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Abstract

Organizations continue building virtual working teams (Teleworkers) to become more dynamic as part of their
strategic innovation, with great benefits to individuals, business and society. However, during such transformations
it is important to note that effective knowledge communication is particularly difficult in distributed environments
as well as in non-interactive settings, because the interlocutors cannot use gestures or mimicry and have to adapt
their expressions without receiving any feedback, which may affect the creation of tacit knowledge. Collective
Intelligence appears to be an encouraging alternative for creating knowledge. However, in this scenario it faces
an important goal to be achieved, as the degree of ability of two or more individuals increases with the need to
overcome barriers through the aggregation of separately processed information, whereby all actors follow similar
conditions to participate in the collective. Geographically distributed organizations have the great challenge of
managing people’s knowledge, not only to keep operations running, but also to promote innovation within the
organization in the creation of new knowledge. The management of knowledge from Collective Intelligence
represents a big difference from traditional methods of information allocation, since managing Collective Intelligence
poses new requirements. For instance, semantic analysis has to merge information, coming both from the content
itself and the social/individual context, and in addition, the social dynamics that emerge online have to be taken into
account. This study analyses how knowledge-based organizations working with decentralized staff may need to
consider the cognitive styles and social behaviors of individuals participating in their programs to effectively
manage knowledge in virtual settings. It also proposes assessment taxonomies to analyze online comportments
at the levels of the individual and community, in order to successfully identify characteristics to help evaluate
higher effectiveness of communication. We aim at modeling measurement patterns to identify effective ways of
interaction of individuals, taking into consideration their cognitive and social behaviors.

Keywords: Computer Science; Telework; Knowledge management; Thinking styles; Learning styles; Self-government;
Collective intelligence; Collaborative work; Cognitive patterns

Introduction
The combination of technology and necessity has helped
to create a new way of organizing work — the virtual
organization [1, 2]. Geographically distributed organiza-
tions are currently facing challenges when it comes to
managing individuals that do not permanently work in
typical office settings. Organizational communication pat-
terns and corporate culture are different, since most of
their interaction takes place through digital media and no
longer face-to-face. This leads to many individuals feeling

increasing isolation from the organization, ambiguity in
the tasks to be performed and less structure in the work-
ing environment.
Remote workers are brought together for a unified pur-

pose or project and all usually answer to the same boss.
However, they may be grouped into virtual teams accord-
ing to their abilities. Leading those workers is a challenging
task, with respect to collecting, categorizing and distribut-
ing their knowledge in order to make the organization per-
form better and to facilitate competitiveness.
Remote work has also gained in popularity, with many
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resources and create flexible working arrangements [3].
However, several researches have identified challenges
that virtual settings engender [4]. For instance, the influ-
ence of trust and the difficulty of building it in virtual
settings have received particular attention [5]. In re-
sponse, researchers have proposed different approaches.
Some of them look at the operational network structure
of virtual organizations [4]; some investigate the interac-
tions and communication among people within virtual
organizations [6]. However, almost all studies consider
only the organization and its teams in their analyses [7],
with very little focus being placed on the variables at the
individual level. Teleworkers’ abilities, competences and
behaviors, in fact, play an important role in generating the
overall performance of distributed organizations. Collab-
oration should be personalized and not standardized.

Background and literature review
The most challenging aspects that staff today face when
working in virtual settings are presented in Table 1. Irre-
spective of the technology used and how it is used, it is
possible to identify that most aspects are related to indi-
vidual competences and cognitive conditions which are
not always properly identified and measured or even
considered; in particular, when knowing that face-to-face
communication does not take place as happens in nor-
mal office settings.
The significance of managing knowledge within firms

so as to be competitive, combined with the distributed
or discontinuous essence of virtual organizational forms,
places enormous challenges on today’s business leaders
who are driven to seek optimal firm performance [8]. A

major advantage of virtual organizations is that they help
exploit the knowledge of distributed employees with
diverse backgrounds and experience [9, 10]. However,
the underpinning element of virtual organizations,
computer-mediated communication (CMC), has been
criticized for its limited capacity to transmit rich infor-
mation and its consequent ineffectiveness in transferring
non-codified knowledge [11].
One of the most widely recognized problems in know-

ledge management is that tacit knowledge is difficult to
transfer [1, 4]. From a communication perspective, this
can be explained by the stance that lean (non face-to-
face) communication channels in virtual settings do not
provide adequate support for the necessary transfer of
rich information in order to assist the recipient to ac-
quire tacit knowledge [12]. This may be a technology-
based issue, but it also implies a communication skill
problem that needs to be addressed individually. Either
way, knowledge transfer is likely to become more effect-
ive if there is a way to improve the effectiveness of com-
munication in virtual settings [13]. Our attempt is to
approach knowledge transfer in virtual settings from a
social cognitive perspective at the level of the individual,
modeling a set of patterns with consideration of cogni-
tive styles and learning styles, in order to achieve higher
effectiveness of communication in virtual settings. We
propose a model to appraise cognitive preferences, skills
and abilities that enable individuals to undertake effect-
ive knowledge transfer in distributed environments and
assist in designing hypermedia technologies (Personal
Knowledge Support Interfaces) to overcome the limita-
tions of such settings. Figure 1 presents the relevant as-
pects we consider for combining the two elements to
build up the pattern in a structured way.

