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ABSTRACT 

New age information systems such as social media sites, virtual worlds, and virtual 

communities have made users' presence in the information system more salient, bringing in the 

notion of "social presence," which is the degree of salience of the "other" person in computer

mediated communication. I analyze this important construct from three perspectives in three 

essays. The first essay examines the outcomes of social presence in a task performance context. 

Is social presence persuasive? If so, how and when? This essay develops a social presence model 

of task performance and empirically tested it using multivariate meta-analytic structural equation 

modeling. The second essay examines social presence as a mesh that integrates a user's social 

network position and the content generated by her. This essay develops a social network based 

model of user-generated content (social support) in online health communities, and empirically 

tested the model by combining social network analyses, text mining, and econometric modeling. 

The third essay examines the impact of the "competition" dimension of social presence (i.e., 

others are present but competing with the user) on technology usage behavior in a healthcare 

context. This essay explores the role of a competitive mobile gamification app and technology 

perceptions about the medication events monitoring system (MEMS) in enhancing timing 

adherence of HIV patients. The research model was tested using a four-month long-panel 

experimental study of gamification in poorly adherent HIV patients in a major regional hospital 

in Buffalo, New York. 
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ESSAY 1: OPENING THE BLACK BOX OF SOCIAL PRESENCE -TASK 
PERFORMANCE RELATIONSHIP: 

AN SEM-BASED META-ANALYTIC STUDY WITH ELABORATION 
LIKELIHOOD MODEL 

Abstract 

Is social presence persuasive? If so, how and when? These are the questions we answer in 

this paper. Using the Elaboration Likelihood Model, we build a social presence model of task 

performance. We show that social presence impacts task performance through two intervening 

processes: central route processing and peripheral route processing. Using a meta-analytic 

sample of 78 studies, we tested our model with multivariate meta-analytic structural equation 

modeling methods. We show that social presence affects task effort and task performance, which 

are mediated by trust and cognitive absorption, respectively. We also theorize the moderating 

role of task complexity and system context. Task complexity negatively moderates the social 

presence-cognitive absorption relationship and positively moderates the social presence-trust 

relationship. Utilitarian systems positively moderate the social presence-cognitive absorption 

relationship and negatively moderate the social presence-trust relationship. We found support for 

all our hypotheses except for the moderating effect of system context on the social presence

cognitive absorption relationship. Finally, we draw a boundary around our theory through our 

analyses of effect sizes and direct and indirect effects in our model for different levels of key 

contingencies related to the sample in a study ( culture, gender, and respondent type) and the 

study itself (year of publication, publication outlet, and type of publication). 

Keywords: social presence, task performance, task effort, cognitive absorption, trust, elaboration 

likelihood, meta-analysis, meta-analytic structural equation modeling 



INTRODUCTION 

"Hi! This is Ryan. How can I help your shopping today?" This question is not a typical 

encounter between a customer and a courteous staff member in a supermarket aisle. Rather, it is 

typical of questions that online shoppers usually get while browsing e-commerce websites. 

Contemporary information systems (IS), including websites ( or sites), are now designed with 

enhanced features to persuade users to successfully complete their tasks. Such enhanced features 

include 3-D views, audio, video, warm welcome messages, interactive chat agents, social robots, 

comment boxes, product reviews, "like" buttons, and profile displays, and go much beyond the 

traditional features such as an "OK" button, a "cancel" button, and a "shopping cart" (Qiu and 

Benbasat 2009). Facebook, Amazon, and Linkedln are examples of sites that are designed with 

enhanced features to persuade individuals to use them for performing their tasks of social 

networking, shopping, and professional networking, respectively (Read 2016). Firms are now 

making significant investments in developing such features to help customers accomplish their 

tasks online. Services like Vuukle, which reported a 1500% growth in 2015 (Chronicle 2016), 

provide commenting platforms and sentiment-analysis widgets for firms to integrate in their 

websites to facilitate, monitor, and analyze online customer dialogue. 

One of the common themes underlying these enhanced features is the provision of a social 

space with high social richness, what Short et al. (1976) called "social presence"-the ability of 

an IS to project a high "degree of salience of the other person in the interaction and the 

consequent salience of the interpersonal relationships" (Short et al. 1976), that makes these 

systems persuasive. Because system and website design has shifted to create high social presence 

to persuade users to use these systems for their various tasks, it is important to analyze the extent 

to which social presence is persuasive and leads to successful task performance by system users. 
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Although social presence as a construct and its relationship with various antecedents and 

consequences have been studied extensively in the literature, we identify three gaps in this area 

and ask the following related research questions: (1) What are the key pathways through which 

social presence impacts task performance? (2) What are the differential effects of social presence 

on task performance across different task and system contexts? (3) What are the boundary 

conditions under which the social presence-task performance (SP-TP) relationship holds? 

First, only a few articles analyze task performance as a key outcome of social presence, 

although media richness theories were developed primarily to help organizations process 

information and improve performance (Daft and Lengel 1986). Moreover, scholars point to a 

"richness paradox" in the SP-TP relationship (Baron 1986). Although media with high SP can 

convey rich information in the form of task-relevant verbal and nonverbal social cues needed for 

improved performance, they can also distract users and impair performance by diverting 

attention to irrelevant cues conveyed by the social touch (Robert and Dennis 2005). Clearly, 

based on the paradox argument, a direct effects model may not be valid, as it doesn't capture the 

opposing underlying processes in SP-TP relationship that lead to varying performance outcomes. 

The mediated effect models in the literature, on the other hand, posit a myriad of mediators and 

paths, obscuring the broader constructs that play a mediating role. Additionally, SP-TP studies, 

particularly those with task performance as a key outcome, shed little light on task effort's role. 

Based on arguments from the Elaboration Likelihood Model (Lehto et al.) (Petty and 

Cacioppo 1986), we open the black box of SP-TP relationship and propose that social presence 

impacts task performance through two key pathways: central route processing of task-relevant 

information and peripheral route processing of social cues. We theorize how each variable in the 

nomological net is related to each other and build a social presence model of task performance. 
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We also theorize the role of task effort in the SP-TP relationship. We test our model using a 

multivariate meta-analytic structural equation modeling approach (Cheung 2015a). In the 

process, we identify broader mediating constructs, integrate social presence theory and ELM, 

and bring coherence and unity to the literature. This fine-grained social presence-based model of 

task performance with two key pathways is the first contribution of our paper. 

Second, the differential effects of social presence on task performance across different task 

and system contexts is unknown. Our first contribution doesn't inform when social presence is 

most effective in a system. Consider task complexity. The fundamental premise of social 

presence theory suggests that social presence enhances performance in complex and equivocal 

tasks because it can convey a rich set of information to a user. However, other well-established 

theories suggest that social presence could impair task performance in highly complex tasks 

(Bond and Titus 1983). Robert and Dennis (2005) argue that the SP-TP relationship is stronger in 

simpler tasks rather than highly complex tasks. It is not clear from the extant literature which of 

these two lines of reasoning about task complexity is supported by empirical findings; there are 

not enough studies of task complexity as a moderator in the social presence literature. Our 

literature review shows that only six studies considered the role of moderators in general in the 

relationship between social presence and the two intervening processes ( central and peripheral 

route processing). This is the second gap that we address in our study. We theorize that in 

different task and system contexts, one intervening process gains more salience, resulting in a 

stronger or weaker SP-TP relationship in those different contexts. We hypothesize and test the 

moderating role of task complexity and system context in the social presence-intervening 

process relationship. This is the second contribution of this paper. 

Third, SP-TP studies have been conducted in various contexts and show differing levels of 
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strength and support for the SP-TP relationship. Our analysis shows that there is wide variance in 

the effect size of the SP-TP relationship, which ranges from a very low value of0.092 (Joe 1996) 

to a very high value of 0.795 (Yeh et al. 2011 ), indicating a need to establish the boundary 

conditions for the SP-TP nomological net. Therefore, we study the role of contingencies and 

methodological artifacts, including the sample (e.g., culture and respondent type), the study (e.g., 

publication year, outlet, and type), and the moderators related to task and system context that 

have received scant attention in the literature (Petter and McLean 2009). We show how the effect 

sizes between pairs of variables in the nomological net, including both direct and indirect effects, 

vary across different levels of these moderator variables in terms of strength, sign, and 

significance. We synthesize the extant research in the literature and show the boundary 

conditions under which the SP-TP relationship is stronger or weaker. This is the third 

contribution of this paper. 

The rest of the paper is organized as follows. We first discuss the prior literature on social 

presence and task performance, followed by a discussion of the Elaboration Likelihood Model 

(Lehto et al.) and the development of our hypotheses. We then discuss the meta-analytic 

structural equation modeling (MASEM) method that we used for our analysis, followed by a 

discussion of the meta-analytic sample and the coding process we used to code the studies in our 

sample. This is followed by a discussion of our analyses and the results. We then discuss the 

theoretical contributions of this study and its practical implications. We conclude the paper by 

discussing the limitations of this study and some future research directions. 
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THEORETICAL BACKGROUND 

Social Presence 

In the 1970s, when technology modernized organizational collaborations, the ensuing 

problem was media choice (e.g., face-to-face vs. video conferencing) given task characteristics. 

To address the media choice issue, Short et al. (1976) introduced the concept of "social 

presence" to rate and differentiate media based on its ability to project virtual collaboration 

partners and the nature of communication with them. 1 Social presence theory posits that 

communication media differ in affording social presence to users and hence play a major role in 

how these participants interact (Lowenthal 2009). Short et al. (1976) rated the social presence of 

a medium by using survey items that asked the extent to which the medium was warm, personal, 

sociable, and sensitive and the extent to which the medium provided human contact. A face-to

face medium affords the highest social presence, followed by video, audio, and written 

communication. Users prefer a CMC medium that affords the social presence required by the 

interpersonal involvement of the focal task. 

Social Presence in the IS Literature 

In the IS literature, social presence has been conceptualized in a variety of ways. Though 

some have experimentally manipulated social presence as cues ( e.g., human vs. non-human 

images), design features (e.g., number of"friends" online), medium (e.g., voice versus text), cues 

in text (e.g., messages conveying more presence than less) (Hess et al. 2009), much research has 

operationalized social presence by using scales that measure users' perceptions. Among these, 

the most common are Gunawardena and Zittle (1997) measure of the focal user's perception of 

1 Other theories of media choice have also been proposed in the literature, including the oft-cited media richness 
theory (Daft and Lengel, 1986) and the more recent enhancement of that theory, the media synchronicity theory 
(Dennis et al., 2008). However, our focus in this paper is on the social presence construct and its impacts on task 
performance, and we expand on this theory in the following sections. 
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another person's presence, Shen and Khalifa (2009) measure of three dimensions capturing 

awareness and affective and cognitive social presence, and Short et al. (1976) measure of rating 

systems based on warmth, sociability, personalness, human contact, and sensitivity. In this paper, 

we focus on the Short et al. (1976) scale, also called the social richness measure because this 

conceptualization and measure of social presence is the most used measure in the IS literature. 

Social Presence and Task Performance in the IS Literature 

We reviewed literature that links social presence and task performance. Broadly, there are 

two types of studies: (1) task performance as the main outcome, with social presence as the key 

antecedent, and (2) social presence and task performance as key antecedents for a different 

outcome in the broader technology adoption literature. Task effort is another key task impact that 

was linked or used in conjunction with task performance in few studies in the latter set of studies. 

Variables similar to trust (e.g., trustworthiness and credibility) and cognitive absorption (e.g. , 

enjoyment, flow, and arousal) were mainly used as mediators in the SP-TP relationship. From 

our review of these studies, we identified five variables-social presence, cognitive absorption, 

trust, task effort, and task performance-that constitute the nomological net for this study. 

We found a few studies that link social presence to an objective measure of task performance 

(Johnson et al. 2008; Johnson et al. 2009). Task performance was primarily measured using self

reported measures, such as performance expectancy (Brown et al. 2010), perceived performance 

(Xu 2016), and perceived usefulness (Johnson et al. 2008}-measures that capture the extent to 

which a system is effective, efficient, and increases user productivity. Task effort was also 

primarily measured using self-reported measures, such as effort expectancy (Brown et al. 2010), 

perceived ease of use (Lee et al. 2011 ), and ease of contact (Walter et al. 2014a)-measures that 

capture the extent to which using a system for a task is effortless. 
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Figure 1 shows the various models of the SP-TP relationship that we found in the literature in 

which task impacts are the key outcome of interest and the key variables in our nomological net 

are involved in the models. We find several issues in this body ofliterature. First, there were 

only six studies of this type: five that studied task performance as the outcome and one that 

studied task effort as the outcome. Second, task effort, a key variable impacting task 

performance, was not integrated in the SP-TP models. Third, social presence was shown to 

impact task performance directly, indirectly, and both directly and indirectly, with different 

mediators, and often the same name was used for different latent constructs (the jingle fallacy) 

and different names were used for the same underlying construct (the jangle fallacy). Fourth, not 

all relationships were found to be significant ( e.g., the social presence-trust relationship in 

Walter et al. (2014a), social presence-course performance relationship in Johnson et al. (2008) 

social presence-trust relationship in Phang and Kankanhalli (2009)], and enjoyment-task 

performance relationship in Walter et al. (2015)). Fifth, none of the studies analyzed the role of 

moderators, which may affect the relationship strength between various constructs. Sixth, 

constructs were operationalized differently across studies, preventing knowledge about the "true" 

effects between different pairs of constructs in the nomological net. 

***Insert Figure 1 Here*** 

We found similar issues in the broader technology adoption literature that analyzes the SP

TP relationship. We provide an overview here and a detailed description in Appendix A First, 

there is a myriad of mediators in these studies. Second, there is a lack of clarity in the mediated 

paths; studies show a positive relationship between social presence and task performance directly 

(Animesh et al. 2011; Gefen and Straub 2003), indirectly (Fortin 1997; Lee and Park 2014), and 

both directly and indirectly (Walter et al. 2015). Third, although there is evidence of the social 
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presence-task effort link, task effort is not fully integrated in the SP-TP relationship. However, 

prior work suggests that social presence is important for creating comfort with using technology 

(Gunawardena 1995) and is instrumental in reducing task effort by mimicking face-to-face 

communication (Brown et al. 2010). Moreover, the role of task effort in task performance is 

crucial and well established in the technology acceptance literature (Davis et al. 1989). Fourth, 

only six studies look at moderators, and they ignore several important ones related to the sample, 

study, and context. More importantly, mere comparison of estimates is performed without 

adequate empirical testing. Table 1 shows a review of the moderators analyzed for the SP-TP 

relationship in the broader technology adoption literature. 

***Insert Table 1 Here*** 

THEORY DEVELOPMENT 

Robert and Dennis (2005) argue for a cognition-based model to address the richness paradox 

(rich information from high social presence can be useful but also distracting) to provide a fuller 

understanding of how social presence impacts task performance. Current social cues-based 

arguments for the SP-TP relationship focus on the medium and its ability to project the "other." 

However, factors related to the medium or source alone cannot fully explain social presence's 

impact on a user's task performance. To improve performance, it is important that a user stays on 

the system and carefully examines the task-relevant messages as well. Therefore, arguments for 

SP-TP relationships should capture how the task-relevant arguments change the user's 

understanding and thereby improve user task performance. By integrating ELM, Robert and 

Dennis (2005) argue that media with high social presence captures a user's attention and 

motivation stemming from social actors and the task-relevant information they provide, which in 

tum leads to cognitive elaboration and task performance. They theorized that social cues in 
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media with high social presence can also distract users; as a result, they are unable to process 

task-relevant information, which could impair their task performance However, in their 2005 

study, Robert and Dennis (2005) do not build a structural model of the SP-TP relationship, do 

not integrate task effort in their model, and do not empirically test their model. 

Research linking social presence and task performance inspired by ELM is our basis for 

theorizing the intervening variables in the SP-TP relationship and the role of moderators in the 

relationship between social presence and the intervening variables (Robert and Dennis 2005). 

Using ELM gave us a cognition-based view of social presence because ELM has two key 

processes that impact persuasion: central processing, which involves a deep processing of the 

argument quality of a message, and peripheral processing, which involves processing cues 

surrounding the message, particularly source-related cues. Because social presence enables 

communication of task-relevant messages in addition to making the sender of the message 

salient, we argue that social presence impacts both central and peripheral processing, which in 

tum impacts task performance. Peripheral processing helps bring in the social psychological 

view by capturing a user's perception of the system as social actor and perception of other 

system users. These two key variables of this dual-process theory help classify the myriad of 

social presence consequences, which broadly pertain to the source and message. We hypothesize 

the role of moderators in the relationship between social presence and the intervening processes. 

Prior research links social presence and elaboration. Skalski and Tamborini (2007) showed 

that social presence will induce message processing and source thoughts in shaping favorable 

attitudes about online interactive social agents. By integrating social presence with ELM, 

Wagenknecht et al. (2016) argued that social presence enables users to carefully examine 

messages and impacts how users evaluate other users' credibility in an online discussion forum. 
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Other studies link social presence and elaboration in interactive technology (Sundar 2008), 3-D 

collaborative environments (Bailenson et al. 2005), and virtual worlds (Hussain et al. 2011). 

Although ELM is primarily used in persuasion contexts to predict attitude change or 

information adoption behavior, it has also been used in research that links cognitive elaboration 

with task performance variables (Jin 2009; Li 2013; Robert and Dennis 2005; Sussman and 

Siegal 2003; Yan and Huang 2014). We also use ELM in a task performance context in the 

present study. Tasks performed through cognitive elaboration by means of central processing are 

done after careful and complete consideration of the task-relevant message and lead to better 

decision making (Robert and Dennis 2005). Sussman and Siegal (2003) showed that central and 

peripheral processing measured through argument quality and source credibility, respectively, 

are associated with message utility ( a task performance variable), which leads to information 

adoption. Likewise, Li (2013) linked argument quality and source credibility to perceived 

usefulness ( a task performance variable) and perceived ease of use ( a task effort variable) of an 

IS. Yan and Huang (2014) showed that cognitive elaboration impacts perceived usefulness (a 

task performance variable) of Twitter messages. There is also evidence of media effects on task 

performance mediated by cognitive elaboration. For example, using arguments from ELM, Jin 

(2009) argued that in Second Life, modality ( audio vs. video) of an advertisement message can 

impact a user's evaluation of an avatar's credibility and of a message's informational value. 

Robert and Dennis (2005) argued that social presence impacts performance by impacting 

cognitive elaboration. Moreover, these task performance variables are antecedents of the attitude 

or adoption behaviors in broader IS research. 

11 



Elaboration Likelihood Model 

We use ELM to show how social presence can persuade users to stay attentive and 

successfully perform tasks. Since its origination in 1979, ELM has been and continues to be 

widely applied, developed, and tested (Petty et al. 2002; Petty and Cacioppo 1979; Petty and 

Cacioppo 1986; White et al. 2008). ELM argues that attitude change due to a persuasive message 

happens through cognitive elaboration-i.e., thinking about the message (O'Keefe 2013). The 

extent of elaboration determines the degree and endurance of the attitude change. Based on the 

extent of elaboration, persuasion will happen through two routes: central and peripheral. Two 

key variables, motivation and ability, determine the route taken. 

Central Route 

Individuals who have high motivation and ability to process a message will perform high 

elaboration and therefore take the central route. The central route is characterized by intense, 

effortful, and rational thinking about a persuasive message. In assessing and adopting the 

message, people will process information by applying internal logic and carefully scrutinizing 

the message's claims, facts, and proofs (Lowry et al. 2012). A strong message causes a lasting 

attitude change because it is internalized with high cognitive effort. 

Peripheral Route 

Individuals who have low motivation and ability to process a message will perform low 

elaboration and therefore take the peripheral route. The peripheral route is characterized by less 

effortful thinking about the persuasive message. In assessing and adopting the message, people 

will use heuristics, shortcuts, and emotions (Petty et al. 2002). In this scenario, superficial cues 

from the source and the message, such as source attractiveness, message credibility, and message 

length, are used to form attitudes (Petty and Cacioppo 1986). For example, an individual might 
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think, "The message is delivered by an expert. It should be right." Such cues must be present for 

peripheral processing to happen. An attitude change obtained through peripheral processing 

happens quickly, but it is short lived and less resistant to counter argumentation because it was 

formed by superficial cues and shallow thinking (Petty et al. 2002). 

We hypothesize that social presence has an indirect effect mediated by cognitive elaboration 

( central and peripheral). Based on the paradox argument, a pure direct effects model is not 

justifiable and is misleading because it does not capture the entire process. Compared to the 

direct effects model, mediated models are now mainstream in the SP-TP literature. Although 

other researchers could argue different causal paths, we propose theoretical reasons for our 

proposed paths while developing our hypotheses. Also, we take an information processing view 

of social presence based on the notion that performance can result only after consideration of 

central or peripheral task-relevant information provided by social presence. We also know from 

the broader IS literature that cognitive absorption, trust, and task effort are key constructs in 

predicting task performance. The amount of variance explained by these variables exceeds the 

variance explained by the media richness variables. We therefore expect social presence to be 

less strongly related to task performance than these variables. 

Following Lowry et al. (2012), we do not focus on whether individuals have the motivation 

and ability to perform cognitive elaboration. Instead, our model shows how social presence 

affects task performance through the central and peripheral routes. In line with ELM, we argue 

that these routes co-occur, with one route having a stronger influence than another (Petty et al. 

1987). We show how task complexity and system context as moderators impact the salience of 

one route over the other. Figure 2 shows our theoretical model. 

***Insert Figure 2 Here*** 
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Hypotheses 

Cognitive Absorption 

Social presence impacts task performance mediated by cognitive absorption. Cognitive 

absorption is "a state of deep involvement with the information system" (Agarwal and 

Karahanna 2000). Measures of central processing should capture users' systematic effortful 

processing. The measures must account for users' efforts to acquire and compare information 

(Trumbo 2002). As argued in the seminal work by Agarwal and Karahanna (2000), cognitive 

absorption is related to the broader motivation construct (Agarwal and Karahanna 2000). Prior 

research argues that attention to social presence media through cognitive absorption comes with 

an obligation, a cost users pay to use the media. So, users paying attention is indicative of 

message processing (Robert and Dennis 2005). Thus, we use cognitive absorption as a proxy for 

central processing or motivation for central processing, although we do not make this distinction. 

Cognitive absorption is crucial for task performance because it entails total focus on task

relevant information. A user in a state of cognitive absorption is so involved and focused that 

nothing else matters (Agarwal and Karahanna 2000) and is in total control of his or her actions, 

sans distractions. Trevino and Webster (1992) posited five key dimensions of cognitive 

absorption in the technology context: temporal dissociation, control, attention focus, curiosity, 

and intrinsic interest. Temporal dissociation captures users' inability to notice time passing when 

interacting with a system (Agarwal and Karahanna 2000). Control captures the extent of control 

users have when interacting with technology (Agarwal and Karahanna 2000). Attention focus 

captures the extent to which the narrow stimulus from technology limits users' attention 

(Agarwal and Karahanna 2000). Curiosity captures the extent of the heightened arousal of users' 

cognitive and sensory curiosity (Agarwal and Karahanna 2000). Intrinsic interest dimension 
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captures the extent to which users' interaction with technology is pleasurable and enjoyable 

beyond utilitarian value (Agarwal and Karahanna 2000). 

In task performance context, high elaboration through the central route is characterized by 

users processing task-relevant messages with high attention, involvement, interest, and 

concentration (Petty and Cacioppo 1986). We argue that high social presence media facilitates 

intense focus on task-relevant messages by leading users to a state of cognitive absorption. We 

pose several arguments for the social presence-cognitive absorption relationship. One, the sense 

of being with others captures users' attention (Skalski and Tamborini 2007). Two, human contact 

fosters online relationships and a feeling of proximity and psychological closeness with the 

media (Lim et al. 2013; Zhang et al. 2014). Three, virtual interactions cause users to have deep 

and sustained task engagement (Animesh et al. 2011). Four, higher personalization increases 

users' task involvement because of the greater consequences of low task performance (Petty and 

Cacioppo 1986). Therefore, through cognitive absorption, social presence gets users engaged, 

engrossed, interested, and involved in tasks and task-relevant messages (Animesh et al. 2011; 

Zhang et al. 2014). In line with our conceptualization, prior research has conceptualized 

personalized services (Zhou 2012), web personalization in online reviews (Tam and Ho 2005), 

and interactivity in e-commerce (Cui et al. 2010) as central cues in persuading IS behaviors. 

Prior research links social presence with increased systematic message processing (Skalski and 

Tamborini 2007). Research also shows that online advertising messages that are vivid and rich in 

modality increase cognitive elaboration by increasing the number of associative pathways in the 

memory (Choi et al. 2001). Moreover, research links social presence with constructs such as 

cognitive absorption, flow, enjoyment, and concentration (Lim et al. 2013). Thus, we 

hypothesize: 
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HJ: Social presence is positively related to cognitive absorption-based central processing. 

Task performance is the degree to which a system affords the completion of a task in an 

efficient and effective manner. If users have high cognitive elaboration, they think deeply, 

carefully, and systematically about task-relevant information. Under high elaboration, users 

focus on task-relevant information that is critical to successfully complete a task, not on social 

cues projected by the information or information source. Users also pay more attention to the 

quality of task-relevant information. They access the schema of task-relevant information and 

make comparisons with information stored in their memory (Petty and Cacioppo 1986). Users 

access memory many times, and integrate task-relevant information they acquire into the overall 

position. In comparison, applying the heuristic elicited by social cues results in quick access of 

memory (Petty and Cacioppo 1986). Users with high elaboration have more confidence in task 

performance (Petty and Cacioppo 1986). For example, research has shown that patients can 

better manage their health through elaborate participation with other patients and emotional and 

informational support (Peng et al. 2015). Students who concentrated on instructional material 

and interacted with other students in virtual discussion achieved better learning outcomes in 

Second Life (Phang and Kankanhalli 2009). Customers who chatted with real agents through an 

e-commerce website felt that they could make better decisions about a product (Xu 2016). 

