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Abstract: Witnessing both opportunities and challenges in virtual work arrangements, 
researchers have explored a number of technological, social, and organizational factors 
in order to improve virtual work effectiveness. However, there is limited understanding 
of an important element of virtual work—the individuals. Our review of the literature 
indicates that the composition of individual knowledge, skills, and abilities (KSAs) 
required to work virtually would benefit from further research. In this study, we theo-
retically and empirically develop the construct of individual virtual competence that 
captures the key KSAs required to perform effectively in today’s virtualized workplace, 
within a parsimonious nomological network. Substantiated by its explanatory power 
on individual perceived performance and satisfaction, individual virtual competence 
contributes to the literature by acknowledging a distinct workplace competency that 
can be incorporated in future individual-level studies of virtual phenomena. This 
research provides managers with a lens to understand differences in individual work 
outcomes and provides a lever to developing individuals’ capabilities so as to improve 
work outcomes. 
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Telecommuting, virtual teams, and distributed collaboration have gained popularity 
because they enable organizations to mobilize remote resources and create flexible 
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work arrangements [90]. But research has also identified various challenges that 
virtual settings engender [58]. For instance, the influence of trust (a key precursor to 
virtual collaborative work and effective performance) and the difficulty of building 
trust in virtual settings have received much attention [39]. In response, researchers 
have proposed various approaches to researching and practicing virtual work [73]. 
Some have looked at the internal network structure of virtual organizations (e.g., [3]), 
whereas others have investigated interpersonal dynamics such as cohesiveness, trust, 
and conflicts among people within virtual organizations (e.g., [46, 64, 65]). Despite 
this, there seems to be limited research looking into individuals themselves according 
to recent literature reviews (see [59, 73]). 

Individual characteristics play an essential role in virtual settings in determining 
the overall team or organizational performance [59]. The novelty of virtual work 
induces gaps between individuals’ existing cognitive structures and the ones needed 
to perform work (e.g., [47]), which makes individuals and their limited capabilities 
a potential bottleneck in reaping benefits. Therefore, in addition to maintaining a 
task–technology–structure fit [73], organizations also need to align individuals with 
tasks, technology, and organizational structure to achieve optimal performance (e.g., 
[57]). Because such an alignment cannot be achieved without the understanding of 
the individuals, individual characteristics, especially those pertaining to coping with 
this new way of work, deserve more research attention. 

In response, we examine the individual knowledge, skills, and abilities (KSAs) that 
are required to perform virtual work to enhance our understanding of the effects of 
individual characteristics. While prior research has emphasized specific virtual contexts 
such as globally distributed teams [39, 41], our work emphasizes the context of the 
virtualized workplace more broadly. We hold a continuum view of virtual work and 
target a bigger population of individuals. Characterized by distribution across various 
boundaries and heavy reliance on computer-mediated communication instead of face-
to-face interactions, most work today exhibits virtual characteristics. What varies is 
the extent of the virtualness of an individual’s work [22, 35]. For example, collocated 
individuals may elect to use e‑mail or instant messaging to accomplish collaborative 
tasks, just as global virtual teams require the use of these tools. Virtual work is taking 
place in both situations, although collocated individuals can and do undertake their 
work at least partly in face-to-face interactions. Indeed, virtual work is an emerging and 
growing component of the day-to-day work of almost all knowledge workers [90].

Given this emerging work context, we theorize that individual virtual competence 
(IVC) is a new and distinct capability that individuals require in order to perform 
effectively in their organizations [92]. We use social cognitive theory [5] and pay 
particular attention to IVC as a novel ensemble of KSAs. Individuals who possess 
higher IVC are more effective than others within the workplace generally because 
they have the skills and abilities to orchestrate their expanding media toolkit and ef-
fectively interact with colleagues to accomplish their work as it transitions back and 
forth between virtual and physical activities, as portrayed by our continuum view 
of virtual work. We develop measures for the IVC construct and test them within a 
nomological network established by our theoretical development. 
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This study contributes to research and practice. First, we suggest a shift of research 
focus to the individual level when examining virtual phenomena and theorize that 
IVC is a key construct to consider. Its uses can range from our broad context of the 
performance of individuals in their virtualized workplace to the specific context of the 
performance of individuals on global virtual teams. Second, with IVC we elaborate 
three important dimensions of competence and their effects on an individual’s work 
performance and satisfaction in the virtualized workplace. This expands the context-
dependent, multidimensional view of competence suggested in prior competence 
research and advances theory. Third, we empirically develop the measures of IVC, 
providing a useful research instrument. Fourth, using perceptual measures of work 
outcomes, including satisfaction and perceived performance, our empirical results 
provide managers with insights into the kinds of development activities that they can 
engage in with their employees to advance their ability to undertake virtual work.

A Key Capability: Individual Virtual Competence

In this research, we follow a social cognitive approach to investigate individuals’ 
KSAs. This perspective draws our attention to three tightly intertwined aspects of hu-
man development and performance: environmental changes, individual learning and 
cognition, and individual behaviors [5]. We use this causal flow to guide our theoriz-
ing and organize our empirical model as follows. Within the external environment, 
we see that virtual organizing and virtual work have become much more prevalent as 
more firms start to implement information and communication technologies (ICTs) 
to assist communication and collaboration [90]. Given that environmental change, 
we see that individual learning and cognitive development are occurring because 
many people are still adapting to this new way of working. They are learning how to 
leverage ICTs in order to perform their work as it ebbs and flows between collocated 
face-to-face environments and virtual environments that incorporate e‑mail, online 
meetings and collaboration, and content management technologies that occur during 
the workday, at home, or while on the road [47, 85]. Consistent with social cognitive 
theory, research has indicated that individuals develop competence as a key learning 
outcome of coping with changes in environments, and cognitive changes like this in 
turn improve their performance [5, 49, 82]. Therefore, we focus on individual com-
petence to understand important KSAs that enable individuals to perform effectively 
as they are increasingly called on to marshal a wide array of leaner media in their 
virtualized work environments. 

Overview of Individual Virtual Competence

Individual competence in general is an important precursor to individual performance 
[82]. Competence refers to the state of having the necessary ability, motivation, skill, 
and knowledge that guides action [49, 82]. This definition suggests that individual 
competence is context specific, because different contexts may require different sets of 
ability, motivation, skill, and knowledge [57]. Consistently, researchers have theorized 
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about various types of competence to explain individual performance in a variety of 
contexts (e.g., [9, 48, 60]). For instance, in the information systems (IS) literature, 
studies have supported the positive relationship between context-specific types of 
competence and performance in information technology (IT) use and business–IT 
partnership [8, 9, 60]. In that research, context-specific types of competence include 
business competence in IT professionals, IT competence in business managers, and 
(end) user competence, which define the capability to use computer components (hard-
ware, software, databases, etc.) and users’ knowledge of IT concepts. Consequently, 
this stream of research requires study of the context within which the competence is 
deployed in order to derive its appropriate components relevant for that context. Con-
tributions to competence research emerge from systematically defining new, relevant 
contexts and new types of competence that add to the choice set, which researchers 
can then use to study individual-level phenomenon. This is the approach we follow 
in our research.

Applying the theory of competence in the context of virtualized work, we define 
the construct of IVC as an individual’s KSAs to collaborate and communicate with 
others in virtual environments for the purpose of completing collaborative work [92]. 
Consistent with the effect of individual competence in other contexts, and given our 
continuum view of virtual work (i.e., all work is more or less virtual, not all work is 
either virtual or not), we argue that people with higher levels of IVC will perform their 
work activities better than individuals with lower levels of IVC. 

We treat IVC as a multidimensional construct. Prior research on competence has 
theorized that competence generally consists of multiple components, such as a 
cognitive component, a skill-based component, and an affective component [49, 57]. 
Each component pertains to a specific aspect of work and contributes to individual 
performance in conjunction with the others. However, the composition of compe-
tence is not static. The embodiment and the relevance of a component depend on the 
context in which competence is discussed [82]. For instance, in the study of the IT 
competence of business managers, only IT knowledge, experience with IT, and vision 
are included, because they are salient in explaining business managers’ performance 
in promoting and leveraging IT [9]. Therefore, we define IVC as a multidimensional 
construct and identify below its components in virtual settings. In order to determine 
appropriate dimensions, we followed a two-step process. First, we sought guidance 
from the general competence literature as to the general types of competence compo-
nents to include in our conceptualization of IVC. Second, we went into the literature 
on competence specific to the IS field and also the virtual work literature to identify 
the specific components that we interpreted to fit the context of individual performance 
in the virtualized work that is emerging in organizations today.

