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aBstract: Process satisfaction is one important determinant of work group collab-
orative system adoption, continuance, and performance. we explicate the computer-
mediated communication (cMc) interactivity model (cMcIM) to explain and predict 
how interactivity enhances communication quality that results in increased process 
satisfaction in cMc-supported work groups. we operationalize this model in the chal-
lenging context of very large groups using extremely lean cMc. we tested it with a 
rigorous field experiment and analyzed the results with the latest structural equation 
modeling techniques. Interactivity and communication quality dramatically improved 
for very large groups using highly lean cMc (audience response systems) over face-
to-face groups. Moreover, cMc groups had fewer negative status effects and higher 
process satisfaction than face-to-face groups. the practical applications of lean cMc 
rival theoretical applications in importance because lean cMc is relatively inexpensive 
and requires minimal training and support compared to other media. the results may 
aid large global work group continuance, satisfaction, and performance in systems, 
product and strategy development, and other processes in which status effects and 
communication issues regularly have negative influences on outcomes.

key words and Phrases: audience response systems, cMc interactivity model 
(cMcIM), collaboration, human–computer interaction (hcI), interactivity, large 
groups, ultra-lean interactive media, ultra-lean interactivity.

the Phenomenon of interest in this study is process satisfaction (PS) as a subset of 
general satisfaction. Marketing research has long noted the importance satisfaction 
plays in customer adoption and repurchase (e.g., [95, 96]). research in e-commerce 
has shown that satisfaction is just as—if not more—critical for long-term growth and 
profitability in electronic markets [9, 69]. In information systems (IS) research, satisfac-
tion and related affect have been shown to play a strong role in system adoption and, 
more importantly, in system continuance [9, 12, 58, 84, 85]. wixom and todd [115] 
integrated satisfaction and the technology acceptance model (taM) theory to show 
that information satisfaction—driven by information quality—can positively affect 
perceived usefulness and that system satisfaction—driven by system quality—can 
positively affect perceived ease of use. liao et al. [57] extended the theory of planned 
behavior (tPB) and found that satisfaction was the primary determinant of one’s inten-
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tion to continue using an e-service. this brief review of IS, marketing, and e-commerce 
theory reveals the impact satisfaction has on both adoption and continuance.

In particular, PS is an important determinant of work group success. Group and PS 
largely determine team performance and are critical to establish commitment to, and 
confidence in, team decisions [72]. PS facilitates team acceptance of decisions and 
technologies that will benefit the group; conversely, dissatisfaction often inhibits team 
acceptance and results in team rejection of decisions and technologies, regardless of 
the potential benefits to the group [84]. Satisfaction is a significant determinant of 
meeting success [84] and group collaboration success [1]. In contrast, lack of satis-
faction leads to dysfunctional teams, whether face-to-face or virtual, and to a lack of 
organizational commitment [41, 66].

Given the significance of PS in IS and work group success, we address the research 
question “how can IS promote PS in work groups?” Specifically, we study the theo-
retical foundations of PS in computer-mediated communication (cMc)–supported 
groups, which is a seldom-studied area, even though satisfaction has been studied in 
many cMc contexts [37]. Most research involving cMc PS has focused on a team’s 
decision-making or meeting process with a tool (e.g., [84, 85]), the effects of work 
modality or work team proximity (e.g., [7, 47, 93]), or specific system features that 
affect satisfaction (e.g., [6, 46]). these important studies have helped improve our 
understanding of PS in cMc groups; however, they do not provide an overarching 
extant theory of how PS is derived independent of a particular tool.

Our objective is to theoretically explain how cMc technologies can improve per-
ceived interactivity, communication quality (cQ), and PS in groups—operationalizing 
to the specific case of very large groups using highly lean cMc. we operationalize our 
model in the specific context of large cMc-supported groups because they are increas-
ingly used in system development [2, 62]. unfortunately, large groups are more prone 
to communication breakdowns and interaction process losses that undermine results 
and group “continuance” (the desire of group members to continue to work together) 
than small groups. limitations in human attention, communication bandwidth, and 
cognition often negatively affect large-group stability, efficiency, and productivity [3, 
97]. In addition, individual participation is frequently more limited in large groups than 
in small groups. Members of large groups are more likely to fall victim to evaluation 
apprehension, social loafing, and production blocking than members of small groups 
(e.g., [39, 97]). Our research investigates how PS can minimize these problems.

the benefits of highly lean cMc technologies in large groups have received little 
attention in the literature but show promise. for example, in proposing a theory on 
compensatory adaptation, kock [53] found that “lean” electronic communication 
media, compared to face-to-face interaction, may have a positive effect on knowl-
edge sharing, outcome quality, and group success. however, kock’s findings were 
limited to groups of 7 to 15 members and did not differentiate between lean and rich 
electronic media. his findings also do not suggest attributes of electronic media that 
create group success. later, kock [54] found that lean electronic communication 
media may cause communication fluency burdens when compared to face-to-face 
communication, although his study did not address how different levels of electronic 
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communication interactivity influence communication fluency. the biggest limitation 
of kock’s compensatory adaptation theory [53, 54] is that it posits that lean media 
may result in paradoxical increases in team performance outcomes due to members 
compensating—often involuntarily—for obstacles posed by lean electronic media. 
while this is a useful start, such built-in limitations undermine the explanatory power 
of the theory.

Other studies have shown that cMc technologies influence team cognition, reduce 
social cues, generate more alternative solutions, and allow equal participation [24]. 
however, these studies tend to focus only on small groups. finally, Nobel Prize lau-
reate carl Edwin wieman is championing the use of “clickers,” an ultra-lean cMc 
technology, in education because of their promise of transforming interaction and 
engagement in the classroom [22], as preliminarily suggested in a few studies [4, 22, 
111]. the limitations of this research include a lack of theoretical grounding and a 
lack of applicability to business and organizational settings.

If it is true that lean cMc technologies can positively influence perceived interac-
tivity and cQ in large groups, then cMc technologies are also likely to positively 
influence PS in large groups. Interactivity has been shown to build shared interpretive 
contexts among group members [118], improve cQ for business web sites, improve 
customer satisfaction [19, 36], and improve communication processes and outcomes 
(e.g., credibility, attractiveness, influence, and decision quality) [15]. Interactivity is 
also a fundamental part of communication in successful teamwork, particularly in 
lean management models [36]. cQ leads to partnership success [74] and trust between 
communication partners [117]. the quality of communication during the design of an 
IS determines its success [26]. cQ also affects group acceptance of human resources 
and managerial innovation [89].

In this paper, we propose a theoretical model to explain how cMc technologies may 
benefit groups by increasing PS through perceived interactivity and cQ. we rigor-
ously test this model in what we believe is the most challenging cMc environment: 
large groups using extremely lean cMc technologies. we chose this environment not 
simply because it is a promising area that is underresearched but also because we are 
working from the assumption that, if our theory holds under extreme conditions, it 
will hold in conditions of smaller groups and with richer cMc media. 

Proposing the cMc Interactivity Model (cMcIM)

the Primary PurPose of this PaPer is to ProPose a new theoretical model—the cMc 
interactivity model (cMcIM)—which can be used to explain and predict how the 
combination of interactivity and cQ increases PS in interacting cMc groups. a key 
contextual assumption of this model is that cMc technologies generally provide for 
more lean communication interactivity than face-to-face technologies. here, we briefly 
summarize the theoretical grounding and propositions of cMcIM, and then we support 
our definitions and propositions in detail in the remainder of this section.

Our research is theoretically grounded in interpersonal interactivity theory and 
literature—particularly the theoretical basis for interactivity itself, the direction of 
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communication principle and the efficacy principle. these theoretical principles 
lead us to propose that interactivity increases cQ (P1). we then use the expectations 
disconfirmation theory (EDt) to explain how increased cQ increases PS in groups 
(P2). Our model further recognizes that group processes can suffer from negative 
status effects, which undermine the relationship between cQ and PS. thus, we use 
social presence theory to propose that increased social presence in a group increases 
status effects (P4), and then we use status characteristics theory to explain how these 
negative status effects adversely moderate the relationship between cQ and PS. while 
there are many potential forms of process losses in groups, cMcIM focuses on status 
effects because cMc technologies typically employ lean communication richness that 
can diminish status effects, while still providing the necessary interactivity to induce 
sufficient cQ to provide PS. figure 1 summarizes cMcIM.

Basic Scope and conceptualization of Interactivity

the driving independent construct of cMcIM is interactivity; thus, we start by pro-
viding a theory-based conceptualization of interactivity. Interactivity is a particularly 
difficult construct to define because it has different meanings in different contexts, 
and thus is generally poorly understood [15, 19, 49, 59]. Some of the areas in which 
interactivity has been addressed include mass media, communication and interpersonal 
communication, marketing, advertising, electronic marketplaces, mobile commerce, 
cMc, education, and web sites and the Internet [15, 16, 19, 43, 49, 56, 59, 60, 92, 
100, 101, 118]. Even though several typologies of interactivity have been created, little 
work has been done to theorize the causes and effects of interactivity. we believe this 
deficiency is due to the lack of a common definition of interactivity, which makes it 
difficult to build the cumulative tradition necessary for substantive theory building.

