lead to desirable outcomes depending on the quality of stimuli. In other 

words, perceptually rich experience can induce more intense response from users, which can 

sometimes create negative influences on attitudinal outcomes when the mediated content is not 
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properly designed. For instance, Yoo & Kim (2005) compared highly animated banner ads and 

moderately animated banner ads to static ones. They found that the degree of animation on 

banner ads linearly increased subjectsô intensity of emotional responses measured by self-

reported arousal. However, since participants with highly animated banner ads showed the most 

unpleasant feeling among the three conditions, it ultimately negatively affected attitudes toward 

the ads.  

Given that modality interactivity is accompanied by a changing image of an object like 

animation and thus capable of inducing immediate orienting responses, it is also likely to induce 

greater level of arousal among participants. For instance, enlarging an image by a zoom-in/out 

feature can induce an orienting response given that it requires users to take action and observe 

the visual changes caused by the action. Both motor activity such as clicking a mouse and visual 

changes such as animation have been found to generate physiological arousal (Wise & Reeves, 

2007, Detenber, Simons, & Bennett, 1998; Sundar & Kalyanaraman, 2004). Another indicator of 

emotional engagement is fear. The psychological effect of fear is distinguishable from other 

negatively valenced emotions, such as anger or sadness. From the perspective of discrete 

emotions (Dillard & Peck, 2000), fear signals danger, and motivates individuals to protect 

themselves. Fear appeal studies have employed vivid language or gruesome pictures and films as 

fear-inducing content (Witte, 1992). Indeed, anti-smoking websites employ interactive features 

in order to deliver the negative outcomes of smoking more vividly and fearfully. For instance, 

when individuals operate a slider feature on an anti-smoking website, it can show the changes in 

brain activities from non-smokerôs brain to heavy smokerôs brain when they drag the slider from 

left to right. This kind of feature is designed to more effectively deliver the threatening fact about 

smoking. This leads to the following hypothesis: 
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H13: Higher modality interactivity will create greater emotional engagement with the 

content compared to the control condition as indicated by greater level of arousal (H13a) and 

greater level of fear (H13b) among participants. 

In general, strong fear appeals are said to be more persuasive than weak fear appeals 

(Beck & Davis, 1978; see Witte & Allen, 2000 for a meta-analysis). Fear can lead to greater 

message acceptance such that participants perceive the persuasion messages as more persuasive 

and convincing (Dillard, Plotnick, Godbold, Freimuth, & Edgar, 1996).  Studies based on dual 

processing models pointed out that fear had a direct effect on participantsô attitudes toward the 

message (Dillard, Plotnick, Godbold, Freimuth, & Edgar, 1996; Hale, Lemieux, & Mongeau, 

1995).  In their meta-analysis based on ninety-eight studies, Witte and Allen found that the 

correlations between the fear manipulation and attitudes, intention, and behavior are all positive 

and reliable across different settings and manipulations of studies. Especially, individualsô 

information seeking behaviors tend to keenly respond to perceived risk or fear (Dunwoody, 

Griffin, & Neuwirth, 2000). Based on the previous findings, this study proposes 

H14: Greater fear induced by modality interactivity will lead to greater behavioral 

intention to seek information. 

Message Interactivity and Its Persuasive Effects 

 Different from modality interactivity, some forms of interactivity can go beyond being 

bells and whistles on the interface and are explicitly designed to increase systematic processing. 

Message interactivity refers to the degree to which the system affords users the ability to 

construct an idiosyncratic message thread by reciprocally communicating with the system. In 

order to do this, the system has to be capable of accounting for previous messages from users as 

well as those preceding them so that it can contingently respond to usersô input. Theoretical 
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mechanisms underlying the effect of message interactivity rests on the contingency involved in 

message exchange (Rafaeli, 1988). Hyperlinks and buttons embedded in websites show the 

communication possibilities to users, where they can click to see another layer of content. As 

opposed to reading the whole content by just scrolling down non-interactively, these interactive 

features account for usersô previous input. When there is a series of exchanges between the user 

and system through a layered structure of hyperlinks, the message constructed by this interaction 

relates both to previous messages and to the way previous messages referred to those preceding 

them. This conceptualization follows the ñconversational idealò (Rafaeli, 1988, p. 117), in that a 

successful form of message interactivity mimics the way in which humans conduct face-to-face 

conversations. When the interaction with the system approaches this ideal, two psychological 

outcomes can occur: absorption and message elaboration.  

First, message interactivity can increase the degree of self-reported absorption into 

website browsing by heightening the level of perceived contingency. A recent study with a 

movie recommendation site (Sundar, Bellur, Oh, Jia, & Kim, 2012) operationalizes message 

interactivity as the degree to which the site accounts for usersô previous choices of movies by 

providing more hyperlinks related to the previous actions. They found that higher message 

interactivity led to higher degree of absorption with the site, which was mediated by the degree 

to which participants perceived the website as contingently responding to the interaction between 

them and the system. This heightened degree of absorption with the site led to more positive 

attitudes towards the site and higher intention to recommend it to others.  These findings lead to 

the following hypotheses: 

H15: Higher message interactivity will lead to greater perceived contingency. 



28 

 

 

H16: Higher message interactivity will lead to greater cognitive absorption while 

browsing. 

H17: Greater perceived contingency resulted from message interactivity will lead to 

greater cognitive absorption while browsing. 

 Secondly, the back-and-forth interaction between the user and the system can elicit 

greater elaboration of persuasive messages that are delivered by the system. This capability of 

message interactivity would attribute to the fundamental nature of cognitive elaboration such that 

the elaboration occurs when individuals make a meaningful response to a message received 

based on their prior knowledge (Tremayne & Dunwoody, 2001). In other words, when message 

interactivity affords users to be engaged in this reciprocal way of communication with system, 

the linear process of exchanging messages can trigger further elaboration on the message since 

the users are forced to create meaningful, contingent response to the previous one.  

Several studies have shown that message interactivity indeed has potential to create 

greater degree of elaboration, which leads to more positive attitudes toward content. In a political 

candidateôs website, medium level of message interactivity induced more positive impressions 

on the candidate regardless of participantsô previous interest in politics (Sundar, Kalyanaraman, 

& Brown, 2003). This absence of the effect of topic involvement suggests that the optimal level 

of message interactivity does not function as a mere heuristic cue such that it heavily influences 

only apathetic users. Instead, it can result in the same outcome in terms of attitude changes for 

both highly involved users and apathetic users.  

Sicillia et al (2005) also showed that higher degree of message interactivity as 

manipulated by embedded hyperlinks in a product website induced a greater number of website-

related thoughts. By using think-aloud protocol, Tremayne and Dunwoody (2001) measured 
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cognitive elaboration as the number of comments increased, demonstrating a connection between 

currently encountered information and prior knowledge. An interactive version of website with 

hyperlinks was found to increase both participantsô message elaboration and the amount of 

content-specific recall. 