In well-cited research, Spencer and Spencer [82] postulate that general competence 
at work consists of five components: motives, traits (such as eyesight), self-concept, 
knowledge, and skill. However, from a developmental perspective, prior research 
suggests that the focus of research on human competence at work should be on self-
concept, knowledge, and skill, because motives and traits reflect core personality/physi-
cal condition and are difficult to change [79]. This argument is echoed by the current 
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conceptualizations of competence in the IS field where context-specific knowledge, 
skill, and beliefs are the three most common components of competence because of 
their importance in determining individual performance in computer-mediated con-
texts (e.g., [9, 57]). Therefore, and consistent with the trend in IS research, we adapt 
Spencer and Spencer’s [82] general framework. 

We then identified dimensions of IVC by reviewing the IS user competence and 
virtual work (including virtual teams, virtual organizations, remote collaboration, on-
line communities, etc.) literature. We looked for two issues that either theoretically or 
empirically were influencing individual work outcomes in those virtual settings: (1) the 
three components of competence, which are individual self-concepts, knowledge, and 
skills, and (2) fundamental difficulties inhibiting performance. With the former, we 
are able to incorporate prior research findings and ensure breadth of coverage of the 
IVC construct. The latter gives us the opportunity to theorize about the new elements 
of individual competence that are essential to cope with virtual work. 

We synthesized the findings in the literature and theorize that IVC consists of 
three essential dimensions: virtual self-efficacy, virtual media skill, and virtual social 
skill [92]. Figure 1 depicts our conceptualization of IVC, and Appendix A lists the 
key studies that informed our choice of each dimension. Essential to our theorizing 
is the conceptualization of IVC as emerging from distinct components that combine 
to form a parsimonious multidimensional abstraction in the same manner that, for 
example, job satisfaction represents a parsimonious abstraction of a summed ag-
gregate of dimensions such as satisfaction with pay, with colleagues, and promotion 
opportunities [52]. Theoretically, we suggest that IVC is not a latent construct un-
derlying virtual self-efficacy, virtual media skill, and virtual social skill. Rather, our 
position, supported by prior work on general competence [82], is that the construct 
of IVC only exists as a combination of the dimensions of which it is composed. The 
combination of these three dimensions then signifies the amount of IVC an individual 
possesses. Specification of this theoretical position is required in order to determine 

Figure 1. Virtual Competence as a Multidimensional Construct
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the appropriate empirical treatment of IVC and to aid in interpreting our results. We 
explain each dimension in the following sections.

Dimensions of Individual Virtual Competence

Virtual Self-Efficacy

The first dimension, virtual self-efficacy, represents the self-concept component of 
competence in virtual settings. Self-efficacy is an individual’s belief in his or her 
abilities to engage in certain behaviors [5]. Self-efficacy belief influences individuals’ 
perseverance when encountering challenges. Strong self-efficacy beliefs foster mastery 
in various situations because individuals rely on self-confidence in their abilities to 
persist through challenges. In our virtualized work context, virtual self-efficacy de-
scribes an individual’s belief in his or her abilities to use information communication 
technologies and accomplish work tasks virtually [92]. It is the key self-concept that 
enables individuals to cope with and persist through difficulties within virtualized 
work settings [85]. 

Virtual self-efficacy comprises two dimensions: computer self-efficacy (CSE) and 
remote work self-efficacy (RWSE) [92]. CSE is an individual’s belief in his or her 
ability to use computer technology broadly [24]. Given that ICTs are the basis of vir-
tual organizations, individuals’ performance in virtual settings requires the confidence 
to work with the broad variety of computer technologies at their disposal [33]. CSE 
is thus a critical self-concept that deals with the challenges caused by technologies 
in virtual settings. The other subdimension is more task related. RWSE refers to an 
individual’s belief in his or her ability to work and perform joint tasks with others 
in virtual settings [85]. It describes the confidence of individuals to function in their 
work role without face-to-face interactions. Because individuals need to cope with 
challenges caused by both newly deployed ICTs required to do their work and the 
new way of collaborating in order to accomplish tasks in virtual settings [47, 85], 
both CSE and RWSE are essential components of virtual self-efficacy that reflect 
salient self-concepts. 

Virtual Media Skill

Virtual media skill (VMS) is the second dimension in the theorizing of IVC. It describes 
an individual’s skill level (versus his or her confidence as in self-efficacy above) in 
using technologies to communicate in virtual settings to their full potential [92]. The 
importance of VMS stems from the fact that virtual work depends on effective com-
munication via ICT usage [47]. Lack of skill in using computer technologies impairs 
an individual’s capability to accomplish tasks in virtual settings. VMS represents the 
skill component of IVC, and unlike virtual self-efficacy, it is performance oriented 
rather than belief oriented. It taps into the actual ability of individuals to leverage 
technologies in various situations, emphasizing “how to” rather than “know what.” 
Using technologies might be simple; however, being able to exploit their potential 
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in virtual settings requires more comprehensive understanding and capability, and 
proves to be much more valuable. For instance, most people have some ideas about 
the functionalities of e‑mail; however, some people can transmit rich information 
and create timely discussion and collaboration via e‑mail, whereas others with less 
skill can only use it as an alternative to traditional letters and memos [53]. Therefore, 
each individual will have his or her own level of skill in using ICTs beyond a basic 
understanding of them. 

Virtual Social Skill

The last dimension of IVC is virtual social skill (VSS). Social interactions are criti-
cal factors for successful virtual operations because they facilitate collaboration by 
fostering healthy interpersonal relationships [2, 66]. However, the distributed essence 
of virtual work makes it difficult to build important relationship characteristics such as 
trust with co-workers [39]. It may require a different set of knowledge and skills from 
the one in traditional settings to interact with people because face-to-face interactions 
are absent. VSS thus captures this emergent skill set and describes an individual’s ability 
to build social relationships with others in virtual settings [92]. VSS is representative 
of both the knowledge (“know what”) component and the skill (“how to”) component 
of competence in virtual settings. It reflects individuals’ understanding of the unique-
ness of social activities in virtual settings and the skill to deal with it. For instance, 
emotion in traditional settings could be detected by facial activities and body gestures. 
In virtual settings, one needs to have the knowledge and skill to interpret a series of 
text expressions and emoticons (such as : ) and : ( or the use of CAPITALIZATION, 
“quotation marks,” and exclamation marks!!!) in order to grasp emotions that people 
intend to—or sometimes do not intend to—convey. Therefore, the understanding and 
ability to interpret and apply emerging social protocols constitute a significant part 
of an individual’s capability to perform in virtual settings. 

Based on the social cognitive perspective [5] and the general framework of com-
petence at work [79, 82], we argue that these three dimensions of the construct of 
IVC reflect self-concept, knowledge, and skill attributes of individuals in virtual set-
tings. Importantly, these competence domains also address the cognitive, technical, 
and social challenges raised in the virtual organization literature [92]. Prior research 
suggests that people may feel uncomfortable and insecure with virtual work because 
it seems unnatural to them [47]. We believe that virtual self-efficacy is a key belief 
in this case because it motivates individuals to persist in coping with new and some-
times difficult environments. Research also suggests that virtual work suffers from 
inefficiency because individuals are unable to interact with each other as effectively 
as in traditional settings [39]. This could be due to unfamiliarity with features of the 
media or unfamiliarity with social protocols [47, 85] that assist in carrying out this 
work. VMS and VSS correspond to these issues. They represent the knowledge and 
skill an individual needs to accomplish work collaboratively with others in virtual 
settings. Thus, the theorizing of IVC is consistent with key issues identified in the 
virtual organization literature. 
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A Nomological Network to Test Individual Virtual Competence

Drawing on Bandura’s [5] social cognitive theory, we develop a parsimonious nomo-
logical network to test IVC in keeping with accepted practice [27]. This model adopts 
the theory’s three components of behaviors, environments, and individual cognitive 
and other personal factors to understand individual work outcomes (e.g., [85]). The 
broad theoretical argument of our model is that past experiences with virtual activities 
help people build competence to perform effectively in their present virtual settings, 
which in turn influences their work outcomes of job performance and satisfaction (as 
shown in Figure 2). 