One reason for confusion and disparate interactivity research findings is that inter-
activity has been conceptualized on three different levels, and authors typically do not 
differentiate between these levels. the literature distinguishes the three levels of inter-
activity as a feature of technology, as a process of message exchange, or as something 

Figure 1. cMc Interactivity Model (cMcIM)
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that a user perceives after using a technology or going through a process [71]. we 
have not reviewed any empirical studies that combine all three perspectives; however, 
several authors and articles have mixed all three or at least two of these perspectives 
(e.g., [15, 16, 71]). we assert that all three are valid perspectives, are not mutually 
exclusive, and simply represent lenses from which one can study interactivity. for 
example, a feature of a technology can lead someone to perceive that the technology 
is interactive. conversely, interactive features of a technology may not always lead 
to perceived interactivity [94]: users may perceive a highly interactive feature as an-
noying rather than interactive, or they may not use the feature. we focus on features 
of a technology that can lead to perceived interactivity. Perceived interactivity is a 
meaningful construct because it accounts for only those features of a technology that 
actually lead to an increase in users’ perceptions of interactivity.

In addition to the three levels of interactivity, three major contexts of interactivity are 
discussed in the literature: (1) interpersonal, which refers to two-way and reciprocal 
communication between humans [8, 82, 101, 114]; (2) computer-mediated commu-
nication, in which computers mediate interpersonal communication (e.g., [15, 16]); 
and (3) mass media, which comprises one-way broadcasting and media interactions 
between people and web sites (e.g., [101]). we disregard noninterpersonal interactivity, 
such as interactions between two computers, because it is outside of our social com-
munication scope. we also do not address the process of cMc interactivity but instead 
address technological features that should give rise to interactivity perceptions. Given 
this focus, we carefully examined perceived interactivity literature that involves cMc, 
which led us to define three key subconstructs of interactivity, as similarly conceptual-
ized by liu [59]—two-way communication, control, and synchronicity.

Grounding Interactivity in Interpersonal communication theory

we theoretically ground perceived cMc interactivity subconstructs in interpersonal 
interactivity theory and literature, because cMc interactivity is a specialized form of 
interpersonal interactivity. Perceived interactivity was originally based on the concept 
of communication efficacy, or users’ beliefs of control and the recipient’s ability to 
process and act on a message [94]. In a cMc-supported work group context, the cMc 
technology will likely influence the user’s perception of control and the recipient’s abil-
ity to process and act on the message, as the cMc technology transmits and presents 
the message to the recipient. therefore, we include efficacy as a theoretical basis to 
define cMc interactivity. furthermore, building on the organizational communication 
model and the interpersonal communication model, past research has included direction 
of communication as an additional theoretical basis for interactivity [94]. this theory 
relates to the communication channel’s ability to facilitate two-way communication 
[94]. Because cMc technologies facilitate two-way communication, we also include 
direction of communication as a theoretical basis to characterize cMc interactivity.

Both the direction of communication and efficacy principles are necessary theoretical 
components for cMc interactivity. the direction of communication implies that an 
essential component of human-to-human interpersonal interaction is the participation 
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of two or more parties in a communication exchange as senders and receivers and vice 
versa [49, 52, 71]. although necessary, the mere implementation of the direction of 
communication principle alone is not sufficient for effective communication to take 
place. communication efficacy is also required, and without fulfillment of the direction 
of communication principle and communication efficacy, effective communication 
cannot occur [75, 94].

Communication efficacy is a second-order construct comprising externally based 
efficacy and internally based efficacy. Externally based efficacy refers to the receiver’s 
ability to process the sender’s message as useful input and then to act on or respond 
to it [94]. this message-response process is referred to as reciprocity in a great deal 
of literature [49]. Notably, a communication exchange may occur through verbal or 
written words, facial expressions, or kinesics [120]. thus, the more a receiver is able 
to process various communication forms, the more externally based efficacy can be 
supported. Internally based efficacy is one’s personal sense of communication effi-
cacy, or one’s perception of control over where one is and where one is are going in 
communication [75, 94].

using the direction of communication and efficacy principles, we now explain 
why we include two-way communication, control, and synchronicity as theoretical 
subconstructs of perceived interactivity and how it then acts to facilitate effective 
communication.

Two-way communication allows one or more senders and one or more receivers to 
communicate with each other [15, 16, 59] and to engage in reciprocal communication 
that is responsive to the communicating parties’ needs [43, 71, 81]. two-way commu-
nication captures both the ideas of communication (direction of communication) and 
reciprocity (externally based efficacy) and thus is an important subconstruct of inter-
activity. hence, two-way communication is necessary for effective communication.

Control is a subconstruct of interactivity that denotes influence over the communica-
tion experience, emphasizing individual choice and lack of obligation in the interac-
tion [43], including the abilities to interrupt and to be spontaneous and unpredictable 
[118]. Perceived control thus directly relates to the internally based efficacy principle. 
recall that internally based efficacy is the user’s perception of control over where he 
or she is and where he or she is going [94]. Some researchers describe interactivity 
in a communication system as a function of control that users can exercise over the 
system environment [116]. In cMc contexts, one example of such control is that us-
ers can choose to submit text anonymously [19, 50]. thus, control is necessary for 
effective communication.

Synchronicity is “the degree to which users’ input into a communication and the 
response they receive from the communication are simultaneous” [60, p. 55]. high 
perceived interactivity is contingent upon the continuity of communication or syn-
chronicity. If synchronicity is low (e.g., there are delays in communication), the 
communication flow will be hindered [116] and users will be more likely to devote 
their attention—which is critical to establishing high perceived interactivity—else-
where. Synchronicity thus supports effective communication by acting as a support 
for two-way communication (supporting the direction of communication principle 
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and externally based efficacy) and control (supporting the internally based efficacy 
principle).

combining the three subconstructs of interactivity, we adopt the definition that inter-
personal interactivity is two-way interpersonal “communication that offers individuals 
active control and allows them to communicate both reciprocally and synchronously” 
[59, p. 208]. Notably, effective establishment of interpersonal interactivity supports 
the implementation of the direction of communication principle and communication 
efficacy, both of which are requisite for effective communication. CMC interactivity 
is interpersonal interactivity in the context of cMc. In summary, liu [59] leads us to 
infer three postulates upon which we will build propositions—two-way communica-
tion, control, and synchronicity all lead to increased cMc interactivity.

Impact of cMc Interactivity on communication Quality

In this section, we extend our model to assert that cMc interactivity will increase cQ. 
we further explain our prediction of the effects of cMc interactivity on cQ through 
the interactional view of communication (e.g., [110]). a key axiom we borrow from 
this theoretical perspective is that one alone cannot communicate. In other words, all 
communication symbols (e.g., spoken, written, silence, analogical codes, relationship 
and environmental factors, etc.) are interpreted by others with whom one interacts, 
whether the interaction is intentional or unintentional. Originally, this axiom was as-
sumed to be valid only if communicating parties were in the physical presence of one 
another. however, we propose that cMc allows an extension of virtual presence. In 
our context, cMc interactivity is a communication symbol that is interpreted by both 
the sender and receiver during a cMc communication exchange. this is consistent 
with prior research that explains how the properties of the medium used to transfer a 
message are interpreted by communication partners [94].

a closer comparison of the efficacy and direction of communication principles 
with the subconstructs of cQ explains how cMc interactivity will act as a commu-
nication symbol during an interaction and enhance cQ. we define cQ in the terms 
of communication openness, discussion efficiency, and discussion effectiveness. 
cMc-supported interactions that exhibit high internal efficacy will likely increase 
communication openness between group members: members are more likely to be 
open in communication when they feel they have control in the communication. high 
external efficacy will improve the message sender’s perception of the recipient’s abil-
ity to process and act on the message, thereby creating more effective and efficient 
discussions. likewise, direction of communication will likely enhance cQ in terms 
of communication openness, discussion efficiency, and discussion effectiveness as 
users are more likely to productively participate in discussions if they believe the 
cMc technology is capable of facilitating communication between the senders and 
receivers and vice versa.

thus, cMc interactivity produces a form of interpersonal communication, and 
communication signals sent via cMc technologies will be interpreted by the parties 
involved. however, in a cMc context, interactivity acts as a communication symbol 
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only if parties are in the virtual presence of each other (i.e., the cMc technology is 
running and participants are able to access it to communicate).

a wealth of literature supports the notion that cMc interactivity can enhance inter-
personal communication. for example, cMc interactivity can send multiple verbal 
and nonverbal communication cues [15, 16, 118]. Multiple cues not only increase the 
quality of communication but also create a heightened sense of interpersonal connect-
edness [43, 81], which in turn improves interaction and openness within a group. a 
high-quality group discussion involves multiple perspectives that provide more open-
ness [15, 16]. hence, increased cMc interactivity should directly increase cQ (P1).