In this paper, message interactivity will be operationalized as the number of layers of 

hyperlinks: low (only one layer, i.e. scrolling only) vs. medium (two layers of hyperlinks) vs. 

high (three layers of hyperlinks plus breadcrumbs). High message interactivity condition would 

enable users to be involved in the most active message exchanges between the user and the 

system. Users can further click and open the content they want to read as opposed to being 

merely exposed to the content. This operationalization of interactivity has been shown in 

previous research (e.g., Sundar, Kalyanaraman & Brown, 2003; Sundar & Kim, 2006; Sundar, 

Bellur, Oh, Jia & Kim, 2012) as successfully enhancing the perceived level of interactivity, given 

successful manipulation checks. Breadcrumbs would allow users to visualize the navigation path 

they went through, which can also help users more freely determine the content they want to read 

next. Medium and low conditions would allow lesser chances of constructing their own way of 

reading the content compared to the high condition. Given this operationalization and previous 

findings about message interactivity, this study proposes the following hypotheses: 

H18: Greater perceived contingency resulting from message interactivity will lead to 

greater elaboration of anti-smoking messages. 

H19: Greater message elaboration will mediate the relationship between message 

interactivity and attitudes toward messages. 

H20: Greater message elaboration will mediate the relationship between message 

interactivity and belief about the effects of smoking. 



30 

 

 

The role of cognitive engagement in the persuasion process relies on the degree of 

involvement that participants had beforehand. Dual-process models (Chaiken, 1987; Petty & 

Cacioppo, 1986) suggest that highly involved participants will cognitively engage with the 

content by systematically processing the messages, which in turn, will create more persuasive 

outcomes. In contrast, for participants who have low involvement with the topic, heuristic 

processing is said to predominate ï their attitudes toward message are simply determined by the 

presence or absence of relevant heuristic cues. Liu and Shrum (2000) found that website 

interactivity can work as a heuristic cue for those who are not involved in the topic of the website 

and elicit uniformly positive attitudes. On the other hand, the same feature can elicit either 

positive or negative attitudes for those who are highly involved in the topic, depending on 

whether they are capable of actually using that interactive feature.  

In this study, message interactivity is not just bells and whistles, but a feature that is 

designed to cognitively involve users - as users click through hyperlinks, each hyperlink delivers 

information related to the anti-smoking topic. In addition, opening and clicking hyperlinks do not 

involve particular skills or much amount of cognitive resources. Assuming the message 

interactivity feature proposed by this study can be operated almost unconsciously by users, usersô 

previous experience or skills would not matter. 

Based on dual-process models, however, the effect of message interactivity will differ 

across the level of issue involvement. Those who are highly involved in the issue of smoking 

would systematically process the anti-smoking messages, therefore be minimally influenced by 

the message interactivity feature. That is, they will engage with the message no matter how it is 

structured on the site. Highly involved users of the site will centrally process the message even 

when it is offered in a relatively non-interactive form, e.g., simply scrolling down a text-heavy 
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site. Therefore, message interactivity will positively affect the degree of elaboration for those 

who are not highly involved in the issue of smoking. Given that message interactivity 

operationalized in this study functions as a tool for involving participants rather than appearing 

as bells-and-whistles, it is likely that message interactivity further engages low-involvement 

participants in systematic processing as they open the multiple layers of hyperlinks in stages. 

This systematic processing induced by message interactivity will likely mediate the effect on the 

degree of message elaboration, with consequences for subsequent attitudes toward and beliefs 

about the persuasive messages. In other words, the potential of message interactivity for 

cognitively engaging users would be more pronounced for those who do not have personal 

involvement in the issue of smoking. Thus, the following hypotheses are proposed: 

H21: Higher message interactivity will result in greater message elaboration of anti-

smoking messages, only for low-involvement participants. 

H22: Message elaboration will mediate the relationship between message interactivity 

and attitudes toward messages, only for low-involvement participants. 

H23: Message elaboration will mediate the relationship between message interactivity 

and beliefs about messages, only for low-involvement participants.  

Combinatory Effect of Modality I nteractivity, Message Interactivity , and Issue 

Involvement 

 Simply put, the combinatory effect of modality interactivity and message interactivity 

means that users will have more interaction possibilities with the website. The MAIN model 

(Sundar, 2007) suggests a variety of ways by which the mere existence of interaction 

possibilities on an interface can serve as heuristic cues. The suggestion of activity, by way of 

different kinds of interaction techniques (zooming, dragging, etc.) available on the interface, is 
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said to trigger the activity heuristic. The presence of dialog boxes and other features that invite 

user input may cue the interaction heuristic. A menu bar with a series of tabs could cue the 

choice heuristic, and so on. These heuristics promote perceptions of dynamism, specificity, 

accessibility of information and other such credibility markers in the minds of users and persuade 

users by promoting short-cut judgments of the quality of the content delivered by the interactive 

interface.  

 However, with the addition of more interaction techniques, there might be a curvilinear 

relationship between levels of interactivity and its persuasive outcomes such that there is a 

threshold beyond which the positive potential of interactivity decreases. Bucy (2004, p. 378) 

named this non-linear effect of interactivity as ñinteractivity paradoxò. Sundar, Kalyanaraman 

and Brown (2003)ôs findings also showed a clear curvilinear effect of interactivity on attitudes 

toward website and political candidates such that medium-interactivity condition elicited the 

highest score for almost every attitudinal outcome. Whereas previous studies focus on the 

amount of interactivity and its effects, this study operationalizes interactivity in two different 

ways ï modality and message interactivity ï and investigate how these different types of 

interactivity affect each other when they work together in the same interface. Modality 

interactivity can be considered as bells and whistles, in that it often contains some visual, playful 

features that allow users to access information in a variety of ways. With these features, modality 

interactivity can easily enhance the perceived level of interactivity, and function as a prominent 

heuristic cue. In contrast, message interactivity more likely lead individualsô attention to the 

message delivered by the website, rather than any other interface aspects of the website. For low-

involvement individuals, modality interactivity can overwhelm the effect of message 

interactivity, thereby negate any effect from the message interactivity feature. As dual process 
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models (Chaiken, 1987; Petty & Cacioppo, 1986) suggest, low-involvement individuals can be 

easily persuaded up by peripheral interface features such as modality interactivity. Thus, when 

modality interactivity is placed on the same interface with message interactivity, it can offset the 

effect of message interactivity on message elaboration by inducing heuristic processing. For 

high-involvement individuals, the interaction potential offered by modality interactivity may or 

may not be appreciated, depending on whether they are compatible with the judgment based on 

systematic processing (Chaiken, & Maheswaran, 1994). According to the additivity hypothesis, 

when the information yielded by systematic processing does not overwhelm the effect of 

heuristic cue and the heuristic cue provides compatible information, the presence of heuristic cue 

can bolster the persuasive outcome. However, when the heuristic cue provides information that 

contradicts the judgment based on systematic processing, the effect of heuristic cue can be 

negligible.  

 Given that there is not enough empirical evidence about how the information provided by 

modality interactivity (in the form of a form of a slider) is perceived by users, this dissertation 

proposes the following research question: 

 RQ2: How does the interaction effect of modality interactivity, message interactivity, and 

issue involvement influence user engagement, attitudes and beliefs toward anti-smoking 

messages?  