1. Self-government to work remotely and participate in
virtual teamwork.

2. Cognitive preference to process knowledge.
Hypermedia preferences.

Cognitive styles
Our analysis of the nature of knowledge is based on
Polany’s theory, arguing that knowledge requires active
participation of the knower and is hence knower-
dependent. Knowing is an act of a particular individual,
closely related to his or her cognitive preferences. Each
time we express ourselves to say what we know, we can
only do so by sending messages in different forms. Such
messages, however, for the most part, carry information
which only a knowing mind can assimilate, understand
and incorporate into its own knowledge structures [14].
Irrespective of how we codify and store knowledge, it
does not seem to have much meaning until it is used
for some purpose. The fundamental perception is to

Table 1 Challenges facing staff when working remotely [65]

Challenges Description

Lack of self- discipline Staff not confident to perform assigned
work effectively

Lack of self-management Staff not able to manage themselves

Lack of organizational
engagement

Staff do not feel a part of the organization

Lack of Coordination Staff lack direction and instructions from
management

Lack of Motivation Staff lack empowerment and feedback

Lack of Feedback Staff lack information to continue
performing activities

Social isolation Staff lack contact with others

Distractions Staff not able to focus on assigned work

Slow communication Staff not able to effectively communicate

Work-Life balance Staff not able to separate private and
work life

Ambiguity Staff confused about how to proceed
due to vagueness

Less Structure Staff lack organizational structure
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understand how the knower’s cognitive style can influ-
ence knowledge sharing through collaborative virtual en-
vironments. De Bono [15] believed that cognitive style is
required to facilitate a knowledge management system
in terms of helping the individual to identify appropriate
information and to be able to transfer it at the accurate
location. Harrison and Bramson [16] and De Bono [15]
found that understanding thinking is vital in resolving
problems and that it is essential to know how people
think to avoid misunderstanding.
Previous researchers in this area attempted to explain

the relationship of knowledge transfer and cognitive
styles through issues such as personality traits and be-
havioral impact on knowledge sharing. Kwok and Gao
[17] identified that there are some studies that have been
done related to knowledge sharing through virtual envi-
ronments in organizations. In addition to that, Soule
[18] and Zakaria et al. [19] also added some contribu-
tions to the findings of virtual knowledge sharing among
team workers. However, no empirical study has as yet
been done to integrate individual cognitive styles such as
we propose in this study.
Ghani et al. [20] performed an empirical analysis and

showed strong support for the positive effects of the five
categories of thinking styles described in Sternberg’s the-
ory [21], namely Functions, Levels, Forms, Scopes, and
Leanings. The five categories show that there are several
ways of managing a society, as well as different ways for
people to demonstrate their abilities and skills. The pref-
erences that they indicate for choosing one’s abilities are
classified as the styles of thinking. According to Stern-
berg [21], Functions include legislative, meaning being
creative, executive, meaning being conforming, and judi-
cial, meaning analytical. Forms are related to the hier-
archical description of people who deal with multiple
prioritized tasks, Levels consist of a global thinking style,
used for people who focus on abstract opinions, and
local, used for people who concentrate on concrete
ideas. Scopes cover internal thinking style, used for
people who prefer to work independently, and external
thinking style, used for people who prefer to work with

others. In addition, Leanings include a liberal thinking
style to describe people who use new ways of dealing
with tasks, and a conservative thinking style to describe
people who use traditional ways of dealing with tasks.
Sternberg added that the style of thinking is correspond-
ingly related to the other styles, such as a cognitive ap-
proach as well as a leaning style and many other styles
that are constructed from intellectual styles.
We have long accepted that people are not all the

same, why then should they be treated in the same way
when considering that their cognitive preferences can
significantly improve the way they think, make decisions
and interact? People organize and govern their tasks in
ways that are consistent with how they cognitively for-
mulate concepts and process information [22]. These are
known in Cognitive Psychology as Cognitive Styles or
Thinking Styles. When the cognitive styles and environ-
ment are compatible, individuals are better equipped to
attend to and interpret relevant information and use it
to decide how to act and perform effectively [23]. Cogni-
tive styles also affect preferences for the ways of govern-
ing interaction among groups [22, 24].
Considering Styles, it is important to mention that

they are preferences and not abilities. Styles are not good
or bad, and can vary across the lifespan. What is valued
at one time and place may not be valued at another.
There are several models developed to evaluate cogni-

tive styles. Whether the model is the one designed by
Myers-Briggs, by Sternberg, by Dunn and Dunn, by
Gregorc, by Gardner, or by Kolb, the basic message is
the same: nothing is more unequal than treating indi-
viduals as though they were equals in all ways [25]. This
study formulates a hybrid model, combining some
aspects of Sternberg’s theory of mental self-governance
and others from the Felder and Silverman learning
styles, defining the structured setting as a two-step
process involving the abilities of individuals to work
remotely and to work in virtual settings and also their
preferences to collect and process information.
According to Sternberg’s theory, people can be under-

stood in terms of the functions, forms, levels, scopes,
and leanings of governance. Three dimensions of this
taxonomy were identified as relevant to the nature of re-
mote work and virtual teams: scope, leaning and level
[26]. Table 2 presents the categories of each dimension
and how this study approaches their relevant aspects.
Sternberg’s theory of mental self-government reflects

different ways in which people can organize or govern
themselves. From this viewpoint, then, governments are
very much extensions of individuals: They represent al-
ternative ways in which collectives, like individuals, can
organize themselves [22]. Evaluation of the commitment
of individuals to work remotely and also to take part in
virtual teamwork is considered in particular.

Fig. 1 Relevant aspects for social cognitive analysis of individuals
working in virtual settings
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The following three premises are considered for classi-
fying the dimensions according to their strengths and
weaknesses.
Levels:
Because local cognitive styles prefer concrete detail in

their work, whereas global cognitive styles prefer ab-
stract thinking, and remote work elevates ambiguity,
people with global cognitive styles will have greater com-
mitment to working remotely than people with local
cognitive styles [26]. In addition to that, because the na-
ture of virtual collaboration involves heightened ambigu-
ity from a traditional office setting, these differences are
surmised to disproportionately increase the cognitive
costs of information exchange for locals during virtual
collaboration [27, 28]. Thus, people with global cognitive
styles will have greater commitment to the virtual team
than people with local cognitive styles [26].
Scopes:
Because internal cognitive styles prefer to work alone