Impact of communication Quality on Process Satisfaction

In this section, we extend our model to propose that higher cQ increases PS using the 
foundation of expectations disconfirmation theory. Spreng et al. [96] define satisfac-
tion as an affective state resulting from an emotional reaction to a product or service. 
PS is a subset of overall satisfaction and can be defined as the degree to which group 
members are happy with the way (e.g., procedures, deliberations) they arrived at an 
outcome [84, 103]. although PS can be conceptualized on many levels—such as on 
an information level or a system level [69]—here we focus solely on PS related to 
interaction and communication between group members.

currently, the yield shift theory [12] provides the most comprehensive theoretical 
model to explain the major satisfaction effects, which were previously explainable 
only through a combination of several independent models. the theory explains that 
satisfaction is a result of a shift in the utility people ascribe to their goals (the goal 
produces higher utility than expected), a shift in the likelihood people ascribe to their 
goals (goal attainment was less than likely but the goal was attained), or a change in 
the goals that comprise the goal set [12]. In our study, we are specifically interested 
in how cQ affects PS through the disconfirmation effect.

the disconfirmation effect is similarly explained by EDt, a popular satisfaction 
theory from marketing. although EDt is not as inclusive as the yield shift theory, it 
has been empirically tested and provides additional insights into the disconfirmation 
effect. therefore, we build on EDt (e.g., [96]) as modified in an IS context by Bhat-
tacherjee [9], liao et al. [57], and Mckinney et al. [69].1 traditional EDt distinguishes 
between disconfirmation caused by expectations and disconfirmation caused by desires. 
Both liao et al. [57] and Mckinney et al. [69] simplify traditional EDt by referring 
to expectations alone.2 the basic idea of this model is that people have an expecta-
tion about an experience, engage in the experience, assess the experience based on 
their initial expectations, and feel satisfaction to the extent that their expectations are 
positively or negatively disconfirmed. this satisfaction then drives other behaviors, 
such as consumer repurchase, system adoption, and repeat web site visits.

Since PS is a subset of satisfaction, EDt should also apply to the development of 
PS. In fact, EDt-based models relating to system adoption and continuance developed 
by Bhattacherjee [9], liao et al. [57], and Mckinney et al. [69] conceptualize satisfac-
tion as process evaluation, not outcome evaluation, and thus predict PS, not outcome 
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satisfaction. we do the same here. this is an important distinction because people 
can be satisfied with an outcome while being entirely dissatisfied with the process or 
the system that led to that outcome. thus, PS more strongly determines process and 
system adoption [85].

Perceived performance is a person’s perception of how an experience fulfilled his 
or her expectations [69]. a confirmation occurs when a person’s evaluation of an ex-
perience is the same as his or her preexperience expectations. Disconfirmation results 
when the outcome of an experience differs from a person’s preexperience evaluation, 
and it can be either positive or negative. Positive disconfirmation is overperformance, 
leading to increased PS, while negative disconfirmation is underperformance, leading 
to decreased PS. table 1 summarizes the potential PS outcomes from EDt.

we now extend EDt to explain how expectations of cQ in cMc interactivity affect 
PS. Based on our literature review, we define CQ in terms of three dimensions—
communication openness, discussion efficiency, and task-discussion effectiveness. 
Communication openness is the receptiveness of a group member to the communication 
of others [64, 77, 87]. One who is open to experience evaluates threats more accurately 
and tolerates change more maturely than someone who is more closed to experience. 
In an open environment, people are more able to explore their own ideas, the group’s 
perceptions of their ideas, and the ideas of others in the group [64]. Discussion ef-
ficiency [25] reflects how results-oriented group members are, how effectively they 
spend time on interactions, how meaningful their interactions are, and how thoroughly 
they discuss issues. Task discussion effectiveness reflects the degree to which group 
members participate in the discussion, develop discussion content, exchange informa-
tion, and examine issues and ideas effectively and critically [42, 63].

table 1. Potential Outcomes in Our application of EDt

 Expectations < Expectations = Expectations >
 perceived  perceived perceived
 performance performance performance

Perceived  Negative Negative Positive
performance  disconfirmation confirmation disconfirmation
was not  (decreased PS) (decreased PS, (increased PS)
desired  but not as 
  much as 
  negative 
  disconfirmation)

Perceived  Positive Positive Negative
performance  disconfirmation confirmation disconfirmation
was desired (increased PS) (increased PS,  (decreased PS)
  but not as 
  much as 
  positive 
  disconfirmation)
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we rely on the assumption that group members expect cQ in terms of communica-
tion openness, discussion efficiency, and task-discussion effectiveness. therefore, the 
level of PS will be a function of the degree to which users’ expectations of cQ are 
positively disconfirmed in a cMc context. Interactivity is grounded in interpersonal 
communication [15, 49], so people will naturally judge cMc interactivity against 
interpersonal communication. this assumption also concurs with the notion that “hu-
man communication processes and outcomes vary systematically with the degree of 
interactivity that is afforded and/or experienced” [15, p. 34]. furthermore, a host of 
cMc interactivity literature asserts the importance of cMc interactivity resembling 
interpersonal communication [16, 43, 81, 118].

however, the media used will temper expectations. for example, many people would 
have lower expectations for a cMc interaction that involves asynchronous e-mail be-
cause they know that this is a socially lean form of communication. conversely, they 
would likely have higher expectations for a cMc interaction involving synchronous 
chat with a parallel video feed. therefore, higher cQ (from more cMc interactivity) 
than expected will result in higher satisfaction, whereas lower cQ than expected will 
result in lower satisfaction. hence, we propose that increased cQ will increase PS 
with the interaction process (P2).

Impact of Status Effects on cMc Interactivity Satisfaction

General Impact of Status Effects

Group effects due to differences in social status are called status effects [35]. Status 
characteristics theory posits that status differences are communicated through a va-
riety of verbal and nonverbal cues that are not entirely voluntary [27]. furthermore, 
it asserts that an individual’s referents—people whose status is significantly different 
than the individual’s—modify an individual’s group interactions, and that status is 
transferred from one task to another. considerable research on status effects attests 
to the power and subtlety of social cues in shaping the tone and content of a group’s 
face-to-face communication patterns [35, 103, 104, 105, 113, 119]. knotternus and 
Greenstein [51] extended the theory of expectation formation to status effects, find-
ing that group members perceived the performance and interaction of others based 
on status stereotypes given from task information; this reinforcement exacerbated 
inequalities. accordingly, status characteristics theory predicts that status effects 
negatively impact group interactions.

One common status effect is evaluation apprehension. Evaluation apprehension oc-
curs when group members withhold ideas because they fear criticism from other group 
members (particularly their “referents”) [30, 34]. those who feel they cannot or do not 
want to communicate with group members do not feel the process is as open, fair, and 
satisfying as those who feel they can fully participate. another common status effect is 
conformance pressure, which occurs when team members do not want to criticize or 
dissent from a group because of a desire to be polite or because of fear of retaliation 
or rejection [44]. Such pressure tends to increase in larger groups, especially when 
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there are status differences [28]. In congruence with status characteristics theory, group 
members are most susceptible to conformance pressure with their “referents.” a third 
common status effect is first advocacy effect, in which the group member with the 
highest status tends to speak first and has more influence than later advocates.

Status effects prevent members from fully contributing to a group, which negatively 
mediates the relationship between PS and cQ in terms of communication openness, 
discussion efficiency, and task-discussion effectiveness. for example, status effects 
promote less equal participation among group members, leading to lower generation 
of high-quality ideas and lower communication openness [106]. Status effects also 
lead to less objective and honest evaluation of ideas, which decreases decision qual-
ity and group performance [23], both of which relate to task-discussion effectiveness 
and discussion efficiency. holingshead [48] found that groups experiencing status 
effects made poorer decisions and communicated less about critical information than 
groups with no status effects. Poor information exchange, interactions, and outcomes 
are likely to decrease PS to the degree to which a group member experiences negative 
status effects from a referent. thus, we propose that status effects will be a negative 
moderator between cQ and PS (P3).

General Impact of Socially lean Media on Status Effects

Given P3, we now explain and predict how the degree of social presence affects status 
effects. Social presence is the degree to which a medium facilitates awareness of other 
people and interpersonal relationships [38]. Status characteristics theory explains 
that status differences are communicated through a variety of verbal and nonverbal 
cues. thus, status differences are harder to communicate in media with fewer cues. 
Group members actively seek information that confirms status stereotypes [51]. If 
this information is removed through socially lean media, then it will be difficult to 
validate such stereotypes.

