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IntroductIon

Knowledge has become an important factor in the 
success of organizations. Several authors reflect this 
in their use of terms such as knowledge society (e.g., 
Nonaka, 1994) or knowledge age (e.g., Bereiter, 2002). 
The role of knowledge has changed fundamentally with 
the development of a knowledge society. Knowledge 
is still an indispensable resource for the individual as 
well as for an organization, but the emphasis lies on 
the creation of new knowledge (see Nonaka, 1994). 
This change also has consequences for the individual 
acquisition of knowledge and, in turn, for learning. In 
traditional learning scenarios, knowledge was seen as 
a commodity that could be transferred directly from 
one brain to another. This resulted in an interaction 
between teacher and learner, in which the teacher had 
an active role and presented parts of his knowledge to 
the learners, who passively received and memorized 
them (see Ertl, Winkler, & Mandl, 2007). However, 
studies have shown that whilst learning by such pre-
sentations of explicit knowledge enabled learners to 
reproduce it in tests, they failed to transfer it to new 
situations and often failed to apply it in the creation 
of new knowledge—the knowledge learners acquired 
remained inert (Renkl, Mandl, & Gruber, 1996).

Background

Innovative approaches to teaching and learning no 
longer only focus on the transfer of explicit knowledge, 
but pay more attention to tacit knowledge (Nonaka, 
1994). Tacit knowledge is often not conscious and 
therefore almost impossible to teach explicitly. It may 
comprise of situational, conceptual, procedural and 
strategic skills (see De Jong & Fergusson-Hessler, 
1996; Nonaka, 1995). It is an important key for the 
application of existing knowledge and the creation of 
new knowledge. Constructivist approaches postulate 
that each learner has to construct new knowledge 
actively to appreciate the applicability of knowledge. 

Approaches such as the cognitive apprenticeship (Col-
lins, Brown, & Newman, 1989) or situated learning 
(Lave & Wenger, 1991) place learners in a collabora-
tive scenario that enables them to construct knowledge 
actively in collaboration with learning partners. Four 
different processes can be seen as particularly beneficial 
for collaborative knowledge construction (see Fischer, 
Bruhn, Gräsel, & Mandl, 2002): Learners’ externaliza-
tion and elicitation of knowledge, their conflict-oriented 
negotiation, and their consensus-oriented integration. 
Learners’ externalization requires them to elaborate 
knowledge comprehensibly to their learning partners. 
This challenges them to actively use their knowledge. 
Elicitation describes a request for new knowledge to 
the learning partners. Learning partners are required 
to externalize their knowledge and the learner himself 
has the chance to fill gaps in his knowledge based on 
these externalizations. Conflict-oriented negotiation 
describes learners’ discussion of divergent perspectives 
on the content, whereby consensus-oriented integration 
comprises of learners’ efforts to find a synthesis of their 
different viewpoints. Consequently, the processes of 
externalization and elicitation primarily facilitate the 
acquisition and application of knowledge while nego-
tiation and integration focus more on the creation of 
new knowledge. To sum up, collaborative knowledge 
construction is attributed with many benefits for learners 
(see, e.g., Cohen & Lotan, 1995; Ertl, Fischer & Mandl, 
2006; Lou, Abrami & d’Apollonia, 2001; Roschelle & 
Teasley, 1995).

E-collaborative knowledge construction shifts 
these processes to scenarios of computer mediated 
communication. However, the term “e-collaboration” 
is associated with several different meanings or styles 
of collaboration and it is necessary to distinguish be-
tween them for conceptual clarity (see Dillenbourg, 
1999; Gräsel, Fußangel & Pröbstel, 2006). One facet 
of e-collaboration can be described as the exchange of 
information and working material (see Gräsel et al., 
2006). This style of collaboration takes place in a more 
casual manner and has mutual benefit from the material 
of the respective collaboration partners as its main goal. 
Another aspect concerns a professional division of work. 
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Dillenbourg (1999) also calls this quality cooperation. 
Collaboration partners share a goal and have a joint plan 
for reaching it. In order to do this, they split the work 
into different steps and work individually within each 
step. Collaborating partners’ interaction relates in this 
case to the planning and division of work rather than to 
collaboration on the content. However, e-collaborative 
knowledge construction requires collaboration in a 
style in which collaboration partners interact frequently 
with content-specific activities. This means that they 
work together at the same (virtual) place to construct 
one joint product or mental artifact (see Bereiter, 
2002). Such collaboration does not necessarily have 
to happen synchronously—however, the collaboration 
partners’ timing and their commitment has to be solid 
enough for the processes of collaborative knowledge 
construction to take place.