We emphasize broad work outcomes rather than specific virtual work outcomes 
because our context is the general work setting in which virtual work occurs along a 
continuum and contributes to broad work outcomes—a reality within most contem-
porary organizational settings. According to Chudoba et al. [22], virtuality is a matter 
of degree; as long as people occasionally rely on computer-mediated communication 
in addition to face-to-face interactions to cooperate on tasks, the work setting has a 
degree of virtuality. In this sense, everyone experiences virtual work to some extent 
whether it is working from home, working in global teams, or even exchanging ideas 
with co-workers on the same floor by e‑mail. As a result, generalized work outcomes 
such as job satisfaction and performance would rely on an individual’s successful 
virtual work practices. Furthermore, as an initial test of our theorizations about IVC, 
examining its relationship to broad work outcomes (versus specific virtual outcomes 
such as performance in virtual teams) provides a more conservative test. Prior research 
usually focuses on highly virtual settings, such as geographically distributed virtual 
teams (e.g., [39, 40]). Given our continuum view of virtuality, we would expect that a 
specific virtual team context would lead to a very optimistic estimation of the effects 
of IVC because we expect that such competence would be very influential in settings 
of high virtuality. Alternatively, in a work setting where everyone is in the same office 
area and it is convenient to talk to people just by walking to their cubicles (e.g., the 
editorial office of a newspaper), the skill to build relationships online (VSS) and the 
confidence in working with people remotely (RWSE) are less likely to be mobilized 
and thus may be less relevant to performance. In cases such as this, the effects of 

Figure 2. A Conceptual Model of Virtual Competence and Work Outcomes 
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virtual competence may not appear as strong as in highly virtual settings. Broad work 
covers all the work arrangements that individuals are involved in, some more virtual 
and some less virtual, and thus demonstrates a lower level of virtuality on average than 
specific virtual teamwork. This makes it more difficult to detect IVC’s effect, because 
as a particular set of KSAs facilitating virtual work, it may be less influential in set-
tings with lower virtuality. Yet given a continuum view of the virtualized workplace, 
it remains a relevant context to investigate the influence of virtual competence. If we 
find the effect of IVC in this case, we could make the inference that IVC indeed mat-
ters with more confidence and to a broader set of modern work situations than only 
examining specific virtual work outcomes. 

Our model argues that the ensemble of KSAs that constitutes IVC influences 
individual work performance. First, individuals face difficulties caused by ICTs as 
well as the new way of working that these technologies engender [85]. According to 
social cognitive theory, self-efficacy influences performance because it determines the 
persistence and effort of individuals when undertaking tasks [5]. Thus, individuals 
who have higher virtual self-efficacy (both CSE and RWSE) are likely to outperform 
others because they are more motivated to persist when encountering the emergent 
difficulties in virtual settings. Second, VMS determines the extent to which individu-
als can leverage technology in virtual settings. Individuals exhibit diverse skill in 
using ICTs [47]. With better VMS, an individual is able to transmit a larger quantity 
and richer quality of information by dexterously using various media [14], and this 
enables better performance due to the increased efficiency and effectiveness of com-
munication. Third, VSS facilitates collaboration because it helps the individual handle 
interpersonal relationships, such as building trust and managing conflicts (e.g., [40, 
71]). Individuals with better VSS are more effective in building necessary relationships 
with others, and this reduces the transaction cost associated with collaboration and 
improves performance in virtual settings [39, 56]. Overall, our theoretical arguments 
are consistent with the position that a high level of virtual competence is likely to lead 
to superior work performance. Therefore, our first hypothesis states:

Hypothesis 1: IVC is positively related to individual job performance.

IVC also influences individuals’ job satisfaction via various mechanisms, including 
social interactions with people and self-evaluation [44, 54]. Prior research suggests 
that individuals’ job satisfaction may result from positive interactions with people, for 
example, managers and peers, in their social environments due to the fulfillment of 
social needs (e.g., social support) [77]. As we have theorized, those who have high IVC 
are highly capable of interacting harmoniously with others and can even make friends 
in virtual settings (e.g., [2]). Hence, this capability helps maintain a positive social 
environment, which in turn increases job satisfaction. Furthermore, in the psychol-
ogy literature, self-efficacy as a component of core self-evaluation is found to relate 
positively to job satisfaction [43]. The reason for this relationship is that individuals 
with high self-efficacy tend to look at the positive sides of work and perceive chal-
lenges in work as fulfilling rather than annoying [12]. In our case, this logic suggests 
that a lack of IVC as manifested in low virtual self-efficacy causes an individual to be 
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pessimistic and feel frustrated rather than excited when encountering difficulties, and 
this leads to job dissatisfaction (e.g., [45]). Therefore, we hypothesize:

Hypothesis 2: IVC is positively associated with individual job satisfaction.

Having discussed the effects of IVC, we now examine the antecedents of IVC. From 
a social cognitive perspective, individuals develop cognitive traits and other personal 
characteristics through prior behaviors or via interactions with environmental con-
texts [5]. For instance, research finds that individuals gain CSE and RWSE through 
using computers and experiencing prior remote work [85]. In this vein, we propose 
that IVC can be developed when individuals have conducted activities in virtual set-
tings in the past [92]. 

Experience with virtual work enhances all aspects of IVC. According to channel 
expansion theory, prior experience with media influences individuals’ capabilities to 
use them [14]. By using ICTs at work, individuals develop the know-how to apply 
the “lean” media to convey rich information to various partners about diverse topics 
and in different contexts. As a result, they become skillful with the media (VMS). 
Similarly, virtual work provides the environment in which individuals practice their 
VSS. Through interactions, individuals accumulate knowledge about the uniqueness 
of social activities in virtual work settings, develop strategies to cope with the unique-
ness, and eventually become savvy players in the new virtual setting [47]. In addition, 
self-efficacy corresponds to the increase of experience; self-efficacy theory posits 
that individuals develop confidence in their abilities by observing others, conducting 
relevant activities, and evaluating themselves [5, 85]. In virtual work, people observe 
how others use ICTs and collaborate with colleagues, and they practice these activities 
themselves. This observational type of education represents a major mode of learning 
in social cognitive theory. After a few iterations, individuals learn and gain confidence 
when they see themselves actually functioning in virtual settings. In other words, this 
learning process strengthens their virtual self-efficacy. Overall, we hypothesize:

Hypothesis 3: Individuals who have been involved in more virtual work activities 
in the past will develop greater IVC.

The development of IVC also happens in daily life. With the development of ICTs, 
activities based on ICTs become more accepted in our daily life, well beyond the virtual 
workplace [17]. For example, Internet-based activities are flourishing—people chat, 
shop, bank, and even date online [7, 37, 63]. In essence, the activities people conduct 
online in daily life are similar to what they do in virtual work. First, similar technologies 
dominate use in both settings [38]. ICT applications, such as e‑mail, instant messag-
ing, and video chat (conference), have been widely adopted at home and work [36, 
37]. Second, people use these technologies for similar activities at work and in their 
daily life. At home, we seek information, communicate with others, and participate 
in group activities online [83]. These activities, although different in content, are not 
especially different in process from the activities that support the operation of virtual 
work (see [73]). Therefore, the online activities of daily life provide relevant oppor-
tunities for individuals to develop capabilities in activities based on ICTs, which may 
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assist them in the workplace [38]. Thus, using the same mechanism that explains the 
effect of prior virtual work experience on the development of IVC, we hypothesize: 

Hypothesis 4: Individuals who have been involved in more online activities in 
their daily life will develop greater IVC.

Methodology

A self-report online survey design was adopted to test measures as well as hypotheses. 
Following prior research (e.g., [85]), we adopted perceptual measures of our theory, 
including perceived performance, which is believed to be as predictive as other meth-
ods, though at times inflated [74, 89]. Given the exploratory nature of this study, we 
had two stages of data collection: a pilot and the main data collection. The pilot study 
was used to refine construct measures and the entire measurement instrument. In this 
section, we report the operationalization of constructs and the data collection methods. 
Appendix B provides a detailed list of survey items and indicates their formative or 
reflective treatment and if they are first order or second order.

Individual Virtual Competence Measure Development

Consistent with our theoretical development, we treat IVC as a second-order construct 
that is empirically formed by its dimensions. Treating IVC as a second-order construct 
suits our purpose of construct development very well because it can describe precisely 
the multidimensional nature of IVC as well as allow assessment of measurement quality 
by conventional indices (see [55, 67]). The common practice for a multidimensional 
second-order construct is to measure its dimensions respectively and use the scores, 
such as factor scores or construct scores, of the dimensions as the indicators of the 
overall construct [10, 19, 52]. Following this method, we thus measure general CSE, 
RWSE, VMS, and VSS as the indicating dimensions of IVC. In addition, we treat 
these dimensions of IVC as formative indicators because, as previously discussed, 
they aggregately form IVC instead of reflecting it as an overarching construct. Re-
flective indicators are empirically inappropriate in this case because they imply a 
relationship between indicators as different ways to express the same overarching 
construct [11, 23]. 