rather than in a group, it would follow that employees
with internal cognitive styles would be well-suited to re-
mote work and this match between their cognitive style
and the situation would probably be associated with
high levels of commitment [26]. This means that people
with internal cognitive styles will have greater commit-
ment to working remotely than people with external
cognitive styles. On the other hand, remote workers
seeking out interaction with their virtual team members
[..] have been shown to increase identification with and
commitment to coworkers [29]. Thus, people with ex-
ternal cognitive styles will have greater commitment to

the virtual team than people with internal cognitive
styles [26].
Leanings:
Since the remote work function has limited capability

to support observational modeling [11, 30], and because
it has increased discretion and reduced feedback com-
pared to traditional office settings [31–33], the remote
work function is less externally structured. Since congru-
ence between a person’s cognitive style and the person’s
task environment is an important condition for building
commitment [30, 34], liberals should be more commit-
ted to the less structured environment of remote work
than conservatives [26].
Table 3 is developed using ‘-’ and ‘+’ to indicate the

low and high affinity of the respective dimension to re-
mote work and virtual teamwork.

Remote work vs virtual team work
Civin [35], Fusaro [36], Jehng [30], Wellman [37] have
suggested that the ambiguous, solitary and less externally
structured nature of an environment in which electronic
media are used for collaboration adversely affects telewor-
kers’ commitments toward their jobs and their virtual
teammates. It should be noted that low remote working
commitment is not ubiquitous among teleworkers [38].
Cerulo [39] and Ngwenyama [40] have asserted that an
electronically mediated environment may enhance one’s
feelings of freedom and flexibility in one’s work, and that
people at times may develop spontaneous intimacy and
solidarity with virtual coworkers [39, 40]. Some ways in
which the effects are seen concern one’s proclivity for
working alone or as part of a group.
While there are many factors that affect preferences for

working alone versus working in a team, such as cultural
individualism and collectivism [41], the differential per-
ceptions of remote work and virtual teammates depend in
part on the compatibility between people’s cognitive styles
and the richness of the media through which they collab-
orate with their virtual teammates while performing their
duties [23, 42, 43]. In accordance with this, we consider
evaluating learning style models and media richness to
identify individual’s learning preferences, in order to deter-
mine the ideal tools and environment in which knowledge
can be processed better.

Learning style models
In addition to the geographic location of the individual and
his/her commitment to work remotely and in virtual teams,
this study integrates learning style models to enhance
Sternberg’s theory of mental governance, to identify the in-
dividual’s learning preferences in order to determine the
ideal environment (and media) in which knowledge can be
processed better. It also allows organizations to effectively
address content and communicate with individuals.

Table 2 Cognitive style dimensions relevant to the nature of
working remotely and in virtual teams

Thinking Styles

1. Levels

Global Individual likes to deal with big ideas, but sometimes
can lose touch with the details (able to process
abstract information)

Local Individual enjoys tasks that require keeping track of
details and focusing on concrete specifics of a situation
(requires concrete details)

2. Scopes

Internal Individual is typically introverted and often
uncomfortable in groups (prefers working alone)

External Individual might not enjoy working or even being
alone (prefers working on teams)

3. Leanings

Liberal Individual may prefer change simply for the sake
of change, even when it is not ideal (goes beyond
boundaries)

Conservative Individual likes to minimize change and avoid ambiguity
(prefers conventions and structures)
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There are two known models of learning styles that
are considered in this study, as they show good discrim-
inant validity with a strong relationship between the di-
mensions being statistically significant: the Gregorc’s
Mind Styles Model which provides an organized method
of considering how the mind functions, and the Felder
and Silverman’s Learning Style Model (FSLSM). Gre-
gorc’s model focuses on perceptions and abilities to
evaluate how individuals perceive information from the
world and how it is organized. However, Felder and
Silverman developed their model considering an index to
identify preferences out of four dimensions, allowing indi-
viduals to develop a more balanced approach to learning.
This study considers FSLSM, since it better assists in asso-
ciating the individual’s virtual setting conditions with the
preferences of the individual out of the range of predilec-
tions, to balance the knowledge experience.
The Felder model is most appropriate for hypermedia

courseware [24], which is also a common setting for in-
dividuals working remotely and very often used in re-
search related to learning styles in advanced learning
technologies.
Table 4 presents how FSLSM classifies individuals as

fitting into the following four learning style dimensions:
When we evaluated levels and scopes according to

Sternberg’s theory, we considered individuals’ prefer-
ences for working alone or within teams (active/reflect-
ive learners) and also reviewed abstract and concrete
thinking (sensing/intuitive learners). Therefore, we now
consider analyzing only visual/verbal learners and se-
quential/global learners out of the four dimensions sug-
gested by FSLSM, specifically considering the impact on
using hypermedia tools in virtual settings.
The visual-verbal dimension differentiates learners who

remember best what they have seen, e.g. pictures, diagrams,
time lines, films, demonstrations and flow-charts, from
learners who get more out of written words and spoken
explanations. Thus, visual individuals should effectively
process explicit knowledge delivered in video format or

digital material that has a visual representation. In contrast,
verbal individuals will be expected to process and transmit
knowledge more effectively in virtual settings using tools
such as messaging, blogs, forums or e-mail systems. Inter-
action by the use of video teleconferencing or audio sys-
tems should also be suited to their verbal learning style.
In the sequential/global dimension, individuals are

characterized according to their understanding. Sequen-
tial learners tend to gain understanding in linear steps,
while global learners tend to learn in large jumps,
absorbing material almost randomly without seeing con-
nections. Sequential learners tend to follow logical step-
wise paths in finding solutions; global learners may be
able to solve complex problems quickly or put things to-
gether in novel ways once they have grasped the big pic-
ture. [15]. Because the whole picture is important for
global learners, they tend to be more interested in over-
views and a broad knowledge, whereas sequential
learners are more interested in details.
Table 5 uses ‘-’ and ‘+’ to indicate the low and high af-

finity of seven common computer-mediated hypermedia
tools used in virtual settings to the learning topics con-
sidered relevant to obtaining and sharing knowledge.