Cognitive absorption suggests focused immersion: a user's attentional resources are focused 

on a task (Evaristo and Karahanna 1998). It also suggests curiosity: a user's interaction with a 

system will excite the user to look for task-related possibilities (Webster et al. 1994). Research in 

non-IS contexts has linked elaborative processing to performance in areas such as academic 

performance (Sadowski and Giilgos 1996) and work group performance (Homan et al. 2007). 

Prior IS research has also established a positive relationship between social presence and task-
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performance outcomes, such as academic performance (Gueutal et al. 2009; Phang and 

Kankanhalli 2009) and perceived usefulness (Walter et al. 2015), mediated through elaboration

related constructs such as meta cognitive activity, enjoyment (Wang et al. 2012), and 

concentration (Phang and Kankanhalli 2009). Thus, we hypothesize: 

H2: Cognitive absorption-based central processing is positively related to task performance. 

High cognitive absorption can reduce task effort. High cognitive absorption is characterized 

by focused immersion, meaning that a user is fully attentive on the task, reducing task effort. 

More focus on the task reduces the cognitive burden required by the technology (Agaiwal and 

Karahanna 2000). Because users who are cognitive absorbed are curious about the task-relevant 

message and their interaction with technology in general, their excitement about the interaction 

possibilities with the system reduces effort (Webster et al. 1994). Performing a task is less taxing 

for highly motivated users who enjoy performing the task. Prior research has linked lower 

cognitive burden and ease of use with variables like cognitive absorption and state of intrinsic 

motivation (V enkatesh 1999). Thus, we hypothesize: 

H3: Cognitive absorption-based central processing is negatively related to task effort. 

Trust 

Trust is "the intention to accept vulnerability based upon positive expectations of the 

intentions or behavior of another" (Rousseau et al. 1998). In our context, it is the belief that a 

website or its provider is trustworthy. Users performing online tasks, such as sharing information 

on social networking sites, interacting with unknown actors in virtual worlds, and shopping on e

commerce sites, are prone to risks and uncertainty (Toufaily et al. 2013). Trust is one way of 

coping with this uncertainty; users presume that the trustee will behave in a socially acceptable 

manner (Pavlou and Gefen 2004). Trust is more important for a high social presence media 
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because the presence and salience of other users adds complexity. Actions of other actors are 

independent of each user, who has little or no control over their actions (Gefen and Straub 2004). 

Competence, integrity, and benevolence are the most frequently used dimensions of trust in 

the literature (Bhattacherjee 2002). Competence refers to an agent's ability to solve the task that 

the principal is concerned with (Pavlou and Gefen 2004). Integrity refers to an agent's honesty 

toward the principal (Pavlou and Gefen 2004). Benevolence refers to an agent's interest in the 

principal's benefit (Pavlou and Gefen 2004). Social presence literature considers trust in a seller 

and website synonymous with the arguments, antecedents, and consequents. We follow that 

tradition and generally term both entities as trustees. 

Although there are different viewpoints in the indicators of peripheral processing, thoughts 

about message source are considered evidence of peripheral processing (Skalski and Tamborini 

2007) because source thoughts do not signal a user's judgment of task-relevant information 

(Skalski and Tamborini 2007), though on some occasions they could-for example, an 

unattractive model selling a beauty product (Skalski and Tamborini 2007). Trust-based 

evaluations are likely quick, less effortful judgements based on a user's experience and 

preexisting notions (Trumbo 2002). In our research, we consider a user's evaluation of the seller 

or IS' s trustworthiness as an indicator of peripheral processing. The trustworthiness scales used 

to measure trust in the SP-TP relationship capture users' evaluations of the seller or IS's 

trustworthiness, expertise, credibility, benevolence, and integrity. Evaluating trustworthiness and 

credibility denotes that users have processed the social cues by applying their heuristics to the 

cues and making trust judgments ( e.g., "Experts can be trusted, so I am willing to transact.") 

(Sundar 2008). Evaluating expertise, benevolence, and integrity denotes that users are processing 

cues other than the task-relevant message. We do not make a distinction between trust that has 
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already formed and the processing that forms trust. We generally consider measures capturing 

these evaluations as trust and as a proxy for peripheral processing because the trust construct in 

IS literature captures the expertise, credibility, and benevolence evaluations. Using credibility 

and trust as an indicator of peripheral processing is well established in broader ELM research 

(see O'Keefe (2013) for a review) and in broader ELM research in IS (Lowry et al. 2012; 

Sussman and Siegal 2003), specifically research on social presence (Wagenknecht et al. 2016). 

We argue for the positive social presence-trust relationship. Research links social presence 

with increased heuristic processing though high source thoughts (Skalski and Tamborini 2007). 

Affective association or simple rule-based inference characterizes peripheral cue processing. 

Greater availability of peripheral cues offer more scope for peripheral cue processing (Petty and 

Cacioppo 1986). High social presence media supports vivid social cues, high interactivity, and 

richness through various modalities, affording users greater opportunity for heuristic processing. 

We argue that peripheral cue processing in high social presence media is trust-based because 

of the high salience of human contact and relationships. Although trust can increase based on the 

quality (in terms of relevancy, quantity, congruence, and scope) of task-relevant information 

(Qiu and Benbasat 2009), the primary arguments for social presence-induced trust in the IS 

literature are based on processing social cues (Gefen and Straub 2003). Media with high social 

presence is evaluated to be trustworthy based on its ability to project more social (peripheral) 

cues. There are three main reasons for this positive social presence-trust relationship. First, 

social cues make it difficult to hide untrustworthy information. Consequently, users associate 

transparency in media with high social presence (Hess et al. 2009). For example, Casey and 

Poropat (2014) showed that cues such as how data will be handled, self-disclosures, 

reassurances, and encouragers, increase trust in a web survey sponsor. Second, social cues enable 
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users to assess how well media caters to their expectations. Because users can make such 

assessments in high social presence media, their trust is enhanced (Hess et al. 2009). For 

example, Toufaily et al. (2013) showed that when online retailers project human contact, service, 

and advice for online shopping, they emulate relationship expectations of offline shopping and 

thereby increase user trust. Third, because there is high investment in relationships in media with 

high social presence, users trust such media more, thinking that the trustee has more to lose 

through untrustworthy behavior (Hess et al. 2009). Gefen and Straub (2004) summarized cues 

and behaviors that show investment in a relationship, such as a track record of past behavior, the 

nature of that transaction, exhibiting a willingness for a long-term relationship, staying in touch, 

etc. Thus, in high social presence, users peripherally process social cues and trust the system 

more because they think that "experiencing physical warmth promotes interpersonal warmth" 

(Williams and Bargh 2008). Similarly, research has linked social presence with constructs such 

as trust, credibility, reliability, swift trust, user trust, and trustworthiness. Thus, we hypothesize: 

H4: Social presence is positively related to trust-based peripheral cue processing. 

Users who perceive that the trustee is trustworthy are assured of the trustee's ability and 

benevolence. Users are also assured that the system will provide the ultimate benefits in 

accordance with or even exceeding their expectations. When users perform tasks using the 

system with more certainty and confidence that the system will behave predictably, task 

performance increases. Peripheral processing of task-relevant information by evaluating a 

message's credibility is linked to the message's performance impact (Sussman and Siegal 2003). 

Heuristic processing alone can determine the usefulness of task-relevant information. For 

example, in an e-commerce portal, product reviews that disclosed a reviewer's identity were 

rated more helpful than anonymous reviews (Forman et al. 2008). The positive performance 
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impact of trust is well established in the literature (Gefen et al. 2003). Extant research in social 

presence argues that trust has a mediating role in the SP-TP relationship. Thus, we hypothesize: 

H5: Trust-based peripheral cue processing is negatively related to task performance. 

Task effort is the degree to which a system will increase the task effort (Venkatesh et al. 

2003). We argue that trust persuades users to invest less effort in learning and interacting with 

the trustee and the associated messages-the system and the agent alike. Trust persuades users to 

simplify their interaction with a system (Walter et al. 2014a). Users who have high trust are more 

assured and less anxious about using a system (Casey and Poropat 2014). They also save the 

effort needed to understand, monitor, and control their task performance (Chircu et al. 2000). For 

example, if a user has high trust, an online shopping task is easier because the user does not need 

to check every action of the seller (Pavlou 2003) or reevaluate the task-relevant information 

provided by the seller (Walter et al. 2014a). Thus, we hypothesize: 

H6: Trust-based peripheral cue processing is negatively related to task effort. 

If users expend less effort on understanding the trustee, they expend more effort on task 

performance. We argue that the effort saved by the user due to peripheral cue processing is 

redeployed to perform the task, enabling the user to accomplish more with less effort (Davis et 

al. 1989). Thus, we hypothesize: 

H7: Task effort is negatively related to task performance. 

Task Complexity 

Highly complex tasks need media that allow users to interpret task-relevant information at a 

slow pace (McGuire 1969). Moreover, users want to reprocess task-relevant information to 

improve task performance (Dennis et al. 2008). In media with high social presence, central 

processing happens primarily through the interactions and high personalness of the media, as 
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argued in HI. This creates an obligation to respond quickly or attend to the salient others in the 

medium (Te'eni et al. 2001). Users prefer not to look for alternate sources of information because 

they are hesitant to disrupt a conversation. Consequently, there is lower scope for slow-paced 

task interpretation and reprocessing of a message-users cannot "elaborate at will." The 

resulting high cognitive load and mental strain due to high complexity and social presence leads 

users to perform tasks using peripheral cues (Grise and Gallupe 1999; Miller 1956). On the other 

hand, low social presence media better facilitates users looking for other sources of information. 

Robert and Dennis (2005) showed that although social presence can improve motivation or 

attention toward a message (see HI), it can also reduce ability to process a message because of 

the fast-paced nature of interactions, overexposure, and low reprocessability. They proposed that 

when faced with a complex message, users choose media with low social presence or try to 

elaborate on peripheral cues. They also proposed that users who encounter a simpler message 

perform high elaboration using the high social presence media because of high motivation. 

Research on how modality affects persuasion showed that users have difficulty processing issue

relevant messages in audio and video presentations as compared to print presentations (Chaiken 

and Eagly 1976). In such situations where exposure is forced rather than self-paced, users look 

for simple cues, which become powerful determinants of persuasion (Petty and Cacioppo 1986). 

Therefore, peripheral processing due to social presence is stronger in highly complex tasks, 

whereas central processing due to social presence is stronger in simpler tasks. We hypothesize: 

H8a: Task complexity negatively moderates the positive relationship between social presence 

andflow-based central cue processing. 

H8b: Task complexity positively moderates the positive relationship between social presence and 

trust-based peripheral cue processing. 
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System Context 

Based on practical use and functional capacity, IS can be classified as hedonic or utilitarian 

(Wu and Lu 2013). IS used for work, personal productivity, health, and education are called 

utilitarian systems (Gerow et al. 2013). IS used for pleasure, fun, and relaxation are called 

hedonic systems (Gerow et al. 2013). System context is an important moderator in the effect 

sizes in IS research (Gerow et al. 2013) (Hess et al. 2014; Wu and Lu 2013). Choi et al. (2011) 

analyzed the moderating role of utilitarian versus hedonic products in social presence

intervening process relationships. 

In utilitarian systems, users sense lesser degrees of volition because they mainly perform 

actions that are instrumental in improving their productivity (Wu and Lu 2013). Hedonic systems 

afford more volition. There are higher chances that users will be distracted or look for eye

catching and less effortful peripheral cues. Moreover, hedonic systems such as social networking 

sites and gaming tend to be more distracting and overloaded with information (Leonardi et al. 

2013). When faced with information overload, site users tend to process information peripherally 

(Forman et al. 2008). Because in a hedonic system there is information overload and more 

freedom to interact with technology there is more room for attention conflict and consequently 

lesser central processing, as compared to a utilitarian system. 

Personal preferences are more salient in a hedonic context, and objectivity is more salient in 

a utilitarian context (Choi et al. 2011). In a utilitarian system, one can expect more motivation to 

focus on and attend to the task-relevant information. In a hedonic system, given the salience of 

personal preference, social cues and a tendency to apply heuristics on them could play dominant 

role. Marketing studies show that consumers view utilitarian contexts as relatively necessary and 

hedonic contexts as discretionary (Goetzinger and Park 2005). A hedonic system's leisurely 
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atmosphere may prompt users to expend frugal cognitive resources and engage in less effortful 

thinking. In utilitarian systems, users have more focus and attention. 

Social presence acts as a form of social capital providing performance enhancing 

information. Users want to cash in on this task-relevant information while using utilitarian 

systems due their productivity focus (Walter et al. 2015). Also, as the personal consequences of 

task-relevant information increase (as in the utilitarian context), people are more motivated to do 

higher cognitive work (Petty and Cacioppo 1986). 

High social presence provides task-relevant information through interactions and personal 

communication and provides social cues by projecting the "other." Based on these arguments, 

we posit that the goals of utilitarian system users and the nature of the context fits well with the 

task-relevant information obtained from social presence. Hence, central processing due to social 

presence is more likely in a utilitarian system than a hedonic system. The goals of hedonic 

system users and the nature of the context fits well with the social cues afforded by high social 

presence media. Hence, peripheral processing due to social presence is more likely in a hedonic 

system than a utilitarian system. In line with our argument, research shows that the social 

presence-trust relationship is stronger for hedonic product shopping than utilitarian product 

shopping (Choi et al. 2011). ELM literature argues that central processing-not heuristic 

processing-is salient in tasks with high importance (Chaiken and Maheswaran 1994). 

H9a: The positive relationship between social presence and cognitive absorption-based central 

cue processing is stronger in utilitarian systems compared to hedonic systems. 

H9b: The positive relationship between social presence and trust-based peripheral cue 

processing is stronger in hedonic systems compared to utilitarian systems. 
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RESEARCH METHODOLOGY 

Multivariate Meta-Analytic Structural Equation Modeling 

We used a two-stage random-effects meta-analytic structural equation modeling (TS RE

MASEM) method to test our theoretical model (Cheung 2015a). This method synthesizes effect

size matrices across primary studies and tests a set of hypotheses in a theoretical structural 

equation model. MASEM is the best approach for addressing research gaps-inconsistencies in 

strength, significance, and mediating paths across studies. We address research gap 1 by using 

TS RE-MASEM to test the hypothesized path model that was constructed using effect-size data 

collected from primary studies and obtaining an overall cumulative path model. We address 

research gaps 2 and 3 by using TS RE-MASEM to test moderation hypotheses by grouping 

primary studies with varying moderator levels and empirically comparing the fit of the models. 

TS RE-MASEM provides an overall effect size for variables in our nomological net based on 

dependencies among effect sizes within and across studies. 

Meta-analyses have been established as an effective instrument for theory testing. MASEM 

combines the strengths of meta-analyses and SEM. Compared to a primary study, MASEM 

increases the sample size, bolsters the statistical power, and improves the accuracy of parameter 

estimates by correcting for sampling error (Montazemi and Qahri-Saremi 2015). Compared to a 

univariate meta-analyses and the univariate meta-analytic SEM, TS RE-MASEM doesn't neglect 

the interdependency among effect sizes and therefore precisely captures the effect sizes, 

addresses missing data, considers the total sample size as opposed to harmonic mean or the mean 

sample size, and considers the covariance matrix (Cheung 2015a). Therefore, TS RA-MASEM 

obtains robust estimates with high statistical power, fit statistics unaffected by study artifacts, 

and accounts for the heterogeneity across studies by letting the researcher choose a fixed-effects 
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or a random-effects MASEM. 

The TS MASEM is carried out in two steps. In the first step, the correlation matrices are 

gathered from primary studies, and a pooled correlation matrix and an asymptotic covariance 

matrix (ACM) are produced. The ACM provides the variances and covariances of pooled 

correlation from primary studies (Cheung and Chan 2009). In the second step, the ACM, the total 

sample size, and the pooled correlation matrix are used to correct the pooled correlations and 

estimate the structural model using the Generally Weighted Least Squares Approach (GWLS)

an asymptotically distribution-free estimation method that is free from normality assumption 

about the input data (Cheung and Chan 2005). There are two different models in a meta-analysis: 

a fixed-effects model and a random-effects model (Cheung and Chan 2009; Cheung 2014). Each 

model makes different assumptions, leading to different definitions and calculations for the 

effect-size estimates. In contrast to the random-effects model, the fixed-effects model assumes 

that the effect sizes are homogenous across studies. The pooled-effects size is the population

effect size (Cheung 2014), whereas in the random-effects model, the pooled-effects size is the 

mean of the distribution of effect sizes. Therefore, if there is high variance in effect size 

estimates across studies, we use the random-effects model. 

Sample 

We used the search term "social presence" in the search fields for title, abstract, and 

keywords. We queried major research databases to identify relevant literature: Ebscohost (all 

research databases), AIS electronic library, ACM digital library, ScienceDirect, IEEE Explore, 

Taylor and Francis, Oxford, Emerald, SagePub, and Proquest dissertations. To avoid potential 

bias in our data, we considered conference proceedings and dissertations because journals tend to 

publish significant findings. We started with the year 1990 because that is when the literature 
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linking social presence and task performance burgeoned. Because the social presence construct is 

interdisciplinary in nature, we did not restrict our literature search to any particular discipline. 

We excluded conceptual papers, white papers, and studies at the team level of analysis from the 

articles we retained from our search. We considered studies that had two different samples as 

independent studies. If two studies used the same sample, we removed one of the studies. 

We created inclusion criteria to choose the studies from our search results. We included 

studies that (a) used Short et al. (197 6) scales to measure social presence, (b) reported 

information such as correlations, sample sizes, and reliabilities necessary to calculate effect 

sizes, (c) were performed at user-level and not at team-level, and (d) reported a correlation 

between social presence and a variable that was conceptually similar to at least one of the other 

constructs in our model. To ensure the inclusion criteria, we screened the articles' titles, 

abstracts, full text, and measurement scales. We arrived at a sample of 78 relevant articles. See 

Table 2 for descriptive statistics on the studies included in the meta-analysis. Distribution of 

studies is balanced in terms of culture and gender. Studies were conducted in both Western and 

non-Western cultures. There has been a surge in SP-TP studies after 2010. Most of the studies 

were in an e-commerce context, followed by a social networking context. 

**Insert Table 2, 3** 

Coding 

We developed a coding protocol to specify the kind of variables and statistics to be coded. 

We designed an Excel file to code the effect sizes (e.g., correlations), sample size, and 

moderators. The coding scheme for task performance, task effort, cognitive absorption, and trust 

are provided in Table 3 with definitions, reference operationalizations, sample items, and 

construct-label synonyms. We mapped those constructs in the primary study to the variables in 
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our study based on conceptual similarity (Montazemi and Qahri-Saremi 2015) and widely 

accepted definitions (Gajendran and Harrison 2007). We examined each construct's 

measurement instruments instead ofrelying on the labels given by the study's authors because 

different labels could measure a similar construct or similar labels could measure different 

constructs (Montazemi and Qahri-Saremi 2015). Coding conceptually similar constructs makes 

the content validity of our study higher than that of primary studies. After coding, the 

corresponding effect size of each construct with each other construct in our nomological net was 

entered in the database. If a study contained two or more variables measuring the same construct 

equally (for example, trust in the seller and trust in the website), we included the average effect 

size. In other cases, the construct most appropriately representing the focal constructs was used. 

Focal Constructs 

Constructs using items from the Short et al. (1976) scale were mapped as social presence. For 

task performance, we used the Venkatesh et al. (2003) scale of performance expectancy as our 

reference. With this operationalization as the base, any construct wherein the item asked the user 

about efficiency, effectiveness, usefulness, value, task accomplishment, or performance were 

coded as task performance. For task effort, we used the Venkatesh et al. (2003) scale of effort 

expectancy as our reference. With this operationalization as the base, any construct wherein the 

item asked the user about comfort, ease of use, effort, clarity, learnability in using the system, or 

understanding a task-relevant message were coded as task effort. Although the construct 

synonyms in each study are rooted out of base constructs and therefore may appear to be 

common across studies, we argue that the these measures are in the context of the particular tasks 

typically accomplished through the system under focus in each study. For example, performance 

expectancy in a study of e-commerce entails how quickly and effectively a user feels he or she 
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can accomplish the shopping task. For cognitive absorption-based central processing, we used 

the Agarwal and Karahanna (2000) scale as a base. We coded all constructs that denoted an 

intrinsic interest, focus, thought about, involvement, attention, or concentration in the system, 

task-relevant message, or interaction. For trust-based peripheral processing, we used the Gefen et 

al. (2003) scale of trust as a base. We coded all constructs that denoted users' assessment of the 

system or seller's trustworthiness, ability, expertise, or credibility. See Tables 1, 2, 3, and 4 in 

Appendix B for construct synonyms and their measures for each focal construct. 

Moderators 

Study moderators were coded based on the information available in each study. Table 4 

shows the coding scheme, levels, and examples for each moderator. To code subject type, year of 

publication, user experience, culture, and gender, we used the information typically available in 

the sample section of each study. When we could not find information for a certain study, we 

coded them as "NA" or used other information. For example, we used the author's country when 

the culture information was not provided. If a study consisted of a mix of cultures, we assigned 

the culture of the majority of the respondents in that study. NA was coded for studies that did not 

provide distribution. For coding the journal quality of each study, we used the senior IS scholar's 

basket of eight journals and the current impact factor of the journals on the journal website 

(Lowry et al. 2013). 

***Insert Table 4*** 

To code task complexity, we used the procedure followed by Sharma and Yetton (2007). We 

generated descriptions of the IS under focus in each study. Each description includes the study 

context, a description of the system design and features, study population samples, and the task 

that was or could be performed using the system. The descriptions were taken verbatim from the 
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primary studies with no changes made except for notes specifying where each portion came from 

in the primary study. Task complexity was coded using the scales provided by (Wood 1986). 

The tasks in each study were rated for complexity on a 5-point Likert scale. Wood (1986) work 

on task complexity is heavily cited and is still the dominant conceptualization of task 

complexity. Though task complexity is subjective to each subject in the primary study, we 

needed an objective measure like the Wood (1986) scale to rate primary studies. Prior meta

analyses on task performance have used this scale to rate study contexts (Stajkovic and Luthans 

1998) (Chen et al. 2001). Two expert raters and coders rated the study descriptions on this six

item scale: the study author, who has over five years of research experience in IS, and an 

assistant vice president in a leading bank who has more than five years of work experience in the 

IS industry. The scale exhibited high internal reliability, with alphas at 0.96 and 0.93 for the two 

raters. Each rater added the scores for each item to create one task complexity score for the tasks 

in each study. The inter-rater reliability was 0.97 (i.e., the correlation between the total task 

complexity scores from each rater). One task complexity score was obtained for the tasks in each 

study by averaging the scores for each item. Studies that had higher than average task complexity 

score were coded as 1. Otherwise, studies were coded as 0. For coding system context, we used 

the categorization by Gerow et al. (2013), a prior meta-analysis in the technology adoption area. 

Systems used for pleasure, fun, and relaxation were coded hedonic. Systems used for work, 

personal productivity, health, and education were coded utilitarian. Utilitarian systems were 

coded as 1. Bedonie systems were coded as 0. The coding of the study constructs and moderators 

was also verified by another author who is a senior IS scholar. See Table 5 for the moderators' 

descriptive statistics. Table 5 provides the correlations between each moderator ( coded Oor 1 

based on the coding scheme) and their means. The table shows that the highest correlation is 
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between task complexity and system context, a moderate 0.56, followed by the correlation 

between experience and system context, 0.52. 

***Insert Table 5 Here*** 

ANALYSES 

Structural Model Estimates 

We used the metaSEM package from R to estimate our model (Cheung 2015b; Team 2016). 

As input we provided 5 x 5 correlation matrices and the corresponding sample sizes from our 78 

studies. Not all studies have all effect sizes in the matrix. "NA" represents missing effect sizes. 

The total sample size was 24,958. First, we performed the fixed-effects MASEM. The fixed

effects MASEM results for the heterogeneity-level assessment demonstrate heterogeneous 

effect-sizes across the studies for our research model (RMSEA = 0.200, TLI = 0.829, CFI = 

0.821, SRMR = 0.1413). The test statistic on testing the homogeneity test of correlation matrix is 

X2 (df= 225, N = 24958) = 3111.9487, p < 0.001. Based on the test statistic, the null hypothesis 

of homogeneity of the correlation matrices was rejected. Typically, comparative fit index (CFI) 

and Tucker-Lewis index (TLI) values above 0.90, root mean square error of approximation 

(RMSEA) values below 0.08, and standard root mean residual (SRMR) values of 0.08 are 

considered thresholds for a good fitting model (Montazemi and Qahri-Saremi 2015). Also, the 

SRMR and RMSEA were very large, and the fit statistics for CFI and TLI were very low, 

indicating that the proposed model (homogeneity of the correlation matrices) did not fit the data 

well (Cheung 2015a). Therefore, we are justified in using the random-effects model. 

We performed stage one of TS RE MASEM. Table 6 contains the pooled correlations, which 

show the overall strength of the effect sizes across studies for the total N using the multivariate 

random-effects model. We also show the significance, heterogeneity, and standard error of these 
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estimates. The high variability in the effect sizes across studies is indicated by the 12 

heterogeneity values ranging from 0.836 to 0.932. Moreover, all effect sizes were highly 

statistically significant (atp < 0.001). The pooled correlation matrix ties back to our third 

contribution. The social presence-cognitive absorption (ES= 0.559, SE= 0.022,p < 0.001) and 

task performance-cognitive absorption effect sizes (ES= 0.529, SE= 0.023,p < 0.001) were the 

highest in strength, whereas the social presence-task effort effect size (ES= -0.336, SE= 0.030, 

p < 0.00 I) was the lowest. The social presence-task performance effect size-the key effect size 

of interest in this study-was (ES= 0.427, SE= 0.023,p < 0.001). 