We adapted the two components of virtual self-efficacy from prior research. The 
measures of general CSE were adopted from Compeau and Higgins’s [24] items, and 
the measures of RWSE were adapted from Staples et al.’s [85] items.

The measures of VMS were developed through two steps. First, we used Saunders’s 
[80] summary of virtual teams to identify relevant media types. We included telephone, 
e‑mail, videoconference, instant messaging, online forum, and group support systems. 
Second, based on prior research [94], we created four items for each media type to 
ask individuals about their skill in using a certain medium to give and receive timely 
feedback, to convey multiple types of information, to transmit varied symbols, and 
to tailor information according to needs, respectively. Consistent with the construct 
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of IVC, VMS exists theoretically as an aggregation of its underlying dimensions as 
defined by different media types. Therefore, we empirically treat the items as forma-
tive indicators of VMS [11]. 

We adapted the measures of VSS from Ferris et al.’s [31] measures of general social 
skill. We modified the wording of the items to reflect our research context. 

Measures of Other Constructs in the Research Model 

The measures of other constructs were all adapted from existing studies and were modi-
fied to seven-point Likert scales when applicable. We drew our dependent measures 
from prior virtual work research of individual work outcomes [84, 85]. We measured 
perceived performance (an individual’s perception of his or her effectiveness and 
efficiency when performing his or her job) by a six-item scale, and job satisfaction 
(an individual’s level of contentment with his or her job) was also measured with a 
six-item scale. 

Virtual work experience refers to the experience of working with others (collabo-
rating on tasks, work assignments, or projects) using ICTs for communication and 
coordination (rather than solely face-to-face communication). We measured virtual 
work experience with two items, the first using an individual’s degree of experience 
and the second using the frequency with which he or she has performed virtual work 
in the past three years [51].

Virtual daily life experience represents the part of people’s nonwork life where they 
interact with each other (friends and family) and with organizations (e.g., banks, online 
stores, information Web sites) using ICTs, most often the Internet. Most frequently 
these activities take place during personal time. However, they may take place during 
work hours as well. These activities can be grouped into three categories: informa-
tion seeking, communication, and socialization [87]. Experiences with these three 
dimensions constitute an individual’s overall virtual daily life experience. Following 
the theoretical logic of our discussion of multidimensional constructs above, we treat 
people’s experiences with these three groups of activities as formative indicators of 
virtual daily life experience because they are theoretically distinct and do not neces-
sarily co-vary. We gauged the experience with each type of activity by an individual’s 
frequency and daily duration of the activities. 

We controlled for the effects of age, gender, education, and the degree of virtuality 
of the current work setting on perceived job satisfaction and perceived performance 
within this research. We adopted the definition and measures of virtuality from Chudoba 
et al.’s [22] research. It is a second-order construct with formative indicators that has 
three dimensions: workplace mobility, team distribution, and variety of practices. 

Pilot Study

To refine the instrument, we put all the measures through a pilot study conducted 
with a group of MBA students at a North American business school. We posted the 
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questionnaire on an internal Web site of the school and invited students to participate 
voluntarily. Fifty-two responses were received after two reminders. The analysis of 
the data identified a few issues and we adjusted the measures accordingly.

First, we trimmed the CSE measure due to respondent fatigue and in keeping with 
Dillman’s [29] advice. Given satisfactory pilot results (Cronbach’s α = 0.94), we took 
the five items of CSE with the highest loadings in the pilot study and used them in the 
large-scale survey. We presented the shortened scale and relevant results to one of the 
original inventors of the CSE scale [24], who deemed this treatment acceptable.

Second, we discarded several items for RWSE. A factor analysis of the 16 original 
items for RWSE revealed that many of them were heavily loaded on other constructs. 
A close examination of the items showed that these items might indeed pertain to 
different aspects of remote work. For instance, one item is “To aid in performing my 
job, I could use a fax machine to send documents,” which is less about the nature 
of remote work and more about the use of technologies. Because our research has 
constructs such as VMS, it is not surprising that this item had high cross-loadings on 
other constructs. In fact, in the original research, RWSE was measured by an overall 
score “computed by summing these 16 items” [85, p. 765] rather than testing the 16 
items directly in partial least squares (PLS) analysis. Thus, in the original study, indi-
vidual items were not examined and multidimensionality was not checked. Therefore, 
based on the results of our factor analysis, we selected the four items pertaining to the 
remote work mode itself, which we believe reflect the essence of RWSE (“employees’ 
confidence that they can work effectively in a remote environment” [85, p. 760]), to 
maintain the unidimensionality of this construct.

After these changes, we analyzed the data using PLS structural equation model-
ing. The shortened scales and other measures demonstrated satisfactory reliability, 
convergent validity, and discriminant validity in general (see [6, 18, 62]). Therefore, 
we established confidence in the measures and applied them in the large-scale data 
collection described next.

Data Collection

The data collection was conducted with the alumni of a North American business 
school. These alumni represented a good sample because we wanted to investigate 
knowledge workers who represent different organizational contexts and different 
functional and hierarchical positions to give the broadest possible test of our work. 
The sample was selected randomly across all alumni of the business school on the 
basis of three criteria: (1) the participants had to have knowledge work jobs, (2) the 
participants should not be C‑level executives (e.g., chief executive officer, chief infor-
mation officer), and (3) the participants should have a mix of work experience defined 
by the years since graduation.

An online survey was set up on the Internet to collect responses. Compared to tradi-
tional paper-based questionnaires, online surveys have advantages of greater speed and 
lower cost [29]; however, they may introduce the response bias that only people who 
are comfortable with using computers and the Internet will respond [25]. Because our 
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interest was in knowledge workers who use computers to work by themselves and with 
others, we judged that this concern was unlikely to influence our results. Therefore, 
the online survey method was adopted due to its efficiency and effectiveness. 

Procedures suggested by Dillman [29] that maximize response rate were followed. 
First, we e‑mailed an invitation message to the participants with a link to the online 
survey. Three days later, a reminder was sent out to nonrespondents. Another three days 
later, the last follow-up e‑mail was sent to nonrespondents to lift the response rate.

Over a three-month period, we sent out 976 invitations with 76 being returned as 
undeliverable. During this time, 199 responses were received for a response rate of 
22.1 percent. Among the 199 received responses, 23.1 percent were from female 
participants and 76.9 percent were from male respondents, which is representative 
of the invitation group (76 percent male and 24 percent female). MBA recipients 
represented 77 percent of the respondents, 20.4 percent held bachelor’s degrees, and 
a few had Ph.D.s. They worked in a variety of industries, including manufacturing, 
financial services, consulting, and trading. The average age of respondents was 41 
years.

Results

To test measures and hypotheses, PLS structural equation modeling was used in 
this study due to its capability of examining measurement and structural models 
simultaneously and working with relatively small samples [18, 20]. Following prior 
research that uses second-order constructs, we adopted a two-step approach in which 
we created two PLS models [4, 10, 19, 21] (see Appendix C for the details of our 
model construction, which supports our description below). 

In the first step, we derived construct scores of first-order constructs in a PLS model 
by entering first-order constructs with direct paths to other constructs as theorized. 
For IVC, we derived construct scores for CSE, RWSE, VMS, and VSS. For virtual 
daily life experience, we derived construct scores for information seeking, socializa-
tion, and communication. Also, the control variable of virtuality required that we 
develop construct scores for the first-order dimensions of workplace mobility, team 
distribution, and variety of practices. Then we used the scores of each of these first-
order constructs as indicators of their respective second-order constructs (of IVC, 
virtual daily life experience, and virtuality) and constructed a second model using the 
second-order constructs to test our hypotheses. The computer program we used was 
SmartPLS version 2.0.M3 [78].