Our concept of socially lean media is a direct extension of social presence theory. 
Short et al. [90] first proposed the concept of social presence as the number and 
quality of communication channels available for transmitting verbal and nonverbal 
communication cues [64]. Biocca et al. later added that social presence provides a 
“sense of being with another” [10, p. 456]. In a cMc context, lowry et al. provided 
a more precise definition that we adopt in our study: 

the degree to which a communication medium allows group members to per-
ceive (sense) the actual presence of the communication participants and the 
consequent appreciation of an interpersonal relationship, despite the fact that 
they are located in different places, may operate at different times and that all 
communication is through digital channels. [64, p. 633]

hence, the degree to which cMc is socially lean in providing verbal and nonver-
bal social cues should determine the degree to which status effects can be mitigated. 
complete anonymity is the most extreme form of social leanness, and the majority of 
evidence suggests that anonymity can be highly beneficial to large groups. anonym-
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ity can increase group members’ motivation to participate [31] because it diminishes 
status effects [30]. for example, anonymity may alleviate conformance pressure by 
shielding a contributor from a group’s reactions, thus providing lower status group 
members with more equality [28]. Dubrovsky et al.’s [35] work on cMc and status 
effects supports these claims. they found that cMc reduced social information, 
which reduced status effects. they also found that first advocacy effects were made 
more equal between high- and low-status participants. tan et al.’s [104] studies in the 
united States and Singapore later showed that cMc’s status-reduction effects apply 
to both individualistic and collectivistic cultures.

however, other research indicates that there are some exceptions. weisband [112] 
found that anonymity social cues were increased (not reduced) if groups were aware 
of status differences going into an anonymous interaction. likewise, holingshead [48] 
found that mixed-status groups shared less information and made inferior decisions 
compared to non-mixed-status groups, regardless of whether they communicated face 
to face or through cMc. hence, status effect reduction is likely effective with cMc 
only to the degree that group members are unaware of status differences prior to an 
interaction. Socially lean cMc media may reduce status effects, but it may negatively 
affect cQ. Given these caveats, we propose that the degree of social leanness in a 
communication media determines the degree to which status effects can be reduced; 
conversely, more social presence should cause more status effects (P4).

Operationalizing cMcIM to ultra-lean Interactive Media

aGain, to test cmcim, we decided to use some of the most socially lean cMc media 
available, which we call ultra-lean interactive media (ulIM). Our basis for doing so 
is that if cMcIM holds for ultra-lean media, it is likely to hold for more interactive 
cMc as moderated by additional status effects. 

ulIM is in the broad family of cMc technology that has a wide range of social 
presence. On the high end of social presence are group support systems (GSS) and 
groupware. GSS are interactive media with high social presence that support highly 
collaborative group processes, including decision making [76]. Similarly, groupware 
provides highly interactive media with high social presence; however, it does not pro-
vide advanced decision-making tools for the group. although all of these technologies 
fit into the cMc family, traditional cMc involves media with less social presence, 
such as e-mail, instant messaging, hypertext/hypermedia, bulletin board systems, 
computerized conferencing, and chat.

we define ulIM as interactive group media that can facilitate group interactions 
but that have the lowest level of social presence—even lower than traditional cMc. 
Specifically, ulIM does not support full-text input, voice input, or distributed work. 
table 2 summarizes social presence differences for these collaborative media. Several 
high-quality studies have focused on the richness and social presence of GSS, group-
ware, and cMc (e.g., [17, 29, 86, 91]). Despite the depth of this research, we are not 
aware of any theoretical applications to ulIM technologies. It is also important to 
note that as more handheld devices are created (e.g., iPod™, iPhone™, cell phones, 
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BlackBerry™, etc.), the likelihood increases that the same device can play the role 
of ulIM or of much more advanced social presence technologies.

for the ulIM in our context, we have chosen to use audience response system (arS) 
technology, also known as personal response systems and group response systems. the 
system consists of small, handheld devices that allow simple, parallel text or numeric 
input from everyone involved in a meeting or group activity. arS technologies are 
typically designed for large groups, which further creates socially lean conditions. Our 
operationalizations assume that the use of large arS groups—which are susceptible to 
interaction challenges—should result in perceptions of more interactivity than would 
happen in large non-arS groups.

Group process losses and status effects tend to increase with group size, especially 
in large face-to-face groups [39, 107]. for example, large groups inhibit individual 
participation and create more communication difficulties than smaller groups [97]. 
these problems may lead to other serious difficulties in that, relative to smaller groups, 
larger groups tend to be less stable, create more stress, and experience more evalua-
tion apprehension, social loafing, and production blocking. as such, large groups are 
relatively inefficient and unproductive at many common tasks (e.g., [39, 97]). human 
limitations in communication bandwidth and attention cause these problems because 
simultaneous cognitive activities can interfere with one another [3]. although optimal 
group size is around five to six members for most interactions [45], we employ far 
larger groups for our operationalizations.

although arS provides low social presence, parallelism is a feature of arS that 
should increase interactivity for large groups. Parallelism is the ability of group 
members to contribute information simultaneously [31]. Parallelism may cause 
information overload or reduced attention to important information [32]; however, 
it generally allows more opportunities for group members to participate at the same 
time [31]. hence, parallelism in large arS groups should provide more synchronic-
ity than in face-to-face groups. also, because parallelism allows more opportunities 
for contributions, group members tend to perceive more control in group interactions 
[31]. Supporting research shows that socially lean media decision groups using cMc 
perceive significantly more control than face-to-face decision groups [108]. for ex-
ample, walther [108, 109] proposed that lean media allow people to better control 
information and interaction with others, which is actually more engaging and satisfying 
than in face-to-face interactions. walther notes that nonverbal signals can create less 
control, more complexity, and higher expectations in face-to-face interactions and 
that these are not present in lean media interactions. research has found that socially 
lean media groups can process information [86] and support knowledge sharing [55] 
better than rich-media groups for similar reasons.

Parallelism should also result in reduced cognitive interference because participants 
do not have to wait to contribute their ideas. Cognitive interference occurs when the 
idea generation of a group interferes with the idea generation of individuals [30]. this 
occurs because people have limited ability to concentrate and cannot divide their at-
tention among multiple conflicting concepts. It may also occur because of cognitive 
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inertia. Cognitive inertia happens when groups focus on a limited aspect of an overall 
task, creating a group mental rut [30]. the reduction in production blocking, cognitive 
interference, and cognitive inertia should result in better two-way communication. 
Summarizing all the support in this section, we predict the following:

Hypothesis 1: Large ARS groups will perceive greater interactivity than will large, 
verbally interacting groups.

Given P1–P4 and the operationalizations of cQ, we predict the following:

Hypothesis 2: Large ARS groups that perceive increased interactivity will perceive 
greater increased CQ than will large, verbally interacting groups.

Hypothesis 3: Large ARS groups that perceive increased CQ will perceive greater 
increased PS than will large, verbally interacting groups.

Hypothesis 4: Increased perceived status effects in large ARS groups will de-
crease the strength of the relationship between CQ and PS (acting as a negative 
moderator).

finally, to operationalize P4 in our context, we emphasize that interactions via 
arS are naturally going to be more socially lean than verbal interactions. arS do 
not support rich text input. Often they only support numeric input, and at most they 
support basic text input but no multimedia input (e.g., voice, sound, visual). all arS 
support anonymity by allowing those who provide input not to be identified. hence, 
we hypothesize the following:

Hypothesis 5: Large ARS groups will perceive fewer status effects than will large, 
verbally interacting groups.

Method

Design

this study emPloyed a quasi-exPerimental nonequivalent groups design with multiple 
outcome measures, which is appropriate when random assignment is not possible. 
two large sections met for two instructional quarters of the same course: large-group 
interaction without arS (control group) and large-group interaction with arS (treat-
ment group).