EnVIronmEnts For 
E-collaBoratIVE knoWlEdgE 
constructIon

Environments for e-collaborative knowledge construc-
tion rely on the computer, which features collaboration 
partners’ communication; for example, by the provision 
of newsgroups, chats, or audio-visual communica-
tion. Furthermore, the computer screen has to provide 
the instructional design, e.g. instructional elements 
and learning material for the learners (see Kirschner, 
Sweller & Clark, 2006). Learners share this computer 
screen—even if located in different places. They may 
share the same interface structure and contents but not 
necessarily see the same picture simultaneously when 
accessing the learning environment (see Weinberger, 
2003). However, in some situations they may also share 
one application and work simultaneously (application 
sharing). In such cases, they can see the moves of 
their collaboration partners during collaboration (see 
Dillenbourg & Traum, 2006; Ertl et al., 2006; Pata, 
Sarapuu, & Lehtinen, 2005). Environments for e-col-
laborative knowledge construction do not necessarily 
require fully synchronous communication, yet they 
require collaboration partners to be simultaneously 
on task. In the following, we will show two different 
environments for e-collaborative knowledge construc-
tion: One learning environment using discussion boards 
and a videoconferencing one. 

an Environment using discussion 
Boards

Environments that use discussion boards, forums or 
newsgroups are quite common in the domain of virtual 
seminars in higher education (see Koschman, Suthers, 
& Chan, 2005; Schnurer, 2005; Weinberger, 2003). 
This communication is asynchronous, which means 
that there is no immediate reply to a contribution and 
collaboration partners have enough time for thoughtful 
replies to colearners’ contributions (see Schnurer, 2005; 
Weinberger, 2003). Furthermore, many systems allow 
learners to edit and improve contributions (see Clark & 
Brennan, 1991; Dennis & Valacich, 1999). However, 
when applying discussion boards for e-collaborative 
knowledge construction, the instructional design of the 
learning environment has to ensure that they have simi-
lar paces (see Fischer & Waibel, 2002)—their activities 
have to be synchronized to a certain degree. 

Weinberger (2003) describes an example of such an 
environment. He chose the asynchronous environment 
because the instructional design of his study focused 
on elaborate individual case analyses, which develop 
during the ongoing collaboration. In this environment, 
three learners deepened their understanding regarding 
an educational theory. They worked collaboratively on 
a problem-solving task based on three learning cases. 
For the collaborative case solutions, the environment 
provided three discussion boards, one for each case. 
In collaboration with their teammates and referring 
to individual resources, learners negotiated to find a 
suitable solution for each case. They wrote messages 
about case diagnoses and commented on each other’s 
contributions. This negotiation requested them to ex-
ternalize and apply their content-specific knowledge as 
well as case-solving strategies. At the end, one learner 
prepared synthesis of their perspectives as a final solu-
tion for each case. In this scenario, the asynchronous 
learning platform enabled learners to communicate 
and to reply to each other’s comments with a temporal 
delay, yet because of the fixed timeframe provided for 
working in the learning environment, they could cor-
respond timely enough to collaborate in knowledge 
construction and come to a joint case solution.
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E
an Environment using 
Videoconferencing 

In videoconferencing, learners communicate in spo-
ken words through an audio and a video channel (see 
Ertl et al., 2006). The audio channel transmits spoken 
discourse and the video channel usually provides an 
image of the head and the chest of the learning partners. 
To support e-collaborative knowledge construction in 
videoconferencing, learners find a shared application 
on their screen in such scenarios. This functions as a 
tool for making contents of the spoken communication 
permanent. 