We assessed the measurement model by item loadings, reliability, convergent valid-
ity, and discriminant validity. The hypotheses were tested by examining the t‑statistics 
of path coefficients. In the following sections, we first present the results of our 
analysis of the measurement model to demonstrate construct reliability and validity 
(as appropriate for each of the constructs depending on whether they have formative 
or reflective items). Subsequently, we offer the results of the structural model that we 
used to draw conclusions about virtual competence.
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Measurement Model

Table 1 presents the descriptive statistics and intercorrelations of the constructs in 
the structural model.1 Table 2 reports the reliability and AVE of each construct with 
reflective items in the structural model and the loading of each item on its underlying 
construct. In our measurement of IVC as a second-order construct, we use reflective 
items to measure some of its first-order dimensions, namely, CSE, RWSE, and VSS, 
whereas VMS is a first-order construct with formative items. To fully appraise the 
measurement properties of our constructs, the reliabilities and validities of the first-
order constructs need to be examined together with the other reflective measures. 
Therefore, the reliabilities, AVEs, and item loadings of the first-order constructs are 
also included in Table 2. 

As noted, several of our constructs are second order with formative indicators, and 
this has implications for the interpretation of our results. In PLS analysis, we processed 
this type of construct by first calculating the construct scores of the dimensions and 
then linking them to the second-order constructs as formative indicators [4, 10, 19, 
21]. These second-order construct indicators do not reflect the underlying constructs, 
but form them. As a result, the second-order construct indicators of an underlying 
construct may not be correlated with each other, as reflective indicators are inter-
related [11]. In this case, common statistical indices of measurement quality, such as 
reliability, discriminant validity, and convergent validity, are not applicable [18, 23]. 
Therefore, we do not report these indices for these second-order constructs; instead, 
we include weights of formative indicators because weights signal the contributions 
of indicators to their corresponding second-order constructs [18]. Table 3 summarizes 
the weights of the formative indicators of second-order constructs. As above, in order 
to fully appraise the measurement properties of all of our constructs, we also include 
the weights of the formative indicators of first-order constructs (VMS, the dimen-
sions of virtual daily experience, and the dimensions of virtuality) to show evidence 
of their performance. 

Our reflective measures exhibit acceptable reliability. In PLS analysis, reliability is 
indicated by composite reliability [6]. To achieve acceptable reliability, the composite 
reliability of each construct should be higher than 0.7 [62]. In Table 2, all the reflective 
constructs reach this threshold. 

Our reflective measures also show good convergent and discriminant validities. Ac-
cording to Table 2, the AVEs of all the constructs with reflective items are higher than 
0.5, suggesting satisfactory convergent validity [18, 32]. Also using an analysis of item 
loadings and cross-loadings,2 we concluded that all the items have higher loadings 
on the constructs they intend to measure than on other constructs, which meets the 
criterion for acceptable discriminant validity. 

In Table 3, the formative measures should be evaluated based on the significance of 
their weights, which indicate their contributions to their corresponding constructs [18, 
19]. The two dimensions of IVC (CSE and VSS) and the two dimensions of virtual daily 
life experience (information seeking and socialization) are not significant contributors 
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Table 2. Reliabilities, AVEs, and Item Loadings of Constructs with Reflective Items

Construct/item Loading

Performance (composite reliability = 0.93, AVE = 0.72)
PER2 0.79
PER3 0.88
PER4 0.79
PER5 0.92
PER6 0.84

Satisfaction (composite reliability = 0.92, AVE = 0.66)
SAT1 0.86
SAT2 0.73
SAT3 0.75
SAT4 0.80
SAT5 0.88
SAT6 0.83

Virtual work experience (composite reliability = 0.88, AVE = 0.79)
VWE1 0.98
VWE2 0.79

First-order reflective constructs
Computer self-efficacy (composite reliability = 0.90, AVE = 0.65)

CSE1 0.83
CSE2 0.83
CSE3 0.84
CSE4 0.79
CSE5 0.75

Remote work self-efficacy (composite reliability = 0.85, AVE = 0.65)
RWSE2 0.83
RWSE3 0.79
RWSE4 0.80

Virtual social skill (composite reliability = 0.89, AVE = 0.61)
VSS1 0.75
VSS2 0.84
VSS3 0.80
VSS4 0.73
VSS5 0.79

to their constructs in this context.3 Thus, we found partial support for the dimensions 
of the IVC construct as theorized and tested within this sample group. Nevertheless, 
both are newly created measures in the field, and strong theoretical justification has 
been made for their presence. On that basis, we retain these dimensions in our analysis 
and discuss implications and future recommendations below (e.g., [75]). 

Structural Model

We tested our research hypotheses by examining the coefficients and the significance 
levels of the paths in the model we created in the second step of our analysis. We used 
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Table 3. Weights and Loadings of Measures of Both First- and Second-Order 
Constructs with Formative Items

Construct Indicator Weights

Second-order constructs with formative items
IVC Computer self-efficacy 0.05

Remote work self-efficacy 0.43***
Virtual social skill 0.03
Virtual media skill 0.68***

Virtual daily life 
experience 

Information seeking 0.05
Communication 0.83**
Socialization 0.23

Virtuality Workplace mobility 0.28
Variety of practices 0.44
Team distribution 0.57**

First-order constructs with formative items
Information seeking INFOR1 0.24

INFOR2 0.91***
Communication COM1 0.72**

COM2 0.50
Socialization SOC1 0.68**

SOC2 0.42
Workplace mobility MOB1 0.08

MOB2 0.11
MOB3 –0.15
MOB4 0.94**
MOB5 0.01

Variety of practices VAR2 0.63**
VAR3 0.53**

Team distribution DIS1 0.06
DIS2 –0.08
DIS3 –0.13
DIS4 1.04***

Virtual media skill VMS1 0.23
VMS2 0.37**
VMS3 –0.13
VMS4 0.26
VMS5 –0.26
VMS6 0.32
VMS7 –0.17
VMS8 0.09
VMS9 0.07
VMS10 0.25
VMS11 0.10
VMS12 –0.14
VMS13 0.01
VMS14 0.09
VMS15 0.25
VMS16 –0.38
VMS17 –0.04
VMS18 0.62**
VMS19 0.18

(continues)
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bootstrapping to generate t‑statistics with the resampling option of 500 subsamples of 
the size of 199. Figure 3 reports the standardized path coefficients with significance 
levels and the variance explained in endogenous constructs. 

As shown in Figure 3, and as expected, all the paths are significant at the 0.001 level. 
IVC is significantly related to individual perceived performance with a coefficient of 
0.56. Thirty-six percent of the variance in perceived performance is explained. These 
results support Hypothesis 1. IVC is also positively associated with job satisfaction 
with a coefficient of 0.31 and 18 percent of the variance in satisfaction is explained. 
Therefore, our findings also support Hypothesis 2. The coefficient between virtual work 
experience and IVC is 0.27, suggesting that virtual work experience is a significant 
antecedent of IVC. This supports Hypothesis 3. Finally, we found that virtual daily life 
experience is significantly related to IVC and the coefficient is 0.25, which provides 
support for Hypothesis  4. Together, virtual work experience and virtual daily life 
experience explain 16 percent of the variance in IVC. None of the control variables 
is significantly related to perceived performance or job satisfaction. Overall, the data 
support the proposed model. 

Discussion, Limitations, and Future Research

Our study demonstrates that individuals who have higher IVC exhibit higher per-
ceived performance and are more satisfied with their jobs. The trajectory for contem-
porary workplaces is greater adoption and use of technologies. As workplaces evolve 
and workers engage in more frequent, seamless transitions between virtual work and 
local face-to-face work, IVC will become an increasingly important capability in order 
to maintain productivity and effectiveness. 

Today, organizations are struggling to absorb two environmental shifts that we be-
lieve will make understanding IVC even more influential in the future workplace. First 
the millennial generation entering the workforce today is perceived to hold different 
capabilities with technology and different expectations of their work environment 
[81]. Millennials are generally thought to bring stronger confidence with technology 
and greater facility with using it in the workplace than baby boomers or Generation X 
workers. Although our research in this paper did not confirm this specifically, we 
would expect that mapping IVC across a firm’s workforce and then developing plans 
to meet the needs of different workplace generations would be an important activity 

Construct Indicator Weights

VMS20 –0.11
VMS21 –0.16
VMS22 0.10
VMS23 0.25
VMS24 –0.29

Notes: The indicators of second-order constructs are the construct scores of corresponding first-
order constructs. ** p < 0.05; *** p < 0.001.
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in order to facilitate effective virtual work. A second trend is the emergence of social 
media. Firms see these platforms (albeit with some skepticism presently) as an in-
novation that will finally support more effective knowledge sharing and information 
exchange [1]. We believe that cultivating IVC within the workforce will enable firms 
that adopt social media to maximize its effective use because individuals with higher 
virtual competence will be more effective at transferring knowledge using these tech-
nologies [92]. Based on our research about virtual daily life activities, we would also 
suggest that social media use outside the firm context may be one daily life activity to 
actually encourage rather than block (e.g., blocking Facebook at work) [1], because 
it could be a mechanism to enhance IVC at work. 