 Figure 1 summarizes the hypothesized relationships between variables. Figures with 

hypothesis and research question numbers will be provided in the results section.  
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Figure 1. Hypothesized effects of modality interactivity and message interactivity 
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METHOD  

Two independent variablesðmodality interactivity and message interactivity ðwere 

manipulated to vary the level of interactivity on the stimulus websites.  A 2 (Modality 

interactivity: Control vs. Slider) X 3 (Message interactivity: Low vs. Medium vs. High) fully 

factorial, between-subjects lab experiment was conducted to collect data. Pre- and Post-tests 

method was employed to account for pre-existing attitudes toward smoking. Thus, the study 

consisted of two parts ï the first part was the pre-test, online survey that measured their smoking 

attitudes and demographic information, and the second part was a lab session where they 

browsed the stimulus website and filled out another questionnaire (post-test).  

Participants 

Participants were recruited from undergraduate classes at Penn State in exchange for 

extra credit. One hundred seventy three participants successfully completed both parts of the 

study. Two of them were removed from the data set because they said that they had participated 

in the pilot test of the same study. After checking the time spent for browsing the stimulus 

website, four participants who spent less than thirty seconds were eliminated from the data set. 

The final sample consisted of 167 participants. The final sample included 97 females (58.1%) 

and 70 males (41.9%), with the average age 19.6 (SD = 1.43). Most of the participants were 

Caucasian (N = 115). Other races in the sample were Asian (N = 17), African American (N = 14), 

Hispanic (N = 12), Arab (N = 3), and Other (N = 6). The sample included 56 freshmen, 43 

sophomores, 35 juniors, and 33 seniors. The majority of the sample were native English speakers 

(N = 150). 
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Procedure 

First, a 5-minute, self-administered online questionnaire was sent to recruited participants 

in order to measure their smoking status, issue involvement with smoking, and preexisting 

attitudes toward smoking.  At the end of the survey, participants were directed to a sign-up link 

where they could reserve a lab session. Participants were able to sign up for a session that was 

scheduled at least 24-hours after upon the completion of the online survey. 

The second part of the study was administered in a media effects research laboratory at 

Penn State University. Upon arrival, participants were administered informed consent forms. 

They started an online questionnaire by typing the last four digits of their cell-phone number and 

the month they were born, which served as an anonymous id for each participant in the data 

analysis stage. They were then given a browsing task on an anti-smoking website. The 

questionnaire software randomly assigned each participant to one of the six conditions. The 

instruction for the browsing task included a brief introduction about the website (i.e. ñTobacco 

Free State Collegeò), and was framed as a learning task. The instruction asked participants to 

fully browse the website and spend as much time as they needed. They were specifically told that 

the site contained three different topics and asked to explore all three topics and learn as much as 

they could (see Appendix for the complete instruction). On average, participants spent 317.08 

seconds browsing the entire website (SD = 149.07, Min = 30.37 seconds, Max = 682.98 seconds). 

After they finished browsing the site, they were asked to fill out a questionnaire. The post-test 

questionnaire included media use and demographic information of participants, and all the 

outcome measures that will be described in Measurement section of this paper. The entire study 

session lasted approximately 40 minutes.  
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Stimulus Material  

Six prototype websites [2 (Modality interactivity: Control vs. Slider) X 3 (Message 

interactivity: Low vs. Medium vs. High)] were constructed for this study. The six prototypes 

differed only in the interactivity features they offered to the users. Except for the interactivity 

features employed, all six versions of the prototype shared the same content, and the same page 

layout. The prototype website was titled as ñTobacco Free State Collegeò.  

All of the prototype websites had three topics describing the negative health outcomes 

induced by smoking: ñhow smoking affects your looksò, ñhow smoking affects your brainò, and 

ñhow smoking affects your respiratory systemò. Each of the three issues was further categorized 

into three sections: ñhow smoking affects your looksò was divided into ñpremature aging and 

wrinklesò, ñicky teethò, and ñthinner hairò; ñhow smoking affects your brainò was divided into 

ñsmoking reduces your IQò, ñsmoking induces lack of concentrationò, and ñsmoking is linked to 

brain shrinkageò; and ñhow smoking affects your respiratory systemò was divided into ñoxygen 

intakeò, ñmucus congestionò, and ñemphysemaò.  

For all prototype websites, the name of the website, ñTobacco Free State Collegeò, was 

located at the left top corner of the web page. Right next to the logo of ñTobacco Free State 

Collegeò, the site provided a simple mission statement, saying ñTo protect the people in State 

College from the dangers of tobaccoò. The website was comprised of one main graphic area 

followed by three smaller boxes underneath. The main graphic area showed an undergraduate 

student who seemed to taking a note in a library, and provided a cover story of the website: 

ñFacts Matter: Everyone thinks they've heard it all before, but take some time to explore for 

yourself how deadly and dangerous tobacco can be to you and your loved ones.ò Each of the 

three smaller boxes underneath contained a block of text stating one of the three topics (i.e. ñhow 
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smoking affects your looksò, ñhow smoking affects your brainò, and ñhow smoking affects your 

respiratory systemò) (Figure 2). 

 

Figure 2. Homepage of stimulus website 

 

Manipulation of modality interactivity. Modality interactivity is operationalized as the 

presence (Slider condition) vs. absence (Control condition) of slider feature. In Control condition, 

each of the three topics contained at least two static images related to the topic (i.e. looks, brain, 

and respiratory system). The images were designed to show three different health outcomes 

regarding each topic area. For the ñhow smoking affects your looksò topic, a computer-

simulation of aging process was presented by three static pictures corresponding to a femaleôs 

looks 1) in a current state, 2) in the case of an aged non-smoker, or 3) in the case of an aged 

smoker (Figure 3, left). For ñhow smoking affects your brainò, three pictures described different 

outcomes in glucose metabolism of a human brain in the case of 1) a non-smoker, 2) a smoker 10 
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days after having stopped smoking, or 3) a smoker 100 days after having stopped smoking 

(Figure 3, middle). For ñhow smoking affects your respiratory systemò, two pictures showed 1) 

healthy lungs, or 2) a smokerôs lungs (Figure 3, right).  

 

Figure 3. The absence of modality interactivity (control condition) 

In Slider condition, a drag-and-slide bar was located under the same-sized images. The 

images of a femaleôs look (Figure 4, left), brain activity (Figure 4, middle), and lungs (Figure 4, 

right) changed as participants moved the slider across the image.  Instead of showing images 

discretely like those in the Control condition, the images were morphed into one so that the same 

image showed gradual changes over time upon slider movement across the horizontal axis. See 

also Appendix for the links to the actual stimulus websites.  



40 

 

 

 

 

Figure 4. Slider (modality interactivity condition) 

Manipulation of message interactivity. Message interactivity was operationalized as the 

number of layers of hierarchical hyperlinks and the presence/absence of breadcrumbs. The low 

condition did not have any hyperlinks. Participants were able to read the three topics (i.e. the 

effects of smoking on looks, brain activity, and respiratory system) by simply scrolling down the 

screen (Figure 5).  

 

Figure 5. Low message interactivity condition 
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The medium condition had two layers of hyperlinks. On the homepage, participants were 

able to click one of the three boxes under the main frame, which directed them to one of the 

same three topics with the low condition. If a participant clicks the link saying ñhow smoking 

affects your looksò, this click would direct the participant to the next page with the heading of 

ñhow smoking affects your looksò. In this page, the site listed all of the three subtopics (i.e. 

ñpremature aging and wrinklesò, ñicky teethò, and ñthinner hairò) and related textual descriptions. 