Ertl, Reiserer, and Mandl (2005) describe a study, 
in which two learners were negotiating on collabora-
tive theory learning. The instructional design requested 
a synchronous communication to support learners’ 
dialogue and an immersive interaction of elicita-
tions and externalizations. The audio communication 
facilitated the learners’ elaborations by the natural 
flow of language, while the video was not essential 
to the task. However, it increased the awareness of 
the communication partners and made learners feel 
more comfortable. In this learning environment, each 
learner had knowledge about one particular theory of 
educational psychology and the goal of the scenario 
was that both learners should understand both theories. 
This scenario required the learners to each teach their 
respective theory to their partner. Therefore, they had 
to externalize their theory knowledge. Furthermore, 
they had to understand their partner’s theory and to 
elicit knowledge from their partners. Both learners 
used the shared application for taking notes, making 
visualizations and providing a collaborative summary 
of both theories.

outcomes of Both Environments

Both studies found beneficial effects for the col-
laborative work on the task and individual learning 
outcomes with respect to each learning environment 
(Ertl et al., 2005; Weinberger, 2003). These results are 
in line with several other studies using similar learning 
environments (see, e.g., Bromme, Hesse, & Spada, 
2005; Koschmann et al., 2005). Learners improved 
their knowledge about the particular learning material 
during their activity in the learning environment (see 
Ertl et al., 2005; Weinberger, 2003). Furthermore, they 
also acquired several skills which could be seen as tacit 

knowledge in this scenario: Weinberger (2003) empha-
sized that learners acquired beneficial collaboration 
strategies, and Ertl et al. (2005) stress that learners get 
skilled in discriminating between conceptual aspects 
and evidence for theories. 

mEdIa aFFordancEs For 
E-collaBoratIVE knoWlEdgE 
constructIon

Considering that the environments described are quite 
different with respect to the communication scenario, 
one might wonder if one particular communication 
scenario could be superior to others. There are a num-
ber of theories and taxonomies about media choice 
(see Daft & Lengel, 1984; Dennis & Valacich, 1999; 
McGrath & Hollingshead, 1994) and some empirical 
studies comparing different media with respect to 
learners’ performance on different tasks, which may 
help in answering this question (see Anderson et al., 
1997; Fischer, Bruhn, Gräsel & Mandl, 2000; Pächter, 
2003; Piontkowski, Böing-Messing, Hartmann, Keil & 
Laus, 2003; Weinberger, Ertl, Fischer, & Mandl, 2005). 
In general, the theories and taxonomies are somewhat 
lacking in evidence and the studies report heterogeneous 
results. The explanation for these blurry answers lies 
in the fact that researchers used different tasks and 
conceptualizations and measures for the outcome of 
e-collaborative knowledge construction. To resolve this 
heterogeneity and to make clear predictions, researchers 
sometimes tried to investigate which medium is best 
suited to a particular task and with respect to defined 
goals (see, e.g., Anderson et al., 1997). However, this 
kind of issue raises the question as to the goal of such 
studies. Might it be valuable to know which communi-
cation is best for one particular context or might it be 
more sensible to think about how to realize elements 
required by the instructional design of an environment 
for collaborative knowledge construction using different 
tools. This was already Clark’s (1994) argumentation, 
in which he states that the type of instruction influences 
the learning much more than the medium. 

We will exemplarily illustrate this claim using the 
aspect of the synchronicity of communication, which 
is one of the categories in Dennis and Valacich (1999). 
In synchronous scenarios, the communication hap-
pens immersively. Learners talk or “chat” with each 
other during e-collaborative knowledge construction. 
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They can react to their partners’ statements quickly. In 
contrast, communication partners have to wait until a 
statement has arrived in asynchronous scenarios and 
thereby the communication flow is not immersive (see 
Weinberger et al., 2005). This means that synchronous 
communication features frequent interaction and coor-
dination while asynchronous communication evokes 
more thoughtful and comprehensive replies. Conse-
quently, tasks requiring highly frequent interaction—for 
example collaborative teaching—may be solved better 
in synchronous scenarios and thoughtful case analyses 
may in turn require asynchronous communication (see 
also McGrath & Hollingshead, 1994; Pächter, 2003). 
Nevertheless, the instructional design of the scenario 
may reduce such effects: for example when introduc-
ing individual phases in synchronous communication 
scenarios. Designing a videoconferencing task using a 
sequence of collaborative and individual phases may 
give learners the chance for exchange as well as for 
individual reflection (see Ertl et al., 2005; Rummel & 
Spada, 2005). In contrast, instructional design could 
give learners in an asynchronous learning environment 
a strict timeframe for their activities (see Weinberger, 
2003). This could synchronize learners’ activities when 
they are working with discussion boards and improve 
the exchange of the learning partners (see Fischer & 
Waibel, 2002).