Research design and methodology
Collective Intelligence
There is a form of intelligence that emerges from the collab-
oration and competition among many individuals and that
has a mind of its own. This collaboration in human collec-
tives can either be direct or indirect, and the interaction can
take place through verbal communication or non-verbal ac-
tion. No geographic or spatial dimension is as yet known as
a precondition for its effective development either.
The acquisition and sharing of knowledge in Collective

Intelligence is a big contest compared to traditional

Table 3 Affinity of cognitive styles related to remote work and
virtual teamwork

Styles Remote Work Virtual Team Work

Levels

Global + -

Local - +

Scopes

Internal + -

External - +

Leaning

Liberal + -

Conservative - +

Table 4 Learner types’ style dimensions relevant to the nature
of working remotely and in virtual teams [66]

Learner types Description

Active Prefers to learn by trying things out,
working with others

Reflective Prefers to learn by thinking things
through, working alone

Sensing Prefers the concrete, practical, oriented
towards facts and procedures

Intuitive Prefers the conceptual, innovative, oriented
towards theories and meanings

Visual Prefers visual representations of presented
material: pictures, diagrams, flow charts

Verbal Prefers written and spoken explanations

Sequential Prefers the linear, orderly, learning in small
incremental steps

Global Prefers the holistic, systematic thinking,
learning in large leaps
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methods of information sharing. Managing Collective
Intelligence poses new challenges, such as semantic ana-
lysis within a particular context, arising both from the
content itself and the social context. In addition, the so-
cial dynamics given by remote environments have to be
taken into account, not only at the level of the commu-
nity, but at the level of individuals as well.
Considering all the requirements previously mentioned,

this study presents the decomposition of Collective
Intelligence into four layers as a methodological approach
for research and development. It separates different con-
cerns into orthogonal layers specifically representing the
individual’s cognitive preferences and behaviors in remote
environments (communities). Figure 2 represents the con-
cept of how the four layers are considered for the support
of the effective transformation of information into know-
ledge. The levels are not exclusive and the arrows consider
the sharing activities that allow information to be proc-
essed, taking into consideration affinities in the environ-
ment with other peers.
Figure 3 represents how the exchange of information

concerns different teleworker layers. The behaviors are
identified and analyzed at individual level and are used
to evaluate and synchronize preferences and abilities for
supporting an effective information sharing.
Collective Intelligence also refers to the intelligence and

knowledge that arise from interactions among individuals
who are associated in groups. To analyze those groups (or
teams), it is necessary to go beyond their unique qualities
and also to consider characteristics such as interaction,
interdependence, structure, cohesiveness and goals.
Groups are systems that create, organize, and sustain

interaction among the members. Figure 4 recognizes that
members’ thoughts, actions, and emotions are shaped by
individual-level processes, but that each member is also
shaped by the group to which he belongs. These groups
are at the same time shaped by their individual members
and they are also nested in larger groups themselves, in-
cluding communities and organizations.
Allport [1] initially believed that group behavior was

completely predictable, by considering the characteristics
and qualities of the individual members. But Kurt Lewin’s
[44] field theory of group dynamics assumed that groups
are more than the sum of their parts.

Lewin’s theory is based on the principle of interactionism,
assuming that the behavior of people in groups is deter-
mined by the interaction of the person and the environ-
ment. The following formula summarizes this assumption.

cB ¼ ƒ I ; Eð Þ ð1Þ
cB: Cognitive Behavior, I: Interaction, E: Environment
The process of collecting and managing knowledge in

remote environments is performed with the use of
digital tools that allow the exchange of information. The
richer the medium, the better it facilitates collaboration
and enhances attendant clarity and understanding
among collaborative partners [11, 30]. The richness
serves to reduce the feeling of solitude and the ambigu-
ity created by electronic mediation surrounding tasks
and interpersonal situations. This affects how people feel
about their tasks and come to identify with one another
and ultimately impacts their commitment to their work
and their virtual teammates [45, 46].
In order to analyze behaviors more precisely, Formula 2

shows how interaction is defined within the function of
cognitive styles and how learning preference is defined
within the function of the environment, meaning the
media assisting the activities associated with knowledge
collection and transference. Defining the learning prefer-
ences within the function of the environment will lead the
evaluation to a more accurate representation of a telewor-
ker’s knowledge-processing capabilities and therefore en-
hance the potentials of adaptive learning environments,
specifically considering the digital media used to interact
and share knowledge. Moreover, the in-depth investiga-
tion of learning style characteristics could also improve
pedagogical models, supporting a more effective and per-
sonalized learning.
Our approach in virtual settings considers how the

interaction of individuals may be affected by their think-
ing styles (Ts) and how the environment is impacted by
the digital media used in computer-mediated communi-
cation — CMC — which is specifically analyzed in this
study through learning preferences (Lp).

cB ¼ ƒ I Tsð Þ; E Lpð Þð Þ ð2Þ
Ts: Thinking styles, Lp: Learning preferences

Table 5 Affinity of hypermedia tools relevant to obtaining and sharing knowledge in virtual settings

Learning E-mail Instant Messaging Blog Forums Wikis Social Networks Video Streaming Voice Podcasts Video-conferencing