At the bottom of the page, ñbackò and ñnextò buttons were provided to take users either back to 

the homepage where they can click the other two topics, or to proceed to the final layer where 

there were pictures (or slider, depending on the modality interactivity condition) describing the 

negative outcomes of smoking (Figure 6). 

 
 

Figure 6. Medium message interactivity condition 

 

The high condition had three layers of hyperlinks and breadcrumbs. Like the medium 

condition, participants could click one of the three boxes under the main frame, which moved 

them to one of the three topics. On the next page, participants were able to click further. There 

were three hyperlinks listing the three sub-issues of the selected topic, allowing them to click 
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them one by one. Upon selection of each hyperlink, the site showed one or two paragraphs of 

textual information about each sub-topic, while automatically closing the other sub-topic if it had 

been opened. The page contained both ñBackò and ñNextò button as the medium condition had. 

They could proceed to the final layer that was maintained exactly the same with the medium 

condition. Additionally, participants could see yellow-colored breadcrumbs that track their 

locations on the website right above the main frame (Figure 7). 

 

Figure 7. High message interactivity condition 
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Measurement 

 Moderator. Issue involvement with smoking was defined as the degree to which 

information about smoking is of personal importance. Issue involvement was measured by ten 

items from Zaichkowsky (1985). On a 9-point semantic-differential scale, participants indicated 

if information about smoking is ñunimportant-importantò, ñirrelevant-relevantò, ñmeans nothing 

to me-means a lot to meò, ñworthless-valuableò, ñnot needed-neededò, ñboring-interestingò, 

ñunexciting-excitingò, ñuninvolving-involvingò, ñunappealing-appealingò, and ñmundane-

fascinatingò(M = 4.92, SD = 1.88, Cronbachôs Ŭ = .93).  

Control variables. Due to the nature of the anti-smoking topic, participantsô smoking 

status and their pre-existing attitudes toward smoking were included in the analysis. Smoking 

status was classified into three categories, based on Siegel (2000): (1) nonsmokers, (2) 

experimenters, and (3) established smokers. Nonsmokers were defined as participants who never 

tried smoking. Experimenters were defined as those who tried smoking at least once, but smoked 

fewer than 100 cigarettes. Established smokers were those who answered that they smoked at 

least 100 cigarettes in their lifetime. 50.3% (N = 84) of participants were classified as 

nonsmokers, whereas 37.7 % of participants (N = 63) were experimenters, and 12% of them (N = 

20) were established smokers. 

Pre-existing attitudes toward smoking were measured by 10 items on a 9-point semantic-

differential scale before they came to the lab. They included 8 items from Swanson, Rudman, 

and Greenwald (2001), ñbad-goodò, ñunhealthy-healthyò, ñunsexy-sexyò, ñunpleasant-pleasantò, 

ñharmful-harmlessò, ñunsociable-sociableò, ñugly-glamorousò, and ñstressful-calmingò, and two 

additional items such as ñnegative-positiveò, and ñunfavorable-favorableò. An exploratory factor 

analysis using principal axis factoring extraction and Oblimin rotation was employed to examine 
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the structure of participantsô attitudes toward smoking. The analysis revealed two factors with 

eigenvalues greater than 1. These two factors explained 77.74% of the variance. The first factor 

included three semantic-differential items, ñbad-goodò, ñunhealthy-healthyò, and ñharmful-

harmlessò. This factor was labeled as attitudes toward health effects of smoking. The second 

factor was comprised of remaining seven items, ñunsexy-sexyò, ñunpleasant-pleasantò, 

ñunsociable-sociableò, ñugly-glamorousò, ñstressful-calmingò, ñnegative-positiveò, and 

ñunfavorable-favorableò. This factor was labeled as attitudes toward attractiveness of smoking. 

In sum, two indexes were created based on the factor analysis. Attitudes toward health effects of 

smoking were calculated by averaging three items, ñbad-goodò, ñunhealthy-healthyò, and 

ñharmful-harmlessò (M = 1.48, SD = .86, Cronbachôs Ŭ = .85). Attitudes toward attractiveness of 

smoking were calculated by averaging the remaining seven items, ñunsexy-sexyò, ñunpleasant-

pleasantò, ñunsociable-sociableò, ñugly-glamorousò, ñstressful-calmingò, ñnegative-positiveò, 

and ñunfavorable-favorableò (M = 2.58, SD = 1.69, Cronbachôs Ŭ = .92). 

Persuasion literature points out that defensive processing can bias message processing 

(Block & Williams, 2002; Freeman, Hennessy, & Marzullo, 2001; Liberman & Chaiken, 1992). 

When the persuasive message is threatening, or personally relevant, individuals tend to put more 

effort to process the message, but in a defensive and critical way. For instance, individuals tend 

to perceive that the message is trying to manipulate their feelings, evaluate the message as 

distorted and overblown, and actively generate counter-arguments. Given that biased processing 

is an important determinant of persuasion outcomes, this study controls the degree of biased 

processing about anti-smoking messages delivered by the stimulus website.  

Biased message processing was measured using six semantic differential items on a 9-

point scale. The items were adapted from Shen, Monahan, Rhodes, and Roskos-Ewoldsen 
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(2009). Participants indicated their attitudes toward the message on the website with six pairs of 

adjectives: ñnot distorted-distortedò, ñnot overblown-overblownò, ñnot exaggerated-

exaggeratedò, ñnot boring-boringò, ñnot manipulative-manipulativeò, and ñnot exploitative-

exploitativeò (M = 3.04, SD = 1.69, Cronbachôs Ŭ = .90). 

Manipulation check. Perceived interactivity was measured by three items adapted from 

Kalyanaraman and Sundar (2006). The first item asked participants to indicate their attitudes 

toward website ranging from 1(= not at all interactive) to 9 (= highly interactive). The next two 

items asked participants to indicate their attitudes toward two statements about the website on a 

9-point Likert scale, ranging from 1 (= strongly disagree) to 9 (= strongly agree): ñThis website 

allows me to perform a lot of actionsò, and ñThis website allows me to access information in a 

variety of waysò (M = 5.21, SD = 2.16, Cronbachôs Ŭ = .91).  

Mediating variables. Perceived contingency was measured by three items from Sundar, 

Bellur, Oh, Jia, and Kim (2012). Participants indicated how well they thought each statement 

described the website on a 9-point Likert scale, scale ranging from 1 (= describes very poorly) to 

9 (= describes very well). The statements include ñI was involved in several back and forth 

interactions with the siteò, ñI felt as if the information on the website was well connected to my 

actionsò, and ñThe website was aware of the actions I performedò. (M = 4.89, SD = 2.28, 

Cronbachôs Ŭ = .85). 

Presence was measured using three items obtained from Witmer and Singer (1998) on a 

9-point Likert-type scale. The items included: ñHow well could you move or manipulate objects 

while browsing? (ranging from 1 = not very well to 9 = very well)ò, ñHow much did the visual 

aspects of the website involve you? (ranging from 1 = not at all to 9 = a lot)ò, and ñHow 
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completely were all of your senses engaged while browsing? (ranging from 1 = not completely to 

9 = completely)ò (M = 6.52, SD = 1.76, Cronbachôs Ŭ = .76).  