We believe it is a particular strength of the current work to find a reasonably high 
explanatory power between IVC and our outcome measures of perceived performance 
(36 percent) and satisfaction (18 percent) across a wide variety of occupations and 
industries and levels of virtuality present in the work of our respondents (including 
technology firms, banks, and insurance, manufacturing, and trading companies). The 
positions they held ranged from professionals (i.e., consultants and accountants) to 
managers. This group also practiced virtual work activities on a monthly basis with 
a mean of 3.89 on the virtuality scale. This reinforces our view of virtual work as a 
ubiquitous phenomenon. Specific occupations or industries might even have a higher 
degree of virtuality.

From a measurement standpoint, we demonstrated the validity of IVC in our data 
analysis. Our formative indicators generally performed well in the proposed nomo-
logical network in terms of both construct validity and predictive validity. Thus, we 
have developed a measure that appears to be a useful tool to gauge individual IVC. 
However, within the sample group used for testing this construct, two dimensions of 
IVC were not significant—CSE and VSS. We speculate that this could partly be a func-

Figure 3. Structural Model Results with First-Order Constructs and Their Weights

Notes: CSE = computer self-efficacy; RWSE = remote work self-efficacy; VSS = virtual 
social skill; VMS = virtual media skill. *** p < 0.001.
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tion of our respondent group. Since the group represented contemporary knowledge 
workers across a wide variety of reasonably senior positions and with an average age 
of 41 years (Gen X age group), it may be that they all possessed a baseline level of 
CSE (mean = 5.24, standard deviation [SD] = 1.16), which renders it a less salient 
component of IVC for this sample [81]. Further, our participants have all received 
business school training, and social skills were a major component of their educa-
tion. As a result, respondents might have achieved a comfortable level of social skill 
(mean = 4.44, SD = 1.16) that enables them to manage social interactions in a variety 
of situations. They are likely to be able to build congenial relationships in virtual set-
tings because of their acquired understandings of social interactions in general. This 
may lessen the salience of VSS for them and make VSS appear insignificant in our 
respondent group. Alternatively, it could be that there was not enough variance in CSE 
and VSS such that the analysis we used, PLS, did not have enough variance in order 
to produce reliable estimations of relationships between the constructs in question. 
However, the standard deviations of these constructs suggest otherwise, supporting 
our speculation that these two dimensions of virtual competence were not mobilized 
by our respondents in their work. 

Nevertheless, the weights and the significance of the dimensions of a second-order 
construct are context specific [19]. The theoretical basis of the inclusion of the di-
mensions of IVC is sound, rooted as it is in prior research. Even though the results 
of this study provide evidence for this construct and support some of the dimensions, 
we feel that it is still early to draw definitive conclusions about which dimensions to 
keep or drop in future work, especially when the focal phenomenon, virtual work, 
is very diverse and still evolving (e.g., [22, 47]). Defining competence is an iterative 
process requiring multiple tests [82]. Therefore, we believe that in the short term, it is 
important to retain all the dimensions of IVC to test various boundary conditions and 
refine the IVC measure over multiple tests, multiple sample groups, and in multiple 
contexts (e.g., [75]). Dropping the nonsignificant dimensions now would limit future 
researchers’ ability to fully capture competence in various virtual settings, limiting the 
generalizability of this construct and providing a problematic foundation for future 
research to draw upon. Below we suggest future research that would enable a fuller 
testing of IVC across contexts and respondent groups so that firmer measurement 
conclusions can be drawn over time.

Among the dimensions of IVC, VMS appears to be the most important in our sample, 
as demonstrated by the highest weight of it among all the dimensions (see Table 3). A 
follow-up t‑test also revealed that the weight of VMS was significantly greater than 
the other significant weight of RWSE (t = 31.08, p < 0.001). Indeed, virtual work has 
been criticized for presenting an environment in which interpersonal communication 
is ineffective [26, 42, 73]. We believe that part of the explanation for such criticism 
is that virtual work is still a relatively new phenomenon and people exhibit varying 
degrees of skill at communicating via ICTs [47, 80]. In this situation, the capability 
to leverage ICTs to effectively and efficiently communicate becomes critical because 
computer-mediated communication is the very basis of virtual work [73]. Our results 
reflect the importance of this capability. 
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In addition to showing the effects of IVC, our results also shed light on the mecha-
nisms by which individuals obtain this critical capability. Drawing on social cogni-
tive theory [5], we proposed that individuals develop IVC from previous experiences 
during various activities in both their workplace and daily life. Consistently, our 
analysis shows positive relationships between experiences with virtual settings and 
IVC. Individuals who are more experienced with virtual settings show higher IVC 
and consequently better work outcomes. 

Interestingly, virtual daily life experience has as much predictive power as virtual 
work experience. As shown in Figure 3, the standardized coefficient of virtual daily 
life experience is only slightly smaller than the standardized coefficient of virtual 
work experience. We conducted a paired t‑test to determine the significance level of 
the difference and it appeared to be nonsignificant (t = 1.325, p = 0.186), suggest-
ing that the two antecedents are equally important in determining IVC. This finding 
echoes the notion of the virtualization of our society [17] and provides a foundation 
for exploring in greater depth how use of newer daily life technologies (Facebook, 
Twitter, etc.) transfers into the workplace. Given technology’s ubiquity, individuals are 
exposed to many technologies outside their work (e.g., social media), which provides 
more opportunities to learn and practice how to work with them [38]. It is not sur-
prising to see virtual daily life experience having an impact on IVC, a capability that 
transcends workplace contexts. In addition, the level of virtual daily life experience 
is still low in our sample (a mean of 3.86 on a seven-point scale), potentially because 
ICTs were first adopted in workplaces and then spread to daily life and because older 
workers appear to adopt daily life technologies (e.g., Facebook) less widely than the 
younger generation (millennials), although this is changing [81]. Given the already 
high exposure to virtual activities in work settings, there could be more increase in 
IVC from virtual daily life experience—and this represents a fruitful avenue for our 
future research. 

With communication being the only significant subdimension of virtual daily life, it 
seems that our respondents used ICTs, such as the Internet, mostly for communicating 
with others outside the workplace. Without further investigation, it is unclear what 
could be the determinants of this observation. Nevertheless, one explanation might 
be related to the relatively low level of use of ICTs in daily life, as discussed above. 
When sporadically used (a couple of times a month according to our scale), ICTs are 
likely to be used for the most fundamental purpose, which is communication in virtual 
daily life [37], as their potentials are yet to be perceived [14]. Also, the majority of our 
respondents were men in their mid-career; men have been found to use ICTs more for 
communication than other uses, compared to other groups such as the ones with more 
younger workers [81]. As such, the experience with communication might carry a lot 
of weight in the overall virtual daily life experience in our sample. These possibili-
ties suggest that there is room to improve IVC through virtual daily life experience, 
through both increased and diversified exposure.

The results of this study have to be interpreted in light of its limitations. As with any 
survey-based study, our work is subject to common methods bias [70]. When we asked 
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participants about their capabilities and perceived performance in one questionnaire, 
their answers to these questions might be correlated due to the tendency of individu-
als to avoid dissonance. Given the exploratory nature of our study, we recognize this 
bias, but we also believe that the survey method was an effective, broadly accepted 
starting point (e.g., [85]), which further research can build upon. In addition, the 
self-reported measures used may also introduce social desirability bias—people may 
overestimate their competence or performance to make themselves look good [34]. 
Following examples in prior studies on competence, we worded our survey items 
carefully to minimize social desirability bias. We believe the results demonstrate that 
this bias is not worrisome with our data. For instance, the values of VSS range from 
1.2 to 7, with a mean of 4.44 and a standard deviation of 1.16, showing a distribu-
tion that covers both the low and high ends of the scale with a considerable amount 
of variance. Nevertheless, future research that employs multiple methods, such as 
observations or objective measures, would certainly help verify the findings of this 
study and contribute to a clearer understanding.