***Insert Figure 3 Here*** 

***Insert Table 6, 7 Here*** 

In the second stage, we estimated the structural equation model using the GWLS estimated 

by inputting the ACM, total sample size, and pooled correlation matrix. Figure 3 reports the 

estimated path coefficients and their significance and the R2 values of each endogenous variable. 

The fit statistic of our model satisfied the accepted thresholds (X2 = 2.0662, df= 2, p = 0.36, 

RMSEA = 0.0012, TLI = 0.999, CFI = 1.000, SRMR = 0.0141). Our results show that all of our 

structural model hypotheses were supported (HI to H7). Social presence was significantly 

positively related to cognitive absorption(~= 0.565, SE= 0.021,p < 0.001), supporting HI. 

Cognitive absorption was significantly positively related to task performance(~= 0.359, SE= 

0.041,p < 0.001), supporting H2. Cognitive absorption was significantly positively related to 

task effort(~= -0.332, SE= 0.054,p < 0.001), supporting H3. Social presence was significantly 

positively related to trust (~ = 0.462, SE= 0.030, p < 0.00 I), supporting H4. Trust was 

significantly positively related to task performance(~= 0.281, SE= 0.061, p < 0.001), 

supporting HS. Trust was significantly negatively related to task effort(~= -0.355, SE= 0.055, 
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p < 0.001 ), supporting H6. Task effort was significantly negatively related to task performance 

(~ = -0.206, SE= 0.064, p < 0.01 ), supporting H7. Table 7 reports the indirect effects and their 

corresponding 95% confidence intervals. Six paths led from social presence to the task impacts; 

three of them were mediated through the central processing variable of cognitive absorption and 

three of them were mediated through the peripheral processing variable of trust. The indirect 

paths were significant as well. The indirect effects estimates mediated by cognitive absorption 

were greater than those mediated by trust. This finding is consistent with the ELM argument that 

the central route is more effective than the peripheral route. 

Task Complexity and System Context 

To perform moderator analyses, we split the sample into two groups of studies: one with low 

level of the moderator and the other with high level. First, we estimated an unconstrained 

multigroup stage-two RE MASEM, in which parameters from both groups were freely estimated. 

Second, we fit a constrained model, which imposed equality constraint on the parameter of 

interest across both models. A significant x2 test between the two models, in which the x2 

increases in the constrained model, indicates that the parameters are considered significantly 

different across groups (Jak 2015). We ran two analyses for each moderator: one for testing the 

social presence-cognitive absorption relationship to be different across groups and the other for 

the social presence-trust relationship. Tables 8 and 9 show the indirect effects comparison of the 

key moderators of this study: task complexity and system context. Tables 10 and 11 show the 

model fit and meta-analytically derived effect sizes, respectively, for each level of all the 

moderators in this study. 

***Insert Tables 8, 9, 10, and 11 here*** 

***Insert Figure 4 Here*** 
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Comparing the SP-TP effect sizes from the pooled correlation matrix shown in Table 11 

shows that the effect size is 0.387 for low task complexity and 0.485 for high task complexity, 

indicating that social presence enhances task performance more for highly complex tasks. To 

better understand this outcome, we performed a moderator analysis to see how task complexity 

moderated social presence's impact on the intervening processes. Figure 4 shows the model 

estimates for low and high complexity models estimated using TS RE MASEM. The model fit 

for both models were in the agreeable thresholds. Our moderator analysis showed that social 

presence-cognitive absorption relationship is significantly different across groups (X2 = 3.853, df 

= 1,p < 0.05). This link was higher in the low complexity task group(~= 0.599, SE= 0.023,p < 

0.001) compared to the high complexity task group(~= 0.515, SE= 0.036,p < 0.001). Thus, we 

found support for H8a. The results also showed that the social presence-trust link is significantly 

different across groups (X2 = 5 .884, df= 1, p < 0.05). This link was higher in the high complexity 

task group(~= 0.563, SE= 0.048,p < 0.001) compared to the low complexity task group(~= 

0.419, SE= 0.035,p < 0.001). Thus, we found support for H8b. The indirect effects estimates 

were significant across the two levels of the moderator (see Table 8). The indirect effects clearly 

show that the paths mediated by cognitive absorption are stronger in low complexity task group 

and the paths mediated by trust are stronger in the high complexity task group. Estimates of the 

social presence-cognitive absorption-performance path(~= 0.238 vs. ~ = 0.111 ), social 

presence-trust-performance path(~= 0.100 vs. ~ = 0.224), and the social presence-trust-effort 

path(~= -0.141 vs.~= -0.241) suggests a moderated mediation. 

***Insert Figure 5 Here*** 

Comparing the SP-TP effect sizes from the pooled correlation matrix shown in Table 11 

shows that the effect size is 0.467 for hedonic systems and 0.390 for utilitarian systems. This 
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result indicates that social presence enhances task performance more in hedonic systems. Figure 

5 shows the model estimates for hedonic and utilitarian systems estimated using TS RE 

MASEM. The model fit for both models were in the agreeable thresholds. Our moderator 

analysis results showed that the social presence-cognitive absorption relationship was not 

significantly different across groups (X2 = 0.085, df= 1, p > 0.05). Thus, we did not find support 

for H9a. The social presence-trust link was significantly different across groups (X2 = 4.36, df= 

1,p < 0.05). This link was higher in hedonic systems(~= 0.563, SE= 0.055,p < 0.001) 

compared to utilitarian systems W= 0.428, SE= 0.034, p < 0.001 ). Thus, we found support for 

H8b. The indirect effects estimates were significant across the two levels of the moderator (see 

Table 9). The indirect effects show that the social presence-trust-performance path (~ = 0.188 

vs. ~ = 0.105) was stronger in the hedonic systems, suggesting a moderated mediation. 

Other Moderators 

***Insert Tables 12,13,14,15,16,17, and 18 here*** 

In line with our third contribution, we extend the boundaries of the social presence theory of 

task performance by analyzing the moderating effects' of key study context-related moderators: 

publication quality, respondent type, year of publication, user experience, culture, and gender. 

See Tables 10-18 for the moderator analyses results. We used the first-stage random-effects 

pooled correlation matrix estimation (see Table 11) to show how effect sizes between each 

variable in the nomological net vary across the levels of each moderator. Then we analyzed the 

moderators. Overall, all models in each level of the moderators showed good fit by passing the 

accepted thresholds. We found that the effect sizes and direct and indirect effects were 

significant across each level of the moderators, expect for few cases. However, we did not find 

significant differences across study-related moderators for the intervening processes: the social 
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presence-cognitive absorption relationship and the social presence-trust relationship. 

With respect to publication quality, it was interesting to note that the effect sizes and direct 

and indirect effects estimates in the premier journals were lower compared to that of non-premier 

journals, indicating that non-premier outlets have a tendency publish high-parameter estimates. 

The SP-TP effect size was higher in non-premier journals (ES= 0.442***) than premier journals 

(ES= 0.390***). Among direct effects, the social presence-trust direct effect was higher in non

premier journals(~= 0.473, SE= 0.041,p < 0.001) than premier journals(~= 0.406, SE= 0.042, 

p < 0.001). The trust-performance direct effect was not significant in premier journals. In the 

indirect effects, the social presence-cognitive absorption-effort(~= -0.235 vs. ~ = -0.113) and 

the social presence-trust-performance links (~ = 0.199 vs. ~ = 0.105) were higher in non-premier 

journals than premier journals. The indirect effects suggest that non-premier outlets found that 

both central and peripheral processing were more influential. With respect to respondent type, 

the effect sizes were generally lower in the student sample than the customer sample. The social 

presence-trust relationship was higher in student samples(~= 0.482, SE= 0.038, p < 0.001) 

when compared to general customer samples (~ = 0.428, SE= 0.048, p < 0.001 ). The trust

performance and effort-performance direct effects were not significant in student samples. With 

respect to year of publication, the effect sizes were generally higher in studies performed post 

2010 compared to pre-2010. The SP-TP effect size was higher post 2010 (ES= 0.488***) 

compared to pre-2010 (ES= 0. 337***). The social presence-trust relationship and the social 

presence-cognitive absorption relationship were higher post-2010. The effort-performance direct 

effect was not significant post-2010. The indirect effects show that peripheral processing (task 

impacts mediated by trust) was higher post-2010. With respect to user experience, SP-TP effect 

size was higher in high-experience users (ES= 0.442***) than low-experience users (ES= 
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0.406***). The effort-performance direct effect was not significant in high-experience users. In 

the indirect effects, the social presence-trust-performance links(~= 0.178 vs.~= 0.094) were 

higher in high-experience users compared to low-experience users, suggesting salience of 

peripheral processing for high-experience users. With respect to culture, the effect sizes in the 

studies conducted in Western culture were lower compared to studies in other cultures. The SP

TP effect size was higher in other cultures (ES= 0.461 ***) compared to Western culture (ES= 

0.406***). The social presence-trust direct effect was higher in non-Western cultures (~ = 0.519, 

SE= 0.047,p < 0.001) compared to Western cultures(~= 0.436, SE= 0.038,p < 0.001), 

indicating that peripheral processing due to social presence is more pronounced in non-Western 

cultures. With respect to gender, the effect sizes were high in male-dominated samples. The 

social presence-trust relationship was higher in female-dominated samples W= 0.492, SE= 

0.047,p < 0.001) than male-dominated samples(~= 0.400, SE= 0.032,p < 0.001). The effort

performance direct effect was not significant in male-dominated samples. The indirect effects 

show that central processing was more pronounced in male-dominated samples and peripheral 

processing was more pronounced in female-dominated samples. 

DISCUSSION 

Theoretical Implications 

Our study and its findings make three theoretical contributions. First, based on ELM 

arguments, we built a social presence model of task performance. We theorized that social 

presence indirectly affects task effort and task performance, mediated by cognitive absorption

based central processing of task-relevant arguments and trust-based peripheral processing of 

social cues. We empirically tested our hypotheses using TS RE MASEM. We found support for 

all our structural model hypotheses (HI to H7). Through the indirect effects analyses, we found 
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that estimates mediated by cognitive absorption were greater than those mediated by trust-a 

finding consistent with the ELM argument that the central route is more effective than the 

peripheral route (Petty et al. 2002). Our model makes a significant contribution because only a 

few articles in the literature address persuasiveness of social-presence media in task 

performance. Moreover, current studies have captured a myriad of mediators with different paths 

in the SP-TP relationship. The distraction aspect of social presence makes a simple, direct SP-TP 

relationship less feasible. By using ELM, we identified broader constructs in cognitive 

absorption-based central processing and trust-based peripheral processing, unifying and 

clarifying the mediators. Our model and testing using a meta-analytic study clarified the 

pathways of the SP-TP relationship. Moreover, a cognition-based theory like ELM illuminates 

the richness paradox by clarifying the roles of task-relevant information and social cues provided 

by social presence and how users process them to improve their performance. On the other hand, 

studies have argued for the social presence impacts based on the source or medium rather than 

the message, though various social and task-relevant messages play a crucial part in changing a 

user's interpretation and bringing out performance impacts. Finally, our model integrates a key 

construct, task effort, in the SP-TP relationship. Though this construct in crucial in explaining 

task performance, SP-TP studies have seldom integrated and clarified its role in the SP-TP 

relationship. We show that social presence is indeed persuasive. 

Second, we theorize and test the moderating effect of two key moderators: task complexity 

and study context. We show that highly complex tasks enhance the salience of peripheral 

processing and suppress the salience of central processing. We empirically tested our hypotheses 

using the multi-group analyses in the TS RE MASEM. As hypothesized, our results showed that 

task complexity negatively moderates the positive relationship between social presence and 
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cognitive absorption-based central cue processing (H8a) and positively moderates the positive 

relationship between social presence and trust-based peripheral cue processing (H8b). We also 

hypothesized that utilitarian systems enhance the salience of central processing and hedonic 

systems enhance the salience of peripheral processing. There were not significant results proving 

that utilitarian systems positively moderate the positive relationship between social presence and 

cognitive absorption-based central cue processing (H9a). However, as hypothesized, we found 

that hedonic systems positively moderate the positive relationship between social presence and 

trust (H9b ). Our first contribution shows how social presence impacts task performance through 

the intervening processes, and our second contribution captures under what circumstances one 

intervening process gains salience over the other. Our results make important contributions to the 

literature in which only six studies analyze moderating effects of social presence consequences. 

Among these, some studies only perform sub-group comparison and do not test the significant 

difference between the parameter estimates (Chandra et al. 2010; Cyr et al. 2007). We add to 

conversation on similar moderators analyzed in the past, such as task characteristics ( decision 

making vs. idea generation), and product type (hedonic vs. utilitarian). For example, Choi et al. 

(2011) hypothesized the social presence-trust relationship to be stronger for hedonic products 

but couldn't find significant results. Our finding of higher SP-TP effect size in highly complex 

tasks resolves the contradicting arguments regarding the moderating role for and against the 

utility of social presence for highly complex tasks. However, this effect should be considered 

skeptically because task performance in highly complex tasks is derived primarily from 

peripheral processing. So, our moderator analyses of social presence impacts on the intervening 

processes (instead of the direct SP-TP effect) informs that though the overall SP-TP effect size 

could be higher in one context than the other, the performance impact could be derived out of the 
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less desirable peripheral process than the central processing, which was the case for highly 

complex tasks and hedonic systems. Our research shows in what conditions social presence is 

persuasive and through which process, in each level of contingency. 

Third, we draw a boundary around our theory through our analyses of effect sizes and direct 

and indirect effects in our model for different levels of key contingencies related to the sample 

( culture, gender, and respondent type) and study (year of publication, publication outlet, type of 

publication). The effect size analyses show the overall impact of social presence on the variables 

in the nomological net-cognitive absorption, trust, task effort, and task performance-in terms 

of strength, sign, and significance. We showed medium to strong effect sizes that were 

statistically significant. We pitted our social presence model of task performance under different 

levels of the contingencies mentioned above. We observed that non-premier outlets have 

tendencies to publish higher effect sizes, pointing to potential publication bias. We discovered 

that student samples have higher effect sizes, which informs researchers to consume or perform 

SP-TP research with student samples with caution. We found that there are higher effect sizes 

post-2010, especially for the social presence and its consequences, which underscores the 

growing social media revolution we are currently witnessing and how this revolution has 

influenced users to expect social features even in systems that do not actually require them (Lin 

et al. 2017). We found salience of peripheral processing in students, high-experience users, 

females, and non-Western cultures. This finding adds to contingencies analyzed in prior SP-TP 

research (see Table 1). In line with our finding, social presence-usefulness and social presence

trust were higher in females (Cyr et al. 2007). Mature users had higher social presence-trust 

direct effect, though our meta-analytic effect sizes and direct-effects estimate comparisons show 

no such difference and, in tum, a very small higher effect for experienced users. Scholars should 
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interpret these findings in light of media theories such as social information processing theory, 

which suggests that over time system users develop impressions of other users, even if the 

system has no social cues (Walther 2011). Our analysis of time of publication, culture, 

respondent type, and publication outlet is the first in SP-TP literature. 

Practical Implications 

Our results have five practical implications. First, positive social presence impact on task 

performance informs practitioners that social presence does persuade users to perform tasks in 

IS. Our research provides justification for investments in time, design, and personnel needed to 

make IS have high social presence. Firms could collaborate with companies like Vuukle to 

embed widgets, associated personnel support, and analytics in their websites (Chronicle 2016). 

System designers can make sure there is high social presence in a system if they want to improve 

users' intrinsic interest in their task-relevant message, trust in the product seller and the IS, task 

performance, and reduce effort demanded by the system. However, our information processing

based dual-process model shows that performance derived from social presence could be due to 

the more important central processing of task-relevant information and the less viable processing 

of social cues. Second, our research details when social presence is most effective. Tasks vary in 

complexity and systems vary in purpose. Designers of systems with complex tasks and hedonic 

systems should incorporate social features in their website. Such implications apply to our study 

of other moderators as well. For example, practitioners post-2010 should incorporate social 

presence even in a site that needs fewer social interactions. Third, our findings on the salience of 

intervening processes under each level of the moderator provides prescriptions for designers 

incorporating social presence features based on the fit of outcomes and contexts. For example, to 

improve trust in websites for users from non-Western cultures, designers could design media 
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with high social presence; however, doing so might not be comparatively that effective in non

Western cultures. Fourth, our study provides practitioners with a synthesis of diverse and dense 

literature. Our findings on journal quality and respondent type makes practitioners more 

informed consumers of this research area. Fifth, our meta-analytic pooled correlations and the 

parameter estimates provide practitioners with a view of how these variables vary with and 

impact one another, both overall and within contexts. 

Limitations 

Our research has two limitations. One, certain studies did not report the statistics required to 

perform meta-analysis. Such studies were not included in our dataset, which could affect our 

study results. Two, though the construct synonyms categorized under our study constructs are 

conceptually similar, they vary in their measurements. Since measurement type is a potential 

moderator, our meta-analytic data could be heterogeneous. However, as we noted in the methods 

sections, combining multiple measures increases the content validity of constructs in a meta

analysis compared to a primary study. We identify avenues for future work in Appendix C. 
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FIGURES 

Figure 1: Social Presence Model of Task Impacts (as Final Outcome) in Past Research 

Direct 

Indirect 

Direct and 
Indirect 

Johnson et al. (2008) modeled e
learning performance as a direct 
effect of social presence. 

Walter et al. (2014a) modeled the 
impact of social presence on ease of 
contact, mediated by enjoyment and 
trust in user-to-user support in text 
and audio chat. 

Lee and Park (2014) modeled the 
impact of social presence on 
perceived usefulness in online 
shopping, mediated by enjoyment 
and trust. Additionally, they model 
the direct impact of enjoyment on 
trust. 

Phang and Kankanhalli (2009) 
showed that social presence impacts 
virtual world learning outcomes, 
both directly and indirectly, 
mediated by enjoyment. 

Walter et al. (2015) showed that 
social presence impacts feedback 
usefulness in a computer-mediated 
anagram-solving task both directly 
and indirectly, mediated by trust and 
enjoyment. 
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Cyr et al. (2007) showed that social 
presence impacts online retail 
shopping effectiveness both directly 
and indirectly, mediated by trust. 
Additionally, they do not model the 
direct impact of enjoyment on 
effectiveness. 

Legend: SP = social presence; CA = cognitive absorption; T = trust; TE = task effort; TP = task performance 
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Figure 2. Theoretical Model 

Cognitive Elaboration 

Figure 3. Results for Proposed Model with Full Sample (n = 24,958) 

0.565*** 

0.462*** 

'***' 0.001 '**' 0.01 '*' 0.05 '/\' 0.1 

Legend: CA = cognitive absorption 
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Figure 4. Moderator Analyses: Task Complexity 

Low Task Complexity (n = 10,508) 

0.599*** 

High Task Complexity (n = 14,450) 

0.515*** 

0.563*** 

'***' 0.001 '**' 0.01 '*' 0.05 '/\' 0.1 

Legend: CA = cognitive absorption 
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Figure 5. Moderator Analyses: System Context 

Hedonic (n = 14,008)* 

0.565*** 

0.563*** 

Utilitarian (n = 10,594) 

0.553*** 

0.428*** 

'***' 0.001 '**' 0.01 '*' 0.05 '/\' 0.1 

Legend: CA = cognitive absorption 

*For the hedonic context we had only few studies reporting certain effect sizes. In such cases the first stage 
estimated of TS RE MASEM would fail because there was not enough data to estimate certain heterogeneity 
variances. Consequently, the standard errors we obtained in the stage two analyses were untrustworthy. In such 
cases, an ad-hoc approach is to fix these heterogeneity variances to zero. Such a fix yields stage two standard errors 
that are interpretable. We followed this approach by constraining the heterogeneity variances of the effect sizes task 
performance-trust and task effort-trust. Similarly, Cheung and Hafdahl (2016) estimate a stage-two RE MASEM 
with zero heterogeneity variances obtained from the stage-one RE model. 
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TABLES 

Table 1. Moderators in Social Presence: Task Performance 

No. 
1 

Study 
Brown et al. 
(2010) 

Moderator 
Task 
Characteristic 

2 Chandra et al. 
(2010) 

User Maturity 

3 Cyr et al. 
(2007) 

Gender 

4 Toufaily et al. 
(2013) 

Retailer's 
Presence 

5 Toufaily et al. 
(2013) 

Social Role 
(e .g., Active 
Users, Personal 
Users, Lurkers) 

6 Choi et al. 
(2011) 

Product Type 
(Hedonic vs. 
Utilitarian) 

Relationships 
Social presence > 
performance 
expectancy 

Social presence > 
trust 

Social presence > 
perceived usefulness 
Social presence > 
trust 
Social presence > 
enjoyment 
Social presence > 
benevolence 
Social presence > 
credibility 
Social presence > 
perceived usefulness 
Social presence > 
enjoyment 

Social presence > 
trust 

Results 
The positive social presence- performance 
expectancy relationship is significantly stronger 
for decision-making tasks compared to idea 
generation tasks in context of collaboration 
technology. 
Performed a sub-group analysis and compared 
how their model estimates of virtual world 
collaboration differ from mature and non-mature 
users. Positive relationship was stronger for non-
mature users(~= 0.39***) compared to mature 
users(~= 0.08***). Note: Significance in 
moderation was not statistically tested. 
Performed a sub-group analysis and compared 
how their model estimates of e-commerce 
acceptance differ from males and females . The 
positive social presence effect on usefulness and 
trust was higher for females . Note: Significance 
in moderation was not statistically tested. 
Social presence has less impact on benevolence 
in retailer presence, i.e., click-and-brick websites. 
No moderation effect was found for the social 
presence > credibility relationship . 
Social role significantly moderates the social 
presence > usefulness and social presence 
enjoyment relationships . Social presence > 
usefulness effect is higher for active users, 
followed by lurkers and personal users. Social 
presence > enjoyment effect is higher for active 
users, followed by personal users and lurkers. 
Hypothesized social presence > trust relationship 
was stronger for hedonic products. Results were 
not significant. 
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Number of References 
Number of Studies 
Sample Size 

Type of Publication 

Respondents 

Year of Publication 

Culture 

Gender 

Research Design 

User-Experience Timing 
of Survey Administration 
Website Type 

System Context 

Table 2. Descriptive Statistics 

Mean (SD) 
Sum 
Minimum 
Maximum 
Journal 
Proceedings 
Dissertation 
Students 
Customers 
1990- 1995 
1996- 2000 
2001- 2005 
2006- 2010 
2011- 2016 
Western 
Non-Western 
Less than 50% Female 
Less than 50% Male 
Balanced 
Experimental 
Cross Sectional 

Early/Limited 
Mixed/High 
E-commerce 
Social Networking 
EmailNoicemailNideo Chat/Instant 
Messaging/Bulletin Board 
Virtual World 
E-Learning 

Collaboration Technology 
Social Robots 
Web Surveys 
Promotional Message 
Podcast Tours 
Gaming 
Hedonic 
Utilitarian 

72 
78 
319.97 (302.21) 
24958 
32 
2111 
57 
18 
3 
43 
35 
1 
4 
1 
20 
52 
48 
30 
33 
32 
4 
26 
52 
32 
46 
29 
21 
10 

9 
2 
1 
2 
1 
1 
1 
1 
37 
40 
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Table 3. Coding Study Constructs 

Task Performance: The degree to which the system will provide task performance, efficiency and 
effectiveness (Kim and Han 2011; Venkatesh et al. 2003). 
Reference Operationalization: (Venkatesh et al. 2003) 
Example Construct Synonyms: performance expectancy, perceived usefulness, purposive value 
Sample Item: "Using the shopping assistant enabled me to shop more quickly" (Al-Natour et al. 2011). 
Task Effort: The degree the system will increase the task effort (Venkatesh et al. 2003). 
Reference Operationalization: (Venkatesh et al. 2003) 
Example Construct Synonyms: effort expectancy, ease of use, convenience, ease of contact 
Sample Item: "My interaction with the system would be clear and understandable" (Venkatesh et al. 
2003). 
Cognitive Absorption: A state of deep involvement with the information system characterized by control, 
attention focus, curiosity, temporal dissociation, and intrinsic interest (Agarwal and Karahanna 2000). 

Reference Operationalization: (Agarwal and Karahanna 2000) 
Example Construct Synonyms: cognitive absorption, flow, metacognitive activity, mindfulness, 
concentration, enjoyment, arousal 
Sample Item: "I feel curious when interacting in Second Life " (Animesh et al. 2011 ). 
Trust: The degree to which the user believes the system or the system owner will fulfill commitments 
notwithstanding the user's vulnerability and dependence (Gefen et al. 2003). 
Reference Operationalization: (Gefen et al. 2003) 
Example Construct Synonyms: trust in the seller, swift trust, trust in staff, credibility 
Sample Item: "I trust the information presented in this website"(Cyr et al. 2007). 
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Table 4. Coding Study Moderators 

Task Complexity: The tasks in each study were rated for complexity on a six-item 5-point Likert scale and were 
coded using the scales provided by (Wood 1986). 
1. Number of acts involved in the task. 

2. Number of cues involved in the task. 
3. Type and number ofrelationships among acts. 
4. Type and number ofrelationships among cues. 
5. Changes in acts and the relationships among them. 

6. Changes in cues and the relationships among them. 
Two coders rated the studies. After resolving coding conflicts, one task complexity score was obtained for the tasks 
in each study by adding the scores for each item. Average task complexity score was taken for the sample. Studies 
that had a higher than average task complexity score were coded as 1. Otherwise, they were coded as 0. 
Level (Number of Studies): Example 
Low Task Complexity (44): listening to podcasts, completing web surveys, online shopping, chatting, viewing web 
advertisements 

High Task Complexity (34): playing online games, collaborating with colleagues, participating in online 
communities or social networks, interacting in virtual worlds 

System Context: Categorization used a prior meta-analysis on technology adoption (Gerow et al. 2013). Systems 
devoted to pleasure, fun, and relaxation were coded hedonic. Systems used for work, personal productivity, health, 
and education were coded utilitarian. Utilitarian systems were coded 1. Hedonic systems were coded as 0. Web 
advertisement was coded as NA because it fell in neither context. 