Media

Visual - - - + + - +

Verbal + + + + + + +

Order

Sequential + + + + + + +

Global - - + - + - +
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There has been a large volume of work on content
analysis. Researchers have investigated various methods
to rate sentiment levels, to detect moods and emotions,
and finally, to understand the source, target, and com-
plex attitude types [29]. Others have attempted to
analyze Impacts, aiming to understand the potential ef-
fects of group interaction processes on each other and
on participants. A few recent approaches have utilized
more complex methods, such as clustering, to directly as-
sess the potential impact of one variable on another [47].
Recognizing behavior and interaction patterns, we at-

tempt to catalog potential Collective Intelligence empathy
based on cognitive preferences, considering the McGrath
[48] interaction processes at a micro level. Figure 5 shows
interaction in terms of three different stages: communica-
tion pattern among interacting people, content of commu-
nications, as well as impact of different group interaction
processes on each other and on participants.
Communication pattern refers to the structure of a

series of interactive behaviors that takes place among
people [48]. Such behaviors can also be considered with
respect to their content and can be regarded as having
an interpersonal component (Thinking Styles) and a task
component (Media). Finally, the interaction process con-
cerns its impact, mainly built up by the interaction of
communications, content and tasks.
A/B: Group Members
Form: A/C, C/B: Online Communication process
Content: T/A, T/B: Interpersonal activity (Thinking)
M/A, M/B: Media activity (Learning)
Outcome:

T/C, C/T: Effect of Communication pattern and inter-
personal component.
C/M, M/C: Effect of Communication pattern and task

component.
I/M, M/I: Effect of interpersonal and task component

on one another.
After identifying actors and influences, with respect to

the McGrath [48] interaction processes, we proceeded to
analyze the individual’s behaviors, targeting the three-
stage process of the virtual settings’ environment,
namely: Personal, Community and Online.
The consensus is that individuals in a community who

possess more of a certain type of competence will per-
form better at related tasks than other less competent
individuals [49]. Consistent with this finding, we extend
and conceptualize the analysis of individuals’ behaviors
within virtual settings and communities, so that they
maximize their performance in processing knowledge.
We base our theorizing on:

Personal Behavior through the Social Cognitive Theory
Community Behavior through the Social Capital Theory
Online Behavior through the Social Presence Theory

In the context of virtual settings, individual competence
can be defined as the extent of an individual to work and
communicate in remote environments for driving the
achievement of collaborative work. We believe that indi-
viduals are inexperienced and ineffective at communicat-
ing in virtual environments, particularly when the goal is
knowledge transfer leading to the development or

Fig. 2 Exchange of information considering different teleworker layers
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acquisition of new skills by the recipient, because it is such
a new phenomenon [50]. The analysis of individual behav-
iors that may affect interaction is approached with the re-
spective theories as follows:
The Social Cognitive Theory (SCT) considers a psy-

chological model of behavior that was defined by Albert
Bandura [51]. It emphasizes that learning occurs in a so-
cial context and that much of what is learned is gained
through observation. SCT does recognize the import-
ance of the environment in determining behavior, but in
addition it claims that people, through forethought, self-
reflection, and self-regulatory processes, can also exert
substantial influence over their own outcomes and the en-
vironment more broadly. SCT also assumes that learning
involves not just the acquisition of new behaviors, but also
of knowledge, cognitive skills, concepts, abstract rules,
values, and other cognitive constructs. This division of
learning and behavior is a shift from the position advo-
cated by behavioral theories that defined learning stri-
dently as a change in the form or frequency of behavior.
SCT is used in this study as a method to measure self-

efficacy and the belief in own ability with minimal super-
vision, relying on own abilities and initiative to perform
a job, taking into consideration the conditions of a re-
mote environment.
For Field [52], the central thesis of the Social Capital

Theory is that ‘relationships matter’. The central idea is
that ‘social networks are a valuable asset’. Interaction
enables people to build communities, to commit

themselves to each other, and to weave the “social know-
ledge fabric”. A sense of belonging and the concrete ex-
perience of social networks (and the relationships of trust
and tolerance that can be involved) can provide great bene-
fits to people. Social capital is “the aggregate of the actual
or potential resources which are linked to possession of a
durable network of more or less institutionalized relation-
ships of mutual acquaintance and recognition” [53].
This study uses the Social Capital Theory as a way of

identifying and measuring the constituents that compose
virtual networks and how they influence individuals’
behaviors.
The Social Presence Theory (SPT) has come to be

viewed as the way individuals represent themselves in their
online environment. Social presence defines how partici-
pants relate to one another, which in turn affects their
ability to communicate effectively [54]. Studies have found
that academic performance can actually be inhibited due
to a lack of social presence in online classrooms. Without
social presence, learning interaction suffers, which has
negative effects on learning performance [55].
Interactivity involves the activities and communication

styles online users engage in. Norton [56] identified 11
communication styles that can be associated with online
communication. What style participants use in communi-
cating will impact on their social presence. Too much ri-
gidity to one style alone, or poor use of all styles in the
facilitation of conversations, will have a negative effect on
social presence.

Fig. 3 Decomposition of Collective Intelligence into four layers as a methodological approach
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The Social Presence Theory is considered in this study
as a way of measuring the feeling of community that
someone experiences in an online environment, so that
cohesiveness and collaboration in virtual operations can
be promoted.
Bandura [51] suggested as well that individuals develop

cognitive and other personal traits through behaviors. In
the same vein, virtual competences are influenced when
individuals conduct virtual activities. Since individuals are
exposed to virtual activities in both work life and daily life,
they are likely to develop virtual competences in both set-
tings [57]. The effect of this constitutes the influence
process that, according to a study by Woodley [58], has
shown it is correlated with the development of Collective
Intelligence. Therefore, we hypothesize that:
H1: The relationship between cognitive and social be-

haviors of individuals is positively related to the develop-
ment of Collective Intelligence empathy in virtual settings.

Results and discussion
Instrumentation
A modeling approach for defining cognitive patterns of in-
dividuals working in virtual settings is proposed, aimed at
identifying their tendencies in each of the three of Stern-
berg’s dimensions and the two dimensions of FSLSM.
Firstly, Self-Government topics are evaluated using the
Thinking Style Inventory (TSI) to deal with determining
the relevant scores of individuals working in virtual teams
and working remotely, by identifying cognitive styles. Sub-
sequently, the Index of Learning Styles (ILSs) is used to
measure the relevant preferences, to determine the ideal
environment in which knowledge can be processed better
and thus to determine hypermedia tool preferences.