Another limitation is that only 16 percent of the variance in virtual competence is 
explained by the model, which suggests that a productive stream of future research 
would be to explore the antecedents of IVC. We have demonstrated that experiences 
with virtual settings help develop virtual competence. Nevertheless, it is not clear 
yet how the type of virtual work or online activities would affect the development of 
specific dimensions of virtual competence. In addition, while experience provides an 
informal mechanism to develop IVC, there are other contributors. One of them could 
be formal training, which has been argued to be able to enhance individual awareness 
and competence in virtual settings considerably (e.g., [16]). Because the purpose of 
our model was to demonstrate the nomological validity of IVC, we did not exhaust 
all of the possible antecedents of IVC, but chose experiences in line with our overall 
theory—social cognitive theory. However, it is certainly a promising direction to 
explore more antecedents of IVC in future research to enhance the understanding of 
how it is developed. 

Last, competence is not a static trait of individuals—it may change across settings; 
therefore, defining it is an iterative process [82] that our, and hopefully others’, future 
research will continue to explore. Drawing on various theories, findings, and prior 
conceptualizations of competence in the IS field, we have identified virtual self-efficacy, 
VMS, and VSS as the components of IVC. Although we believe they capture the key 
capacities in virtual settings, future research is needed to test our conceptualization 
and explore additional elements of individual competence in different and more spe-
cific virtual settings. For example, some virtual work settings are designed to involve 
global teams with members from different cultures [39, 41, 46]. In those contexts, 
cross-cultural knowledge and skills, such as understanding differences between cultures 
and being able to cope with these differences, are likely to be crucial. We believe that 
a fruitful area of future research would be to examine whether a separate IVC dimen-
sion pertaining to cross-cultural skills is needed in cross-cultural contexts in order to 
further enrich our understanding of competence in virtual settings. 
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Conclusions and Implications

In this study, we proposed a new construct to capture the key KSAs of individuals 
in virtual settings. We theoretically defined IVC and empirically developed its mea-
sures in a nomological network. Our results supported the positive effect of IVC on 
individual work outcomes in virtual settings and revealed the experiences with virtual 
work and online daily life as two significant antecedents of IVC. We concluded that 
IVC is an important individual characteristic that determines individual work outcomes 
in virtual settings. 

As an initial step toward defining and specifying a role for IVC, we believe our 
work contributes to theory by filling the void of individual KSAs in virtual settings. 
Prior studies have mainly relied on group-level and firm-level factors to study the ef-
fectiveness of virtual organizations (e.g., [39, 58, 91]). We complement prior research 
by highlighting individuals and the role they perform in effective work performance 
regardless of the degree of virtuality present. Drawing on a general framework of 
competence at work, prior conceptualizations of competence, and existing findings 
in the virtual work literature, we identify the key capabilities individuals need in vir-
tual settings. Virtual self-efficacy, VMS, and VSS capture the self-concept, skill, and 
knowledge aspects of IVC and provide insights into the individual KSAs in virtual 
settings. 

Our theorizing of IVC expands the understanding of individual competence in the IS 
literature. First, prior research on individual competence mainly discusses the knowl-
edge and skill dimensions of competence. For instance, IT competence is defined as 
the knowledge about and experience with IT [9]. Drawing on a broader framework 
[82], this study stresses self-efficacy as a component of competence, and thus enriches 
the understanding of competence as a multidimensional construct (e.g., [57]). Second, 
IVC reflects a different orientation from prior conceptualizations of competence in 
the IS literature; it stresses the competence in coping with an IT-enabled environ-
ment rather than IT itself. Such an orientation shifts focus from IT-related practices 
(e.g., the use of end-user technologies [60]) to work practices in general, allowing 
us to make inferences about individuals’ work outcomes beyond IT. This orientation 
presents an environment-based view of competence and an effective alternative ap-
proach to theorizing about individual competence. Furthermore, our findings about 
the effects of virtual competence (with its three dimensions) provide a concrete and 
specific embodiment of the general idea of individual competence, adding one more 
piece to the understanding of what specific competencies are needed for individuals 
to perform well in contemporary work settings. 

We also contribute to the IS literature by providing measures of IVC. Tested in a 
nomological network, the measures of IVC show satisfactory reliability, convergent 
validity, discriminant validity, and predictive validity. Researchers can include IVC in 
their models to study various phenomena regarding individuals in virtual settings. For 
instance, IVC could be included in the research on trust in virtual settings. Research 
has highlighted interpersonal trust as an important factor that influences virtual team 
effectiveness [13, 41, 64, 68]. IVC could be included as an antecedent of trust because 
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it taps into an individual’s capability to communicate and interact socially with others 
in virtual settings, and we expect this capability to facilitate the kinds of virtual social 
interactions that foster trust. Therefore, the current study provides a useful instrument 
for future research.

From a managerial perspective, we have identified the effects of IVC on individual 
work outcomes (i.e., satisfaction and perceived performance), which can guide manag-
ers to improve virtual work effectiveness. Prior research has advised on work setup, the 
dynamics among individuals, the characteristics of technology, management policies, 
and so forth (e.g., [3, 46, 64]). Our research shows that investments in individuals 
themselves are beneficial, too. Although this is not news, this message does present a 
mind-set shift to managers in managing virtual settings and the increasing virtuality of 
much work. Beyond the already substantial investments in technology and coordina-
tion (e.g., traveling, team building), it is worthwhile to take individuals’ capabilities 
into consideration, as they affect how other efforts translate to performance  [57]. 
Managers could encourage individuals to experience a broad array of technology and 
applications as an avenue toward enhancing IVC at work. 

More practically, the results may be used to design and facilitate training. Virtual 
work challenges traditional skill sets, resulting in a demand for training and personal 
development [16]. IVC provides managers with a lens to look into what needs to be 
improved. Managers can use the measures of IVC to gauge employees’ capabilities 
in virtual work, identify weaknesses, and develop training plans accordingly. While 
training could be conducted in a variety of ways, training programs targeted at improv-
ing individual capabilities in this kind of work may be more effective when delivered 
online. In this case, individuals would be able to benefit from not only the content 
of training but also the format through learning by doing in a virtual environment. 
In addition, outside of formal training, managers can also monitor the virtual work 
capabilities exhibited by employees on a regular basis and look for opportunities to 
provide everyday work experiences that help develop these capabilities. 

Moreover, managers can make hiring decisions based on individuals’ levels of IVC 
and experiences with virtual work and online daily life. We have shown that individu-
als who have more experiences are more competent and therefore may achieve better 
work outcomes in virtual settings. Hence, individuals with higher levels of IVC are 
good candidates for hiring because they are likely to be high performers. The scales we 
developed could be used as part of the preemployment assessment to assist recruiting 
managers in identifying such candidates. Alternatively, under circumstances where a 
thorough assessment is unfeasible, prior experiences with virtual work and online daily 
life could be used as indicators given the positive relationship between them and IVC. 
A quick look at virtual work experience on a resume or a simple question about the 
frequency of activities in virtual environments would give recruiting managers some 
sense of the potential of a candidate. These suggestions could help managers optimize 
their workforce and improve the overall effectiveness of virtual work. 

Finally, our research reveals that nonwork use of ICTs can actually be beneficial 
in the workplace. Regardless of the context, individuals gain confidence, knowledge, 
and skills during the use of ICTs. These acquired capabilities in turn influence their 
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use of ICTs and potentially their performance at work [38]. Therefore, organizations 
should consider this potentially positive aspect of nonwork ICT use and investigate 
whether harnessing such activity might be more beneficial than prohibiting it. This 
notion is in line with some of the emerging ideas in the practitioner literature that 
suggest that introducing online games and virtual worlds actively in the workplace 
might in fact improve employees’ engagement and efficiency [76]. Thus, rather than 
banning personal applications such as Facebook and Second Life, perhaps managers 
should examine the value of such applications in helping employees develop transfer-
able skills that would benefit their virtual work. 

Notes

1. When examining reflective measures, we dropped one item that was to measure perfor-
mance (PER1) and one item that was to measure RWSE (RWSE1). This is because of very poor 
loadings (< 0.7) on their corresponding constructs, which suggests that errors explain more 
than half of the variance in them [6, 15]. They do not effectively reflect their corresponding 
constructs. 

When examining formative measures, we dropped one item that was to measure variety of 
practice (VAR1) due to severe multicollinearity.

2. A table of item loadings and cross-loadings supporting these conclusions is available 
from the first author on request.

3. Another possible reason for the nonsignificant weights is multicollinearity. We calculated 
variance inflation factors (VIFs) to detect potential multicollinearity. The highest VIF was 2. 
Compared to 10 as the threshold for serious multicollinearity [61], the results indicated that 
multicollinearity was not an issue with the data.
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Appendix A. Representative Supporting Studies for the Dimensions 
of Individual Virtual Competence

Dimension

Representative  
supporting  

studies 
Synthesis of research findings 

supporting IVC link

Virtual self-efficacy [24, 30, 33, 57, 69, 
85]

Studies of remote work and virtual 
work, technology use at work, and 
learning in virtual settings confirm the 
importance of self-confidence as a 
key motivational belief that enables 
capable performance, thus supporting 
inclusion in IVC.