The Interface assessment measure consisted of three items on a 9-point Likert scale. 

Participants responded to three statements indicating their feeling toward their interaction with 

the website: ñMy interaction with the website was intuitiveò, ñThe ways that I used to control the 

changes on the website seemed naturalò, and ñThe website was easy to useò (M = 7.06, SD = 

1.30, Cronbachôs Ŭ = .63). 

Imagery engagement was measured by three items adapted from Schlosser (2003). Three 

questions asked participants how much they could construct vivid mental imagery of negative 

outcomes of smoking in their mind while browsing the website ranging from 1 (= not at all) to 9 

(= a lot), such as ñHow much did the website have features to help you imagine the effects of 

smoking?ò, ñHow much could you easily picture the effects of smoking in your mind?ò, and 

ñHow much did the website let you easily visualize the effects of smoking?ò (M = 7.44, SD = 

1.26, Cronbachôs Ŭ = .88). 

Cognitive engagement was measured by (1) self-reported cognitive absorption, (2) self-

reported elaboration, and (3) message elaboration reflected in a thought-listing measure. First, 

absorption was measured by 15 items obtained from Agarwal and Karahanna (2000). The 

original instrument in Agarwal and Karahanna (2000) included five dimensions, ñtemporal 

dissociationò (the degree to which users lose track of time while engaged in interaction), 

ñfocused immersionò (the degree to which users experience total immersion while interacting 

with system), ñheightened enjoymentò (the degree to which users experience fun while 

interacting with system), ñcontrolò (the degree to which users feel in charge of the interaction), 

and ñcuriosityò (the degree to which the interaction arouses usersô imagination and curiosity) (p. 
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673). The factor structure was examined by an exploratory factor analysis with principal axis 

factoring extraction and Oblimin rotation. The result showed that only three factors emerged 

from the data set, with eigenvalues greater than 1. These three factors explained 60.00% of the 

variance. The first factor, explaining 37.58 % of the total variance, included six items that had 

been used to measure ñheightened enjoymentò and ñcuriosityò in Agarwal and Karahanna 

(2000): ñI had fun interacting with the siteò, ñThe siteôs features provided me a lot of 

enjoymentò, ñI was bored (reverse-coded)ò, ñI felt as if my curiosity was excitedò, ñI felt as if 

my imagination was arousedò, and ñI felt that my interest was evokedò (M = 5.43, SD = 1.53, 

Cronbachôs Ŭ = .88). The second factor included both ñfocused immersionò and ñcontrolò 

dimensions in Agarwal and Karahanna (2000), six items explaining 13.20 % of the total 

variance: ñI was able to block out most other distractionsò, ñI was absorbed in what I was 

doingò, ñI was immersed in the task that I was performingò, ñMy attention did not get divertedò, 

ñI felt in controlò, and ñI felt that I had no control over my interactions (reverse-coded)ò (M = 

6.68, SD = 1.21, Cronbachôs Ŭ = .77).  The third factor was the same with ñtemporal 

dissociationò dimension in Agarwal and Karahanna (2000), comprised of three items explaining 

9.18% of the total variance: ñTime appeared to go by very quicklyò, ñI lost track of timeò, and ñI 

spent more time than I had intendedò (M = 5.18, SD = 1.53, Cronbachôs Ŭ = .66). Only the first 

factor, representing the degree of heightened enjoyment and curiosity, yielded a significant 

result. Thus, the first factor was named as cognitive absorption and discussed further in this 

study.  

Message elaboration has been measured in several different ways in prior research, 

including thought-listing technique and self-reported inventory. Fichten, Amsel, and Robillard 

(1988) found out that the list of thoughts and feelings from participants using the thought-listing 
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technique showed only few differences from the list obtained by the self-reported inventory 

measure. However, literature also suggests that cognitive responses measured via the thought-

listing technique can yield different results than those measured by self-reported levels of 

attention and cognitive effort (Wheeler, Petty, and Bizer, 2005). Thus, this study employs both 

measures and report findings from both thought-listing question and self-reported items.  

Self-reported elaboration was measured by asking participants to indicate the degree to 

which they were involved in message elaboration while browsing the website. Five items were 

obtained from Kahlor, Dunwoody, Griffin, Neuwirth, and Giese (2003): ñI thought about what 

actions I myself might take based on what I browsedò, ñI found myself making connections 

between the website content and what Iôve read or heard about elsewhereò, ñI thought about how 

and what I had browsed related to other things I knowò, ñI tried to think of the practical 

applications of what I browsedò, and ñI tried to relate the ideas in the website to my own lifeò (M 

= 7.52, SD = 1.19, Cronbachôs Ŭ = .79). 

A thought-listing measure was also employed to measure cognitive engagement. Right 

after participants finished browsing, they were asked to list all the thoughts they had while 

browsing the website. They had 2 minutes to answer. After 2 minutes, the online questionnaire 

automatically moved them to the next page where they answered to other questions. Three 

coders coded the open-ended responses following the steps described in Shen and Dillard (2009). 

First, the coders fragmented the data into thought units. 10% of the data was checked if they 

agree on the thought units. Guetzkowôs U (Guetzkow, 1950) averaged .015 for all pairs of coders. 

In other words, there was 1.5% of disagreement in codersô unitization of thought.  

Secondly, they coded each thought unit as favorable, neutral, and unfavorable thought 

toward the message and the website, respectively. Favorable thoughts about the message 
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expressed a positive or agreeing response to the anti-smoking messages (e.g. ñWhile browsing 

the website, I realized just how bad smoking is for your bodyò). Neutral thoughts toward the 

message were those that did not express any evaluation about the anti-smoking messages on the 

site, but still were relevant to the topic (e.g. ñI thought of my boyfriend's parents who are 

smokersò). Unfavorable thoughts were those that expressed a negative or disagreeing response to 

the messages (e.g. ñI wish that the information on this page was more elaborateò). The Cohenôs 

kappas for three pairs of coders were .50, .56, and .73.  

Favorable thoughts about the website expressed a positive response to the website 

structure, layout, colors, etc. (e.g. ñThe appearance of the website was niceò), apart from the 

message delivered by the site. Neutral thoughts about the website were supposed to be those that 

did not express any evaluation, but still mentioned some aspects of the website. However, no 

thought was found in this category. Unfavorable thoughts reflected a negative response to the 

website (e.g. ñI felt that it was hard to follow with all of the bright colors directing my eyes to 

different placesò). The Cohenôs kappa for the three pairs of coders were .73, .82, and .91.  

Three indexes were obtained based on the coding results. One outlier was identified and 

removed from the analyses that involved any of the three indexes. First, total amount of thoughts 

an individual generated was the number of thought units (M = 4.81, SD = 2.07, Min = 0, Max = 

15, N = 166). Secondly, the valence of message-related thoughts was calculated by subtracting 

the number of unfavorable thoughts toward the message from the number of favorable thoughts 

toward the message (M = .76, SD = 1.29, Min = -1, Max = 5, N = 166). The same formula was 

applied to calculate the valence of website-related thoughts (M = 2.45, SD = 2.54, Min = -4, Max 

= 14, N = 166).  
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Emotional engagement was measured by arousal and fear. Arousal was measured using 

three items selected from Mehrabian and Russell (1974), on a 9-point sematic differential scale. 