Participants

a total of 346 undergraduate business majors at a large public, southern california uni-
versity participated, providing more than adequate a priori power.3 all participants were 
enrolled in one of two sections of the same introductory-level IS course. Participants’ 
gender was 60.7 percent male and 39.3 percent female. average age was 22 (standard 
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deviation [SD] = 2.8). average grade point average (GPa) was 3.01 (SD = 0.44). 
Ethic distribution was asian (49.7 percent), caucasian (16.5 percent), hispanic (15.0 
percent), african (1.7 percent), and other/no response (17.1 percent).

cMc arS tool

we used the cMc arS tool classroom Performance System (cPS) by eInstruction Inc. 
for this research. cPS provided all group members with a small, handheld, eight-button 
response pad that transmitted an infrared signal to a receiver connected to the facilita-
tor’s computer. the system’s software recorded participant responses and graphically 
displayed results in real time.

the instructor used cPS to create text questions with answer choices that participants 
could select with their response pads. Question types included true/false, yes/no, and 
multiple choice ranging from two to five possible answer combinations. text questions 
and answers could be augmented with graphics. the questions were displayed via 
computer projection. when used in conjunction with other software, such as Microsoft 
PowerPoint, a cPS toolbar allowed the facilitator to toggle between the presentation 
and cPS questions and answers. cPS provided an anonymous response mode.

as soon as the question is displayed, the system accepts responses. responses trans-
mitted prior to the start of the question were ignored. the facilitator sets the duration 
of questions, and participants can respond whenever the question timer is running or is 
paused. all responses were recorded well within the allotted 45 seconds, thereby provid-
ing a high degree of parallelism and synchronicity in the participants’ responses.

treatment and control Procedures

treatment groups used our selected arS (less social presence, more interaction 
opportunity) whereas control groups used verbal interaction (more social presence, 
less interaction opportunity). this study was designed to alleviate the differences in 
presentation style that could influence participants’ perceptions of the arS. Both the 
treatment and the control sessions were from the same course and had the same facilita-
tor, discussions, assessments, and projects. Both treatments met at a similar time of day 
and week for a total of 30 sessions that lasted approximately one hour and five minutes 
for 10 weeks. Daily session attendance ranged from 125 to 155 participants.

the research was conducted in a 180-seat music recital hall with tiered, theater-
type seating facing a 45-foot-wide stage with a large projection screen. the facilitator 
stood at ground level in front of the stage and presented written content and interactive 
questions via a laptop and lcD projector. the facilitator’s laptop was located on the 
podium, and the lcD projector was on a movable cart.

treatment

Participants in the treatment group were required to purchase response pads and 
register them on the Internet for approximately $20. the response pads were used for 
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recording attendance, taking nine five-point quizzes, and answering questions asked 
during lectures and discussions.

Participants were given 30 to 45 seconds to answer questions using their response 
pads. at the end of the response period, a histogram displayed the number of partici-
pants who had selected each answer choice.

the arS software also facilitated discussions. During discussions, the facilitator 
would ask a question soliciting experience or opinions. to choose a participant to 
share his or her ideas, the software randomly selected a student from the class list and 
projected his or her name on the screen.

technology failures typically consisted of participants forgetting to bring their 
response pads to sessions, batteries running low, and slow computer reception. the 
software froze twice during the 10-week course, causing a loss of information and 
the need to readminister a quiz.

control

the intention of the control group design and procedures was to make the non-arS 
sessions in every way similar to the treatment group, with the important exception that 
the participants would not use arS devices for interaction. this ensured that differ-
ences in outcomes could be best attributed to use or non-use of arS.

Participants in the control group were asked the same questions at the same points 
in the lectures and discussions as those in the treatment group. the questions were 
projected using the same arS software as the treatment group; however, instead of 
responding with handheld arS devices, control group participants responded by raising 
their hands when the facilitator read the answer choice. Because responses were not 
transmitted to the laptop, there was no histogram of answers; however, participants 
could physically see how many of their peers were raising their hands for a particular 
answer, and the facilitator verbally explained correct answers. thus, the participants 
and their responses were not fully anonymous and had more social presence.

to mimic the random selection of participants, the facilitator generated a random 
list of participants before each session, and then simply called on participants from 
the list. attendance at the control sessions was virtually the same as at the treatment 
sessions.

Measures

we measured the second-order construct of interactivity with a reliable, web-based 
instrument, using liu’s measures of interactivity [59]. PS was measured using a 
validated scale derived from tan et al. [102]. Status effects were measured using an 
instrument created and validated by Davison [25] that identified four components of 
status effects: (1) attempts to intimidate others; (2) using influence, status, or power 
to force issues on others; (3) inhibiting other group members from participation; and 
(4) pressuring others to conform to a particular view. these four components closely 
mirror the outcomes of several common status effects such as evaluation apprehension, 
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conformance pressure, first advocacy effect, and so on. finally, we operationalized 
cQ as a second-order construct with three reliable and validated subconstructs and 
related measures: communication openness, discussion efficiency, and task-discussion 
effectiveness. the appendix provides details on the measurement scales.

analysis

testing Nonequivalent Groups

quasi-exPeriments can aPProach the validity of controlled, randomized experiments 
as long as they have high participation rates and no major environmental differences 
exist that will likely skew the results. we analyzed and compared the demographic 
nature of the two condition groups to determine if there were significant differences 
in the nonequivalent groups that would bias outcome measure results. Our analysis 
found no statistical difference in any major demographic variables, including mean 
GPa, mean course grade, age, and ethnic distribution.

Establishing factorial Validity

a key step before assessing factorial validity, which has recently come to light in 
IS research, is to determine which constructs are formative and which are reflective 
[33, 65], as each type has to be analyzed differently.4 we used Diamantopoulos and 
winklhofer [33] as the basis to determine which constructs are formative and which 
are reflective. all of our constructs were reflective, with the exception of discussion 
efficiency and PS. Interactivity is a second-order construct made up of the first-order 
reflective constructs synchronicity, two-way communication, and control. cQ is a 
second-order construct made up of the first-order formative construct discussion ef-
ficiency and the first-order reflective constructs communication openness and task 
discussion effectiveness.

factorial Validity of reflective constructs

we then performed confirmatory factor analysis (cfa) on the reflective constructs to 
establish factorial validity, following the procedures as outlined in Gefen and Straub 
[40] and Straub et al. [99]. we first established convergent validity. according to Gefen 
and Straub, “convergent validity is shown when each of the measurement items loads 
with a significant t-value on its latent construct” [40, p. 93]. to do so, we generated 
a bootstrap with 200 resamples. we then examined the t-values of the outer model 
loadings; all of the outer loadings were significant at the 0.05 α level. these results 
indicate strong convergent validity in our model for the constructs.

to establish discriminant validity of our indicators, we used two common techniques: 
(1) correlating the latent variable scores and (2) calculating the average variance ex-
tracted (aVE). the first approach requires one to generate correlations of the latent 
variable scores with all the measurement items. these correlations represent a cfa 
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where the correlations are the actual loadings. Exact guidelines on this have not yet 
been established, but the fundamental idea is that “all the loadings of the measurement 
items on their assigned constructs should be an order of magnitude larger than any 
other loading” [40, p. 93]. using latent variable scores, strong discriminant validity 
was established for all items except for the fifth item of synchronicity, which we 
therefore dropped. 

the second approach that we used to establish discriminant validity was the aVE 
test. “conceptually, the aVE test is equivalent to saying that the correlation of the 
construct with its measurement items should be larger than its correlation with the 
other constructs” [40, p. 94], which is similar to correlation tests with multitrait-
multimethod (MtMM) matrices. the aVE is calculated through PlS-Graph by 
computing the variances shared by the items of a particular construct (see table 3). 
to establish discriminant validity, the diagonal elements must be greater than the off-
diagonal elements for the same row and column. the aVE analysis showed very strong 
discriminant validity for all subconstructs and thus further confirmed our choices of 
items to retain and drop.

finally, we established the reliability of the measures. Reliability refers to the degree 
to which a scale yields consistent and stable measures over time [98]. Partial least 
squares (PlS) computes a composite reliability score (similar to cronbach’s α in that 
both are measures of internal consistency) as part of its integrated model analysis (see 
table 4). Specifically, composite reliability is an index that reflects the impact of error 
on the measure [83]. Each construct in our research model demonstrated high levels 
of reliability that exceeded the standard thresholds.

factorial Validity of formative constructs

Validating formative indicators is more challenging than validating reflective indicators 
because the established procedures to determine the validity of reflective measures 
do not apply to formative measures [79, 99], and because the procedures validating 
formative measures are less known and established [33]. formative measures are 
particularly challenging because they can move in different directions, and they can 
theoretically covary with other constructs; thus, construct validity and reliability do 
not apply as easily or as readily, and procedures other than the traditional procedures 
for convergent and discriminant validity must be used [67, 79].

researchers have traditionally used theoretical reasoning to support the validity of 
formative constructs [33], although there are approaches beyond theoretical reason-
ing alone [67, 79]. although no single technique is widely accepted for validating 
formative measures, the modified MtMM approach, as presented in loch et al. [61] 
and Marakas et al. [67], is a promising solution that we followed.

for reflective measures, loadings are used because they “represent the influence of 
individual scale items on reflective constructs; PlS weights represent a comparable 
influence for formative constructs [11]” [61, p. 49]. for formative items, we created 
new values that were the product of the original item values by their respective PlS 
weights (representing each item’s weighted score). we then created a composite score 
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for each construct by summing all the weighted scores for a construct. finally, we 
produced correlations of these values, providing intermeasure and item-to-construct 
correlations.

to test convergent validity, we checked whether all the items within a construct 
highly correlate with each other, and whether the items within a construct correlate 
with their construct value.5 this was true in all cases, inferring convergent validity. we 
would ideally want interitem correlations to be higher within a given construct, but this 
cannot be strictly enforced as there are exceptions depending on the theoretical nature 
of the formative measure [33, 61]. also, large matrices will introduce exceptions that 
are not necessarily meaningful, and thus careful theoretical judgment needs to be used 
before removing any items [33, 61, 67, 79]. thus, we believe the most meaningful 
discriminant validity check with formative measures is to look at the degree to which 
items within a construct correlate to a given construct.

finally, we used another approach to assess formative validity as suggested by Petter 
et al. [79], which involves testing the multicollinearity among the indicators. this 
is particularly important with formative indicators because multicollinearity poses 
a much greater problem than it does with reflective indicators. hence, low levels of 
multicollinearity are usually indicated with levels of the variance inflation factor (VIf) 
below 10, but in the case of formative indicators, the VIf levels need to be below 3.3 
for a more stringent test [79]. In our case, the VIf between the two constructs was 
1.0, which is far below 3.3.