conclusion

The focus of this article was on e-collaborative knowl-
edge construction. In contrast to the broad concept 
of learning, e-collaborative knowledge construction 
relates to an interactive process of collaborative knowl-
edge acquisition or the collaborative creation of new 
knowledge. This article has shown two examples of 
environments for collaborative knowledge construc-
tion in different communication scenarios. These 
environments were not restricted to the transfer of 
explicit knowledge—learners also had the opportunity 
to socialize tacit knowledge. To reach this goal both 
environments provided different elements of instruc-
tional design to overcome limitations of the media: 
The asynchronous environment of Weinberger (2003) 
provided learners with a strict timeframe to facilitate 
tight collaboration and timely contributions of the 
collaboration partners which are a prerequisite for 
successful collaborative knowledge construction. In 

contrast, instructional design of the videoconferencing 
environment provided learners with the task of creating 
a collaborative summary of their respective theories 
in the shared application. This enabled them to work 
on their shared mental artifact. To sum up, the design 
of the environment for e-collaborative knowledge 
construction may compensate for the differences in 
the various communication scenarios. 

E-collaborative knowledge construction is of major 
significance for e-collaboration. This significance ap-
plies mainly to situations that require e-collaboration 
in interdisciplinary teams, in which different experts 
are collaborating to find the best solution for a prob-
lem (see Rummel & Spada, 2005). To do this, each of 
them has to bring in his/her particular expertise, yet 
they also have to construct a shared problem space 
together (see Fischer et al., 2000). They then have to 
learn about the perspectives of their e-collaboration 
partners and to construct a team knowledge about the 
problem, e-collaboratively.

E-collaboration and e-collaborative knowledge 
construction is no trivial task. Collaboration partners 
must learn to work together (see Rummel & Spada, 
2005). Therefore, e-collaboration partners require fa-
cilitation to improve the results of their collaboration 
(see Mandl, Ertl, & Kopp, 2006) and to avoid undesired 
group effects (see, e.g., Salomon & Globerson, 1989). 
It is important that tools and workspaces comprise of 
several scaffolds for e-collaboration in future.

rEFErEncEs

Anderson, A. H., O’ Malley, C., Doherty Sneddon, G., 
Langton, S., Newlands, A., Mullin, J., et al. (1997). The 
impact of VMC on collaborative problem solving: An 
analysis of task performance, communicative process, 
and user satisfaction. In K. E. Finn, A. J. Sellen, & S. 
Wilbur (Eds.), Video mediated communication (pp. 
133-155). Mahwah, NJ: Erlbaum.

Bereiter, C. (2002). Education and mind in the knowl-
edge age. Mahwah, NJ: Erlbaum.

Bromme, R., Hesse, F.-W. & Spada, H. (2005). Barriers 
and biases in computer-mediated knowledge commu-
nication: And how they may be overcome. Dordrecht, 
The Netherlands: Kluwer.

Clark, H. H., & Brennan, S. E. (1991). Grounding in 
communication. In L. B. Resnick (Ed.), Perspectives on 



  ���

E-Collaborative Knowledge Construction

E
socially shared cognition (pp. 127-149). Washington, 
DC: American Psychological Association.

Clark, R. E. (1994). Media will never influence learning. 
Educational Technology Research and Development, 
42, 21-29.

Cohen, E. G., & Lotan, R. A. (1995). Producing equal-
status interaction in the heterogeneous classroom. 
American Educational Research Journal, 32(1), 99-
120.

Collins, A., Brown, J. S., & Newman, S. (1989). Cog-
nitive apprenticeship: Teaching the crafts of reading, 
writing, and mathematics. In L. B. Resnick (Ed.), 
Knowing, learning, and instruction: Essays in honor 
of Robert Glaser. Hillsdale: Erlbaum

Daft, R. L. & Lengel, R. H. (1984). Information rich-
ness: A new approach to managerial behavior and 
organizational design. Research in Organizational 
Behaviour, 6, 191-233.