Level (Number of Studies): Example 
Hedonic (42): Facebook, gaming 
Utilitarian (32): E-learning, collaboration tool, e-commerce 

Publication Quality: Studies published in the senior information systems scholar's basket of 8 journals, and those 
journals with impact factor greater than 2 were coded as 1 (namely, premier journals). Studies published in other 
journals, conference papers, and dissertations were coded O(Lowry et al. 2013). 
Level (Number of Studies): Non-Premier (54), Premier (24) 

Subject Type: Ifa study mentioned that the subjects used for analysis were drawn from university from an 
undergraduate or full-time graduate student population, the study was coded as 1. Non-student samples were coded as 
0, which included general public or customers and working professionals (Hess et al. 2014). 

Level (Number of Studies): Customers (35), Students (43) 

Year of Publication: Studies published after 2010 were coded 1, and those published before 2010 were coded 0. 

Post 2010 there was a rapid increase in social presence studies. 
Level (Number of Studies): Pre-2010 (26), Post-2010 (52) 

User-Experience Timing of Survey Administration: Ifa study's survey was distributed after initial exposure to the 
system, the study was coded as Early/Limited experience (coded 0). 
If a study's survey was distributed to experienced users or to those with varying levels of experience with the system 
under study, the study was coded as Mixed/High Experience (coded 1) (Hess et al. 2014). 
Level (Number of Studies): Early (35), Mixed/High (46) 

Culture: Studies using subjects from Europe, North America, Australia, and New Zealand were coded as Western 
(coded 1). Other studies were coded as non-western (coded 0) (Ghasemaghaei and Hassanein 2015). 

Level (Number of Studies): Other (28), Western (46) 

Gender: Studies with a sample that was more than 50% female were coded 1, or Ootherwise (Cheng et al. 2016). 
Equally distributed studies were coded as "balanced." We could not find the gender for nine studies based on the 
information available in the article . 
Level (Number of Studies): Male Majority (33), Female Majority (32), Balanced (4) 
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Table 5. Descriptive Statistics and Correlation: Moderators 

No Moderator Mean 1 2 3 4 5 6 7 8 
1 Task Complexity 0.44 1.00 
2 System Context 0.52 -0.51 1.00 
3 Publication Quality 0.31 0.14 -0.03 1.00 
4 Subject Type 0.55 -0.25 0.24 -0.18 1.00 
5 Year of Publication 0.67 0.18 -0.22 0.12 0.02 1.00 
6 Experience 0.59 0.42 -0.52 -0.07 -0.23 0.18 1.00 
7 Culture 0.62 -0.35 0.34 -0.02 0.28 -0.32 -0.44 1.00 
8 Gender 0.49 -0.05 0.09 0.11 0.05 -0.01 -0.11 -0.03 1.00 

Table 6. Pooled Correlation Matrix, Full Sample Model: Random Effects 

Construct Social Presence Task Performance CA Trust Task Effort 
Social Presence 1 0.917 0.907 0.921 0.892 
Task Performance 0.427 (0.023)*** 1 0.836 0.903 0.932 
Cognitive Absorption 0.559 (0.022)*** 0.559 (0.023)*** 1 0.882 0.881 
Trust 0.452 (0.033)*** 0.503 (0.043)*** 0.415 (0.050)*** 1 0.866 
Task Effort -0.336 (0.032)*** -0.513 (0.038)*** -0.488 (0.045)*** -0.495 (0.043)*** 1 

Legend: CA = cognitive absorption 
Lower Triangle = Pooled Effect Size (Standard Error), Upper Triangle = I2 Heterogeneity Index 
' ***' 0.001 ' **' 0.01 ' *' 0.05 ' /\ ' 0.1 

Table 7• Ind.rrect Ef£ects: Fu11 Sampe1 Mode1 
Path Estimate 95% LB CI 95% HB CI 
SP > CA > Perf 0.203 0.179 0.227 
SP > CA > Eff -0.188 -0.218 -0.157 
SP > CA > Eff > Perf 0.039 0.026 0.051 
SP > Tru > Perf 0.130 0.101 0.159 
SP > Tru > Eff -0.164 -0.191 -0.137 
SP > Tru > Eff > Perf 0.034 0.022 0.046 

Table 8. Moderator Analyses, Indirect Effects: Task Complexity 
Path Low Task Complexity High Task Complexity 

Estimate 95% LB CI 95% HB CI Estimate 95% LB CI 95% HB CI 
SP > CA > Perf 0.238 0.211 0.265 0.111 0.069 0.154 
SP > CA > Eff -0.182 -0.220 -0.144 -0.165 -0.216 -0.115 
SP > CA > Eff > Perf 0.028 0,018 0.037 0.054 0.025 0.083 
SP > Tru > Perf 0.100 0.071 0.128 0.224 0.168 0.280 
SP >Tru > Eff -0.141 -0.166 -0.116 -0.241 -0.315 -0.167 
SP > Tru > Eff > Perf 0.022 0.013 0.031 0.079 0.046 0.112 

Legend: LB CI = Lower Bound Confidence Interval; HB CI = Higher Bound Confidence Interval 
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Table 9. Moderator Analyses, Indirect Effects: System Context 

Path Hedonic Utilitarian 
Estimate 95% LB CI 95% HB CI Estimate 95% LB CI 95% HB CI 

SP > CA > Perf 0.183 0.141 0.224 0.208 0.180 0.237 
SP > CA > Eff -0.215 -0.260 -0.170 -0.182 -0.221 -0.144 
SP > CA > Eff > Perf 0.050 0.023 0.076 0.038 0.024 0.051 
SP > Tru > Perf 0.188 0.152 0.225 0.105 0.072 0.136 
SP > Tru > Eff -0.139 -0.180 -0.100 -0.158 -0.188 -0.129 
SP > Tru > Eff > Perf 0.032 0.014 0.050 0.032 0.020 0.046 

Legend: LB CI = Lower Bound Confidence Interval; HB CI = Higher Bound Confidence Interval 

Table 10. Model Fit 

Moderator Group df X" p RMSEA TLI CFI SRMR 
Full Sample 2 2.066 0.36 0.001 0.999 1.000 0.014 
Task Low 2 0.155 0.93 0.000 1.005 1.000 0.006 
Complexity High 2 0.923 0.63 0.000 1.005 1.000 0.023 
System Hedonic 2 1.421 0.49 0.000 1.003 1.000 0.o18 
Context Utilitarian 2 0.148 0.93 0.000 1.007 1.000 0.005 
Type of Non-Premier 2 1.673 0.43 0.000 1.001 1.000 0.016 
Publication Premier 2 0.771 0.68 0.000 1.010 1.000 0.017 
Respondents Customer 2 1.392 0.50 0.000 1.002 1.000 0.021 

Student 2 2.034 0.36 0.001 0.999 1.000 0.017 
Year of Pre 2010 2 4.062 0.13 0.011 0.992 0.998 0.034 
Publication Post 2010 2 3.653 0.16 0.007 0.995 0.999 0.028 
Experience Low 2 0.243 0.87 0.000 1.008 1.000 0.007 

High 2 2.112 0.35 0.002 0.999 0.999 0.o15 
Culture Other 2 0.602 0.74 0.000 1.007 1.000 0.020 

Western 2 1.155 0.56 0.000 1.003 1.000 0.012 
Gender Men 2 2.920 0.23 0.006 0.995 0.999 0.023 

Women 2 1.808 0.405 0.000 1.001 1.000 0.023 

Legend: LB CI = Lower Bound Confidence Interval; HB CI = Higher Bound Confidence Interval 
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Table 11. Moderator Analysis: Pooled Correlation Matrix 

Moderator Group N K SP*Per SP*CA SP*Tru SP*Eff Per*CA Per*Tru Per*Eff CA*Tru CA*Eff Tru*Eff 
Task Low 44 10508 0.387 0.600 0.422 - 0.315 0.567 0.477 - 0.443 0.411 - 0.460 - 0.465 
Complexity High 34 14450 0.485 0.513 0.551 - 0.376 0.548 0.658 - 0.662 0.438 - 0.513 - 0.628 
System Hedonic 37 14008 0.476 0.565 0.555 - 0.318 0.553 0.544 - 0.515 0.393 - 0.405 - 0.406 
Context Utilitarian 40 10594 0.390 0.548 0.424 - 0.345 0.572 0.497 - 0.511 0.416 - 0.477 - 0.503 
Type of Non-Premier 54 16045 0.442 0.565 0.468 - 0.338 0.581 0.518 0.487 0.400 - 0552 - 0.454 
Publication Premier 24 8913 0.376 0.527 0.401 - 0.287 0.513 0.460 - 0.569 0.384 - 0.392 - 0.558 
Respondents Customer 35 14467 0.417 0.566 0.429 - 0.346 0.565 0.529 - 0.556 0.485 - 0.542 - 0.677 

Student 43 10091 0.437 0.554 0.467 - 0.328 0.555 0.486 - 0.469 0.377 - 0.449 - 0.454 
Year of Pre 2010 26 9377 0.337 0.542 0.463 - 0.234 0.530 0.461 - 0.478 0.407 - 0.517 - 0.446 
Publication Post2010 52 15581 0.488 0.564 0.442 - 0.402 0.567 0.562 - 0.542 0.411 - 0.475 - 0.524 
Experience Low 32 6891 0.406 0.576 0.444 - 0.371 0.565 0.492 - 0.564 0.417 - 0.472 - 0.505 

High 46 18067 0.442 0.545 0.463 - 0.313 0.554 0.533 - 0.472 0.409 - 0.506 - 0.475 
Culture Other 28 9110 0.461 0.561 0.515 - 0.360 0.564 0.595 - 0.599 0.427 - 0.564 - 0.511 

Western 46 14746 0.406 0.553 0.423 - 0.329 0.556 0.467 - 0.472 0.405 - 0.440 - 0.488 
Gender Men 33 11217 0.451 0.560 0.389 - 0.356 0.600 0.564 - 0.465 0.509 - 0.498 - 0.525 

Women 32 11214 0.424 0.530 0.473 - 0.358 0.536 0.435 - 0.607 0.398 - 0.470 - 0.487 

'*** ' 0.001 ' ** ' 0.01 '* ' 0.05 'A ' 0.1 

Legend: SP= social presence; CA= cognitive absorption; Tru = trust; Eff= task effort; Per= task performance 
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Table 12. Moderator Analysis: Direct Effects 

Moderator Group Hl: SP>CA H2: CA> Per H3: CA> Eff H4: SP >Tru HS: Tru > Perf H6: Tru > Eff H7: Eff> Per 
Est. (Std. Err) Est. (Std. Err) Est. (Std. Err) Est. (Std. Err) Est. (Std. Err) Est. (Std. Err) Est. (Std. Err) 

Type of Non-Premier 0.567(0.027)*** 0.390(0.050)*** - 0.414(0.061)*** 0.473(0.041 )*** 0.314(0.060)*** - 0.283(0.057)*** - 0.143(0.070)* 
Publication Premier 0.534(0.035)*** 0.324(0.072)*** - 0.213(0.094)* 0.406(0.042)*** 0.194(0.157) - 0.465(0.127)*** - 0.340(0.158)* 
Respondents Customer 0.569(0.029)*** 0.347(0.082)*** - 0.287(0.080)*** 0.428(0.048)*** 0.265(0.179) - 0.514(0.123)*** - 0.197(0.150) 

Student 0.568(0.029)*** 0.395(0.037)*** - 0.307(0.063)*** 0.482(0.038)*** 0.279(0.043)*** - 0.347(0.046)*** - 0.176(0.068)** 
Year of Pre 2010 0.512(0.050)*** 0.330(0.040)*** - 0.309(0.087)*** 0.444(0.045)*** 0.217(0.077)** - 0.295(0.068)*** - 0.240(0.057)*** 
Publication Post2010 0.573(0.023)*** 0.371 (0.060)*** - 0.337(0.064)*** 0.479(0.040)*** 0.388(0.088)*** - 0.415(0.073)*** - 0.156(0.117) 
Experience Low 0.581 (0.030)*** 0.342(0.053)*** - 0.329(0.079)*** 0.451 (0.040)*** 0.208(0.078)** - 0.373(0.072)*** - 0.293(0.068)*** 

High 0.547(0.030)*** 0.355(0.069)*** - 0.361(0.072)*** 0.471 (0.047)*** 0.378(0.092)*** - 0.306(0.085)*** - 0.135(0.100) 
Culture Other 0.560(0.036)*** 0.246(0.097)* - 0.444(0.073)*** 0.519(0.047)*** 0.377(0.109)*** - 0.276(0.135)* - 0.285(0.156)"' 

Western 0.563(0.028)*** 0.397(0.044)*** - 0.295(0.03)*** 0.436(0.038)*** 0.241 (0.067)*** - 0.375(0.046)*** - 0.181 (0.061 )** 
Gender Men 0.593(0.037)*** 0.446(0.077)*** - 0.324(0.079)*** 0.400(0.032)*** 0.335(0.112)** - 0.375(0.103)*** - 0.061(0.10) 

Women 0.539(0.030)*** 0.304(0.058)*** - 0.338(0.082)*** 0.492(0.047)*** 0.181 (0.090)*** - 0.369(0.061 )*** - 0.3 79(0.108)* 

'*** ' 0.001 ' ** ' 0.01 '* ' 0.05 'A ' 0.1 

Legend: SP= social presence; CA= cognitive absorption; Tru = trust; Eff= task effort; Per= task performance 
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Table 13. Moderator Anal Indirect Effects: T f Publicat 
Path Non-Premier Premier 

Estimate 95% LBCI 95% HBCI Estimate 95% LBCI 95% HBCI 
SP > CA > Perf 0.221 0.191 0.251 0.173 0.132 0.213 
SP > CA > Eff - 0.235 - 0.270 - 0.199 - 0.113 - 0.164 - 0.063 
SP > CA > Eff > Perf - 0.034 0.017 0.050 0.039 0.015 0.062 
SP > Tru > Perf 0.149 0.119 0.179 0.079 0.015 0.143 
SP > Tru > Eff - 0.134 - 0.162 - 0.109 - 0.189 - 0.242 - 0.135 
SP > Tru > Eff > Perf 0.019 0.009 0.029 0.064 0.029 0.100 

Table 14. Moderator Anal Indirect Effects: R, dentT 
Path Customer Student 

Estimate 95% LBCI 95% HBCI Estimate 95% LBCI 95% HBCI 
SP > CA > Perf 0.224 0.202 0.247 0.197 0.149 0.245 
SP > CA > Eff - 0.174 - 0.210 - 0.139 - 0.163 - 0.209 - 0.118 
SP > CA > Eff > Perf 0.031 0.019 0.042 0.032 0.006 0.059 
SP > Tru > Perf 0.134 0.112 0.156 0.114 0.036 0.191 
SP > Tru > Eff - 0.167 - 0.192 - 0.142 - 0.220 - 0.275 - 0.166 
SP > Tru > Eff > Perf 0.0294 0.017 0.042 0.043 0.010 0.077 

Table 15. Moderator Anal Indirect Effects: Y f Publicat 
Path Pre-2010 Post-2010 

Estimate 95% LBCI 95% HBCI Estimate 95% LBCI 95% HBCI 
SP > CA > Perf 0.169 0.141 0.197 0.212 0.177 0.248 
SP > CA > Eff - 0.158 - 0.201 - 0.116 - 0.193 - 0.230 - 0.156 
SP > CA > Eff > Perf 0,038 0.026 0.050 0.030 0.007 0.053 
SP > Tru > Perf 0.096 0.061 0.131 0.186 0.144 0.228 
SP > Tru > Eff - 0.131 - 0.162 - 0.100 - 0.199 - 0.236 - 0.161 
SP > Tru > Eff > Perf 0.031 0.020 0.042 0.031 0.008 0.055 

Legend: SP= social presence; CA= cognitive absorption; Tru = trust; Eff= task effort; Perf= task performance; LB CI= Lower Bound Confidence Interval; HB 

CI =Higher Bound Confidence Interval 
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Table 16. Moderator Analyses. Indirect Effects: E 
Path Low High 

Estimate 95% LBCI 95% HBCI Estimate 95% LBCI 95% HBCI 
SP > CA > Perf 0.199 0.167 0.230 0.194 0.159 0.233 
SP > CA > Eff - 0.191 - 0.238 - 0.145 - 0.198 - 0.237 - 0.158 
SP > CA > Eff > Perf 0.056 0.040 0.073 0.027 0.006 0.047 
SP > Tru > Perf 0.094 0.058 0.129 0.178 0.134 0.222 
SP > Tru > Eff - 0.168 - 0.204 - 0.132 - 0.144 - 0.184 - 0.104 
SP > Tru > Eff > Perf 0.049 0.033 0.065 0.019 0.005 0.034 

Table 17. Moderator Analyses. Indirect Effects: Cultu 
Path Non Western Western 

Estimate 95% LBCI 95% HBCI Estimate 95% LBCI 95% HBCI 
SP > CA > Perf 0.138 0.083 0.193 0.223 0.197 0.250 
SP > CA > Eff - 0.248 - 0.293 - 0.204 - 0.166 - 0.202 - 0.130 
SP > CA > Eff > Perf 0.071 0.027 0.115 0.030 0.020 0.040 
SP > Tru > Perf 0.196 0.138 0.252 0.105 0.075 0.135 
SP > Tru > Eff - 0.143 - 0.212 - 0.074 - 0.163 - 0.188 - 0.139 
SP > Tru > Eff > Perf 0.041 0.016 0.066 0.030 0.018 0.041 

Table 18. Moderator Analyses. Indirect Effects: Gend 
Path Men Women 

Estimate 95% LBCI 95% HBCI Estimate 95% LBCI 95% HBCI 
SP > CA > Perf 0.264 0.217 0.311 0.163 0.131 0.197 
SP > CA > Eff - 0.192 - 0.240 - 0.144 - 0.182 - 0.227 - 0.137 
SP > CA > Eff > Perf 0.012 - 0.008 0.031 0.069 0.045 0.093 
SP > Tru > Perf 0.134 0.088 0.180 0.089 0.044 0.133 
SP > Tru > Eff - 0.150 - 0.193 - 0.107 - 0.181 - 0.215 - 0.148 
SP > Tru > Eff > Perf 0.009 - 0.005 0.024 0.069 0.044 0.093 

Legend: SP= social presence; CA= cognitive absorption; Tru = trust; Eff= task effort; Perf= task performance; LB CI= Lower Bound Confidence Interval; HB 

CI =Higher Bound Confidence Interval 
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APPENDIX A 

A Historical Perspective on Social Presence Theory 

In the 1980s, the focus of social presence research shifted from 

telecommunications to computer mediated communication technologies (Lowenthal 

2009). This shift led to the development of competing theories, such as media richness 

theory and cuelessness theory, that posited that communication effectiveness depends on 

the information-carrying capacity and combination of cues provided by CMC media 

(Lowenthal 2009). The social information processing theory took a non-cue approach and 

posited that communication partners adapt to communication media over time and 

communicate like they would in a face-to-face communication medium. In the third wave 

of research on social presence in the late 1990s, scholars moved away from medium

based conceptualization. These conceptualizations include social presence as the "real" 

person being "there" in the system (Gunawardena and Zittle 1997); as the aspects of task, 

social relationships recipients, topics, privacy, communication styles (Tu and Mcisaac 

2002); as colocation, awareness, psychological involvement, and behavioral engagement 

(Biocca et al. 2003); and as cohesive, affective, and interactive indicators obtained from 

online discourse (Rourke et al. 2007). Lombard and Ditton (1997) defined six types of 

presence to bring clarity in presence conceptualizations: (a) presence as social richness, 

(b) presence as realism, ( c) presence as transportation, ( d) presence as immersion, ( e) 

presence as social actor within medium, and (f) presence as medium as social actor. 

SP-TP Relationship in Broader Innovation Diffusion Research 

Historical Perspective 

The other stream of research in SP-TP relationships occurs in the context of 

technology acceptance and media choice. Early work in the IT diffusion area 

68 



hypothesized and tested the direct positive link between social presence and task 

performance (Straub 1994). Compared to media with low social presence, media with 

high social presence is closer to face-to-face communication in transmitting information 

such as facial expression, direction of looking, posture, dress, and nonverbal cues (Short 

et al. 1976). Social presence provides efficiency and effectiveness for a wide range of 

communication tasks involving influence, conflict resolution, and social and personal 

touch (Karahanna and Straub 1999}-tasks ridden with high ambiguity and uncertainty. 

These studies were in the context of email, voicemail, face-to-face communication, 

telephone, and fax (Straub and Karahanna 1998). 

Later studies in the early part of the next decade extended this line of thought. 

They integrated social presence theory with the technology acceptance model and argued 

that social presence directly and positively impacts task effort expectancy in addition to 

task performance expectancy (Karahanna and Limayem 2000). Media with high social 

presence mimics physical interactions and hence requires the lesser effort associated with 

physical communication (Brown et al. 2010; Kock 2004). These studies were in the 

context of e-commerce (Gefen and Straub 2003), email, and voicemail (Karahanna and 

Limayem 2000). However, only few studies tested the direct relationship between social 

presence and effort expectancy. Scholars continue to test the direct effect of social 

presence-performance expectancy relationships in contexts such as email, collaboration 

technologies (Brown et al. 2010), social commerce (Shen 2012), e-commerce 

(Ogonowski et al. 2014), microblogging (Yan and Huang 2014), podcast tours (Kang and 

Gretzel 2012), and e-leaming (Johnson et al. 2008). 
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In later part of the last decade i.e. after 2005, another line ofresearch argued that 

social presence is indirectly related to task performance and mediated by task effort 

(Chandra et al. 2010), trust (Lee and Park 2014; Walter et al. 2015), and factors related to 

cognitive absorption, such as enjoyment (Peng et al. 2015; Phang and Kankanhalli 2009), 

concentration (Peng et al. 2015), meta-cognitive activity (Gueutal et al. 2009), and 

participation (Peng et al. 2015). Trust and enjoyment were most often posited as 

mediating mechanisms. In our literature review of SP-TP research, we found several 

inconsistencies akin to the literature studies on task performance as the main outcome. 

Clarity in Intervening Processes: There is lack of clarity in the path between SP-TP. 

Only few studies tested the direct SP-TP relationship (Brown et al. 2010; Casey and 

Poropat 2014; Cyr et al. 2007; Gefen and Straub 2003; Hassanein and Head 2007). Not 

all studies tested the direct or indirect relationship between SP-TP (Al-Natour et al. 2011; 

Cheung et al. 2011; Hoefnagel et al. 2011; Jaafar et al. 2014; Johnson et al. 2008; Kang et 

al. 2012; Mantymaki and Riemer 2011; Mimoun and Poncin 2015; Oliveira et al. 2016; 

Xu 2012) (Cocosila and Igonor 2012), social presence-cognitive absorption (Cocosila 

and Igonor 2012; Jaafar et al. 2014; Kim and Mousavizadeh 2015; Kim and Sundar 2014; 

Mantymaki and Riemer 2011; Xu 2016), and social presence-trust (Pavlou et al. 2006). 

Social presence impacts task performance partially or fully mediated by cognitive 

absorption (Kang and Gretzel 2012; Song and Wang 2011; Wang et al. 2012), trust, 

(Chandra et al. 2010), or both (Qiu and Benbasat 2009). Departing from these studies, 

some authors considered task performance as a mediator in the social presence-trust 

relationship (Dash and Saji 2008; Ogonowski et al. 2014), and others considered the 

reverse effect of cognitive absorption and trust as an antecedent of social presence (Li 
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and Mao 2015). Also, given the variety of mediators analyzed, it is difficult to pinpoint a 

broader construct mediating the SP-TP relationship. We discuss the role of task effort in 

the SP-TP relationship below. 

Role of Task Effort: The social presence research in the broader technology diffusion 

considers task effort as an antecedent of task performance. Studies show that task effort 

either fully (Chandra et al. 2010) or partially (Karahanna and Limayem 2000) mediates 

the SP-TP relationship. Studies have tested the direct effect of social presence and task 

effort (Brown et al. 2010; Casey and Poropat 2014). However, many studies have not 

linked social presence and effort directly or indirectly (Al-Natour et al. 2011; Cheung et 

al. 2011; Cyr et al. 2007; Gefen and Straub 2003; Hassanein and Head 2007; Hoefnagel 

et al. 2011; Jaafar et al. 2014; Kang et al. 2012; Lee et al. 2011; Li et al. 2009; Liu et al. 

2011 ). This little evidence shows that task effort needs to be integrated with an SP-TP 

model when considering task performance as the key outcome and task effort's 

relationship with cognitive absorption and trust in the SP-TP relationship. 

Moderators: Of the studies we analyzed, only six studies reviewed the role of 

contingencies in the relationship between social presence and the other constructs. Table 

1 lists the studies, relationships, and findings for the contingencies analyzed in the 

literature. We were primarily interested in the moderators in the relationship between 

social presence and the intervening processes. Some important moderators have been 

analyzed, but they are few. Contingencies related to the sample (e.g., culture and 

respondent type), study (e.g., year of publication, publication outlet, and type of 

publication), other moderators' related task, and system context have received scant 

attention. Some studies in this list merely compared the parameter estimates and did not 
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empirically test the moderation hypotheses (Chandra et al. 2010; Cyr et al. 2007). Other 

studies collected different samples for different contexts for the same model and 

compared the parameter estimates (Karahanna and Limayem 2000; Lee et al. 2006; 

Zhuang et al. 2014). The results of these moderator analyses are generalizable only to the 

study population. 

Strength and Significance of Effect Sizes: These studies have been conducted across 

various contexts with differing levels of strength and support. We focus on the 

relationship between social presence and the other constructs in our nomological net. 

Non-significance was reported in all key relationships of interest: social presence and 

task performance (Brown et al. 2010; Gefen and Straub 2003), social presence and task 

effort (Casey and Poropat 2014), social presence and cognitive absorption (Lee et al. 