In sum, using MtMM analysis and assessing VIf levels, we conclude that reason-
able discriminant validity exists with our formative constructs. finally, because of the 
nature of formative measures, reliability checks cannot be reasonably made [33].

testing for common Method Bias

Because the self-reported data was collected using a paper-based survey with similar-
in-appearance scales, we tested for common method bias to establish that it was not 
a likely factor in our data collection. to do so, we used two approaches. the first 
approach—which is increasingly in dispute—was to conduct harman’s single-factor 

table 4. composite reliability

construct  composite
(latent variable) reliability

Control 0.800
Two-way communication 0.870
Synchronicity 0.883
Communication Openness 0.943
Discussion efficiency 0.828
Status effects 0.942
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test [80]. this test required that we run an exploratory, unrotated factor analysis on 
all of the first-order constructs. the aim of the test is to see if a single factor emerges 
that explains the majority of the variance in the model. If so, then common method 
bias likely exists on a significant level. the result of our factor analysis produced 27 
distinct factors, the largest of which only accounted for 29.89 percent of the variance 
of the model.

the second approach, which is more accepted, was simply to examine a correla-
tion matrix of the constructs (see measurement model statistics) and to determine if 
any of the correlations were above 0.90; if so, this qualifies as strong evidence that 
common method bias exists [78]. In no case did our correlations reach this threshold. 
Not surprisingly, the highest correlations were with related first-order constructs that 
belonged to the same second-order construct. a more advanced approach has been 
proposed in Podsakoff et al. [80], but unfortunately, it was designed for models with 
reflective indicators only, not for mixed models such as ours. Given that our data 
passed both tests of common method bias, we conclude that there is little reason to 
believe the data exhibit negative effects from common method bias.

Manipulation checks

Given the strong validation results, we next performed the manipulation check. we 
predicted that the control condition would have lower perceived interactivity than the 
treatment condition (h1); therefore, it was crucial to ensure a significant interactiv-
ity difference existed between these conditions. the average perceived interactivity 
for the control condition was 5.1 (SD = 0.95) and 5.31 (SD = 0.79) for the treatment 
condition. analysis of variance (aNOVa) showed that this difference was statistically 
significant (F

(1, 344)
 = 4.67, p = 0.03). we thus conclude that the expected manipulation 

of interactivity differences was successful and that h1 is supported.
h5 also provides a useful manipulation check because it predicts that large groups 

using arS will perceive fewer status effects than verbally interacting groups of the 
same size because arS removes social cues and social presence. the difference be-
tween perceived status effects in the control condition (m = 2.70, SD = 1.46) and the 
treatment condition (m = 2.12, SD = 1.27) was in the predicted direction and statisti-
cally significant (F

(1,344)
 = 13.41, p = 0.000). thus, h5 was supported.

testing the Baseline and Interaction Model

Given the manipulation checks, we then tested the path model. we performed our 
PlS analysis, using PlS-Graph version 3.0. PlS is especially suited for early theory 
development—such as the research gathered here—as opposed to situations in which 
theory is highly developed and further testing and extension is the objective. In such 
cases, maximum likelihood or generalized least squares are often preferred [20, 21, 
40]. PlS is particularly helpful in cases that use interaction terms and a mix of forma-
tive and reflective indicators [21], as ours does.
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Because we theorized a model that includes interaction terms (status effects), also 
known as moderators, we followed the latest techniques for testing these terms by 
creating both a baseline model and an interaction model, using the product-indicator 
approach detailed in chin et al. [21]. a hierarchical process similar to that used in 
first-generation statistical techniques assesses whether or not moderators exist in 
a model. first, two models—one with the moderator relationship and one without 
[21]—are constructed and compared. In creating the baseline model, the main effects 
of the interaction term need to be included; thus, status effects are included. we also 
added age, years of education, years of work experience, and computer experience 
as potential covariates.

the interaction term approach that we used to test our model is the well-accepted 
product-indicator approach proposed by chin et al. [21] because it is the most effective 
approach in identifying interaction terms in complex path models. this approach adds 
three critical improvements to measuring interaction effects. first, this approach mod-
els paths between each exogenous and endogenous construct—a critical step because 
“when the main effect variables are missing in the analysis, interaction path coefficients 
are not true interaction effects” [21, p. 196]. Second, it standardizes or centers the 
individual items for the moderation scores.6 third, no information is eliminated from 
the model. all of the interaction indicators stand alone without being summarized and 
are free to vary on their own to take advantage of PlS analysis.

adding the product-indicator interaction terms dramatically increases the number 
of indicators in the overall model to 159 indicators. Notably, the interaction of status 
effects and cQ was significant at an α protection level of 0.05 (t = 2.85). as expected 
[21], adding in the interaction term decreased the strength of the path between cQ 
and PS from the baseline model (0.798 to 0.699); the R2 for PS also increased from 
0.651 to 0.668. finally, in the interaction model, the negative path between status 
effect and PS is now significant (t = 2.80). Our significant interaction had an effect 
size of ƒ 2 = 0.05 for a small interaction effect;7 however, even small effects using the 
product-indicator approach indicate important model relationships [21].

figure 2 summarizes the results of the interaction model. Variance explained is indi-
cated for each construct as R2. the path coefficients, or βs, are indicated on the paths 
between two constructs, along with their direction and significance. the significance of 
the path estimates was calculated using a bootstrap technique with 200 resamples.

Mediation check

as a final theoretical test, the nature of our model requires us to check our theorized 
mediating effects of cQ. we follow the simple test of mediation proposed by Baron 
and kenny [5].8 full mediation occurs when the independent variable no longer has 
a significant effect when the mediator is included; partial mediation occurs when the 
independent variable still has a significant effect but its effect is diminished.

Based on these rules, we tested for mediation. first, the unmediated path between 
interactivity PS (still including covariates and the interaction terms) had a significant 
β of 0.460 and produces an R2 of 0.537 for PS. when the mediation relationship with 
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cQ was added, the new paths were significant (interactivity to cQ has a β of 0.693 
and cQ to PS has a β of 0.648). Moreover, the direct path between interactivity and 
PS became insignificant with a β of 0.068. Meanwhile, the new R2 for PS increased 
to 0.672. these results validate our model by providing strong evidence that cQ acts 
as a full mediator and that predicting a direct relationship between interactivity and 
PS is suboptimal and theoretically unsupported.

finally, table 5 summarizes the measurement model statistics and table 6 summa-
rizes the propositions, the path coefficients, and the t-values for each path.

Discussion

Summary of results

the PurPose of our study was to ProPose and test cMcIM, which explains and pre-
dicts how interactivity increases cQ and subsequently leads to increased PS in cMc 
groups. cMc systems employ a wide range of communication technologies that are 
generally leaner than face-to-face communication. furthermore, the challenges of 
communication increase with group size. thus, we chose to test cMcIM under the 
extreme case of very large groups using ultra-lean cMc technologies (ulIM), on 
the basis that if our model holds under these conditions, it will likely hold under less 
adverse conditions.

the results of our study support our hypothesis that large arS groups perceive more 
interactivity than large, verbally interacting groups (h1). we found that perceived 
interactivity leads to an increase in perceived cQ (h2). likewise, perceived cQ was 
found to be a significant positive predictor of PS (h3). we also found that status effects 
negatively moderate the relationship between cQ and PS (h4). the full interaction 
model revealed that status effects directly decrease PS. finally, large groups using arS 
perceived fewer status effects than large, verbally interacting groups (h5). figure 3 
depicts the refined path model that summarizes the results of the tested hypotheses, 
and outlines our final proposed version of cMcIM.

contributions to theory and Practice

PS is a particularly important phenomenon of interest because our literature review 
indicates that PS is a key determinant of system adoption and system continuance. 
Our quasi-experiment to test cMcIM intentionally centered on ultra-lean interactive 
media (ulIM). Our operationalization of ulIM involved an arS that consisted of 
handheld devices with extremely limited media capabilities that were designed for 
large-group settings, which is also useful because little theoretical work has been 
conducted with large groups using ulIM. Every portion of cMcIM was empirically 
supported in our studied context. Our experimental controls increased the likelihood 
that parallelism accounted for the predicted interactivity differences. Since parallelism 
can be used in many different ways by different cMc tools (e.g., chat, brainstorming, 
instant messaging) and devices of various levels of social presence (e.g., cell phones, 
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arS, laptops), our findings will likely have a wide application in practice. we also 
provide several other contributions to theory and practice.