Participants were asked to indicate their feeling while they were browsing the website, on the 

items including ñrelaxed ï stimulatedò, ñsleepy ï wide-awakeò, and ñunaroused ï arousedò (M = 

4.41, SD = 1.58, Cronbachôs Ŭ = .64). Fear measure consisted of three items on a 9-point Liker-

type scale from Dillard and Peck (2000). The items asked participants their feeling while they 

were browsing the website, including fearful, afraid, and scared (M = 3.31, SD = 2.10, 

Cronbachôs Ŭ = .92). The scale ranged from ñnone of this feeling = 1ò to ña great deal of this 

feeling = 9ò.   

Dependent variables. General attitudes toward smoking were measured by the same 10 

items on a 9-point semantic-differential scale that measured the pre-existing attitudes toward 

smoking. Attitudes toward health effects of smoking were calculated by averaging the same three 

items with the pre-existing attitudes measure, ñbad-goodò, ñunhealthy-healthyò, and ñharmful-

harmlessò (M = 1.34, SD = .65, Cronbachôs Ŭ = .76). Attitudes toward attractiveness of smoking 

were calculated by averaging the same seven items with the pre-existing attitudes measure, 

ñunsexy-sexyò, ñunpleasant-pleasantò, ñunsociable-sociableò, ñugly-glamorousò, ñstressful-

calmingò, ñnegative-positiveò, and ñunfavorable-favorableò (M = 2.29, SD = 1.52, Cronbachôs Ŭ 

= .92). 

 Attitudes toward anti-smoking messages were measured using six items selected from 

Sundar (2000). Participants indicated how well the adjectives (believable, informative, insightful, 

objective, interesting, and clear) describe the messages that were delivered by the website on a 9-

point Likert-type scale (M = 7.22, SD = 1.22, Cronbachôs Ŭ = .82). The scale ranged from 

ñdescribes very poorly = 1ò to ñdescribes very well = 9ò. 
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Attitudes toward the website consisted of six items selected from Sundar (2000) and 

Sundar, Xu, Bellur, Oh, and Jia (2011). Participants were asked to indicate how well the 

adjectives (exciting, high quality, fun, cool, imaginative, and entertaining) describe the website 

that they interacted with on a 9-point Likert-type scale (M = 5.27, SD = 2.01, Cronbachôs Ŭ 

= .95). The scale ranged from ñdescribes very poorly = 1ò to ñdescribes very well = 9ò.  

Beliefs about the effects of smoking were measured using 7 items. Participants were asked 

to indicate how likely they believe that a smoker will develop certain symptoms if s/he continues 

to smoke, compared to a non-smoker on a 9-point Likert-type scale, anchored with ñmuch less 

likely = -4ò, ñsame as = 0ò, and ñmuch more likely = =4ò. The symptoms included the negative 

health outcomes of smoking that the stimulus website conveyed: reduced IQ, brain shrinkage, 

premature aging and wrinkles, lung cancer, mucus congestion, emphysema, and stained teeth (M 

= 7.88, SD = 1.02, Cronbachôs Ŭ = .88). 

Participantsô behavioral intention related to smoking was measured by behavioral 

intention to seek further information.  Behavioral intention to seek further information was 

measured by three items adapted from Hu and Sundar (2010). Participants responded to three 

statements on a 9-point Likert scale ranging from ñstrongly disagree = 1ò to ñstrongly agree = 9ò, 

such as ñI would like to know more about the topic of smokingò and ñI would like to browse 

more content about smokingò, and ñI would discuss the topic of smoking with my friendsò.  

Demographics. Participantsô media use was measured by asking them to enter how many 

minutes they spend on the Internet on a given day (M = 167.13, SD = 135.17, Min = 0, Max = 

1000). Participantsô age (M = 19.62, SD = 1.43), gender (70 males, 97 females), ethnic group (17 

Asians, 14 African Americans, 115 Caucasians, 12 Hispanics, 3 Arabs, and 6 in Other category), 
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academic standing (56 freshmen, 43 sophomores, 35 juniors, and 33 seniors), and first language 

(150 having English as first language) were also measured at the end of the questionnaire.  

  



53 

 

 

Table 1. Descriptive statistics for moderating, mediating, dependent, and control variables 

Variables M SD MIN MAX  Skew. Kurt. Ŭ 

Moderator 
      

 

Issue involvement 4.92 1.88 1.00 8.40 -0.50 -0.44 .93 

Control variables        

Smoking status* 0.62 0.69 0.00 2.00 0.68 -0.69  

Biased message processing 3.04 1.69 1.00 8.00 0.69 -0.17 .90 

Attitudes toward health effects of smoking 1.48 0.86 1.00 7.00 2.83 11.44 .85 

Attitudes toward attractiveness of smoking 2.58 1.69 1.00 8.14 1.06 0.37 .92 

Mediating variables        

Perceived contingency 4.89 2.28 1.00 9.00 -0.15 -0.92 .85 

Presence 6.52 1.76 1.00 9.00 -1.08 1.16 .76 

Interface assessment 7.06 1.31 3.00 9.00 -0.69 0.42 .63 

Imagery engagement 7.44 1.26 2.00 9.00 -1.37 3.09 .88 

Cognitive absorption 5.43 1.53 1.33 8.67 -0.39 -0.17 .88 

Self-reported elaboration 7.52 1.19 2.60 9.00 -0.87 0.95 .79 

Total amount of thoughts 4.81 2.07 0.00 15.00 1.58 5.10  

Valence of message-related thoughts 2.45 2.54 -4.00 14.00 0.55 3.59  

Valence of website-related thoughts 0.77 1.29 -1.00 5.00 1.50 1.74  

Arousal 4.40 1.59 1.00 8.33 0.07 -0.43 .64 

Fear 3.31 2.10 1.00 9.00 0.83 -0.09 .92 
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Dependent variables        

Perceived interactivity 5.21 2.15 1.00 9.00 -.24 -.87 .91 

Attitudes toward health effects of smoking 1.34 0.65 1.00 4.33 2.16 4.34 .76 

Attitudes toward attractiveness of smoking 2.29 1.52 1.00 8.14 1.33 1.18 .92 

Attitudes toward anti-smoking messages 7.22 1.22 1.33 9.00 -1.32 3.57 .82 

Attitudes toward the website 5.27 2.01 1.00 9.00 -0.28 -0.45 .95 

Beliefs about the effects of smoking 7.88 1.02 1.00 9.00 -2.51 12.87 .88 

Behavioral intention to seek further information 4.86 2.13 1.00 9.00 -0.04 -0.71 .92 

* Smoking status was coded as a nominal variable: 0 = nonsmokers (N = 84), 1 = experimenters (N = 63), 2 = established 

smokers (N = 20).  