2006; Phang and Kankanhalli 2009; Zhang et al. 2014), and social presence and trust 

(Chandra et al. 2010; Walter et al. 2014b). Also, across studies there was considerable 

variation in the effect sizes between these constructs, with effect sizes ranging from 0.096 

to 0.795 in the social presence-task performance relationship, from -0.119 to -0.671 in 

the social presence-task effort relationship, from 0.202 to 0.832 in the social presence

cognitive absorption relationship, and from 0.003 to 0.77 in the social presence-trust 

relationship. Therefore, we do not know the overall strength and significance of variables 

in the nomological net of the SP-TP relationship. 
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Construct Synonym 
Perceived Usefulness 

Performance 
Expectancy 

Purposive Value 

Utility 

Leaming 

Effectiveness 

Perceived 
lnformativesness 

APPENDIXB 

Table 1. Task Performance Variables Identified in Literature: Construct Synonyms and Measures 

Sample Items No. of Studies Example Reference 
This <system> provides high-quality information. 19 (Hassanein and Head 2007) 
This <system> improves my performance in <task>. 
This <system> increases my effectiveness in <task>. 
This website is useful for <task>. 
Using the <system> can improve my <task> performance. 4 (Li et al. 2009) 
Using the <system> can increase my <task> productivity. 
Using the <system> can increase my <task> effectiveness. 
I found using the <system> useful. 
I use the <system> to get information. 3 (Oliveira et al. 2016) 
I use the <system> to learn how to do things. 
I use the <system> to provide others with information. 
I use the <system> to contribute to a pool of information. 
I use the <system> to generate ideas. 
I use the <system> to negotiate or bargain. 
I use the <system> to get someone to do something for me. 
I use the <system> to solve problems. 
I use the <system> to make decisions. 
Using the <system> increases in skill in critical thinking. 1 (Gueutal et al. 2009) 
Using the <system> increased in ability to integrate facts and develop generalizations. 
Using the <system> I obtained ability to critically analyze ideas. 
Using the <system> I am more confident in expressing ideas. 
Using the <system> I learnt to value other points of view. 
Using the <system> I learnt to interrelate important topics and ideas . 
I expanded my understanding of the <task>. 1 (Kang and Gretzel 2012) 
I gained information and knowledge about the <task>. 
I learned many different things about the <task>. 
Using the <system> makes it easier for me to <task>. 1 (Kang et al. 2012) 
I find the <system> useful to <task>. 
Overall, I find using the <system> to be useful. 
<system> would give me quick and easy access to large volumes of information. 4 (Pavlou et al. 2006) 
Information obtained on <system> would be useful. 
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Decision Affirmation 

Technical Benefits 

Cognitive Attitude 
Toward System 

Tool Function 

Immediate Access 

Perceived Individual 
Benefit 

Experience with 
Topic 

I would learn a lot from using <system>. 
I think the information obtained on <system> would be helpful. 
Ifl were shopping in this web site in reality, I would feel : 1 
That it is impossible to be certain which product fits my preferences best. (Reverse 
coded.) 
That I can be confident when identifying one product that best matches my 
preferences. 
That it is convincing to find a product that best fulfills my needs. 
I like to use email because: 1 
I can save time. 
I can send and receive mail at any time. 
I can send and receive mail regardless of its length. 
I can send to and receive from any place in which people have e-mail, regardless of 
geographical boundaries. 
Do you think the system was: 1 
Helpful/not helpful. 
Informative/not informative. 
Useful/not useful. 
Important/not important. 
Using the recommendation agent to choose a laptop increased my productivity in 1 
choosing a laptop. 
I found the agent useful in choosing a laptop. 
Using the agent enhanced the effectiveness in choosing a laptop. 
Using the agent improved the performance in choosing a laptop. 
Using a social networking site helps me: 1 
To access to others any time. 
To access to others wherever they are. 
To be available for my friends any time. 
To be available for my friends no matter where I am. 
To keep in contact with people I have no time to meet face-to-face. 
Personal related benefits introduced by using patient-to-doctor communities, such as 1 
time saving and self-health management. (The self-developed scale was not provided 
in the article .) 
Using the <system> makes me feel I am experienced with the topic of discussion 2 
when communicating with close friends . 
Using the <system> makes me feel I am more knowledgeable about topic of 
discussion when communicating with close friends . 

(Lee and Park 2014) 

(Joe 1996) 

(Fortin 1997) 

(Xu 2012) 

(Xu et al. 2012) 

(Peng et al. 2015) 

(Ogara and Koh 2014) 
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Using the <system> makes me feel I am well versed with the concepts of the topic of 
discussion when communicating with close friends . 

Informational Value I find the information on [the online community of brand X] to be valuable. 1 (Zhou et al. 2016) 
I think of [the online community of brand X] as an information resource. 
There is unique value in [the online community of brand X] . 

Responsiveness When I write tweet in Twitter, I think that the response I receive from other people is 1 (Han et al. 2015) 
relevant 
When I write tweet in Twitter, I expect to get some information which meet my 
expectations from other people 
When I write tweet in Twitter, I think that the response I receive from other people is 
suitable 
When I write tweet in Twitter, I want to get some information that is useful to me 

Awareness I can respond to people's messages effectively when using <system> 1 (Chang and Hsu 2016) 
I can find the people I intend to conduct communications when using <system> 

Leaming Outcome Using the <system>: 1 (Phang and Kankanhalli 2009) 
Increased my understanding about the important course topics. 
Helped me learn about the critical issues related to the course topics. 
Helped me identify the important subject matters related to the course topics. 

Utilitarian Value Shopping from this website would make my life easier. 1 (Mimoun and Poncin 2015) 
I think of this website as an expert in the services (products) it offers. 
If I want to purchase furniture, the information and services on this website would be 
what I would look for. 

Perceived Using the website to select a laptop, I got just what I needed. 1 (Xu 2016) 
Performance The website was reliable for the laptop selection task. 

The website was something that I expected to work well for the laptop selection task. 
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Construct Synonym 
Perceived Ease of 
Use 

Effort Expectancy 

Convenience 

Experience with 
<System> 

Comfort 

Perceived 
Transparency 

Ease of Contact 

Table 2. Task Effort Variables Identified in Literature: Construct Synonyms and Measures 

Sample Items No. of Studies 
This <system> is easy to use for <task>. 17 
I can quickly find the information I need on this <system>. 

This is a user-friendly <system>. 
My interaction with this <system> is clear and understandable. 
Interaction with the <system> is clear and understandable. 4 
Interaction with the <system> does not require a lot of mental effort. 
I find the <system> easy to use. 
I find it easy to get the <system> to do what I want it to do. 
<System> is convenient to use. 1 
Using <system>! can get what I want for less effort. 
I can use <system>anytime, anywhere. 
<System>is easier to use. 
I am very experienced using <system>. 2 
I find <system> very easy to use. 
I feel competent using <system>. 
I understand how to use all the features of <system>. 
I feel comfortable using <system>. 
I feel I am not experienced using <system>. 
I feel comfortable with <system>. 1 
I look forward to working on <system>. 
I feel as though I really know the <system> I use. 
<System> are my friends . 
<System> are to get me. 
The advice given by the <system> is easy to understand. 1 
The advice given by the <system> is not confusing to me. 
I understand about what the <system> is talking about. 
There is no difficult jargon used by the <system>. 
The advice given by the <system> is not too verbose for me to interpret its meaning. 
Items not provided. Here is an excerpt from the study: "We adapted ease of use items 1 
from technology acceptance model (TAM) by Davis (1989) and satisfaction of group 
support systems by Reinig (2003)." 

Example Reference 
(Hassanein and Head 

2007) 

(Brown et al. 2010; Li et 
al. 2009) 

(Liu et al. 2011) 

(Ogara and Koh 2014) 

(Perse et al. 1992) 

(Li and Mao 2015) 

(Walter et al. 2014a) 
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Table 3. Cognitive Absorption-Based Central Processing Variables Identified in Literature: Construct Synonyms and Measures 

Construct Synonym Items No. of Studies Example Reference 
Flow My imagination is aroused when I interact within <system>. 5 (Animesh et al. 2011) 

I feel curious when interacting in <system>. 
The interaction with <system> is interesting. 
I am absorbed in the interaction in <system>. 
It's fun to interact in <system>. 

Cognitive Absorption Measured Using 5 Dimensions 2 (Kim and Mousavizadeh 
1. Temporal Dissociation 2015) 
When I go to <system>, I forget about my real-life problems. 
I find myself spending more and more time in <system>. 
I spend much time in <system>. 
I spend more time than I expected navigating <system>. 
2. Focused Immersion 
The interaction with the <system> was interesting. 
I felt bored when interacting with the <system>. 
I feel that my body was inside the <system> environment. 
It's fun to interact with the <system>. 
3. Curiosity 
The <system> site is very interesting and appealing. 
My imagination was aroused when I was interacting with the <system>. 
I felt curious when interacting with the <system>. 
4. Heightened Enjoyment 
<System> provides me enjoyment that I have not felt with other online communities. 
I feel pleasure while using <system>. 
I feel excited about something that happened or might happen in <system>. 
Overall, it is enjoyable to participate in <system>. 
5. Control 
I thought about unrelated things when interacting with the <system>. 
I was absorbed in the interaction with the <system>. 
My curiosity was excited when interacting with the <system>. 

Enjoyment I find interacting with the <system> to be interesting. 23 (Al-Natour et al. 2011) 
I find interacting with the <system> to be enjoyable. 
I find interacting with the <system> to be exciting. 
I find interacting with the <system> to be pleasant. 

Arousal I feel excited using the <system>. 3 (Huang et al. 2014) 
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I feel surprised using the <system>. 
I feel agitated using the <system>. 
I feel stimulated using the <system>. 

Positive State Affect Sample items for positive state affect include interested, excited, alert, attentive, etc. 1 (Casey and Poropat 
(Thompson 2007). Items not provided in the study. Here is an excerpt from the study: "State 2014) 
affect was operationalized using the International Positive and Negative Affect Schedule 
Short Form (I-PANAS-SF; Thompson, 2007). The I-PANAS-SF consists of two subscales 
that measure positive and negative affect." 

Metacognitive Items not provided. Items were borrowed from Schmidt and Ford (2003). A sample item 1 (Gueutal et al. 2009) 
Activity included, "When I become confused about something I'm reading for this class, I go back 

and try to figure it out." 
Mindfulness Measured Using 3 Dimensions 1 (Kang and Gretzel 2012) 

1. Attention 
I could pay attention to what I was doing. 
It was easy for me to concentrate on what I was doing. 
I was able to pay close attention to the environment. 
2. Present Focus 
I was open to the experience of the moment. I was able to focus on the moment. Part ofmy 
mind was occupied with other topics such as what I will be doing later, or things I'd rather 
be doing. 

3. Awareness 
I noticed my surroundings when walking in the park. 
I was aware of smells and sounds and feelings such as the wind blowing in my face . 
I was attentive to my movements. 
I was aware of other people in the park. 
I could describe how I felt and thought at the moment. 

Evaluation of The interaction with the <system> was enjoyable. 2 (Lee et al. 2006) 
Interaction The interaction with the <system> was entertaining. 

The interaction with the <system> was exciting. 
The interaction with the <system> was fun . 
The interaction with the <system> was interesting. 
The interaction with the <system> was satisfying. 

Hedonic Value During the navigating process, I felt the excitement of the hunt. 1 (Mimoun and Poncin 
While navigating on this website, I felt a sense of adventure. 2015) 
I enjoyed being immersed in exciting new information on this website. 
Compared to other things I could have done, the time spent shopping online at this website 
was truly enjoyable. 
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I enjoyed this online shopping trip for its own sake, not just for the services that I might 
need for a trip to the Caribbean. 
This online shopping trip was not a very nice time out. (Reverse coded.) 

Concentration I was absorbed intensely in the classroom discussion activity. 1 (Phang and Kankanhalli 
My attention was focused on the classroom discussion activity. 2009) 
I concentrated fully on the classroom discussion activity 
I was deeply engrossed in the classroom discussion activity. 
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Table 4. Trust-Based Peripheral Processing Variables Identified in Literature: Construct Synonyms and Measures 

Construct Synonym Sample Items 
Trust I believe this <system> is competent. 

I believe this <system> to be benevolent. 
I believe this <system> has a high integrity. 
Overall, I believe this <system> is trustworthy. 

Trusting Beliefs Measured Using 3 Dimensions 
1. Benevolence 
I believe that the <system> would act in my best interest. 
If I required help, the <system> would do its best to help me. 
The <system> is interested in my well-being. 
2. Integrity 
The <system> is truthful in its dealings with me. 
I would characterize the <system> as honest. 
The <system> is sincere and genuine. 
3. Competence 
The <system> is competent and effective in providing apartment selection 

advice. 
The <system> performs its role of giving apartment selection advice very well . 
Overall, the <system> is a capable and proficient apartment selection advice 
provider. 
In general, the <system> is very knowledgeable about apartments. 

Website Trust If I were shopping in this website in reality, I would say that: 
The website seems interested in more than just selling me goods and making a 
profit. 
The website seems genuinely committed to my satisfaction. 
The website seems very reliable . 

Credibility I believe this website is an expert in its field. 
I can count on this website to complete my transactions in the promised time delay. 
I know what to expect from this website . 
This website respects its engagements in terms of rates and prices posted. 
I believe that the promised service or the product delivered corresponds to the 
description presented on the website . 

Perceived Trustworthiness I would characterize the feedback as honest. 
I believe that the feedback is in my best interest. 
The feedback comes from a knowledgeable source. 

No. of Studies Example Reference 
15 (Al-Natour et al. 2011) 

3 (Qiu and Benbasat 2009) 

2 (Lee and Park 2014) 

1 (Toufaily et al. 2013) 

2 (Walter et al. 2015) 
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I can trust this feedback. 
Perceived Credibility The advice given by the virtual advisor is trustworthy. 1 (Li and Mao 2015) 

The advice given by the virtual advisor sounds appropriate . 
The advice given by the virtual advisor is truthful. 
The advice provided by the virtual advisor is well-intentioned for me. 
The advice provided by the virtual advisor is unbiased. 
The advice provided by the virtual advisor is honest. 
I would rely on the advice given by the virtual advisor. 

Trust in Seller Measured Using 3 Dimensions 3 (Ou et al. 2014) 
1. Benevolence 
I believe that the seller would act in my best interest. 
If I required help, the seller would do his or her best to help me. 
The seller is interested in my well-being. 
I expect that the seller's intentions are benevolent. 
2. Integrity 
Promises made by the vendor are likely to be reliable . 
I do not doubt the honesty of the vendor. 
The vendor is sincere and genuine. 
I expect that the vendor will keep promises he or she makes . 
3. Competence 
The vendor is competent and effective. 
The vendor performs his or her role very well . 
The vendor knows about the product. 
The vendor knows how to provide excellent service. 

Credibility Items not provided. Here is an excerpt from the study: "Credibility was measured 1 (Menzie and Keyton 2007) 
on a 16-item seven-point semantic differential scale using Berlo et al. (1969) 
qualification and dynamism factors and the authoritativeness factor from 
McCroskey (1966) ." 
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APPENDIXC 

Future Work 

In future work, scholars can focus on other consequences of social presence with 

social identity, with technology acceptance as the key outcome, and perform a meta

analytic study of mediators and moderators. Future studies could also build on the current 

model by analyzing other important moderators, such as moderators related to IS 

affordances. For example, some systems provide mechanisms for respondents to 

articulate a list of other users with whom they want to share a connection. Systems could 

be differentiated by whether they allow a symmetrical connection (i.e., both the focal user 

and the connections reciprocate the tie) versus unsymmetrical connection. 
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Essay 2: Social Support in Online Health Communities: A Social
Network Approach 

Abstract 

We develop a social network based model of user-generated content (social support) 

in online health communities. Grounded in the social presence and the social network 

theories, we hypothesize the differential impacts of an online health community 

member's eigenvector centrality and betweenness centrality in the web-of-support on a) 

social support depth, and two self-absorption linguistic features namely b) self-focused 

words and c) socially-focused words in social support text. Variables were 

operationalized using text mining and social network analyses. We empirically tested our 

model using data collected from an online health community for diabetes patients. Using 

panel data modeling we show causal relationships between online social network 

positions and depth, and online social network positions and linguistic features. Our 

results show that higher betweenness position results in deeper support from the member; 

however, the marginal effect is decreasing. We show that the eigenvector position results 

in reduced support from the member at lower levels; however, the effect is increasing at 

higher levels. We show that higher betweenness position and eigenvector centrality 

position results in more socially-focused social support from the member; however, the 

marginal effect is decreasing. We also show that higher betweenness position and 

eigenvector centrality position results in less self-focused social support from the 

member; however, the marginal effect is increasing. 

Keywords: online health communities, social networks, social presence, user-generated 

content, linguistic analysis 
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INTRODUCTION 

Online health communities (OHC) provide patients and healthcare providers an 

avenue for affective and health related communication (Merolli et al. 2013). As digitized 

hubs of user-powered health information, OHCs bridge the urban-rural divide by 

enabling ubiquitous online content, empower patients with stigmatized diseases who may 

live in isolation, and provide social support for better mental and behavioral health 

outcomes (Goh et al. 2016; Yan and Tan 2014). From the user-generated content (UGC) 

in online health communities, patients find emotional, experiential and informational 

support (Yan and Tan 2014). What makes OHCs more interesting is, in the support 

seeking\providing process, community members willingly or unwillingly become 

embedded in a "web-of-support". Threaded discussions allow members to see other 

contributing members, thereby making members aware of each other. With the passage of 

time and as a consequence of participation in several threads, members become part of a 

network of OHC members who are connected by their common participation in thread(s). 

Potentially, the community member's social network position in the web-of-support 

(WOS) could alter the nature and extent of a community member's perception of the 

"other" members and hence could have implications on how the member provides social 

support. 

The objective of this study is to examine how OHC member's social network position 

in the WOS affects the depth and characteristics of member generated social support. We 

explore how social network position influences social support depth (the extensiveness of 

the member's content) and the linguistic features of social support text - we study self

absorption. We focus on the occurrence of a) self-focused content with words such as 'i', 
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'me', or 'myself versus, b) socially-focused content with words such as 'you', 'ur', or 

'y'all' (Pennebaker et al. 2015). We ask the following research question: How does social 

network position affect UGC (social support), in terms of depth, the exhibition of self

absorbed language, and use of socially-focused language? 

Depth and self-absorption ( or the lack of) in social support are important to study. 

Deeper the support, better informed and better emotionally supported is the patient. The 

OHC literature has established the health benefits of high social support (Yan and Tan 

2014). Prior research in the social commerce context, shows that the deep online reviews 

have a higher diagnostic value and are more helpful (Mudambi and Schuff 2010). Self

absorption implies too much emphasis on one's own health condition and\or experience 

in handling a disease. While providing experiential support is beneficial for the support 

seeker, too much self-absorption can sometimes manifest as self-obsession and be 

counter-productive for the other members. On the other hand, socially-focused content is 

important so that the support provider understands the online support seeker's health 

conditions and personality, and in tum provide personalized social support. Such high

quality content maximizes the benefits from social support in OHC. Moreover, poor

quality content can frustrate users. The frustration coupled with the anonymity afforded 

by OHC can induce them to exhibit uncivil behavior such as flaming, trolling, dissent, 

racism and hatred (Huang et al. 2016). So, we focus on the predictors of depth and self

absorption in social support in a OHC. 

By using arguments from the social presence and the social network theory, we 

propose six hypotheses relating member social network position to the depth and 

linguistic features in online social support. In OHC context, social presence is the extent 
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to which a focal member is aware of other community members (Short et al. 1976). High 

social presence makes members communicate better. First, in our paper, by integrating 

the social network theory, we extend the social presence idea and posit what we call the 

"networked minds" perspective. We argue that based on their position in the WOS 

network, users would differ in the extent as well as the nature of their perceived social 

presence, and hence would differ in their content shared. We further posit that, member's 

different dimensions of their network positions, eigenvector centrality position and 

betweenness centrality position, will have differential impacts on depth of online social 

support. 

Second, there is a dearth of studies explaining the linguistic features in UGC (social 

support) in the OHC context, while there are studies explaining UGC in contexts like 

social commerce (Goes et al. 2014) and e-leaming (Lowenthal 2013). The OHC context 

gives rise to the importance self-absorption in UGC because a right balance of the "self' 

and the "other" is crucial for OHC content quality (Garrison et al. 2000). Given the OHC 

context, we make a distinction between self-focused content versus social-focused 

content in UGC in OHC. Different social network dimensions can afford different 

manifestations of social presence and hence could impact self-absorption in their UGC. 

Our paper makes two contributions to literature on OHC, UGC, social presence and 

social networks. One, we build a social network position based model of social support 

depth in OHCs. By doing so, we extend the current social presence based explanations, 

and argue that as users spend more time they also form a WOS based on which they 

create content. Further, we hypothesize whether or not the social support increases or 

decreases depends on the nature of the user's position in the network. Two, we build two 
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social network based models of linguistic features, one with self-focused content as the 

outcome and the other with social-focused content as the outcome. By doing so we 

extend the research on the predictors of linguistic features to the OHC context. 

PRIOR LITERATURE AND THEORETICAL BACKGROUND 

Self-Absorption in Computer Mediated Communication 

Organizational scholars were interested in "how users communicate through media?" 

for it has implications for media effectiveness, user task performance and group 

decisiveness (Daft and Lengel 1986). This question spurred the research on media 

selection theories. Focus of attention i.e. self-absorption vs. other-centered was one 

textual communication behavior variable analyzed along with social orientations, and 

social conformity (Sproull and Kiesler 1986). Sproull and Kieser (1986) hypothesized 

that social context cues (geography, organizational position, situational) afforded by 

media shapes a user's perception of the social context, and consequently influences their 

communication behavior outcomes such as focus of attention. Communication behavior 

in tum impacts outcomes such as information exchange in terms of extent, novelty and 

pace, user outcomes such as feeling self-identify, and group outcomes such as negotiation 

success (Sproull and Kiesler 1986). Similarly, Walther and Burgoon (1992) studied the 

role of time and other contingencies on user impersonality in textual communication. The 

community-of-inquiry framework posits that users present themselves using words such 

as "'i', 'you', 'us' based on communication context created through familiarity, skills, 

motivation, organizational commitment, activities, and length of time in using the media 

(Garrison et al. 2000). The social presence theory is one such theory playing an integral 
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part in the media richness theories and in explaining the self-focus and other-focus. 

Below we provide a historical perspective of this theory. 

Social presence plays an important role in how users interact successfully through 

media. The social presence theory posits that communication media differ in the extent 

(of social presence) to which they make the other users visible to the focal user (Short et 

al. 1976). By this logic, threaded discussions in online communities should be unfit for 

interpersonal communication because they are anonymized and are devoid of cues that 

project other users. However, Walther and Burgoon (1992) in their seminal work 

analyzed transcripts from online threaded discussions and found evidence of 

interpersonal communication. By questioning the media-based explanation for 

interpersonal communication, they posited that over time users get adapted to media, and 

interact like they would in face-to-face communication. Users compensate for the lack of 

non-verbal cues by using text in the form of humor, salutations, greetings, affective and 

cohesive communication, and socially present themselves as a "real" beings (Lowenthal 

2013). While the concept of social presence applies to interpersonal interaction across a 

broad spectrum of communication media (text based as well as non-text-based), its 

potential to explain the phenomenon ofUGC demands attention, especially with advent 

of online communities. 

In this paper, we use the social presence perspective and extend it in two ways to 

explain UGC in OHC. One, how social presence is shaped based on a member's social 

network position in an online community has not been studied. The current time-based 

argument neglects the role of networks that members become part of as they interact 

online. Second, we study how the social presence created by different network positions 
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impact self-absorption in UGC in the OHC context. UGC in OHC is an emerging area of 

research - whether or not a member focuses on self or others has important implications 

for the usefulness of UGC in OHC. 

Social Network Theory 

In the OHC context, social capital denotes the resources accumulated by a member as 

a result of his relationship with other users in the OHC (Coleman 1988). The research on 

social capital quantifies users on their importance in their social network using various 

measures of centrality - each measure captures a different aspect of importance in the 

network. In this paper, we focus on two such centrality measures namely betweenness 

centrality and eigenvector centrality. In the OHC context, high betweenness centrality 

means that members could derive the social capital benefits from brokerage opportunities 

(Burt 2001 ). When members are connected to network of users who are not connected, 

then they achieve the information and control benefits by spanning the structural holes in 

the WOS. These members also benefit from the diversity of information because the 

members in their network are not connected and hence there is less likelihood of 

redundant information. The criticism with the brokerage argument is that the diverse 

information cannot be always reliable because the sources of this information do not 

entail any risk in divulging incorrect information. Eigenvector centrality measures the 

extent to which members interact with other users who are well connected (Borgatti 

2005). A member could be connected to just one other member. If the other member is in 

tum connected to several members then the focal member is said to have higher 

eigenvector centrality compared to another member who has connection with one 

member who is not well connected. In the social network literature, eigenvector centrality 
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is often considered a proxy for influence. It could also entail higher risk because a social 

tie with a well-connected malicious member could do more harm than a social tie with a 

not so well connected malicious member. 

Our grounding on social presence theory and social network theory is in line with 

emerging research predicting UGC volume and linguistic features using these theory 

bases. Goes et al. (2014) predicts how in-degree of a reviewer increases the volume, 

valence and objectivity ofreviews in the social commerce context. Huang et al. (2016) 

investigates how social network integration in social commerce sites increases the 

volume of content and impacts linguistic features in the UGC. 

HYPOTHESES 

Based on arguments from social network theory and the social presence theory, we 

present the following hypotheses relating social network position with social support 

depth and self-absorption. 