first, we further clarify and validate the nature of interactivity in a cMc context, 
which reduces the ambiguity in the extant literature. Because cMc interactivity is a 
specialized form of interpersonal interactivity, we theoretically base cMc interactivity 
on two principles borrowed from interpersonal interactivity theory—communication 
efficacy and direction of communication. In doing so, we validate perceived interac-
tivity as a second-order construct made up of three reflective subcontracts—two-way 
communication, synchronicity, and control. we found that arS did indeed create 
higher levels of perceived interactivity in large groups compared to large groups 
interacting verbally only (h1).

table 6. Summary of Path coefficients and Significance levels

 Expected Path t-value
hypotheses and corresponding paths sign coefficient (df = 345)

H3: Interactivity → CQ + 0.697 13.63***
H4: CQ → PS + 0.699 15.29***
H5: Status effects negatively moderates  – (–0.180) 2.85**
 the relationship between CQ and PS 
Two-way communication is a first-order  + 0.495 44.18***
 factor of interactivity 
Synchronicity is a first-order factor of + 0.367 34.90***
 interactivity
Control is a first-order factor of + 0.321 28.38***
 interactivity
Discussion efficiency is a first-order + 0.289 26.50***
 factor of CQ
Communication openness is a first-order + 0.465 29.65***
 factor of CQ
Task discussion effectiveness is a + 0.421 49.30***
 first-order factor of CQ

** p < 0.01; *** p < 0.001.

Figure 3. refined Version of cMcIM
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Next, we explained the connection between interactivity and cQ. the interactional 
view of communication suggests one cannot not communicate and all communication 
signals are interpreted by the parties involved in the communication exchange [110]. 
In accordance with this axiom, the defining principles of interactivity, efficacy, and 
direction of communication explain that interactivity subconstructs may act as com-
munication signals that are interpreted by parties involved in cMc communication 
exchanges as predicted: increases in perceived interactivity led to increased perceived 
cQ (h2).

we then explained the connection between communication and PS based on an in-
novative extension of EDt (e.g., [69, 96]) and the assumption that people will judge 
cMc interactivity in terms of interpersonal communication and the kind of media used. 
In doing so, we illustrated that increased perceived cQ leads to increased PS (h3). 
Satisfaction has been shown to positively affect software adoption [84, 85], web site 
adoption [57], perceived usefulness and perceived ease of use [115], system continu-
ance after adoption [9], interpersonal trust [68], and trust related to systems [70]. thus, 
increased satisfaction could also increase group cohesiveness, group members’ desire 
to work together again, and the group’s decision-implementation capabilities.

Moreover, we extended status characteristics theory [27] to explain and predict that 
status effects encountered during a group’s communication process can diminish PS. 
we found that status effects not only negatively moderated the relationship between cQ 
and PS (h4) but also decreased PS directly. finally, we combined status characteristics 
theory [27] and social presence theory [73] to explain and predict that the more socially 
lean an interaction, the fewer status effects participants will perceive. consistent with 
this prediction, we found that large groups using arS had fewer perceived negative 
status effects than large, verbally interacting groups (h5).

using lean media to diminish status effects is of great practical importance—
especially in large groups where status effects, such as evaluation apprehension, 
intimidation, dominance, and so forth, can be even stronger than in smaller groups. 
Such decreases in status effects create enhanced group member experiences that 
lead to increased satisfaction and decreased negative behaviors that diminish group 
performance, such as conformance pressure, cognitive inertia, cognitive interference, 
production blocking, advocacy effects, and so on.

another practical contribution is our explanation of anonymity as a key factor de-
termining the level of social presence and subsequent status effects in ulIM groups. 
Verbal interaction alone in very large groups can be very intimidating; in mixing ver-
bal interaction with ulIM interaction, we saw fewer status effects due to diminished 
social presence.

limitations and future research

Despite the contributions of this research, there are several limitations and future 
research opportunities. first, the arS we employed uses a multiple-choice question 
format. although this method works well for assessing basic conceptual understanding, 
it is harder to implement for questions that require a higher order of reasoning and 
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integration. Such questions could cause pacing problems: more integrative questions 
take more time to answer, and if the facilitator waits for everyone to respond, there 
can be considerable delays. future research should devise tasks that maximize the 
benefits of arS. Similarly, we are not certain we had the ideal mix of verbal interac-
tion and arS interaction. Our sessions did not replace all verbal interaction with arS 
interaction—participants could still use both. Our study cannot prescribe the ideal mix 
of arS and verbal interaction.

this study has made a strong theoretical and empirical case that arS can provide 
increased interactivity though parallelism and decreased status effects through anonym-
ity. however, we did not control these features individually—a group either used both 
or neither. It might be useful for future research to see how each individually affects 
interactivity and status effects. for example, researchers could conduct a laboratory 
experiment that varies social presence to study the importance of anonymity with an 
arS.

the large groups that we studied were in large lecture auditoriums, whereas many 
opportunities exist to test cMcIM with other kinds of groups. cMcIM could be tested 
for the potential to extend ulIM to many industry and government applications, such 
as large-scale consulting engagements, company meetings, executive strategy develop-
ment sessions, focus groups, and customer feedback sessions. Increased interactivity, 
along with the associated increase in participation by large-group members, would 
likely improve decision-making results, but no clear empirical evidence exists to sup-
port this assertion. ulIM may also have promise in involving large groups of users 
and developers in large-scale software development in requirements gathering and 
enterprise resource planning (ErP) software implementation. Other research could 
examine the generalizability of cMcIM in other group contexts, such as medium or 
small groups using richer cMc technologies.

In our study, we focused on how PS is a function of the degree to which users’ ex-
pectations of cQ are confirmed or disconfirmed. future research could examine how 
cQ may be applied to the yield shift theory [12]. for example, cQ may influence PS 
by increasing the utility people ascribe to their goals, changing the goals that comprise 
their active goal set, or increasing the likelihood people ascribe to achieving their goals. 
In addition to providing a more comprehensive explanation of satisfaction effects, 
this research could provide valuable insights on other important managerial factors 
such as how cQ can increase confidence in, and dedication to, team decisions, both 
of which could possibly be theoretically explained by the three yield shifts described 
by Briggs et al. [12].

finally, recent research by Brown et al. [13] indicates that in utilitarian decision-
making contexts, EDt may not be the best explanation for predicting satisfaction. 
Brown et al. tested three different models for explaining satisfaction—the disconfir-
mation, experiences-only, and ideal-point models. EDt accounts for both the dis-
confirmation- and experiences-only models. In addition to predicting that a positive 
expectations disconfirmation yields satisfaction, EDt predicts performance has a 
direct and independent influence on satisfaction. however, Brown et al. showed that 
in a utilitarian software adoption context, expectations disconfirmation is not nearly 
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as important in determining satisfaction as is good performance. we did not directly 
measure expectations disconfirmation, so future research should consider whether 
both constructs contribute to increased PS, or whether communication performance 
alone leads to greater PS.

conclusion

this study ProPoses and Provides initial support for cMcIM, which explains and pre-
dicts how interactivity, cQ, and status effects impact PS in groups. we studied cMcIM 
in large groups because they are especially prone to interactivity, cQ, and status effect 
problems. Our results dramatically reveal that groups using ulIM had higher perceived 
interactivity than face-to-face groups. In addition, perceived interactivity improved 
perceived cQ. we found that large groups using ulIM had fewer status effects and 
greater PS than face-to-face groups. Since ulIM is inexpensive and requires little 
training and support, these results may aid the continuance and success of large, global 
work teams involved in projects such as software development, systems implementa-
tion, product development, strategy development, and other important decision-making 
projects in which status effects and communication issues are likely.
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notes

1. Bhattacherjee [9] and some others call the associated theory “expectation confirmation 
theory”; Mckinney et al. [69] call the associated theory the “expectation-disconfirmation 
paradigm.” these are all variants of the expectation disconfirmation model, which we will use 
to refer to our baseline theory.

2. Expectations are cognitive beliefs a person has about the attributes or performance of his 
or her experience at some time in the future—the likelihood that an experience is associated 
with certain attributes, benefits, and outcomes that are likely oriented on the future and are 
relatively malleable [96].

3. a priori power analysis determined that to achieve a medium effect size and power of 
0.80, the minimum sample size for testing this model was 79 and the minimum sample size for 
small effect size was 207. this analysis was conducted using GPower version 2.0 by franz Paul 
and Edgar Erdfelder, Bonn university, Department of Psychology. we used cohen’s guidelines 
on effect sizes: a small effect is 0.1, a medium effect is 0.3, and a large effect is 0.5.