Virtual social skill [2, 13, 64, 66, 72, 
88, 95]

Studies about the role of trust, 
relationship building, socialization, and 
social networks within virtual contexts 
confirm the significant role that a 
social skills capability in individuals 
plays in enhancing various virtual 
work outcomes. Research has also 
suggested that lack of social skills 
contributes to loss of trust, weak 
relationships, and emergent risks in 
virtual team interaction. This supported 
our inclusion of virtual social skills in 
IVC.

Virtual media skill [28, 39, 47, 50, 86, 
88, 93]

Studies of trust and leadership, media 
naturalness, computer-mediated 
communication effectiveness, and 
working in virtual organizations 
indicate the importance of capable 
individual performance with media 
features in order to communicate 
and share information. Further, 
recent research indicates that team 
dysfunction can emerge as individuals 
improperly use or do not use the ICT 
tools provided. This body of research 
supported our inclusion of virtual 
media skill in IVC.
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Appendix B. Survey Instrument

Computer Self-Efficacy (CSE) [24], Reflective

Seven-point scale (1 = “not at all confident,” 4 = “moderately confident,” 7 = “totally 
confident”)

CSE1	 I could complete my job using a new software package if I had never used 
one like this before.

CSE2	 I could complete my job using a new software package if there is no one 
around to tell me what to do as I go.

CSE3	 I could complete my job using a new software package if I had only the 
manuals for reference.

CSE4	 I could complete my job using a new software package if I could call 
someone for help if I got stuck.

CSE5	 I could complete my job using a new software package if I had seen 
someone else using it before trying it myself.

Remote Working Self-Efficacy (RWSE) [85], Reflective

Scales for RWSE, VSS, PER, and SAT are based on a seven-point scale (1 = “strongly 
disagree,” 7 = “strongly agree)

RWSE1	 I have confidence that I can complete my virtual work because I can ac-
cess appropriate support staff readily.

RWSE2	 I have confidence that I can complete my virtual work because I can ac-
cess information needed to perform my job. 

RWSE3	 I have confidence that I can complete my virtual work because I can set 
objectives that align with the organization’s goals.

RWSE4	 I have confidence that I can complete my virtual work because I can 
prioritize tasks to use my time effectively.

Virtual Social Skill (VSS) [31], Reflective

VSS1	 In virtual settings, I am keenly aware of how I am perceived by others.
VSS2	 In virtual settings, I am good at making myself visible with influential 

people in my organization.
VSS3	 In virtual settings, I find it is simple to put myself in other people’s posi-

tions to understand their point of view.
VSS4	 In virtual settings, I always know what to say to others in social 

situations.
VSS5	 In virtual settings, I am particularly good at sensing the motivations and 

hidden agendas of others.
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Outcomes of IVC: Performance (PER) [85] and Job Satisfaction 
(SAT) [84], Reflective

PER01	 My manager rates the efficiency of my work highly.
PER02	 I work very efficiently.
PER03	 I am an effective employee.
PER04	A mong my work group, I would rate my performance in the top 

quarter.
PER05	 I am a highly productive employee.
PER06	T he quality of my work output is outstanding.
SAT1	 I am satisfied with the attention paid to the suggestions I make.
SAT2	 I am satisfied with the relations between management and employees in 

my firm.
SAT3	 I am satisfied with the amount of responsibility I am given.
SAT4	 I am satisfied with my immediate boss.
SAT5	 I am satisfied with the way I am managed.
SAT6	 I am satisfied with the recognition I get for good work.

Virtual Media Skill (VMS) [94], Formative

Media types: telephone, e‑mail, videoconference, instant messaging, online forum, 
group support systems (e.g., Intranet, Lotus Notes, and Sharepoint); seven-point scale 
(1 = “extremely incapable,” 7 = “extremely capable”)

	 1.	T o what extent do you feel you are capable of using [Media Type] to give and 
receive timely feedbacks when communicating with others whom you are not 
able to meet in person? (VMS1, VMS5, VMS9, VMS13, VMS17, VMS21)

	 2.	T o what extent do you feel you are capable of using [Media Type] to convey 
multiple types of information (e.g., factual information, emotional information) 
when communicating with others whom you are not able to meet in person? 
(VMS2, VMS6, VMS10, VMS14, VMS18, VMS22)

	 3.	T o what extent do you feel you are capable of [Media Type] to transmit varied 
symbols (e.g., words, numbers, and pictures) when communicating with others 
whom you are not able to meet in person? (VMS3, VMS7, VMS11, VMS15, 
VMS19, VMS23)

	 4.	T o what extent do you feel you are capable of tailoring the message to fit other 
parties’ requirements when [Media Type] communicating with people whom 
you are not able to meet in person? (VMS4, VMS8, VMS12, VMS16, VMS20, 
VMS24)

Virtual Daily Life Experience (VDLE), Formative Second Order

Activities: information seeking, communication, socialization. Each is formative 
first order. Items: frequency (INFOR1, COM1, SOC1); seven-point (1  =  “never,” 
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7 = “several times a day”). Items: daily usage (INFOR2, COM2, SOC2) [87]; seven-
point scale (1 = “never,” 7 = “more than 5 hours”)

	 1.	 On the average, how frequently do you use ICT, such as the Internet, for [activ-
ity] for nonwork purposes?

	 2.	 On the average, how much time do you spend on ICT, such as the Internet, for 
[activity] for nonwork purposes?

Virtuality [22] Formative Second Order—Control Variable

Three dimensions: workplace mobility, team distribution, variety of practices. Each 
is formative first order; six-point scale (1 = “never,” 6 = “daily”)

Team Distribution

DIS1	C ollaborate with people who speak different native languages or dialects 
from your own.

DIS2	C ollaborate with people in different time zones.
DIS3	C ollaborate with people you have never met face-to-face.
DIS4	 Work with people via Internet-based conferencing applications.

Workplace Mobility

MOB1	 Work at different sites.
MOB2	 Work at home during normal business days.
MOB3	 Have professional interactions with people outside the organization.
MOB4	 Work with mobile devices.
MOB5	 Work while traveling, e.g., at airports or hotels.

Variety of Practices

VAR1	 Work on projects that have changing team members.
VAR2	 Work with teams that have different ways to track their work.
VAR3	 Work with people that use different collaboration technologies and 

tools.

Virtual Work Experience (VWE), Reflective, Two Dimensions—
Extent and Frequency

Extent: seven-point scale (1 = “no experience,” 7 = “extremely experienced”). Fre-
quency: seven-point scale (1 = “never,” 7 = “several times a day”)

VWE1	 How would you describe your previous experience with virtual work? 
VWE2	 How frequently were you involved in virtual work in the past three 

years?
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Appendix C. The Two-Step PLS Modeling Approach

Following prior research, we adopted a two-step approach to test the proposed model 
because it involved second-order constructs [4, 10, 19, 21]. 

Step 1: Generate construct scores for the first-order constructs that constitute the 
second-order constructs with formative items (virtual competence, virtual daily life 
experience, and virtuality) and examine the measurement properties of these first-
order constructs. To accomplish this step, we created a PLS model to generate the 
construct scores. This model resembled the proposed nomological network except that 
the second-order constructs were replaced by their first-order constructs respectively. 
The measures of each construct in this model, whether formative or reflective, were 
directly derived from the survey items. Construct scores of the first-order constructs 
were derived and merged back into the PLS data file as the formative indicators of 
corresponding second-order constructs. 

Step 2: Examine the measurement properties of all constructs not examined in Step 1 
and test the structural model. We created a second PLS model to test the hypotheses. 
We included the second-order constructs with the PLS-created indicators for them 
as shown in Figure 2. First-order constructs did not appear in this model. Their con-
struct scores represented them as measures in the model. Measures of performance, 
job satisfaction, and virtual work experience remained the same as in the first model. 
We ran the second model and reported the results of this structural model as shown 
in Figure 3. We based our analysis and discussion on the second model developed in 
Step 2. Meanwhile, we included the information of the first-order constructs when 
reporting the results of the measurement model because they were the sources of the 
indicators of the second-order constructs and the quality of the measures of them 
influenced the quality of the overall measurement model.
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