Social Network Position and Social Support Depth 

Higher centrality in the WOS means that the focal member interacted with other users 

by means of participation in threads. So, both centralities imply that the focal members 

are more aware of other members signaling an increase in their social presence. Increased 

social presence would entail better understanding of other members and increased future 

content contribution due to awareness, gratifications, altruism and reputation benefits 

(Huang et al 2016; Wasko and Faraj 2005). Building on this existing argument, we take 

the stand that both betweenness centrality and eigenvector centrality would improve 

social support and consequently improve the social support depth, but with curvilinear 

effects. The curvilinear effects pan out different for the two centrality positions of our 
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interest. We argue for a "networked" minds explanation enabled by online social network 

positions - betweenness centrality would enables a "diverse others" perception and 

eigenvector centrality would enable an "expert others" perception. 

Consider betweenness centrality. Focal members who are in a high betweenness 

position interact with other members who are themselves not connected or are indirectly 

connected through the focal member. Focal member in this position would be exposed to 

novel and diverse social support, consequently making the member more knowledgeable. 

The betweenness position provides more opportunity and motivation to maximize the 

reputation benefits of sharing social support. Finally, focal members need to provide 

deeper explanations or elaborate more in their social support in order to cater the needs of 

diverse others. On average, they would require more content than a member who is in a 

lower brokerage position for whom it is easy to set a communication norm. However, at 

higher levels of betweenness centrality too much novelty will create an information 

overload leading to superficial processing and understanding of the information received 

(Zhou et al. 2009). Members will lack the confidence to share the knowledge so obtained. 

The contacts could be once-in-lifetime meetings, reducing the need to gain reputation by 

support sharing. At higher levels, betweenness centrality could be distracting and time 

consuming at the least. So, there will be diminishing returns on social support due to high 

betweenness centrality. Thus, we hypothesize that: 

Hypothesis 1: As an OHC member moves to a position ofhigh betweenness 

centrality, the social support that the member provides to the community should increase. 

However, the marginal effect ofthe higher betweenness position should be decreasing. 
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As eigenvector centrality increases the focal member is aware of more members who 

interact with many others. These "others" are topic experts, and are influential because 

they are connected to and provide support to many members. Influencers are good at 

capturing attention - a proposition made by the attention based view of the firm (Ocasio 

1997). In the presence of an expert, one would have lesser need to provide support, and 

would be hesitant to add on or counter argue in the fear of exposing themselves. So, at 

lower levels of eigenvector centrality, focal members will provide low support consumed 

by the "star" effect. As focal members move to a position of high eigenvector centrality, 

they themselves become influential. Their knowledge in several topics would increases 

due to exposure to topical experts. Eigenvector centrality is best suited for exerting 

influence (Borgatti 2005). Due to their increased knowledge, positional advantage and 

their innate need to gain reputation among experts, focal members will start sharing more 

social support at higher levels of eigenvector centrality. At higher eigenvector centrality, 

the focus of attention shifts from local topics ( due to few known experts) to multiple 

global topics due multiple experts. Thus, we hypothesize that: 

Hypothesis 2: As an OHC member moves to a position ofeigenvector centrality, the 

social support that the user provides to the community decreases at lower levels of 

eigenvector centrality. However, the social support increases at higher levels of 

eigenvector centrality. 

Social Network Position and "Social-focused" Content 

Social context cues elicit cognitive interpretation and affective states, and help 

members define the situation in the OHC (Sproull and Kiesler 1986). In a centrality 

position, members obtain social context cues regarding other members letting focal 
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members in defining others. The betweenness and eigenvector centrality positions lead 

members to define other users as "diverse others" and "expert others", respectively. 

Interacting with other members who are diverse and topical experts demands content that 

is "social" in nature. Socially-focused language using words such as 'you', 'you'll' or 

'your' are needed to better understand the diversity that exists. Moreover, as a result of 

being in the brokerage position, members would become more sociable. While talking to 

experts, focal members will be more social in nature and would try to establish a 

relationship using words such as 'mate', or buddy' for they require the high-quality 

support from these experts for their current and future medical questions. However, as the 

users know more diverse members and experts, the focal member will have lower 

incentives to post "social" content. The need to be in good terms with additional 5 experts 

would matter more for a focal member connected to 10 influencers than for a focal 

member connected to 100 influencers. So, the effect of centrality will diminish when the 

centrality is high. Thus, we hypothesize that: 

Hypothesis 3: As an OHC member moves to a position ofhigh betweenness 

centrality, the language in the member's social support will be more "socially-focused" 

in nature. However, the marginal effect ofhigher betweenness centrality should be 

decreasing. 

Hypothesis 4: As an OHC member moves to a position ofhigh eigenvector centrality, 

the language in the member's social support will be more "socially-focused" in nature. 

However, the marginal effect ofhigher eigenvector centrality should be decreasing. 
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Social Network Position and "Self-focused" Content 

As argued for H3 and H4, the betweenness and eigenvector centrality positions 

expose the member to more members and provide social context to others namely 

diversity and expertise. Only when social context cues are lacking, members of the 

community become more self-centered and less socially differentiated (Sproull and 

Kiesler 1986), which is not the case for central members. So, we argue that as 

betweenness centrality and eigenvector centrality increases there will be a reduction on 

words "i", "me", or "mine" that are "self' focused. However, there is a ceiling unto 

which the centrality positions are needed to establish the social context. Once the social 

context is defined by the user the social context shifting due to the social network 

position reduces. So, the effect of centrality will be weaker when the centrality is 

extremely high. Thus, we hypothesize that: 

Hypothesis 5: As an OHC member moves to a position ofhigh betweenness 

centrality, the language in the member's social support will be less "self-focused" in 

nature. However, the marginal effect ofhigher betweenness centrality should be 

increasing. 

Hypothesis 6: As an OHC member moves to a position ofhigh eigenvector centrality, 

the language in the member's social support will be less "self-focused" in nature. 

However, the marginal effect ofhigher eigenvector centrality should be increasing. 

METHODOLOGY 

Data Collection 

We collected data from an online community for diabetes patients. We extracted the 

publicly available data from threads in this online health community. The time period of 
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data collection is from January 2014 to August 2017. From each thread in this time 

period, we collected the thread title, time of thread creation, question asked and self

generated user identification for each support seeker. For each thread, we also capture all 

the replying posts, self-generated user identification of the poster and the posting time. 

Our network is constructed using the patient participation in threads. Whenever two 

patients participate in the same thread, we consider that a relationship has established 

between the users. The strength of the relationship increases when two users participate 

in two different threads (here the tie strength would be 2). This process yields us a web

of-support network with vertices indicating users and the edges representing tie strength. 

Operationalization 

The three outcomes of interest in this study are depth of social support, self-focused 

social support and socially-focused social support. To measure these variables, we used 

the Linguistic Inquiry and Word Count (LIWC) program, a popular linguistic analysis 

tool (Pennebaker et al. 2015). LIWC calculates the frequency with which words in a text 

match each of 93 LIWC dictionaries including psychological constructs (e.g., positive 

emotion), personal concerns (e.g., money, death), social words (e.g., family, friends), 

biological processes ( e.g., health, sexuality), etc. To measure depth of social support, we 

compute the LIWC score for word count (WC) in social support provided by a member. 

To measure socially-focused social support, we compute the sum ofLIWC scores (a 

percentage score) for the "social" dimension (mate, talk, they), "first-person plural" 

dimension (we, us, our), "second-person" dimension (you, your, thou), "third-person 

singular" dimension (she, her, him) and "third-person plural" dimension (they, their, 

they'd). To measure self-focused social support we compute the sum of LIWC score (a 
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percentage score) for the LIWC "first-person" and "personal concerns" dimensions. For 

each user, each month, an LIWC score is calculated by concatenating all posts by the user 

in that month. Similarly, for the independent variables, we measure the eigenvector 

centrality and betweenness centrality from the web-of-support network in a particular 

month. Betweenness centrality is measured as the fraction of all directed paths between 

any two vertices that pass through a node. Eigenvector centrality is measured as the first 

normalized eigenvector calculated from the adjacency matrix of the network (De Nooy et 

al. 2011). Pajek was used for computing the social network metrics (Batagelj and Mrvar 

1998). We control for the tenure of the member - the number months elapsed from the 

start of data collection period. 

Model Estimation 

We are interested how users change behavior based on the network positions they 

move into. A cross sectional analysis would be erroneous because it does not address the 

endogeneity issue (Goes et al. 2014). So, we tum to panel data analysis. We construct a 

panel dataset such that the unit of analysis is a user and the time period is one calendar 

month. For each month, the outcome variable is calculated from the UGC of a user in that 

month. The independent variables (i.e. the network variables) are calculated based on the 

web-of-support network obtained from thread participation in that month. We use lagged 

independent variables to address the issue of reverse causality and simultaneity bias. In 

other words, we measure the network metrics prior to the measurement of the UGC based 

outcome variables. For the estimation, we will first check for serial correlation 

implemented by Stata's XTSERIAL command (Drukker 2003; Wooldridge 2002). If 

there is no serial correlation, we use a fixed-effects model with standard errors clustered 
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over each individual. However, if there is serial correlation we estimate the dynamic 

panel data model and use the Arellano-Bond estimator using Stata's XTABOND 

command (Arellano and Bond 1991). We failed to reject the null hypothesis of no serial 

correlation for the two self-absorption outcomes. However, for the depth of social support 

there was statistically significant first-order serial correlation (p < 0.05). We tum to 

dynamic panel data models and use the Arellano-Bond estimator for this outcome 

variable. We will be estimating three models, one for each outcome variable. 

2 2WCit =/Jo+ /31 .WCi(t-1J + /32. betweenit + /33. between it+ /34.eigenit + /35.eigen it + /36.tenureit 

+ai + Cif (1) 

2 2Selfit =/Jo+ /31 .betweenit + /J2.between it+ /33.eigenit + /34.eigen it + /35.tenureit +ai + cit (2) 

2 2Socia/it = /Jo+ /31 .betweenit + /J2. between it+ /33. eigenit + /34.eigen it + /35.tenureit +ai + cit 

(3) 

Equations (1), (2) and (3) are used to formally express our model.~ 3 and ~5 in 

equation (1), and ~ 2 and ~4 in equations (2) and (3) are used to identify and test our 

hypotheses. ai denotes individual fixed effects. cit are error terms. The values of the 

centrality independent variables indicate the centrality value of the user as of first day of 

the month. The dependent variables indicate the value for all content written in that 

month. 

RESULTS 

Table 1 and table 2 provide summary statistics and cross-sectional correlations for the 

key variables in our study. We have data for 45 months. We had 23,158 user-month pairs 

for 6136 unique members. Our correlation table shows that the independent variables are 
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positively correlated with the word count and the social-focus dependent variables, and 

negatively correlated with the self-focus dependent variable. 

***Insert Table 1 and 2 here**** 

The Arellano-Bond estimator was used to test HI and H2. We used the optimal two

step generalized method of moments (GMM) estimator which provides consistent and 

efficient estimates in case of unbalanced data (Sodero et al. 2013) and overidentified 

models (Cameron and Trivedi 2010). This estimator accounts for serial correlation by 

using the lagged value of the dependent variable as a predictor (Roodman 2009). It also 

accounts for unobserved heterogeneity arising due to time-invariant factors. Additionally, 

this estimation method allows the possibility to account for endogeneity due to time

variant factors by using lagged independent variables as instruments for themselves - it is 

often difficult to find instruments that are completely uncorrelated with the dependent 

variable. We specified a model where we use two lags of the independent variables as 

instruments. In addition, we obtain robust standard errors that account for 

heteroscedasticity. 

***Insert Table 3 here**** 

The results are presented in table 3 above. The coefficient of betweenness centrality is 

positive and significant, and the coefficient of the corresponding quadratic term is 

negative and significant - providing support for HI. Hence, higher betweenness position 

results in deeper support from the member; however, the marginal effect is decreasing. 

The coefficient of eigenvector centrality is negative and significant, and the coefficient of 

the corresponding quadratic term is positive and significant - providing support for H2. 

Hence, eigenvector position results in reduced support from the member at lower levels; 
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however, the effect is increasing at higher levels. We performed the Arelleno-Bond test 

to check if the instruments are correlated with the error terms (Arellano and Bond 1991). 

While the first order autocorrelation (ARI) was significant, the second (AR2) and third 

order autocorrelations (AR3) weren't, indicating that our instrumental variables are 

uncorrelated with the errors. 

***Insert Table 4 here**** 

Table 4 presents the results of the fixed-effects model of socially-focused content on 

betweenness and eigenvector centrality, and their marginal effects. Note that the sample 

size is 17,757 because we restricted our analysis to users who posted more than hundred 

words because of the way LIWC measures linguistic features. For example, a hundred 

percent on socially-focused content for a user who just posted twenty words cannot be 

compared to a user who had a same score with more than thousand words. So, for H3, 

H4, H5, and H6 we restricted our sample this way. The coefficient of betweenness 

centrality is positive and significant, and the coefficient of the corresponding quadratic 

term is negative and significant - providing support for H3. Hence, higher betweenness 

position results in more socially-focused social support from the member; however, the 

marginal effect is decreasing. The coefficient of eigenvector centrality is positive and 

significant, and the coefficient of the corresponding quadratic term is negative and 

significant - providing support for H4. Hence, higher eigenvector centrality position 

results in more socially-focused social support from the member; however, the marginal 

effect is decreasing. 

***Insert Table 5 here**** 
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Table 5 presents the results of the fixed-effects model of self-focused content on 

betweenness and eigenvector centrality, and their marginal effects. The coefficient of 

betweenness centrality is negative and significant, and the coefficient of the 

corresponding quadratic term is positive and non-significant - providing partial support 

for H5. Hence, higher betweenness position results in less self-focused social support 

from the member. The coefficient of eigenvector centrality is negative and significant, 

and the coefficient of the corresponding quadratic term is positive and significant -

providing support for H6. Hence, higher eigenvector centrality position results in less 

self-focused social support from the member; however, the marginal effect is increasing. 

DISCUSSION 

Limitations and Future Work 

We identify two limitations of the current study and identify avenues of future 

research. One, we used existing dictionaries from LIWC to measure our outcome 

variables self-focus and social-focus. These dictionaries might not capture certain words 

unique to self-focus and social-focus in the diabetes context. Future research can employ 

supervised machine learning techniques to better measure these linguistic features. Two, 

we have missing data for UGC and network measures - not all users who were part of a 

network contributed content in the following month. There could be a sample selection 

issue here. Future research can address this by using models such as the Heckman

selection model. 

Theoretical Implications 

Our paper makes two contributions to literature on OHC, UGC, social presence and 

social networks. One, we build a social network position based model of social support 
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depth in OHCs. We hypothesized and empirically show that higher betweenness position 

results in deeper support from the member; however, the marginal effect is decreasing. 

We hypothesized and empirically show that the eigenvector position results in reduced 

support from the member at lower levels; however, the effect is increasing at higher 

levels. By doing so, we extend the current social presence based explanations, and argue 

that as users spend more time they also form a WOS based on which they create content. 

Two, we build two social network based models of linguistic features, one with self

focused content as the outcome and the other with social-focused content as the outcome. 

By doing so we extend the research on the predictors of linguistic features to the OHC 

context. We show that higher betweenness position and eigenvector centrality position 

results in more socially-focused social support from the member; however, the marginal 

effect is decreasing. We show that higher betweenness position and eigenvector centrality 

position results in less self-focused social support from the member; however, the 

marginal effect is increasing for the eigenvector centrality position. 

Practical Implications 

Our results have important implications for design of OHC, providing friend 

recommendations, framing OHC policies, and moderating content and networks in OHC. 

One, our findings can be used to develop recommendation systems for friend and topic 

suggestions. For example, a less contributing user could be suggested a topic or another 

OHC user in order to increase their centrality in the WOS - this will eventually spur the 

less contributing user to contribute more content in the future . Two, OHCs serve as a 

medium for emotional health counselling for patients with chronic diseases and for 

patients with less accessibility to healthcare. However, there can be no value in an OHC 
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if there is no content, or if the content is too much self or socially focused. Our findings 

on the extent and the nature of content on OH Cs provide practitioners the related factors 

for coming up with meaningful interventions. 
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TABLES 

Table 1: Summary statistics across users 

Variables 

Word Count 

Social-Focus 

Self-Focus 

Tenure 

Betweenness Centrality 

Eigenvector Centrality 

N 

57766 

57766 

57766 

57766 

62800 

62800 

Mean 

774.087 

9.852 

9.718 

6.493 

0.001 

0.014 

Std. Dev 

2752.874 

7.287 

4.444 

9.581 

0.006 

0.023 

Min Max 

0 105271 

0 100 

0 100 

0 44 

0 0.305 

0 0.373 

Note that we have 23 ,158 user-month pairs for 6136 unique members. However, since our dataset 

is an unbalanced panel dataset, users who generated content in a particular month were not 

involved in a network in the prior month. We report in table 1 summary statistics for all observed 

data points. 
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Table 2: Cross-sectional correlation among variables. 

Betweenness Eigenvector 

Variables Word Count Social-Focus Self-Focus Tenure Centrality Centrality 

Word Count 1 

Eigenvector Centrality 0.504 0.118 -0.155 0.156 0.678 

Social-Focus 0.074 1 

Self-Focus -0.125 -0.229 1 

Tenure 0.114 0.066 -0.105 1 

Betweenness Centrality 0.572 0.182 -0.130 0.115 1 

We want to note that the sample size for the correlation table is 23,158 because we have 23,158 

user-month pairs. 
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Table 3: Arellano-Bond dynamic panel data model estimates of social support depth (word 

count) on betweenness and eigenvector centrality, and their marginal effects. 

Variables 

Lagged Word Count 

Betweenness 

Betweenness2 

Eigenvector 

E
. 2
1genvector 

Tenure 

Constant 

Observations 

No. of members 

Word Count 

0.296*** 

(0.0489) 

136,911 *** 

(46,099) 

-1.264e+06 * * * 

(315,102) 

-21,455*** 

(6,890) 

108,439*** 

(37,073) 

-146.6*** 

(12.21) 

2,663*** 

(227.1) 

14,253 

2,727 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 4: Fixed effects model of socially-focused content on betweenness and eigenvector 

centrality, and their marginal effects. 

Variables 

Betweenness 

Betweenness2 

Eigenvector 

E
. 2
1genvector 

Tenure 

Constant 

Observations 

No. of members 

Social-focus 

26.17*** 

(7.109) 

-72.57** 

(31.98) 

13.96*** 

(2.492) 

-32.70*** 

(8.747) 

0.0161 *** 

(0.00459) 

9.870*** 

(0.0833) 

17,757 

4,605 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 5: Fixed effects model of self-focused content on betweenness and eigenvector centrality, 

and their marginal effects. 

Variables 

Betweenness 

Betweenness2 

Eigenvector 

E. 2
1genvector 

Tenure 

Constant 

Observations 

No. of members 

Self-focus 

-11.13*** 

(3.892) 

23.54 

(15.97) 

-6.560*** 

(1.149) 

17.73*** 

(4.584) 

-0.0140*** 

(0.00229) 

6.512*** 

(0.0399) 

17,757 

4,605 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Essay 3: MEMS Technology Perceptions and Competitive Game 

Interventions to Promote ART Timing Adherence in Poorly-Adherent 

HIV Patients 

Abstract 

We analyze whether a competitive mobile gamification application in conjunction 

with the medication events monitoring system (MEMS) can motivate patients and 

enhance timing adherence of HIV patients. We also analyze the technology related 

perceptions that are associated with the timing adherence of HIV patients. Using the 

theoretical lenses of technology acceptance and time, we model timing adherence of HIV 

patients in using the MEMS technology. Data on daily adherence, and technology 

perceptions were collected from a four-month long-panel experimental study of 

gamification apps in poorly adherent HIV patients in a major regional hospital in Buffalo, 

New York. The results of our econometric models show that effort expectancy and social 

influence were positively associated with the timeliness of adherence. However, the game 

intervention was negatively associated with the timeliness of adherence. Our study has 

important implications for clinical practice of HIV patients and broader implications for 

the self-management of other chronic diseases as well. 

Keywords: timing adherence, mobile apps, gamification, smart pill bottles, medication 

events monitoring systems, technology use 
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"Regularity is the best medicine" 

- an Indian proverb. 

INTRODUCTION 

While advances in antiretroviral therapy (ART) have substantially reduced AIDS

related morbidity and mortality, successful therapy requires sustained ART adherence for 

1) HIV viral suppression, 2) decreasing the risk of developing antiretroviral (ARV) drug 

resistance, 3) improving immunological and clinical outcomes resulting in increased 

survival and improved quality of life and 4) reducing the risk of transmitting HIV 

(Chesney 2006; Mbuagbaw et al. 2012; World Health Organization. and Sabate 2003). 

Non-adherence has also been associated with increased rate of hospitalization and longer 

hospital stays, that adds to the economic burden of an already overburdened healthcare 

system (Protopopescu et al. 2009). Transmission of drug resistant HIV (TDR) can also 

emerge from non-adherence. Among the HIV affected population, the rates of ART 

adherence ranges from 33% - 88%, with only 25% of those have a suppressed viral load 

(Enriquez et al. 2015). In the United States, several studies of different groups of HIV

positive individuals generally show similar, suboptimal rates of adherence. 

Antiretroviral Therapy (ART) adherence enhancing interventions primarily focus on 

percent adherence - defined as the percentage of prescribed doses taken during a given 

period (Moore et al. 2015). However, timing adherence is another aspect of adherence 

which has received less focus. Timing adherence captures whether a prescribed dose is 

take on time (Moore et al. 2015). Controlling excessive variation in dose timing is 

important for long term viral suppression (Liu et al. 2006). In a repeated measures study 

of ART adherence, Liu et al. (2007) found that, even controlling for percent adherence, 
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their six measures of dose timing were predictive of HIV virologic outcomes. Timing 

adherence is critical in the light of the half-life period of ART agents released by an ART 

drug (Bangsberg et al. 2007). In fact, scholars ascertain a time difference of one hour 

from the prescribed does timing to be significant enough to be classified as poor timing 

adherence (Gill et al. 2010; Van Wijngaerden et al. 2002; Yu et al. 2018). 

Notwithstanding its criticality in viral suppression, only few studies looked at the factors 

associated with timing adherence in HIV patients (Mbuagbaw et al. 2012; Moore et al. 

2015; Swendeman et al. 2015; Yu et al. 2018). Studies of timing adherence have relied on 

self-reported measures, which is hugely reliant on the patient's recalling ability and is 

hence prone to inaccuracy. Even if they are accurate, these measures have no utility in 

predicting the extent of deviation from the actual dose timing. In my paper, I focus on 

this under-addressed but critical aspect of adherence as an outcome of interest with 

measures that do not depend on patient recall. 

In an effort to better track their timing adherence, recent interventions have taken the 

technological route and used the medication event monitoring systems (MEMS) - a 

conventional medicine container fitted with a special closure that records the time and 

date of each time the container is opened and closed (Enriquez et al. 2015; Liu et al. 

2007; Liu et al. 2006; Parienti et al. 2008). After taking their pills from the medication 

pill bottles with smart caps, patients need to scan their bottle using a near-field 

communication (NFC) smartphone with an associated app installed on it. The app will 

then send the ART adherence information to the healthcare provider. In our study, we 

leverage the MEMS technology to capture the timing adherence and provide novel cues 

( discussed in the following paragraphs) to the patients to improve their timing adherence. 
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Healthcare providers can best use the timing information, to come up with follow

ups, sending reminders, and other cues only when the patients scan their assigned pill 

bottles using their mobile phone on a regular basis. From the patient's perspective, using 

the MEMS technology could add to the pill burden and the complexity of their drug 

regimen. Pill burden and regimen complexity is a major deterrent in ART adherence 

(Halkitis et al. 2008). For an adherence behavior that involves the use of technology, a 

study of antecedents of timing adherence in the context of MEMS should place greater 

emphasis on the technological component - with regards to the user's interaction with and 

their perception related to MEMS - involved in that behavior. However, studies of 

medication adherence focus on individual differences in age (Wagner et al. 201 7), 

psychosocial well-being in terms of depression (Kalichman and Kalichman 2016; 

Kaufmann et al. 2016) and substance abuse (Kalichman and Kalichman 2016), social 

factors such as social support (Hawkins et al. 2016; Kaufmann et al. 2016) and number 

people HIV was disclosed (Yu et al. 2018), healthcare provider related factors in quality 

of services and instruction (Magidson et al. 2015), patient-physician relationship (Starks 

et al. 2008), and psychological factors and cognitive factors in treatment self-efficacy 

(Zhou et al. 2017) and medication knowledge (Beer and Skarbinski 2014), and disease 

and treatment related factors in regimen complexity (Halkitis et al. 2008), side effects, 

symptoms and disease course (Croome et al. 2017). We turn to the information systems 

(IS) literature owing to its rich tradition in studying technology perceptions and 

technology usage behavior (Davis 1989; Maruping et al. 2017; Venkatesh and Morris 

2000; Venkatesh et al. 2003; Venkatesh et al. 2012). 
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While the predictive power of technology-related perceptions in the technology usage 

behavior is a well-established research area, there are two avenues to advance this arena. 

One, the IS arena is silent on the timeliness and rhythms in technology usage. In their 

classic piece on the review, typology and conceptualization of technology usage, Burton

Jones and Straub Jr (2006) look at the system, user, and task related conceptualizations. 

However, theirs and the extant IS literature has not viewed system usage from the lens of 

time. Two, the IS acceptance literature needs to be extended in the context of smart pill 

bottles - technologies in the healthcare arena that promote medication adherence. In 

addition to the timeliness component, smart pill bottles require that the users own a smart 

phone, be connected to the world wide web with an internet connection or Wi-Fi, and the 

use of an app to scan, record and transmit their adherence information on a daily basis. 

Successful adherence using MEMS entails that the patients handle the mobile phone, 

connectivity, and the app components well and in conjunction with each other. For 

example, if a patient is not able to trouble shoot the internet connectivity, even if the 

smart pill bottle worked fine, they would not be able to scan and transmit their adherence 

information to their healthcare provider. In our paper, we focus on the technology related 

perceptions in the use of MEMS for timing adherence in HIV patients. 