4. Should researchers make a default assumption that all constructs are reflective, they risk 
invalidating the results of the factorial validity tests. a high percentage of the recent research in 
MIS Quarterly and Information Systems Research misspecifies constructs as reflective when they 
are actually formative, leading to problems in empirical results and theoretical interpretations, 
including the potential increase in both type I and type II errors [79]. there are four unique 
aspects of formative indicators, which are not shared by reflective indicators: (1) changes in the 
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indicators cause changes in the construct, (2) indicators do not have to be similar/interchange-
able, (3) indicators do not need to covary, and (4) indicators do not necessarily have the same 
antecedents and consequences.

5. however, a researcher must rely on theory first to deal with any discrepancies.
6. “Standardizing or centering indicators helps avoid computational errors by lowering the 

correlations between the product indicators and their individual components” [11, pp. 198–199]. 
Standardizing is used if it is thought that the indicators measure their constructs equally well. 
Because we had no theoretical reason to believe that there were unequal differences in the 
specific indicators, standardizing was our methodological choice.

7. to be conservative, we only consider the change in R 2, shown in the ƒ 2 statistic, to be 
equivalent to effect size. this is because regression changes in β are a less accurate indica-
tor of effect size especially if multicollinearity exists [18]. Since PlS and regression share 
similarities in how β is calculated, we also do not consider changes in β to be equivalent to 
effect size. we calculate ƒ 2 as [R 2 (interaction model) – R 2 (main effects model)] / [1 – R 2 (main 
effects model)].

8. “a variable functions as a mediator when it meets the following conditions: variations in 
levels of the independent variable significantly account for variations in the presumed mediator 
(i.e., Path a), variations in the mediator significantly account for variations in the dependent 
variable (i.e., Path b), and when paths a and b are controlled, a previously significant relation 
between the independent and dependent variables is no longer significant, with the strongest 
demonstration of mediation occurring when Path c is zero” [5, p. 1176].
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in
t L

ik
er

t-
ty

pe
 s

ca
le

.

a
pp

en
di

x.
 c

on
tin

ue
d
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P
ro

ce
ss

 
sa

tis
fa

ct
io

n
(f

or
m

at
iv

e)

S
at

p1
: O

ur
 g

ro
up

 d
is

cu
ss

io
n 

pr
oc

es
s 

w
as

 e
ffi

ci
en

t.
S

at
p2

: O
ur

 g
ro

up
 d

is
cu

ss
io

n 
pr

oc
es

s 
w

as
 u

nc
oo

rd
in

at
ed

.*
S

at
p3

: O
ur

 g
ro

up
 d

is
cu

ss
io

n 
pr

oc
es

s 
w

as
 u

nf
ai

r.*
S

at
p4

: O
ur

 g
ro

up
 d

is
cu

ss
io

n 
pr

oc
es

s 
w

as
 u

nd
er

st
an

da
bl

e.
S

at
p5

: O
ur

 g
ro

up
 d

is
cu

ss
io

n 
pr

oc
es

s 
w

as
 s

at
is

fy
in

g.

O
rig

in
al

 fr
om

 T
an

 e
t a

l. 
[1

02
]. 

R
ea

nc
ho

re
d 

on
  

a 
se

ve
n-

po
in

t s
ca

le
 fr

om
 fi

ve
-p

oi
nt

 s
ca

le
. 

O
rig

in
al

 a
nc

ho
rs

 w
er

e 
in

ef
fic

ie
nt

/e
ffi

ci
en

t, 
un

co
or

di
na

te
d/

co
or

di
na

te
d,

 u
nf

ai
r/

fa
ir,

 
co

nf
us

in
g/

un
de

rs
ta

nd
ab

le
, d

is
sa

tis
fy

in
g/

sa
tis

fy
in

g;
 c

ha
ng

ed
 to

 o
nl

y 
us

in
g 

fir
st

 p
ar

t o
f 

an
ch

or
 w

ith
 r

es
po

nd
en

t i
nd

ic
at

in
g 

ho
w

 s
tr

on
gl

y 
th

ey
 a

gr
ee

d 
or

 d
is

ag
re

ed
 (

m
ad

e 
ite

m
s 

1,
 4

, 5
 

po
si

tiv
e)

. F
or

 c
la

ss
ro

om
 u

se
, “

de
ci

si
on

-m
ak

in
g”

 
w

as
 te

rm
ed

 “
di

sc
us

si
on

 p
ro

ce
ss

.”

O
pe

nn
es

s
(r

efl
ec

tiv
e)

O
pe

n1
: I

t w
as

 e
as

y 
to

 c
om

m
un

ic
at

e 
op

en
ly

 to
 a

ll 
m

em
be

rs
 o

f t
hi

s 
gr

ou
p.

O
pe

n2
: C

om
m

un
ic

at
io

n 
in

 th
is

 g
ro

up
 w

as
 v

er
y 

op
en

.
O

pe
n3

: W
he

n 
pe

op
le

 c
om

m
un

ic
at

ed
 to

 e
ac

h 
ot

he
r 

in
 th

is
 g

ro
up

, t
he

re
 

 
w

as
 a

 g
re

at
 d

ea
l o

f u
nd

er
st

an
di

ng
. 

O
pe

n4
: I

t w
as

 e
as

y 
to

 a
sk

 a
dv

ic
e 

fr
om

 a
ny

 m
em

be
r 

of
 th

is
 g

ro
up

.
O

pe
n5

: W
e 

ne
ed

ed
 to

 a
da

pt
 o

ur
 s

ty
le

 o
f c

om
m

un
ic

at
io

n 
to

 e
ffe

ct
iv

el
y 

 
co

m
m

un
ic

at
e.

*

A
da

pt
ed

 fr
om

 R
ob

er
ts

 a
nd

 O
’R

ei
lly

 [8
8]

; 
ch

an
ge

d 
to

 p
as

t t
en

se
. C

ha
ng

ed
 O

pe
n5

 fr
om

 
“t

al
k”

 to
 “

st
yl

e 
of

 c
om

m
un

ic
at

io
n.

” R
em

ov
ed

 
or

ig
in

al
 it

em
 3

 b
ec

au
se

 it
 th

eo
re

tic
al

ly
 d

ea
ls

 
m

or
e 

w
ith

 e
nj

oy
m

en
t.

S
ta

tu
s 

ef
fe

ct
s

(r
efl

ec
tiv

e)
S

ta
t1

: S
om

e 
gr

ou
p 

m
em

be
rs

 tr
ie

d 
to

 in
tim

id
at

e 
ot

he
rs

, e
.g

., 
by

 ta
lk

in
g 

lo
ud

ly
, u

si
ng

 a
gg

re
ss

iv
e 

ge
st

ur
es

, m
ak

in
g 

th
re

at
s,

 e
tc

. 
S

ta
t2

: S
om

e 
gr

ou
p 

m
em

be
rs

 tr
ie

d 
to

 u
se

 th
ei

r 
in

flu
en

ce
, s

ta
tu

s,
 o

r 
po

w
er

 
so

 a
s 

to
 fo

rc
e 

is
su

es
 o

n 
th

e 
ot

he
r 

gr
ou

p 
m

em
be

rs
. 

S
ta

t3
: I

 fe
lt 

in
hi

bi
te

d 
fr

om
 p

ar
tic

ip
at

in
g 

in
 th

e 
in

te
ra

ct
io

n 
be

ca
us

e 
of

 th
e 

be
ha

vi
or

 o
f o

th
er

 g
ro

up
 m

em
be

rs
.

S
ta

t4
: I

 e
xp

er
ie

nc
ed

 p
re

ss
ur

e,
 e

ith
er

 to
 c

on
fo

rm
 to

 a
 p

ar
tic

ul
ar

 v
ie

w
po

in
t 

or
 to

 n
ot

 c
on

tr
ad

ic
t o

th
er

s.

O
rig

in
al

 fr
om

 D
av

is
on

 [2
5]

. E
xp

an
de

d 
fr

om
 

a 
fiv

e-
po

in
t s

ca
le

 to
 a

 p
oi

nt
-p

oi
nt

 s
ca

le
 

(s
tr

on
gl

y 
ag

re
e 

to
 s

tr
on

gl
y 

di
sa

gr
ee

). 
In

 S
ta

t3
, 

ch
an

ge
d 

m
ee

tin
g 

to
 g

ro
up

 a
nd

 d
is

cu
ss

io
ns

 to
 

in
te

ra
ct

io
ns

. I
n 

S
ta

t3
 a

nd
 S

ta
t4

, c
ha

ng
ed

 y
ou

 
to

 I.

N
ot

es
: 

a
ll 

ite
m

s 
us

e 
a 

se
ve

n-
po

in
t l

ik
er

t-
ty

pe
 s

ca
le

 a
nc

ho
re

d 
on

 “
st

ro
ng

ly
 d

is
ag

re
e/

st
ro

ng
ly

 a
gr

ee
.”

 *
 =

 r
ev

er
se

 c
od

ed
.
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