Mental self-government pattern
Sternberg’s Thinking Style Inventory (TSI) is incorpo-
rated in this study to collect information about three

Fig. 4 Multilevel system of nested relation of individuals in larger social units [11]

Fig. 5 Adapted interaction three-stage process of McGrath [48]
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dimensions: scope, level and leaning, and their respective
styles. Each dimension consisted of 8 questions, in total
48. Responses to dimensions are coded from 1 to 7,
where higher scores indicate greater affinity and lower
scores represent a lower affinity as follows:
(1) Not at all well, (2) Not very well, (3) Slightly well, (4)

Somewhat well, (5) Well, (6) Very well, (7) Extremely well.
By adding up all the hints and dividing them by the

number of answers providing valid information, a measure
for each of the six styles can be individually calculated,
using the mathematical notation shown in Formula 3,
where x denotes a hint value for each i question providing
valid information. The x can have a value in the range of 1
to 7, and n denotes the number of questions providing
available information.Xn

i¼1
xi

n
where 1 ≤x ≤7 ð3Þ

According to the affinities described in Table 2, the
high or low values obtained of each style indicate a spe-
cific remote work preference and empathy for virtual
teamwork.

Learning patterns
The approach involving calculating hints for specific
learning style preferences is based on the Index of
Learning Styles (ILS) proposed by Felder & Soloman
[59]. To collect the dimensions of learning style: media
and order, individuals are asked to answer 11 questions
for each learning style, in total 22. For calculation of
learning styles from patterns of behavior, only questions
related to Visual/Verbal and Sequential/Global dimen-
sions are considered.
Each question has only two possible answers, “a” or

“b” and the answer to each question increments linearly
+1 the amount of a’s or b’s of the dimension. By adding
up all a’s and b’s, the total value has to be equal to 11, as
noted in the mathematical notation shown in formula 4.

X11
n¼1

an þ bnð Þ ¼ 11 ð4Þ

To calculate the value for each of the two scales, it is
necessary to subtract the smaller total from the larger
one, this is done by writing the difference (1 to 11) and
the letter (a or b) for which the total was larger. For-
mula 5 and Formula 6 show the mathematical notation.

if
X11
n¼1

anð Þ >
X11
n¼1

bnð Þ then score a

¼
X11
n¼1

anð Þ−
X11
n¼1

bnð Þ ð5Þ

if
X11
n¼1

anð Þ <
X11
n¼1

bnð Þ then score b

¼
X11
n¼1

bnð Þ−
X11
n¼1

anð Þ ð6Þ

The scores obtained for each dimension (a or b) need
to be placed at the appropriate location on the respective
scales shown below.
Media:

Visual Verbal
11a…9a…7a…5a…3a…1a…1b…3b…5b…7b…9b…11b

Order:

Sequential Global
11a…9a…7a…5a…3a…1a…1b…3b…5b…7b…9b…11b

If the score on a scale is 1–3, individuals are fairly well
balanced on the two dimensions of that scale.
If the score on a scale is 5–7, individuals have a mod-

erate preference for one dimension of the scale and will
process knowledge more easily in an environment that
favors that dimension.
If the score on a scale is 9–11, individuals have a very

strong preference for one dimension of the scale. Indi-
viduals have real difficulty processing knowledge in an
environment that does not support that preference.
According to the affinities described in Table 3, the

high or low occurrence of these patterns indicates a ten-
dency to learn and process knowledge with specific em-
pathy and effectiveness for each hypermedia tool.

Cognitive behavior layer
Formula 7 is the extension of Formula 2, previously de-
fined and based on Lewin’s Theory, and helps to define
more precisely the factors of cognitive Behavior (cB), by
means of adding the Virtual Teamwork (VTw) scores of
each of the three dimensions: scope, level and leaning.
The factor environment is also extended in the formula,
considering mainly the scores of the Verbal and Sequen-
tial learning preferences, since they cover the widest
spectrum of tools to support computer-mediated com-
munication — CMC.

cognitive Behavior ¼ ƒ I Tsð Þ; E Lpð Þð Þ ð7Þ
Where
I(Ts) = Scope(VTw) + Level (VTw) + Leaning(VTw)
E(Lp) =Media(Verbal) + Order(Sequential)

Personal behavior layer
The Social Cognitive Theory is considered, using the
General Self-Efficacy Scale (GSE) to measure self-
efficacy. The basic idea is that motivation and perform-
ance are determined by how successful people believe
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they can be [4]. This is useful in the workplace, since it
is possible to develop and improve self-efficacy beliefs in
teams by focusing on four primary sources [4, 65].
The General Self-Efficacy is self-administered, as part

of a comprehensive questionnaire. 10 items are mixed at
random into a larger pool of items that have the same
response format. Responses are given on a 4-point scale
as shown in Formula 8. By adding up all responses to all
10 items, it is possible to calculate the final composite
score with a range from 10 to 40.
According to the affinities described in Table 6, the high

or low scores obtained indicate a tendency of individuals
to rely on their own abilities and initiative to perform their
jobs independently in virtual environments with minimal
supervision. Each item used in the evaluation refers to
successful coping and implies an internal-stable attribu-
tion of success. Perceived self-efficacy is an operative
construct, i.e. it is related to subsequent behavior and
therefore can be regarded as a positive resistance resource
factor.