 



 
 

Table 2. Zero-order correlations of all variables 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1. Modality 

interactivity 
1.00                      

2. Dummy variable 

(Low message 

interactivity) 

-.01 1.00                     

3. Dummy variable 

(High message 

interactivity) 

.00 -.50** 1.00                    

4. Issue 

involvement 
.01 -.06 .13 1.00                   

5. Biased message 

processing 
.04 .01 .00 -.15 1.00                  

6. Pre-existing 

attitudes toward 

smoking 

.08 .05 -.05 -.07 .28** 1.00                 

7. Perceived 

contingency 
.31** -.11 .14 .02 -.25** -.13 1.00                

8. Perceived 

interactivity 
.29** -.13 .14 .05 -.26** -.23** .53**  1.00               

9. Presence .38** -.05 .11 .06 -.20** -.08 .42** .59**  1.00              

10. Interface 

assessment 
.25** -.10 .10 -.03 -.22** -.06 .35**  .51**  .47**  1.00             

11. .Imagery 

engagement 
.16* .14 -.01 -.01 -.28** -.10 .23** .30**  .34**  .32**  1.00            

12. Cognitive 

absorption 
.13 .08 -.02 .05 -.35** -.22**  .33**  .51**  .35** .27** .39** 1.00           

13. Self-reported 

elaboration 
-.01 .02 .18* .21** -.26** -.01 .22** .19* .24** .23** .42** .33** 1.00          

14. Number of 

thoughts 
-.16*  -.03 -.03 -.10 -.03 .01 -.04 .01 -.01 -.01 .01 .00 .08 1.00         

15. Valence of 

message-related 

thought 

-.10 -.11 .16* -.03 -.24** -.16* .24** .25** .20** 0.14 .16* .32**  .21** .36** 1.00        

16. Arousal .13 .03 .01 .19* -.29** -.08 .23**  .28**  .24**  .18* .28**  .47**  .24**  -.03 .12 1.00       

17. Fear .05 .11 -.05 .06 -.12 .01 .15 .10 .09 .03 .16* .18* .21**  .03 .04 .32**  1.00      

18. Attitudes 

toward smoking 
-.01 .01 -.04 -.09 .42** .82** -.16* -.28** -.13 -.15* -.19* -.21**  -0.08 -.01 -.20** -.10 .02 1.00     

19. Attitudes 

toward the message 
.13 .13 .08 .12 -.41** -.10 .29**  .41** .26**  .28**  .53** .46**  .36**  .01 .23** .30** .17* -.17*  1.00    

20. Attitudes 

toward the website 
.14 -.04 .08 .10 -.31** -.18*  .33**  .59** .43** .29** .30** .54**  .24** .13 .29** .28**  .07 -.17*  .45** 1.00   

21. Beliefs about 

the effects of 

smoking 

-.07 .10 -.04 .04 -.32** -.23** .14 .16* .13 .27**  .25**  .16* .25**  .02 .13 .15 .03 -.31**  .27** .17* 1.00  

22. Behavioral 

intention  
.11 .01 .14 .30** -.19*  -.05 .28** .38** .26** .16* .19* .56** .31** -.04 .24** .32** .37** -.07 .35** .39** .08 1.00 



 
 

Data Analysis 

General Linear Model (GLM) analyses were used to test the effects of two independent 

variables (modality interactivity and message interactivity, fully crossed), one continuous 

moderator (issue involvement), and two control variables (smoking status and biased message 

processing) on dependent variables proposed in hypotheses. Pre-existing attitudes toward 

smoking were controlled in all analyses that used the attitudes toward smoking as a dependent 

variable. To examine the mediating effects proposed by hypotheses, this study adopted a 

bootstrapping method (Hayes, 2013; Preacher & Hayes, 2008).   

RESULTS 

The results will be organized based on hypotheses proposed in the literature review 

section and primary findings. The effects of modality interactivity are analyzed first. After 

manipulation check, the effects of modality interactivity on imagery engagement are reported 

first, as proposed by H1 to H6. Next, the effects of modality interactivity on cognitive 

engagement are reported, as proposed by H7 to H12 and RQ1. Next, we move on to the 

combinatory effects of message interactivity and issue involvement on cognitive engagement, as 

proposed by H15 to H23. As an answer to H13, H14, and RQ2, the combinatory effects of all 

three IVs (i.e. modality interactivity, message interactivity, and issue involvement) on cognitive 

engagement and emotional engagement are reported at the end. See Table 3 and Table 4 to 

overview the organization of results section and significant findings.  

  

 



57 

 

 

Manipulation Check 

To test whether the manipulations for modality interactivity and message interactivity 

were psychologically effective, the level of interactivity of the website perceived by participants 

was analyzed. Modality interactivity and message interactivity were fully-crossed and entered as 

independent variables. The analysis showed that participants in the modality interactivity 

condition perceived the website as more interactive, allowing them to perform more actions, and 

enabling them to access information in more various ways (M = 5.74, SE = .24). The degree of 

perceived interactivity of those in the control condition was significantly lower than this (M = 

4.36, SE = .23), F (1, 152) = 22.08, p < .001, ɖ
2
 = .13. For message interactivity, the ratings of 

high, medium, and low message interactivity conditions showed a marginally significant 

difference across conditions. Participants in the high message interactivity condition perceived 

the website the most interactive (M = 5.50, SE = .28), whereas those in the low message 

interactivity condition perceived the website the least interactive (M = 4.63, SE = .28). The rating 

of the medium message interactivity condition was in between (M = 5.00, SE = .28), F (2, 152) = 

2.80, p = .06, ɖ
2
 = .04.  

The analysis also revealed a marginally significant interaction effect between modality 

interactivity and message interactivity, F (2, 152) = 2.53, p = .08, ɖ
2
 = .03.  Message interactivity 

positively predicts perceived interactivity, but only in the absence of modality interactivity. In 

the presence of the slider, participantsô perception of the interactivity of the website was not 

affected by the degree of message interactivity, showing almost the same ratings in the three 

message interactivity conditions (high: M = 5.86, SE = .40; medium: M = 5.60, SE = .39; low: M 

= 5.70, SE = .39). In contrast, participants perceived the website with higher message 
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interactivity as more interactive when the site did not offer any modality interactivity (high: M = 

5.13, SE = .38; medium: M = 4.41, SE = .37, low: M = 3.47, SE = .37) (Figure 8). 

 

Figure 8. Modality interactivity X message interactivity interaction on perceived interactivity 

Effects of Modality Interactivity on  Presence, Imagery Engagement, and Attitudes 

 H1 to H6 predicted (1) positive effects of modality interactivity on the degree of presence 

and imagery engagement, and (2) mediating effects of presence and imagery engagement (H3 to 

H6). Figure 9 summarizes the hypothesized relationships between the variables proposed by H1 

to H6. 
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Figure 9. H1 to H6 

Presence. H1 hypothesized that modality interactivity, operationalized as the slider, will 

lead to greater feeling of presence compared to the control condition. In the modality 

interactivity condition, participants drag the slider to see the continuous changes in faces, brain 

activity, and lungs after years of smoking.  In the control condition, participants scrolled down to 

see the same set of pictures that describe the negative outcomes of smoking on faces, brain 

activity, and lungs. In keeping with H1, participants in the modality interactivity condition 

reported feeling greater degree of presence while they were browsing the website (M = 7.16, SE 

= .20) compared to those in the control condition (M = 5.78, SE = .19), F (1, 152) = 30.79, p < 

.001, ɖ
2
 = .17. In other words, they were more likely to say that they felt as if they moved or 

manipulated objects, and engaged all of their senses when interacting with the website, compared 

to when they were merely scrolling down the static pictures. Thus, H1 was supported. 
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Imagery engagement. H2 hypothesized that modality interactivity would also lead to 

greater degree of imagery engagement in participantsô mind. The data supported this hypothesis. 