Given the ubiquity of mobile phones in patient's lives, recent interventions have used 

these devices for designing innovative interventions (Miller and Himelhoch 2013) such 

as interactive, personalized, motivational messages and timely SMS reminders (Dowshen 

et al. 2012; Mbuagbaw et al. 2012; Swendeman et al. 2015) for cueing patients to 

improve their percentage and timing adherence. In this study, we also look at the impact 

of gamification, another new, innovative trend in mobile apps, on the timing adherence of 
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HIV patients. Gamification is essentially "the use of game design elements in non

gaming contexts" (Deterding et al. 2011). Gamification enables the fun component 

associated with games through such mechanisms as rewards, leaderboards, badges, time 

constraints, etc., which, in turn, play an instrumental role in eliciting "game-like player 

behavior" including competition, interaction, collaboration, engagement, and learning 

(Kankanhalli et al. 2012). Gamification has received attention from companies dealing 

with fitness products (e.g., Nike), insurance companies (e.g., UnitedHealthcare), 

pharmaceutical companies (e.g., Boehringer), and video-game development companies 

(e.g., Nintendo Wii) (Gopaladesikan 2013; Shane 2013). Researchers at IBM have shown 

that the use of game design elements such as rewards and missions in their enterprise 

social software resulted in online behavior that reflect compliance to fitness schedule (Lin 

and Zhu 2012). In the healthcare domain, in the context of another chronic disease, a 

recent study by Cafazzo et al. (2012) in a small sample of 20 type 1 adolescent diabetics 

used gamification of mobile applications and showed that this intervention is positively 

related to frequency of blood glucose monitoring. However, we are not aware of any 

studies that have used gamification with mobile phones to promote ART adherence. In 

our study, we advance this stream of research by analyzing the impact of a competitive 

gamification intervention in the HIV context for improving the timing adherence. 

In our study, we explore whether MEMS and smart phone technologies in 

conjunction with the inherent spirit of competitiveness in human beings can be leveraged 

to motivate otherwise poorly adherent HIV/AIDS patients. Our technology intervention is 

unique and innovative in that it consists of a competitive game delivered through a 

mobile app on patient smartphones that provides information on ART adherence 
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performance of the entire intervention group to individual patients in the intervention 

group. This competitive game is used in conjunction with a "passive" MEMS system 

(medication pill bottles with smart caps and Bluetooth enabled smartphone) to only 

capture information on ART adherence (time and date of the taking of medicine) of 

enrolled patients unobtrusively without reminding patients with aural or visual cues for 

taking their medicine. We posit that the competitive gaming intervention can enhance 

ART timing adherence in a sample of poorly ART adherent HIV/AIDS patients. We 

recruited patients with detectable viral load (> 1000 copies/mL) within one month of 

enrollment from a leading Immunodeficiency Clinic and tested the impact of our 

competitive gamification application in reducing the extent to which the patients deviated 

from standard dose timings. 

Our study contributes to the IS and the HIV medication adherence literature in three 

ways. First, we focus on the under-addressed and critical outcome of timing adherence as 

an outcome of interest. Instead of relying on self-reported measures, we use the dose

timing data from the MEMS technology on a daily basis. Second, by adopting the lens of 

the technology acceptance model, we analyze the role of the less focused antecedents, the 

MEMS technology perceptions on the timing adherence to ART medications in HIV 

patients. Third, we design, develop, and test a mobile gamification app, a novel 

intervention in the understudied context in the gamification arena. Results of our study 

holds important implications for the design of future studies to promote ART adherence 

among poorly-adherent HIV patients, and the management of other disease contexts as 

well. In our study, we answer the following two research questions: (1) What are the 

technology related perceptions that are associated with the timing adherence of HIV 
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patients using the MEMS technology? (2) Does competitive gamification improve the 

daily timing adherence of poorly adherent HIV patients? 

The paper is structured as follows . First, we present the background literature and the 

theoretical streams underpinning our paper. Second, we present our theoretical model. 

Third, we present the research methodology. Fourth, we present the data analysis with the 

results. We conclude this paper by discussing the implications of this study for theory and 

practice. 

THEORETICAL BACKGROUND 

Information Technology Use 

System use, one of the most discussed constructs in the IS literature, can be defined 

as the "frequency, duration and intensity of a user's interaction with a particular system". 

The IS literature is largely devoted to theorizing and predicting technology acceptance 

i.e. system use. The seminal works identifying factors associated with system use are the 

unified theory of user acceptance and use of technology (UTA UT) (Venkatesh and Davis 

2000; Venkatesh et al. 2003), information systems success model (DeLone and McLean 

1992; Delone and Mclean 2004) and the technology acceptance model (TAM) (Davis 

1989). These theories have their bases in the theory of reasoned action (Sheppard et al. 

1988), the theory of planned behavior (Venkatesh and Davis 2000) and the innovation 

diffusion theory (Rogers 1995). Venkatesh et al. (2003) integrated the various competing 

models into a unified model that they termed the Unified Theory of Acceptance and Use 

of Technology (UTAUT). The UTAUT model consists of four predictors including 

performance expectancy, effort expectancy, social influence, and facilitating conditions 

that predict information technology acceptance and usage (Venkatesh et al. 2003). 
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Gender, age, experience and voluntariness moderates these four predictors of technology 

usage intention and behavior (Venkatesh et al. 2003). The UTAUT model empirically 

outperformed eight other competing models of technology use. The UTAUT model 

brings coherence to the technology acceptance literature and provides a unified view of 

this field. 

Further studies have extended these technology acceptance models to new 

technologies such as collaborative technology (Brown et al. 2010), health information 

systems (Kijsanayotin et al. 2009; Yoo et al. 2015), etc., to new user populations such as 

healthcare professionals (Hennington and Janz 2007), consumers (Venkatesh et al. 2012), 

etc., and new cultural settings such as China (Pahnila et al. 2011). Acceptance studies 

have also used ideas from cross disciplines such as sociology and strategy to bring in 

perspectives such as peer support (Sykes et al. 2014), and agency (Warkentin et al. 2002). 

The primary methodologies used in this literature are the survey methodology, 

experimental manipulation of system features to study usage (De Ruyter et al. 2001) and 

secondary data analysis of system logs to understand actual usage (Turner et al. 2010). 

The common points of debate in this area of research concerns the applicability of the 

model to practical settings (Chuttur 2009), invariance and other psychometric properties 

of the UTAUT instrument(Parameswaran et al. 2015) and the debate over capturing 

intention to use over actual system use (Devaraj and Kohli 2003). 

Conceptualizing Technology Use: Time as an Element 

Explicit Conceptualizations 

The works by Burton-Jones and Straub Jr (2006) and Barki et al. (2007) represent two 

efforts at conceptualizing IS use. We focus on the work by Burton-Jones and Straub Jr 
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(2006) who added interesting notions about this construct and provides a typology to 

typify various measures of system use. The work by Barki et al. (2007) on the other hand 

focuses purely on a formative behavioral construct called information systems use-related 

activity. We found the work by Burton-Jones and Straub Jr (2006) fitting our need of 

extending the system use construct with the aspect of time. 

In relation to the system use construct, Burton-Jones and Straub Jr (2006) bring in 

the notion that the nature of conceptualization, the measure to be used, and whether or 

not the conceptualization is unidimensional or multi-dimensional, depends on the system 

use context under study (Burton-Jones and Straub Jr 2006). They rate system use 

measures based on their richness and propose that lean measures of system use (for 

example: use/nonuse (Alavi and Henderson 1981 ), duration (V enkatesh and Davis 2000), 

and number of features(Saga and Zmud 1994)) capture the entire content of the usage 

activity in an omnibus measure (Burton-Jones and Straub Jr 2006). While these measures 

are convenient, they do not represent the aspect of the system use that is most relevant to 

the context of the study (Burton-Jones and Straub Jr 2006). Rich measures on the other 

hand captures the nature of use and is more explicit in its content (Burton-Jones and 

Straub Jr 2006). There are three elements of content in an IS use measure: (1) user - the 

person using the system; (2) system - the artifact being used; (3) task - the functionality 

to be performed (Burton-Jones and Straub Jr 2006). Before selecting a measure, users 

should determine the subset of elements among the aforementioned three that fit the 

context of study (Burton-Jones and Straub Jr 2006). Measures using the system element 

alone can be termed as a "somewhat rich" measure (Burton-Jones and Straub Jr 2006). 

This measure would capture the extent to which the system features are used, for which 
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the breadth of system use or the number of features used are examples (Burton-Jones and 

Straub Jr 2006; Saga and Zmud 1995). "Rich" measures use a combination of two 

elements: either system and user or system and task. A rich measure capturing the system 

and the user elements would measure the extent to which the user employs the system, 

for which the cognitive absorption is an example (Agarwal and Karahanna 2000; Burton

Jones and Straub Jr 2006). A rich measure capturing the system and task elements would 

measure the extent to which the system is used to perform a task, for which the number of 

tasks is an example (Burton-Jones and Straub Jr 2006; Igbaria et al. 1997). A very rich 

measure of system use captures all three elements of system, user and task. This measure 

would capture the extent to which the user uses the system to perform a task. However, 

this measure is difficult to capture because a reflective construct so measured could be 

cognitively difficult to respond (Burton-Jones and Straub Jr 2006). However, any rich 

measure of system use should involve the system element. We posit that the Burton-Jones 

and Straub Jr (2006) conceptualization of system use doesn't account for the important 

element of time. Below, we justify why a time-based conceptualization is needed for the 

system use construct. 

The Need for a Time-Based Conceptualization 

There are several reasons why we need a time-based conceptualization of system use. 

One, the existing measures of system use that pertain to the notion of time are duration of 

use (Venkatesh and Davis 2000) (for example: connect time, and hours per week), and 

frequency of use (for example: whether IS use is daily, weekly or monthly). Burton-Jones 

and Straub Jr (2006) classified these measures as lean measures. So, there is clearly a 

need for richer measures of system use with the notions of time. Two, the contents of 

120 



current (like financial IS) and new age (social media, smart phone apps) IS use cases are 

not sufficiently captured by current measures of IS use. One such content is timeliness in 

using an IS, the importance of which is illustrated in the following two examples. A 

financial analyst working in a stock exchange would need to update the stock prices in 

the website at the closing and ending times of the day. The timeliness of this action is 

critical and has financial consequences for several other stakeholders such as brokers, 

traders, and other companies who subscribed to this data. Another example is directly 

relevant to the context of our study, the timeliness of taking pills using smart pill bottles, 

the health consequences of the lack of which we documented in the introduction section. 

Three, we argue that the choice and the conceptualization of a time-based system usage 

measure should be theoretically informed - the lack of which will result in undesirable 

variety of measures, mixed results, and a lack of consensus of how to select and justify 

the chosen measure (Burton-Jones and Straub Jr 2006). Four, a time-based 

conceptualization will aid researchers in justifying and using existing measures, and 

developing new ones (Burton-Jones and Straub Jr 2006). At the backdrop of these 

reasons, in the following section, we direct the IS research arena towards a time-based IS 

use measure. 

Towards a Time-Based Use Measure 

In this section, we present some theory based conceptualizations of time (see table 1) 

by integrating the work by Burton-Jones and Straub Jr (2006) and the classic works on 

time by Ancona et al. (2001b) and Ancona et al. (2001a). Whenever we collect data about 

timing of system use, it means that user used the system. A researcher can derive an 

omnibus measure of presence of use (use vs. nonuse) using a timestamp. Compared to an 
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omnibus measure of use vs. nonuse, the time of use makes an otherwise lean measure of 

system use richer. A researcher could instead predict when a user would use a system, 

instead of whether or not a user used system. So, the element of time in the usage 

construct could open avenues for interesting questions that the IS community can answer, 

and expands its contexts of interest (like the financial analyst, and MEMS usage 

examples). So, we add time as another element of content in an IS use measure, in 

addition to the user, system, and the task elements. 

***Insert Table 1 here *** 

We propose that using the time element, a "somewhat rich" measure IS usage capture 

the time alone as its content. These measures correspond to the single activity mapping 

time variables proposed by Ancona et al. (2001 b ). This mapping captures how an activity 

is positioned in or mapped on the time continuum - its scheduling, the rate at which it 

takes place, how long it lasts, when it started, and when it ended (Ancona et al. 2001b). 

Examples, in a system use context in our study would be when was the first pill taken 

using MEMS, when was last pill taken, how many pills were taken in a month, how long 

did a patient stay in the app to record the adherence data. We note that the duration of 

use, which was classified by Burton-Jones and Straub Jr (2006) in their paper as a lean 

measure, would fall into our somewhat rich measure because the contents of the measure 

capture an aspect of time. 

Richer measures could be captured using the time element as well. These measures 

can involve another content element in system, user, or task in addition to time. Consider 

the task element. A measure could capture how repetitive tasks are mapped onto a 

continuum - their rhythm, interval between two tasks, and frequency of repetition 
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(Ancona et al. 2001b). Examples, in a system use context in our study would be time 

between two MEMS events, and deviation from the average time of dosing on a 

particular day. These measures correspond to the repeated activity mapping time 

variables proposed by Ancona et al. (2001b). Similarly, a measure could capture how 

multiple tasks are mapped on to time - the distribution of time among tasks, sequence of 

tasks, synchronization, and relocation of time (Ancona et al. 2001 b ). While we are not 

aware of such contents in IS use construct, the media synchronicity construct could be 

extended, or a new latent construct could be developed that captures the order, 

synchronicity, allocation, and relocation oflS tasks. These measures correspond to the 

multiple activity mapping time variables proposed by Ancona et al. (2001b). Similarly, 

usage measures involving the time and the task aspects could capture how a change takes 

place when one task transforms into another task in the course of system use - say how 

an analyst would increase the pace of data entry when the stock market closes on a 

particular day. A recent study by Ortiz de Guinea and Webster (2013) on IS use patterns 

due to expected and discrepant events could be a good starting point for conceptualizing 

such variables. These measures correspond to the single activity transformation mapping 

time variables proposed by Ancona et al. (2001 b ). System use variables can also capture 

a user adjusting the rhythm of her use of technology to another external cycle, also called 

as "entrainment" (Ancona et al. 2001a). These measures correspond to comparison of 

activity maps time variables proposed by Ancona et al. (2001b). Examples, in a system 

use context in our study would be a patient's pill taking entrained to the schedule and 

dosage prescribed by the physician, and work life routine. In a situation where pill taking 

is done through technology (MEMS) and motivated by additional technology (game app ), 
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there are additional demands to the patient's entrainment. For example, patients might 

alter their pill taking timings based on the game app reminder timings or based on the 

daily performance of other patients. It will be interesting to study patients' entrainment 

with these multiple cycles related to technology, social environment in the game, and the 

work life that pose conflicting demands to patients' adherence. 

Similarly, the elements of time and system can be combined to generate another class 

of rich system usage measures that capture the use of variety of system features in 

relation to time. By integrating the time variable types conceptualized by Ancona et al. 

(2001 b ), we could conceptualize these variables, similar to how we mapped tasks on a 

continuum and conceptualized five types of system use measures containing the content 

elements of time and task. In this case, the feature used will be placed on the continuum 

in the five types of mappings discussed by Ancona et al. (2001b). We leave the 

conceptualization, and a detailed review of such variables, including a combination of 

time and user (for which the temporal dissociation variable by Agarwal and Karahanna 

(2000) will be a good example) for future research. For combinations of more than two 

content elements, we take a stand similar to that of Burton-Jones and Straub Jr (2006) 

that though such a conceptualization may exist, and be done in future, they would be 

difficult to capture. Of the various conceptualizations, and sub conceptualizations we 

showed above, the timing variable of interest in this study is timeliness which we capture 

by measuring the extent to which an HIV patient deviates from their average dosing time. 

This measure falls under the rich measure of system use involving the time and task 

elements. It is an example of the repeated activity mapping variable. 
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THEORETICAL MODEL 

In this section, based on the UTAUT model and gamification literature, we present 

our model of timing adherence in HIV patients. First, grounded in the UTA UT model, we 

hypothesize the role of performance expectancy, effort expectancy, and social influence 

in affecting timing adherence. We follow that with the hypothesis of the impact of 

competitive gamification on timing adherence. Figure 1 presents our research model. 

***Insert Figure 1 here *** 

Performance Expectancy 

Performance expectancy in our study context is the degree to which the patients 

believe that using the MEMS technology (smart pill bottle and the corresponding mobile 

app) will help the HIV patients in self-management of their disease, in terms of 

efficiency, effectiveness and productivity (Venkatesh et al. 2003). When a patient 

perceives that there is a positive use-performance relationship, their motivation to use 

that system increases (Davis 1989). Since enhanced performance is instrumental in 

achieving rewards such as better health, appreciation from physician and caregivers, 

reduction in comorbidities, patients tend to form intentions towards those behaviors that 

lead to better performance (Davis et al. 1989). In accordance with this logic, the IS 

literature is filled with studies that show the positive relationship between the 

performance expectancy construct and system usage behaviors (Venkatesh and Davis 

2000; Venkatesh et al. 2003; Venkatesh et al. 2012). In relation to the outcome of our 

interest, performance expectancy has been linked with self-management health apps that 

require daily and timely use (Cho et al. 2014; Yuan et al. 2015). So, we posit that 
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performance expectancy will increase the timeliness of HIV patients in taking their pills. 

Thus, we hypothesize that: 

Hypothesis 1: Performance expectancy will be positively related to timeliness of 

medication such that the HIVpatients who expect high performance in using the MEMS 

technology will deviate less from their average dose timing. 

Effort Expectancy 

Effort expectancy in our study context is the degree to which the patients believe that 

using the MEMS technology (smart pill bottle and the corresponding mobile app) would 

be free from effort (Venkatesh et al. 2003). Human effort is a finite resource that a patient 

might allocate to various activities (Davis 1989). So, a patient is more likely to perform a 

behavior that is less effortful. The effort expectancy construct also has its roots in the 

Bandura (1982)'s self-efficacy mechanism that captures how well a person can execute a 

course of action. If the MEMS technology is easier to interact, the patient's self-efficacy 

increases. Self-efficacy kindles the inborn drives of competence and self-determination 

and influences motivation and effort persistence (Davis 1989). In accordance with this 

logic, the IS literature is filled with studies that show the positive relationship between 

the effort expectancy construct and system usage behaviors (Venkatesh and Davis 2000; 

Venkatesh et al. 2003; Venkatesh et al. 2012). In relation to the outcome of our interest, 

effort expectancy has been linked with self-management health apps that require daily 

and timely use (Cho et al. 2014; Yuan et al. 2015). So, we posit that effort expectancy 

will increase the timeliness of HIV patients in taking their pills. Thus, we hypothesize 

that: 
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Hypothesis 2: Effort expectancy will be positively related to timeliness ofmedication 

such that the HIVpatients who expect low effort in using the MEMS technology will 

deviate less from their average dose timing. 

Social Influence 

Social influence in our study context is the degree to which the patients believe that 

important others believe he or she should use the MEMS technology (smart pill bottle 

and the corresponding mobile app) to care for their HIV (Venkatesh et al. 2003). 

Compliance is one mechanism through which social influence impacts behavior. If a 

patient believes that a family member or a healthcare provider who is in a position to 

reward or punish the patient thinks that the patient should use MEMS, the patient is under 

social pressure to comply (Venkatesh et al. 2003). Internalization is another mechanism 

(V enkatesh and Davis 2000). When physicians introduce technologies like MEMS and 

explain the benefits, patients tend to internalize this information and get motivated to use 

the technology. Patients may also get influenced by important others in order to maintain 

their image or status within his/her social group (Venkatesh and Davis 2000). In 

accordance with this logic, the IS literature is filled with studies that show the positive 

relationship between social influence construct and system usage behaviors (Venkatesh 

and Davis 2000; Venkatesh et al. 2003; Venkatesh et al. 2012). In relation to the outcome 

of our interest, social influence has been linked with self-management health apps that 

require daily and timely use (Cho et al. 2014; Yuan et al. 2015). Even in the non

technology contexts, social support is key predictor of dosage adherence and timing 

adherence in HIV patients (Hawkins et al. 2016; Kaufmann et al. 2016). So, we posit that 
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social influence will increase the timeliness of HIV patients in taking their pills. Thus, we 

hypothesize that: 

Hypothesis 3: Social influence will be positively related to timeliness ofmedication 

such that the HIVpatients with high social influence in using the MEMS technology will 

deviate less from their average dose timing. 

Competitive Gamification App 

Ours is an experimental study where the patients were randomized into intervention 

and control group. While the control group uses the MEMS technology for ART 

adherence, the intervention group uses MEMS in conjunction with the gamification app. 

More details on the app and the study design will be provided in the methodology 

section. Our competitive game app sets up a competitive environment by displaying 

comparative information about the individual patient and the intervention group. On a 

daily basis, our app provides aggregate information on the extent of adherence of other 

intervention group patients to the focal patient. On the other hand, MEMS merely 

provides the functionality of monitoring ART adherence among enrolled HIV/AIDS 

patients. We posit that such a competition among patients will add the element of 

excitement (Liu et al. 2013) to otherwise tedious tasks of taking ART medications daily 

without failure (Stinson et al. 2013). Competitions usually instill the pursuit of status and 

glory in an online community (Burke 2011; Kankanhalli et al. 2012), and competitive 

performance information about ART adherence of the entire intervention group on the 

previous day will, therefore, serve as a "cue for action" and motivation for patients to 

take their ART medications regularly and on time. Previous research has also shown the 

positive association between gamification and compliance to self-management tasks in 

128 



diabetic patients (Cafazzo et al. 2012). On the other hand, patients in the control group 

who are not provided with the competitive game app will only receive passive MEMS 

telemonitoring and will not receive any alerts or signals to take their medications on time. 

These patients will not be able to associate the fun element to ART adherence tasks that 

is provided by the competitive game app. Therefore, we expect these patients to exhibit 

lower ART adherence timeliness as compared to patients who use the competitive game 

and hypothesize that: 

Hypothesis 4: Competitive gamification will be positively related to timeliness of 

medication such that the HIVpatients who use a competitive game app in conjunction 

with the MEMS technology to take their pills, will deviate less from their average dose 

timing than those HIVpatients who use only the MEMS technology. 

RESEARCH METHODOLOGY 

Sample Recruitment 

A total of 21 male and/or female patients with HIV-I infection with detectable viral 

load ( 1000 copies/mL within 1 month of enrollment) who are 18 years of age or older 

were recruited from the Immunodeficiency clinic at ECMC in Buffalo, New York. 

Pregnant women, and non-English speakers were excluded from the study. 

Demographical data other than age, such as gender and ethnicity, were not exclusion 

criteria. We chose those adult HIV patients who were able consent, regular in their 

clinical visits, under HIV medications, and competent enough to follow the study 

protocol in the judgment of HIV physician who recruited these patients. 
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Study Design 

Figure 2 presents our study design and timelines. Our study is divided into three 

periods as described below. During the first "baselining" period which starts immediately 

after the patient enrolls in the study, we conducted MEMS telemonitoring for both 

intervention and control group patients and established their baseline ART adherence 

levels. During this period, all subjects were provided "feedback" on their smart phones of 

successful scanning and transfer of the medication data from their smart cap devices to 

the cloud. During the second "intervention" period that lasted two months, we introduced 

the competitive game intervention whereby the gamification app on the intervention 

group patients started delivering additional "feedback" in terms of the ART adherence 

performance information as described below. During the third and final "habit" period 

which lasted a month, we withdrew the gamification app but continued with MEMS 

telemonitoring to assess habit formation. However, the habit formation was not explicitly 

hypothesized or tested here because it was beyond the scope of this study reported here. 

***Insert Figure 2 here *** 

Patients enrolled in this study were randomized with equal probability to either the 

intervention group or the control group. Patients were blinded from knowledge of their 

assignment group to prevent biased behavior. However, patients were generically 

informed that the medication adherence of all patients will be monitored using smart pill 

bottles and a smartphone, and that they will be randomly assigned to one of the two 

groups with one group receiving less feedback and the other group receiving more 

feedback about their medication adherence. Patients in both groups were informed of 

patient incentive gift cards that are provided at initial enrollment and at the end of each 
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month to compensate for patient time and effort. An LG Optimus F3Q smart phone was 

provided to all study subjects enrolled in the study to use in conjunction with the MEMS 

technology to record and transmit the ART adherence information, and to display the 

results of the competitive game to intervention group subjects. 

MEMS App 

***Insert Figure 3 here *** 

Each patient was supplied with one or more MEMS-enabled medication pill bottles 

with smart caps ( one pill bottle per medicine that the patient is prescribed to take) along 

with a smartphone. This MEMS technology provided by Information Mediary 

Corporation called eCap (see figure 3a), along with the associated smart phone app called 

Med-ic Go Lite (see figure 3b), was provided to all subjects to record their ART 

adherence in terms of the date and time when they took the prescribed ART medications. 

Each patient was asked to swipe or scan his/her smartphone on top of the smart cap of the 

pill bottle from which he/she took the medicine after taking the medicine. The MEMS 

app provided on all smartphones then captured and transmitted the pill consumption data 

along with smart cap id and date/time of swiping to the cloud where study data was 

maintained in a secure and private manner. The MEMS app also provides feedback that 

the data was successfully scanned and transmitted to the cloud (as shown in fig 3b). 

Game App 

Design 

***Insert Figure 4, 5 here *** 

The smartphones given to intervention group patients will also contain a gamification 

app and this app will receive the ART performance information for the previous day from 
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the cloud and will provide it to the intervention group patients. A new gamification app 

called GameTherapy was developed for the purposes of this study. Through this app, 

each day during the intervention period, the aggregate ART adherence performance for 

the entire intervention group for the previous day will also be calculated and sent as 

feedback ONLY to all intervention group patients. This performance information will 

include the number of patients in the intervention group who were fully adherent (took all 

meds/doses as prescribed), partially adherent (took some meds/doses but not all as 

prescribed), and not adherent (took no meds/doses as prescribed) the previous day. 