De Jong, T., & Ferguson-Hessler, M. G. M. (1996). 
Types and qualities of knowledge. Educational Psy-
chologist, 31, 105-113.

Dennis, A. R., & Valacich, J. S. (1999). Rethinking me-
dia richness: Towards a theory of media synchronicity. 
Paper presented at the 32nd Annual Hawaii International 
Conference on Systems Sciences.

Dillenbourg, P. (1999). What do you mean by ‘collabo-
rative learning’? In P. Dillenbourg (Ed.), Collabora-
tive-learning: Cognitive and computational approaches 
(pp. 1-19). Oxford, England: Elsevier.

Dillenbourg, P., & Traum, D. (2006). Sharing solutions: 
Persistence and grounding in multimodal collaborative 
problem solving. Journal of the Learning Sciences, 
15(1), 121-151.

Ertl, B., Fischer, F., & Mandl, H. (2006) Conceptual 
and socio-cognitive support for collaborative learning 
in videoconferencing environments. Computers & 
Education, 47(3), 298-315 

Ertl, B., Reiserer, M., & Mandl, H. (2005). Fostering 
collaborative learning in videoconferencing: The in-
fluence of content schemes and cooperation scripts on 
shared external representations and individual learning 
outcomes. Education, Communication & Information, 
5(2), 147-165.

Ertl, B., Winkler, K., & Mandl, H. (2007). E-learning: 
Trends and future development. In F. M. M. Neto & F. 
V. Brasileiro (Eds.), Advances in computer-supported 
learning (pp. 122-144). Hershey, PA: Information 
Science.

Fischer, F., Bruhn, J., Gräsel, C., & Mandl, H. (2000). 
Kooperatives Lernen mit Videokonferenzen: Gemeins-
ame Wissenskonstruktion und individueller Lernerfolg 
[Cooperative learning in videoconferencing. Collabo-
rative knowledge construction and individual learning 
outcomes]. Kognitionswissenschaft, 9, 5-16.

Fischer, F., Bruhn, J., Gräsel, C., & Mandl, H. (2002). 
Fostering collaborative knowledge construction with 
visualization tools. Learning and Instruction, 12, 
213-232.

Fischer, F., & Waibel, M. C. (2002). Wenn virtuelle 
Lerngruppen nicht so funktionieren, wie sie eigentlich 
sollen [If virtual learning groups don’t work as they 
should]. In U. Rinn & J. Wedekind (Eds.), Referen-
zmodelle netzbasierten Lehrens und Lernens–Virtuelle 
Komponenten der Präsenzlehre (pp. 35-50). Münster, 
Germany: Waxmann.

Gräsel, C., Fußangel, K., & Pröbstel, C. (2006). Leh-
rkräfte zur Kooperation anregen–Eine Aufgabe für 
Sisyphos? [Encouraging teachers to collaborate—a 
Sisyphus task?]. Zeitschrift für Pädagogik, 52(2), 
205-219.

Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why 
minimal guidance during instruction does not work: 
An analysis of the failure of constructivist, discovery, 
problem-based, experiential, and inquiry-based teach-
ing. Educational Psychologist, 41(2), 75-86.

Koschmann, T., Suthers, D., & Chan, C. (Eds.). (2005). 
Computer supported collaborative learning 2005: The 
next 10 years! Mahwah, NJ: Earlbaum.

Lave, J., & Wenger, E. (1991). Situated learning: Legiti-
mate peripheral participation. New York: Cambridge 
University Press.

Lou, Y., Abrami, P. C., & d’Apollonia, S. (2001). 
Small group and individual learning with technology: 
A meta-analysis. Review of Educational Research, 
71(3), 449-521.

Mandl, H., Ertl, B., & Kopp, B. (2006). Computer 
support for collaborative learning environments. In L. 



���  

E-Collaborative Knowledge Construction

Verschaffel, F. Dochy, M. Boekaerts, & S. Vosniadou 
(Eds.), Instructional psychology: Past, present and 
future trends. Fifteen essays in honor of Erik De Corte 
(pp. 223-237). Amsterdam: Elsevier.