Participants in modality interactivity condition more easily pictured and visualized the effects of 

smoking in their mind (M = 7.64, SE = .15) than those who were in the control condition (M = 

7.20, SE = .15), F (1, 152) = 5.40, p < .05, ɖ
2
 = .03. Thus, H2 was supported. 

Attitudes toward the website. Modality interactivity also enhanced participantsô attitudes 

toward the website. Participants in the modality interactivity condition evaluated the whole 

website as more exciting, cool, imaginative, entertaining, and having higher quality (M = 5.44, 

SE = .24) than did those in the control condition (M = 4.78, SE = .24), F (1, 152) = 4.75, p < .05, 

ɖ
2
 = .03.  

To test H3 and H6, the indirect effects of modality interactivity on attitudes toward the 

website through presence and imagery engagement was examined. A bootstrapping procedure 

using 5000 bootstrap samples and bias-corrected confidence intervals (Hayes, 2013) was 

employed. Modality interactivity was entered as an independent variable in the mediation 

analysis. Presence and imagery engagement were entered as mediators that operated either 

separately or in serial. Participantsô smoking status and the degree of biased message processing 

were entered as the same control variables as in the GLM analysis.  

As hypothesized, the mediation analysis revealed a significant indirect effect for presence 

(B = .56, SE = .17, 95% C.I. from .26 to .92). Thus, H6 was supported. Modality interactivity 

increased the feeling of presence during the browsing task, which in turn, enhanced participantsô 

attitudes toward the website such that the site is more exciting, cool, imaginative, entertaining, 

and having higher quality.  
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The result did not reveal any significant indirect effect for imagery engagement (B = .03, 

SE = 05, 95% C.I. from -.02 to .18). Although participants in modality interactivity condition 

reported more easily picturing and visualizing the effects of smoking in their mind than the 

control condition as revealed by the GLM analysis, this heightened degree of imagery 

engagement, without the aid of presence, did not translate into more positive attitudes toward the 

website. The indirect effect through both presence and imagery engagement when they operated 

in serial was not significant, either (B = .05, SE = .05, 95% C.I. from -.02 to .17). Thus, H3 was 

not supported.  

Attitudes toward anti-smoking messages. Beyond the attitudes toward the website, the 

presence of modality interactivity positively influenced participantsô attitudes toward the anti-

smoking messages that were delivered by the website. Participants in the modality interactivity 

condition more likely agreed that the anti-smoking messages on the site were believable, 

informative, insightful, objective, interesting, and clear (M = 6.99, SE = .13) than did those in the 

control condition (M = 7.38, SE = .13), F (1, 152) = 5.47, p < .05, ɖ
2
 = .04. 

To test H4, the indirect effects of modality interactivity on attitudes toward the anti-

smoking messages through presence and imagery engagement were tested by the same 

bootstrapping procedure. In the GLM analysis of the attitudes toward the ant-smoking messages, 

message interactivity emerged as a significant predictor in addition to modality interactivity. 

Thus, message interactivity was entered as a controlling variable in the mediation analysis, in 

addition to the existing two control variables (i.e. smoking status, and the degree of biased 

message processing). The analysis revealed a significant indirect effect through both mediators 

in serial (B = .11, SE = 04, 95% C.I. from .04 to .23).The presence of modality interactivity on 

the website increased the feeling of presence during the browsing task, which in turn, enabled 
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participants to more easily picture and visualize the effects of smoking in their mind. This 

heightened imagery engagement subsequently led to more positive attitudes toward the anti-

smoking messages that were delivered by the website. Thus, H4 was supported.  

General attitudes toward smoking. Attitudes toward health effects of smoking did not 

yield any significant result. For attitudes toward attractiveness of smoking, modality interactivity 

successfully persuaded participants that smoking is not an attractive behavior even after 

controlling for individualsô pre-existing attitudes toward smoking. After browsing the website, 

participants who interacted with the slider were less likely to say  that smoking, in general, is 

sexy, pleasant, sociable, glamorous, calming, positive, or favorable (M = 2.29, SE = .10) than 

those in the control condition (M = 2.55, SE = .10), F (1, 151) = 4.45, p < .05, ɖ
2
 = .03. The 

analysis also revealed a marginally significant interaction between modality interactivity and 

message interactivity, F (2, 151) = 2.81, p = .06, ɖ
2
 = .04. Under high message interactivity 

condition, participants who interacted with modality interactivity less likely believed that the 

smoking is an attractive behavior (M = 2.09, SE = .17) than did participants in the control 

condition (M = 2.74, SE = .16).  The difference between two conditions was significant by Tukey 

HSDôs post-hoc test. Thus, the main effect of modality interactivity on attitudes toward 

attractiveness of smoking was attributed to its effect under the high message interactivity 

condition (Figure 10). 
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Figure 10. Modality interactivity X message interactivity interaction on attitudes toward 

attractiveness of smoking 

The indirect effects of modality interactivity on attitudes toward attractiveness of smoking were 

examined to test H5. In addition to participantsô smoking status and the degree of biased message 

processing, their pre-existing attitudes toward attractiveness of smoking, message interactivity, 

and the interaction between modality interactivity and message interactivity were entered as 

control variables in the mediation analysis. The result shows that neither presence nor imagery 

engagement is a significant mediator. The degree of imagery engagement and the feeling of 

presence enhanced by modality interactivity did not explain any difference in participantsô 

attitudes toward attractiveness of smoking. Thus, H5 was not supported. Figure 11 summarizes 

findings from H1 to H6. Supported hypotheses are marked by solid lines. 
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Figure 11.  Findings from H1 to H6 

 

Effects of Modality Interactivity on Interface Assessment, Cognitive Absorption, and 

Attitudes 

 Thus far, this dissertation has analyzed the effects of modality interactivity on imagery 

engagement and attitudes. Next, we will turn to the effects of modality interactivity on cognitive 

engagement and related variables.  H7 to H12 proposed (1) positive effects of modality 

interactivity on interface assessment and cognitive absorption, and (2) indirect, positive effects of 

modality interactivity on individualsô attitudes through interface assessment and/or cognitive 

absorption. Figure 12 summarizes the relationships hypothesized by H7 to H12. 



65 

 

 

 

Figure 12. H7 to H12 

 Interface assessment. Modality interactivity successfully enhanced individualsô interface 

assessment. The analysis found that participants in the modality interactivity condition evaluated 

the interface as more intuitive, natural, and easy to interact with (M = 7.36, SE = .16) compared 

to those in the control condition (M = 6.61, SE = .15), F (1, 152) = 14.66, p < .001, ɖ
2
 = .09. 

Thus, H7 was supported. 

 Cognitive absorption. Individuals reported being more absorbed while browsing the 

website when the site was equipped with the slider. Participants in the modality interactivity 

condition agreed that they were more absorbed in the browsing task and that their attention was 

less diverted while they were browsing the website (M = 5.58, SE = .18), compared to those in 

the control condition (M = 5.07, SE = .17), F (1, 152) = 5.30, p < .05, ɖ
2
 = .03. Thus, H8 was 

supported. 








































































































