Our app sends two daily notifications to the patients to check their previous day's 

compliance: first notification at around 8: 15 AM and the second notification as a 

reminder at 1 PM. Once opened, the app shows the percentage of patients who were fully 

adherent, partially adherent, and not adherent the previous day (see figure 4a, 4b, and 4c). 

This information is presented graphically in three zones with the percentage converted to 

stick figures. This screen also indicates the zone the patient belongs to. At the end of the 

intervention period, the app announces as the winner the patient who was adherent most 

number of days (see figure 5a). The winning patient gets a message saying they won. The 

app sends a message to the patients who performed better than the average adherence of 

the group, saying they did better than the group (see figure 5b). The app also sends a 

message to the patients who performed lower than the average adherence of the group, 

saying they have to do better (see figure 5c). Our app sends daily reports to the study 

team listing the patients who did not comply and/or use the app for two\seven days in 

order to monitor potential study withdrawal. The user interface of the app was designed 

in consultation with our study team consisting of experts in information systems, human 
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factors, computer science, medicine, and a physician who treats diabetics. Visual cues 

like color and language of the presentation of results and notification, aural cues like 

game sounds, and glucose ranges for results, notification and daily reports were built into 

the app based on literature and the inputs from this interdisciplinary team. 

Development 

The frontend app was developed in Java for Android Lollipop (5.x) Operating 

System. It is targeted for the LG Optimus F3Q smartphone's display, size, and 

resolution. The backend is a Django web application written in Python. The Django app 

was hosted on a cloud server provisioned using Amazon EC2 Instance. Our web 

server uses the HTTPS protocol - a widely used protocol for secure communication over 

a computer network. 

Testing 

To ensure that we collect the highest quality of ART adherence and gamification 

participation data, we tested the eCap, Med-ic and GameTherapy apps with a group of ten 

volunteers. The App underwent rigorous alpha and beta testing with a ten-member testing 

team. The control and intervention groups were assigned five members each. The test 

subjects received smart pill bottles and a smart phone with the GameTherapy app and the 

Medic Go Lite app. Test subjects were asked to randomly adhere in order to simulate 

actual patient behavior. Subjects were asked to log their adherence and the performance 

of app features such as daily notifications, and daily results to the intervention group. 

Using this data, we resolved issues in app design during the testing phase. We did another 

round of testing by reversing the control and intervention group assignment in order to 

verify that the issues were resolved. This testing was performed to ensure that only 
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correct and timely data are collected from all the subjects in the study, and that only 

correct and timely game results information is provided to the intervention group 

patients. Bugs and errors in the software were corrected, and the actual study commenced 

only after IRB approval and when the technology testing results indicated that only 

correct and reliable high-quality MEMS and gamification data are being collected from 

the testing group. 

DATA ANALYSIS 

Operationalization 

***Insert Table 2 here *** 

Table 2 reports the variables, their scales and the studies from which these scales 

were adopted. In order to measure the dependent variable, we used the date and 

timestamp captured whenever a patient took a pill using the smart pill bottle and 

successfully sent the data to the cloud using the Medic App. In our sample, patients were 

assigned one to three pill bottles ( or medications), with the number of doses of each 

medication ranging from one to three per day. Some medications were to be taken at the 

same time, while others were taken throughout the day. Given such variety in bottles, and 

dose timings, it was not possible to come up with a timing adherence measure at the 

medication level. So, we aggregate the data at the patient level for each day and calculate 

the time at which the patient took the first pill on that particular day. At the user level, we 

calculate the average timing of the first pill and then for each user-date pair we calculate 

how much the patient's first pill deviates each day from the average value. The modulus 

of the deviation was used as the dependent variable in our study. Higher the deviation, 

lower is the timeliness of a patient on a particular day. 
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To measure the independent variables i.e. the technology related perceptions, 

performance expectancy, effort expectancy, and social influence, we administered a 

survey to the patients at the time of enrollment. To capture each variable, we used well 

established scales whose psychometric properties are well established in the extant IS 

literature. Each variable is a latent construct captured using three to four items with a 7-

point likert scale ranging from 1 - strongly disagree to 7 - strongly agree. Since our data 

set consisted of only 17 users (after dropout), we did not have enough sample size to 

factor analyze the observed items and come up with a latent factor score for the 

independent variables. Kline (2015) suggests a 20:1 rule of thumb where he recommends 

20 data points for every observed variable, whereas we have 12 observed variables and 

only 20 observations. So, for the ease of interpretation and for reducing the items, we 

summated the items and divided the summated score by the number of items. To capture 

the effect of the game app, we used the classic difference-in-difference approach where 

we added a dummy variable that indicated treatment group versus intervention, a dummy 

variable indicating when the game was implemented, and an interaction term - beta 

coefficient of this term would capture the effect we are looking for i.e. the change in 

timeliness among treatment patients after they took part in the game. 

As controls for this study, based on the findings from the technology use and the HIV 

medication adherence literature, using the survey, we captured other variables that could 

impact timing adherence. These variables pertained to engagement with the technology, 

mental and physical health, seasonality, and demographics. To capture prior technology 

engagement, we used the number of years of app use. To capture seasonality, we use the 

year and the month of each data point. To capture demographics, we used gender, and 
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age. To capture the physical health status, we used the 20-item measure of HIV 

symptoms from The AIDS Clinical Trials Group (ACTG) Adherence Questionnaire, with 

values ranging from, 1 - I do not have this symptom, to 5 - it bothers me terribly. To 

capture the emotional health status, we again used the ACTG questionnaire. We used a 7-

item measure of emotional health status on a 4-point likert scale ranging from 1 -

never/rarely to 5- mostly/always. 

Model Estimation 

Ours is an example of a long panel dataset (where there are many time periods but 

relatively few individuals i.e. T > N). Given the T > N condition, standard errors in long

panel models need to be obtained after specifying the model for serial correlation 

(Cameron and Trivedi 2010). We need richer models of the error process than those we 

specify in the longitudinal models for short panels (where N > T) where cluster-robust 

standard errors are obtained without explicitly stating a model for serial correlation 

(Cameron and Trivedi 2010). So, we use longitudinal models with contemporaneous 

correlation that are best suited for estimating long panel datasets (Cameron and Trivedi 

2010). These models allow the error term to be correlated over individual, allow the 

specification of an auto-regressive error process over time T, and addresses 

heteroscedasticity (Cameron and Trivedi 2010). To model our dependent variable, daily 

deviation of the first pill from that user's average first pill timing, we use Stata's xtpcse 

command with the correlation(psarl) option that yields long panel-corrected standard 

errors for the pooled least-squares estimator, and specifies that within panels, there is 

first-order autocorrelation AR(l) process and that the coefficient of the AR(l) process is 

specific to each panel (Cameron and Trivedi 2010). We also employ the difference-in-
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difference specification to capture the game effect ( as described in the operationalization 

section). 

TimelinesSit = ~o + ~1.lnterventioni + ~2.Gameimplementedit + ~ 3- Interventioni X 

Gameimplementedit + ~4.PerformanceExpectancyi + ~ 5.EffortExpectancyEi + 

~6,Sociallnfluencei + ~7.Controls + Uit (1) 

Uit = Pi Uit + tit (2) 

We use equation (1) to formally express our model. ~ 4, ~5, and ~6 are used to identify 

and test hypothesis 1, 2, and 3. Coefficients ~ o, ~1, ~2, and ~3 pertain to the difference-in

difference specification. ~3 captures the game app effect (i.e. hypothesis 4) we are 

looking for i.e. the change in timeliness among treatment patients after they took part in 

the game. Equation (2) shows the model for the error process. ti is serially uncorrelated 

but correlated over i. Pi Uit denotes the first-order autocorrelation AR(l) process and that 

the coefficient of the AR(l) process is specific to each panel. 

Results 

***Insert Table 3, 4 here *** 

Table 3 and table 4 provide summary statistics and cross-sectional correlations for the 

key variables in our study. Our data collection efforts yielded us an unbalanced dataset 

with 1784 user-date pairs with 17 users and 429 dates. The cross-sectional correlations 

show that the year 2017, and the technology perceptions, performance expectancy, effort 

expectancy, and social influence are positively correlated with the daily deviations, i.e. 

they were negatively correlated with timeliness. All other variables were negatively 

correlated with the daily deviations. 

***Insert Table 5 here *** 
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The results of our main model are presented in table 5 in model (1 ). Our results show 

support for hypothesis H2 and H3 . Effort expectancy and social influence were 

negatively significantly related to daily time deviation of the first pill. This implies that 

these technology perceptions reduce the deviations i.e. increases the timeliness. 

Hypothesis Hl and H4 were not supported. Performance expectancy did not have a 

significant relationship with daily time deviation of the first pill. Though introduction of 

the gamified app had a significant effect on the daily time deviation of the first pill, it was 

positively related, which signals that gamification decreases the timeliness. 

Robustness 

We estimated three additional models to demonstrate the robustness of our results. 

Models 2, 3, and 4 in Table 5 report the results of our robustness checks. In model 2, we 

estimate model 1 by accounting for dropout. We removed those data points for those 

months where the patients were active less than 5 days. In model 3, we considered as 

dependent variable the daily deviation from the user's average timing of the last pill ( as 

opposed to the first pill that we considered in model 1). In model 4, we estimate model 3 

by accounting for dropout. Our results are robust to these model specifications. However, 

in model 2, effort expectancy is negatively related but not significantly related to daily 

deviation from first pill. In model 3, performance expectancy is positively significantly 

related to daily deviation from last pill. 

DISCUSSION 

Limitations and Future Research 

Our study has the limitation of small sample size. While our final sample size was 17, 

we ended up with 1784 data points due to a large T (time periods). This limitation should 
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be seen in the light of feasibility of recruiting this unique study population and the 

difficulty of sustained engagement in a study as long as ours. Future research could 

increase the incentives for participation and be conducted for larger samples. While we 

found gamification to negatively impact timeliness, future studies can also focus on other 

chronic diseases such as diabetes and see if gamification can impact timeliness on the 

outcomes such as blood glucose monitoring. 

Theoretical Contributions 

Our study contributes to the IS and the HIV medication adherence literature in three 

ways. First, we develop a time-based conceptualization oflS use by incorporating the 

content element of time in an IS use measure. By integrating the theory of time (Ancona 

et al. 2001b) and the classic work on typology oflS usage by Burton-Jones and Straub Jr 

(2006) we propose several time-based conceptualizations of IS usage. Among these 

conceptualizations, we study the under-addressed and critical outcome of timing 

adherence as an outcome of interest. Instead of relying on self-reported measures, we use 

the dose-timing data from the MEMS technology on a daily basis and model the daily 

deviation in the first pill using long panel econometric models. Second, by adopting the 

lens of the technology acceptance model, we analyze the role of the less focused 

antecedents, the MEMS technology perceptions on the timing adherence to ART 

medications in HIV patients. We model the role of performance expectancy, effort 

expectancy, and social influence in impacting the timing adherence of HIV patients. We 

empirically tested our model using data collected from an experimental study on the 

impact of gamification in HIV patients. Our results show strong support for our 

hypothesis on the positive effects of effort expectancy and social influence on timeliness. 
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However, our hypothesis on performance expectancy impacts on timeliness was not 

supported. Third, we design, develop, and test a mobile gamification app, a novel 

intervention in the understudied HIV context in the gamification arena. Results of our 

study show that gamification, contrary to what was hypothesized, reduces the timeliness 

of HIV patients. 

Practical Implications 

One, our results on the effort expectancy's impact on timeliness informs firms to 

design smart pills bottles and their associated app with easy to use interfaces. Such 

interfaces, and the leamability of the MEMS technology will drive timeliness in ART 

adherence. Two, the results on the social influence's impact on timeliness underscores the 

impact of physicians, family members and other caregivers in the self-management of the 

HIV disease. Patients value the opinions of these influential others in the disease 

management, even in the adherence behaviors where technology is involved. These 

actors should encourage patients to use technology in their disease management. Three, 

our results on the impact of the gamification app shows that this new paradigm may not 

be of great use in technology use behaviors where timeliness is the key outcome. 

Healthcare providers need to be careful before using these new paradigms in disease self

management. 
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FIGURES 

Figure 1. Research Model 
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Figure 2. Study Design 
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Figure 3. MEMS Technology - Smart Pill Bottle and Med-ic Go Lite App 

(a) Swiping the Smart Pill Bottle (b) Med-ic App Data Upload to Cloud Successful 

Note: More information about the Med-ic App can be obtained from 

http://www.informationmediary.com/med-ic 
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Figure 4. Game App Daily Game Results 
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Figure 5. Game App Final End of Study Game Results 
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TABLES 

Table 1: Proposed Time-Based Conceptualization of System Use 

Richness of How system use is Type Domain of content Examples 
measures mapped to time? measured 

Somewhat rich 
(Time) 

Single activity mapping System use positioned in or mapped 
on the time continuum - its 
scheduling, the rate at which it talces 
place, how long it lasts, when it 
started, and when it ended D 

When was the first pill 
talces using MEMS, when 
was last pill talcen, how 
many pills were talcen in a 
month, how long did a 
patient stay in the app 

Rich ( time, task) Repeated activity Mapping Repetitive system use tasks - Time between two MEMS 
mapping mapped onto a continuum - their events, deviation from the 

rhythm, interval between two tasks, 
and frequency of repetition. 

Usage / 

I 
System I 

Tim}
\ 
I 

average time of dosing on 
a particular day 

User \ Task/ 
.... ✓ 

-Rich ( time, task) Multiple activity mapping Captures multiple tasks mapped onto A latent construct could be 
time continuum- the distribution of 
time among tasks, sequence of tasks, 
synchronization, and relocation of 

Usage /Tim}
\I 

System I I 

developed to captures the 
order, synchronicity, 
allocation, and relocation 

time. 
User \ Task/ 

.... ✓ 

Rich ( time, task) Single activity Captures how a change talces place IS use patterns due to 
transformation mapping when one task transforms into another expected and discrepant 

task in the course of system use. Usage ,;-im} 

I \ 
events 

System I I 
User \ Task/ 

.... ✓ 

Rich ( time, task) Comparison of activity 
maps 

Capturee how a user adjusts the 
rhythm ofher use of technology to 
another external cycle. 

Usage I ;-im} 

I \ 
System I I 

pill taking entrained to the 
schedule and dosage 
prescribed by the 
physician, and work life 
routine 

User \ Task/ 
.... ✓ 
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Table 2: Variable Operationalization 

Construct Scale 

Daily Deviation 
Daily deviation from the user's average timing of the first pill 
(time converted to decimals) 

Year 2017 
Dummy variable with 1 representing year 2017 and 0 
representing year 2016 

Gender 
Dummy variable with 1 representing female and 0 representing 
male 

Month 11 dummy variables representing the months of a year 
Age Continuous variable representing the user's age 

Years of App Use Continuous variable representing how long the patient has been 
using mobile apps (in years) 
In the past week how often did you: Please circle one response 
for each question (using scales: 1 - never/rarely, 2 - sometimes, 
3 - often, 4 - mostly/always) 
1. Feel like you couldn't shake off the blues even with help 

Emotional Health 
Status 

from your family or friends? 
2. Have trouble keeping your mind on what you were doing? 
3. Feel that everything you did was an effort? 
4. Have trouble sleeping? 
5. Feel lonely? 
6.Feelsad? 
7. Feel like you just couldn't "get going"? 
The following questions ask about symptoms you might have 
had during the past four weeks. Please check the box that 
describes how much you have been bothered by each 
symptom. Using scales - 1 - I do not have this symptom, 2 -I 
have this symptom and it doesn't hurt me, 3 - I have this 
symptom and it bothers me a little, 4 - I have this symptom 
and it bothers me a little, 5 - I have this symptom and it bother 
me terribly. 

1. Fatigue or loss of energy? 
2. Fevers, chills or sweats? 
3. Feeling dizzy or lightheaded? 
4. Pain, numbness or tingling in the hands or feet? 
5. Trouble remembering? 
6. Nausea or vomiting? 

HIV Symptoms 7. Diarrhea or loose bowel movements? 
8. Felt sad, down or depressed? 
9. Felt nervous or anxious 
10. Difficulty falling or staying asleep? 
11 . Skin problems, such as rash, dryness or itching? 
12. Cough or trouble catching your breath? 
13. Headache? 
14. Loss of appetite or a change in the taste of food? 
15. Bloating, pain or gas in your stomach? 
16. Muscle aches or joint pain? 
17. Problems with having sex, such as loss of interest or lack of 
satisfaction? 
18. Changes in the way your body looks, such as fat deposits or 
weight gain? 
19. Problems with weight loss or wasting? 
20. Hair loss or changes in the way your hair looks 

References 

(Liu et al. 2007) 

(Venkatesh et al. 2003) 

(Venkatesh et al. 2003) 

Nenkatesh et al. 2003) 
Nenkatesh et al. 2003) 
(Venkatesh et al. 2003) 

(Reynolds et al. 2007) 
The AIDS Clinical Trials 
Group (ACTG) 
Adherence 
Questionnaire 

(Reynolds et al. 2007) 
The AIDS Clinical Trials 
Group (ACTG) 
Adherence 
Questionnaire 
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Please indicate the extent to which you agree or disagree with (Venkatesh et al. 2003) 
each of the following items. (0- strongly disagree, 1 - disagree, 
2 - somewhat disagree, 3 - neither agree nor disagree, 4 -
somewhat agree, 5 - agree 7 - strongly agree) 

Performance 1. Using eCaps and Med-ic app helps me manage my HIV 
Expectancy - Med- disease more effectively. 
icApp 2. Using eCaps and Med-ic app helps me manage my HIV 

disease more efficiently. 
3. Using eCaps and Med-ic app increases my productivity in 
managing my HIV disease . 
4. Using eCaps and Med-ic app will help me improve my HIV 
disease . 
Please indicate the extent to which you agree or disagree with (V enkatesh et al. 2003) 
each of the following items. (0- strongly disagree, 1 - disagree, 
2 - somewhat disagree, 3 - neither agree nor disagree, 4 -

Effort Expectancy somewhat agree, 5 - agree 7 - strongly agree) 

- Med-ic App 
1. I understand how to use eCaps and Med-ic app. 
2. It was easy to learn how to use eCaps and Med-ic app. 
3. I find eCaps and Med-ic app easy to use. 
4. Learning to operate eCaps and Med-ic app was easy for me. 
Please indicate the extent to which you agree or disagree with (V enkatesh et al. 2003) 
each of the following items. (0- strongly disagree, 1 - disagree, 
2 - somewhat disagree, 3 - neither agree nor disagree, 4 -
somewhat agree, 5 - agree 7 - strongly agree) 

Social Influence 
for Technology 
Use 

1. People important to me think I should use apps to care for 
my HIV disease. 
2. People who influence me think that I should use apps to care 
for my HIV disease. 
3. People whose opinions I value think that I use apps to care 
for my HIV disease. 

Dummy variable with 1 representing the patient belongs to the (Hamari et al. 2014) 
Treatment treatment group and Orepresenting the patient belongs to (Cafazzo et al. 2012) 

control group 

Game 
Implemented 

Dummy variable with 1 representing if the game intervention 
was implemented. This period ranged from April 23rd to 
August 2nd. 0 represents other time points 

(Hamari et al. 2014) 
(Cafazzo et al. 2012) 

Treatment * Game 
Implemented 

The interaction term captures the change in timeliness among 
treatment patients after they took part in the game. 

(Hamari et al. 2014) 
(Cafazzo et al. 2012) 
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Table 3: Summary Statistics 

Variable N Mean Std. Dev. Min Max 

Daily Deviation 1784 4.91 3.86 O.ol 15.85 

Year 2017 1784 0.60 0.49 0 1 

February 1784 0.09 0.29 0 1 

March 1784 0.09 0.28 0 1 

April 1784 0.09 0.29 0 1 

May 1784 0.08 0.27 0 1 

June 1784 0.07 0.26 0 1 

July 1784 0.07 0.26 0 1 

August 1784 0.10 0.30 0 1 

September 1784 0.09 0.29 0 1 

October 1784 0.07 0.26 0 1 

November 1784 0.07 0.26 0 1 

December 1784 0.08 0.27 0 1 

Gender 1784 0.32 0.47 0 1 

Age 1784 43 .95 14.03 22 67 

Years of App Use 1784 8.67 6.08 0 20 

Emotional Health Status 1784 1.86 0.63 1 3.14 

HIV Symptoms 1784 1.91 0.79 1 3.70 

Performance Expectancy 1784 5.96 1.09 3.25 7 

Effort Expectancy 1784 6.32 0.54 5.25 7 

Social Influence 1784 4.18 1.75 1.00 7 

Treatment 1784 0.59 0.49 0 1 

Game Implemented 1784 0.17 0.38 0 1 

Treatment * Game Implemented 1784 0.11 0.31 0 1 
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Table 4: Cross-sectional Correlations 

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 
(1) Daily Deviation 1.00 
(2) Year 2017 0.o? 1.00 
(3) Gender -0.19 0.04 1.00 
(4) Age -0.21 0.11 0.49 1.00 
(5) Years ofApp Use -0.33 0.o? 0.26 0.44 1.00 
(6) Emotional Health Status -0.22 0.11 0.46 0.19 0.49 1.00 
(7) HIV Symptoms -0.19 0.08 0.44 0.01 0.51 0.67 1.00 
(8) Performance Expectancy 0.23 -0.11 -0.26 -0.41 -0.54 -0.43 -0.27 1.00 
(9) Effort Expectancy 0.14 -0.16 -0.66 -0.40 -0.26 -0.61 -0.30 0.31 1.00 
(10) Social Influence 0.01 -0.17 -0.07 -0.59 0.01 0.13 0.17 0.33 -0.02 1.00 
(11) Treatment -0.14 0.00 0.06 0.27 0.37 -0.01 0.10 -0.29 0.22 0.03 1.00 
(12) Game Implemented -0.04 0.38 -0.03 0.14 0.04 0.08 -0.07 -0.10 -0.04 -0.16 0.o3 1.00 
(13) Treatment * Game Implemented -0.02 0.29 -0.03 0.21 0.13 0.06 -0.04 -0.16 0.01 -0.13 0.29 0.76 1 

156 



Table 5: Results of Long-Panel Econometric Models of Daily Time Deviation in HIV Patient ART 

Adherence using MEMS 

Variables 

Year 2017 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Gender 

Age 

Years ofApp Use 

Emotional Health Status 

HIV Symptoms 

HJ: Performance Expectancy 

(1) 

1.7197*** 

-0.4039 

0.2769 

-0.3937 

-0.2829 

-0.372 

-0.9897* 

-0.3897 

-1.8951 ** 

-0.6528 

-1.6143* 

-0.6412 

-0.7549 

-0.4103 

-0.5368 

-0.4363 

-0.1885 

-0.539 

0.0319 

-0.56 

0.2664 

-0.5579 

1.2837* 

-0.5441 

0.6086 

-0.3363 

-0.1037*** 

-0.0166 

-0.1410*** 

-0.0254 

-1.1616*** 

-0.2741 

0.2296 

-0.2139 

0.2639 

-0.1394 

(2) 

1.8251*** 

-0.4076 

0.1685 

-0.4314 

-0.4449 

-0.4225 

-1.2037** 

-0.4153 

-2.0692** 

-0.6722 

-1.8336** 

-0.6602 

-1.0758* 

-0.4349 

-0.7529 

-0.4564 

-0.2037 

-0.5631 

-0.1013 

-0.5808 

0.1013 

-0.6099 

1.0167 

-0.5816 

0.4256 

-0.3451 

-0.0876*** 

-0.0188 

-0.1541 *** 

-0.0281 

-0.7408* 

-0.2943 

0.0773 

-0.232 

0.2166 

-0.1414 

(3) (4) 

1.8204*** 1.8931 *** 

-0.3983 -0.401 

-0.7493 -0.6593 

-0.4227 -0.4535 

-0.7621 -0.7557 

-0.4011 -0.4388 

-1.0509* -0.9952* 

-0.4297 -0.4479 

-1.9369** -1.8394** 

-0.6899 -0.6995 

-1.6540* -1.6145* 

-0.6804 -0.6901 

-0.5265 -0.6218 

-0.4319 -0.4519 

-0.5105 -0.5173 

-0.463 -0.4792 

-0.1914 0.0321 

-0.5486 -0.5655 

0.0225 0.1159 

-0.5703 -0.5864 

0.1636 0.0347 

-0.5713 -0.6151 

1.5953** 1.5608** 

-0.5681 -0.5964 

0.4016 0.1886 

-0.3074 -0.3171 

-0.0897*** -0.0784*** 

-0.0153 -0.0173 

-0.1282*** -0.1546*** 

-0.0244 -0.0264 

-1.3334*** -0.9736*** 

-0.2662 -0.2844 

0.5598** 0.5216* 

-0.205 -0.2201 

0.2931 * 0.26 

-0.1374 -0.1369 
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H2: Effort Expectancy 

H3: Social Influence 

Treatment 

Game Implemented 

H4: Treatment* Game 
Implemented 

Constant 

N 

R2 

-1.1233*** 

-0.3353 

-0.4173*** 

-0.0971 

1.4323*** 

-0.2702 

0.0235 

-0.583 

0.8590* 

-0.4382 

-3449.3907*** 

-815 .3414 

1784 

0.2436 

-0.7052 

-0.3758 

-0.3289** 

-0.102 

1.1031*** 

-0.2831 

-0.0666 

-0.588 

0.9369* 

-0.4548 

-3665.1232*** 

-822.859 

1671 

0.2645 

-1.1296* ** -0.9267* 

-0.3224 -0.3728 

-0.3771 *** -0.3112** 

-0.0928 -0.0971 

0.8577** 0.5964* 

-0.2674 -0.2789 

-0.2667 -0.41 

-0.6042 -0.6051 

1.2707** 1.4428** 

-0.4472 -0.457 

-3653 .2235** * -3801.5906** * 

-804.0691 -809.4677 

1784 1671 

0.2305 0.2509 
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