McGrath, J. E., & Hollingshead, A. B. (1994). Groups 
interacting with technology: Ideas, evidence, issues, 
and an agenda. Thousand Oaks, CA: Sage.

Nonaka, I. (1994). A Dynamic theory of organizational 
knowledge creation. Organization Science, 5(1), 14-
37.

Nonaka, I. (1995). The knowledge-creating company. 
Oxford, UK: Oxford University Press.

Pächter, M. (2003). Wissenskommunikation, koop-
eration und lernen in virtuellen gruppen [Knowledge 
communication, cooperation and learning in virtual 
groups]. Lengerich, Germany: Pabst.

Pata, K., Sarapuu, T., & Lehtinen, E. (2005). Tutor 
scaffolding styles of dilemma solving in network-based 
role-play. Learning and Instruction, 15, 571-587.

Piontkowski, U., Böing-Messing, E., Hartmann, J., 
Keil, W., & Laus, F. (2003). Transaktives gedächtnis, 
informationsintegration und entscheidungsfindung 
im medienvergleich [Transactive memory, integration 
of information and decision making with respect to 
different media]. Zeitschrift für Medienpsychologie, 
15, 60-68.

Renkl, A., Mandl, H., & Gruber, H. (1996). Inert 
knowledge: Analyses and remedies. Educational Psy-
chologist, 31(2), 115-121.

Roschelle, J., & Teasley, S. D. (1995). The construc-
tion of shared knowledge in collaborative problem 
solving. In C. O‘Malley (Ed.), Computer supported 
collaborative learning. (pp. 69-97). Berlin, Germany: 
Springer.

Rummel, N., & Spada, H. (2005). Learning to collabo-
rate: An instructional approach to promoting collabora-
tive problem-solving in computer-mediated settings. 
Journal of the Learning Sciences, 14, 201-241.

Salomon, G., & Globerson, T. (1989). When teams 
do not function the way they ought to. International 
Journal of Educational Research, 13(1), 89 - 99.

Schnurer, K. (2005). Kooperatives lernen in virtu-
ell-asynchronen hochschulseminaren. Eine Prozess-

Produkt-Analyse des virtuellen Seminars „einführung 
in das wissensmanagement“ auf der basis von felddaten 
[Cooperative learning in virtual-asynchronous univer-
sity courses. A process-product analysis of the virtual 
course “introduction to knowledge management” based 
on empirical data]. Unpublished doctoral dissertation, 
Ludwig-Maximilian-University, Munich.

Weinberger, A. (2003). Scripts for computer-supported 
collaborative learning. Retrieved July 13, 2007, from 
http://edoc.ub.uni-muenchen.de/archive/00001120/01/
Weinberger_Armin.pdf

Weinberger, A., Ertl, B., Fischer, F., & Mandl, H. 
(2005). Epistemic and social scripts in computer-sup-
ported collaborative learning. Instructional Science, 
33(1), 1-30.

kEY tErms

Application Sharing: Mechanism that allows e-col-
laboration partners to work with the same application 
on the same document simultaneously.

Collaborative Teaching: Method of education 
in which a group of learners acquire knowledge by 
alternately assuming the role of teachers. 

E-Collaborative Knowledge Construction: Syn-
chronized e-collaboration with the goal to acquire or 
create new knowledge.

Environment for E-Collaboration: Working place 
of an e-collaborator. The environment provides all the 
tools and resources applied during e-collaboration.

Explicit Knowledge: Knowledge that can be in-
tentionally expressed and quantified. Examples of this 
kind of knowledge include facts and descriptions.

Learning Case: Description of a real-world sce-
nario, which helps learners to apply their knowledge.

Mental Artifact: Immaterial product, which e-
collaboration partners construct during the process of 
e-collaboration.

Mutual Dependency: Requirement for successful 
e-collaboration. Mutual dependency ensures that both 
partners can benefit from e-collaboration and it may 
reduce undesired group effects.
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E
Shared Problem Space: The shared knowledge of 

e-collaboration partners which is necessary to solve a 
problem collaboratively.

Tacit Knowledge: Knowledge, which is acquired 
rather unconsciously by socialization or practice. It may 
be seen as complementary to explicit knowledge. 