pB ¼
X10
n¼1

In ð8Þ

Community behavior layer
The Social Capital Theory is introduced to complement the
Social Cognitive Theory and extend the analysis of the cap-
abilities of individuals to interact within groups. The most
comprehensive definitions of social capital are multidimen-
sional, incorporating different levels and units of analysis.
Much emphasis has been put on social networks and

their sizes, but much less on the resources that could be
accessed through the network ties, and how these may be-
come available to the individual [60]. In addition to that,
measurements have mostly been designed for a specific life
domain only, and not with the aim of investigating the
‘general’ social capital of a general population. To overcome
these disadvantages, Snijders [61] proposed combining the
positive aspects of a measurement instrument that has
been used to collect access-type social capital, called the
‘Position Generator’ [62, 63]. Using more clear referral to
specific resources, and omitting name identification from
name generator questions, the resulting instrument, the
‘Resource Generator’, inquires about access to a fixed list of

resources covering several domains of life. This instrument
can be administered rapidly, and can result in valid and
easily interpretable representations of social capital.
This study considers the Resource Generator [57] as a

survey instrument for the measurement of individual so-
cial capital, as it directly refers to accessed social re-
sources instead of occupational prestige.
We considered using the questionnaire items which

were used in the 1999/2000 nationwide study: “Social re-
lations and networks in the neighborhood and at the
workplace: the Social Survey of the Networks of the
Dutch” (SSND). A set of 18 questions, that can be sum-
marized in four dimensions, are designed to be applied
as personality covariates to explain distributions of social
capital measures as follows:

1. The desire for more social contacts or, conversely,
satisfaction with the present network. (Sc)

2. Propensity to make/discover new contacts. (Nc)
3. Integration of different types of relationships in the

network. (Ir)
4. Expectation and propensity to mobilize social

resources. (Ms)

cmBn ¼
Xi
n¼1

Sc nð Þ þ
Xj
n¼1

Nc nð Þ þ
Xk
n¼1

Ir nð Þ þ
Xm
n¼1

Ms nð Þ

ð9Þ
The idea behind this is to explore dimensions in the set

of items, and transform each into a social capital scale.
Since there is no real notion of volume in this evaluation,
the measurement refers to how bigger, larger, or more so-
cial capital is beneficial for attaining community behavior,
and therefore it is calculated linearly. It also provides some
insights into the components that may influence individ-
uals’ conduct within virtual networks.

Online behavior layer
The Social Presence Theory is introduced with the Net-
worked Minds Social Presence Inventory [64] as an evolv-
ing set of self-report scales. This study assesses various
levels of social presence from simple co-presence to more
intense feelings of psychological and behavioral accessibil-
ity and interaction.
The measures are designed for assessing interaction

with others, considering mediatic interfaces, such as:

1. Users’ interaction with others via wide screen or
teleconferencing.

2. Users’ experience in collaborative virtual
environments.

3. Users’ chats with artificial intelligence-embodied
agents who can assess intentions and moods.

Table 6 Characteristics of Self-Efficacy [66]

High Self-Efficacy Low Self-Efficacy

Self-confidence Fear of risks

Accurate self-evaluation Fear of uncertainty

Willingness to take risks Feelings of failure

Sense of accomplishment Impression management
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The scales are constructed so that the measurements
can be used broadly for comparisons of the social pres-
ence across different media, tasks and interactive settings.
The operationalization of the literature and theory pre-

viously formulated can be achieved at several levels. Spe-
cifically, Level 1: Co-presence is a necessary but not
sufficient requirement for the sense of social presence.
Level 2: the Subjective level, challenges to measure the
psycho-behavioral accessibility of another actor. Finally,
Level 3: the Intersubjective level, measures within and
cross-actor symmetry. The purpose of the application of
these levels in this research is to compare various medi-
ated interactions, as well as for further theoretical inquiry.
Three social presence orders are considered in For-

mula 10 with reference to:
Co-presence (Co): to measure the degree to which in-

dividuals feel as if they are together in the same space.
Psycho-behavioral interaction (Pi): to measure individ-

uals’ perception of attention, emotional contagion, and
mutual understanding with their colleagues. Perceived
psychological engagement and perceived behavioral inter-
dependence are independently analyzed.
Intersubjective symmetry (Is): to measure the degree

to which the individual perceives that others share the
same state of social presence.

oB ¼
X2
n¼1

Coþ
X3
n¼1

Piþ
X3
n¼1

Is ð10Þ

Collective intelligence affinity
Collective Intelligence Affinity is extracted by under-
standing mass user-generated content (knowledge), with
an emphasis on integration and bridging. Individuals are
producers, enablers and linkers of such content. Their
preferences, abilities and capabilities are directly related
to it and are represented by means of their behaviors in
virtual settings.
The combination of the results obtained from the

measurements are performed, considering a linear ap-
proach for the Personal, Community and Online behav-
iors as shown in the following formula:

Collective Behavior ¼
XIndividuals

i¼1

X3
n¼1

Behavior Layernð Þi
 !

ð11Þ
The results of the cognitive preferences, which are the

result of Sternberg’s Thinking Style Inventory (TSI) and
Felder and Silverman’s Learning Style Model (FSLSM),
are considered independently, using their respective
scales as shown in Formula 7.
Collective Intelligence understood as a social system is

supported basically in human experience and can

transform group unconsciousness into collective con-
sciousness. That transformation does not need the co-
creation of a new emerging online capacity, but align-
ment of the environmental resources and individuals.
This affinity needs to be fundamentally analyzed within
the function of cognitive and collective behaviors, as
represented by the following formula:

Affinity CIð Þ ¼ ƒ Collective Behavior; Cognitive Behaviorð Þ
ð12Þ

The management of knowledge from Collective
Intelligence represents a vast difference from traditional
methods of information allocation, since managing Col-
lective Intelligence poses new requirements. For in-
stance, semantic analysis has to merge information
coming both from the content itself and the social/indi-
vidual context. In addition, the social dynamics that
emerge online have to be taken into account.

Methods
Conducting measurements
The measurements are to be carried out during three
months with a network of about 2 500 teleworkers working
for 15 companies, geographically dispersed across Germany
and Austria. The profiles of those teleworkers are mainly
specialists in business segments such as travel, automobile,
financial services, teleshopping, healthcare and energy, who
provide telephonic assistance to nearly 800 000 inquiries
per month. All of them are already using an installed soft-
ware application on their PCs, called Talent Media Inter-
face (TMI), that allows them to work remotely, with
consideration of all the security and data protection mecha-
nisms required by the German authorities.
The TMI has embedded learning and assessment tools,

which allow the dynamic integration of electronic surveys.
The triggering of surveys can be configured in such a way
that they do not disturb the normal work of the telewor-
kers. Each survey can be triggered: exactly after logging
into the system, after a defined idle time, or at the end of
a shift. Teleworkers work in daily shifts, rotating during
the mornings, afternoons or evenings. The surveys auto-
matically start, depending on their configuration. Telewor-
kers are prompted by a pop-up window in the middle of
their screens to participate in it. If they do not want to,
they are asked again in the next session when they log into
the system. Reminders are triggered automatically only if
the teleworker has not completely answered the survey
within the defined period of time. This increases the
chances that most of the surveys will be completed.
In order to make the measurements as easy and quick

as possible for teleworkers, the surveys are designed by
using check boxes and drop downs. They are divided
into small web pages to avoid the need for scrolling.
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Table 7 Consolidated scoring methodology

Layer Primary Purpose Aspects of Focus Main Methods Secondary Benefits

Cognitive Behavior

Self-government Pattern Identify the level of affinity to work
remotely and in virtual teamwork

Reflect different ways in which people
can organize or govern themselves

Sternberg’s Thinking Style
Inventory (TSI)

Identify group behaviors considering
Theory of Group Dynamics

Learning Pattern Identify individual’s learning
preferences to determine the ideal
environment in which knowledge
can be processed better

Identify tendencies to learn and process
knowledge with specific empathy and
effectiveness for hypermedia tools

Felder and Silverman’s Learning
Style Model (FSLSM)

In-depth investigation of learning style
characteristics could also improve
pedagogical models, supporting more
effective and personalized online learning

Personal Behavior Identify self-efficacy. Motivation and
performance are determined by how
successful people believe they can be

Develop and improve self-efficacy
beliefs in teams by focusing on four
primary sources

General Self-Efficacy Scale (GSE) Recognize the importance of the
environment in determining behavior

Community Behavior Identify a sense of ‘belonging’ and the
concrete experience of social networks

Refer to accessed social resources
instead of occupational prestige

The Resource Generator Evaluate the desire for making/discovering
new contacts

Integration of different types of relationships

Expectation and propensity to mobilize
social resources

Online Behavior Assess interaction with others with
regard to mediatic interfaces

Assess various levels of social presence
from simple co-presence to more intense
feelings of psychological and behavioral
accessibility and interaction

Networked Minds Social Presence
Inventory

Assess intentions and moods when using
collaborative virtual environments and
artificial intelligence
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Each survey should not take more than 5 min to answer.
An overview of the behavior layers and scoring method-
ologies is presented in Table 7. The assessments will be
done in four different sessions, each one of two weeks.
There will be a break period of one week in between to
avoid any overload.
Since we use electronic surveys, all information will be

collected in a central database, where unique IDs will be
stored for each of the answers. Unique teleworker IDs
are also considered in order to link the four sessions and
to present a general report on each individual.

Conclusions
In this study, novel techniques for exploiting multiple
layers of interaction in user behavior have been pre-
sented. These layers constitute the basis for identifying
factors to facilitate interaction and creation of content
through Collective Intelligence. Collective Intelligence
provides added value to the available information, trans-
forming it into knowledge and enabling the accomplish-
ment of tasks that are not otherwise possible in existing
procedures and workflows.
The transformation of information into knowledge

happens only when exchange of information takes place
and when the result of the discussion or its analysis can
be used for any meaningful purpose. Irrespective of how
we codify and store any generated knowledge, it does
not have much meaning until it is used or shared for
some purpose. We believe that the individual identifica-
tion, measurement and alignment of cognitive, social
and personal behaviors in online environments allow
information to be more effectively transformed into
knowledge through synchronized collaboration involving
empathy at all possible levels.
We presented a set of patterns modeling an approach

for identifying affinity of cognitive styles to perform re-
mote work and virtual teamwork, as well hypermedia
preferences based on learning styles. Differing from pre-
vious research studies in this field, this study combines
two different rule-based mechanisms, namely Thinking
Style Inventory (TSI) and Index of Learning Styles (ILS)
to calculate scores and identify individuals’ affinities and
preferences that can be used as a basis for identifying
environmental settings and selecting hypermedia tools
where individuals perform better and also process know-
ledge in an effective way. The approach is not proposed
for one specific type of organization, but rather for any
individual working in virtual settings in general.
Future work deals with verification of our approach to

further investigate knowledge transfer in virtual settings.
For this, we intend to map out additional teamwork experi-
ments in virtual settings and compare them with the results
obtained from questionnaires used for the respective cogni-
tive learning styles’ analysis and social theory behaviors.

By focusing on the recognition of supplementary en-
vironmental and social conditions, cognitive preferences
and behavior of individuals in online communities, we
believe new virtual settings can be defined as alternative
methods in which collectivities can organize themselves
and improve knowledge sharing. In addition to that, by
making individuals’ cognitive styles and environments
compatible through the effective implementation of
hypermedia and telecommunication technologies, indi-
viduals will be better equipped to receive and interpret
relevant information and use it to decide how to act and
perform effectively in virtual settings.
To rapidly and effectively create knowledge, online col-

laboration should not occur in a standard manner using
all the same tools and resources in the same way; it should
be personalized according to the preferences and abilities
of the individuals involved. The well-used diversity of par-
ticipants in a community assists in overcoming blind spots
and ignorance. They can see a bigger, and more complete
picture and develop better outcomes that they can accom-
plish alone. The spectrum of this effective collaboration is
what we identify as Collective Intelligence. It is fundamen-
tal that the online environment and tools are ‘cognitively
calibrated’ with the individuals to enhance the process of
information exchange, making it a key component of cre-
ating richer knowledge communities.
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