
ISSN 1479-4411 180 ©ACPIL 

Reference this paper: Bettoni, M., and Obeng, E., 2021. New Collaboration through Artefact-Mediated Interaction with a 
Joint Knowledge Base. The Electronic Journal of Knowledge Management, 19(2), pp. 180-193, available online at 
www.ejkm.com 

New Collaboration through Artefact-Mediated Interaction with a 
Joint Knowledge Base 

Marco Bettoni1 and Eddie Obeng2  
1Steinbeis Consulting Center Knowledge Management and Collaboration, Basel, Switzerland 
2Pentacle Virtual Business School, Beaconsfield, Buckinghamshire, United Kingdom 
marco.bettoni@weknow.ch  
Eddie_Obeng@pentaclethevbs.com  
 
Abstract: Collaboration is changing and increasingly emerging as what we call “New Collaboration”, a knowledge-based and 
community-oriented way of working together (especially digital, online collaboration). Unfortunately, organisations use only 
a small percentage of the potential of New Collaboration. One main reason for this is that they do not understand that New 
Collaboration is based on knowledge sharing and requires the individual knowledge of the collaborators to be integrated 
into a shared knowledge structure, a so-called Joint Knowledge Base (JKB). This concept of a Joint Knowledge Base as the 
tacit knowledge structure which is constructed, shared and maintained during collaboration, emerged during the course of 
our previous work and became more and more prominent as a key to collaboration. When a group interacts, the JKB 
functions as an interaction bridge, and this is why it is a key to collaboration. In this paper, we will revise and elaborate in 
more detail our concept of a JKB and explain its role in artefact-mediated interaction. First, we will explain the main 
characteristics of New Collaboration and summarise them based on a concise definition. Secondly, we will introduce the 
concept of a Joint Knowledge Base, explore the role of social negotiation in constructing it, define the JKB as a distributed 
knowledge structure, discuss the problem of obstacles which hinder its development and suggest how to solve it by means 
of gaining deeper insight into the complexity of the involved processes (communication, interaction). And next we will further 
develop this solution by introducing the concept of boundary artefacts and describing their implementation as tools for 
artefact-mediated interaction by means of a systematic approach. Finally, we will explain this systematic approach and show 
how boundary artefacts and artefact-mediated interaction work in practice during meetings performed on a commercially 
available collaboration platform where they contribute to the construction of a JKB. 
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1. Introduction  

The business world in which we are living today is a world of volatility, uncertainty, complexity and ambiguity 
(VUCA). It is a new world which changes faster than we can learn and where business outputs “depend on a 
wider and wider range of knowledge, skills, values, technologies and competences” (Obeng 1997, pp.3-9).  In 
order to be successful in this new world, collaboration must adapt and change. In previous work, we proposed 
a knowledge-based and community-oriented understanding of collaboration which we called New Collaboration 
and described based on three models: a system model (Bettoni et al., 2016), a presence model (Bettoni et al., 
2018) and a hierarchical process model (Bettoni and Obeng, 2020) called the “Pyramid of New Collaboration”. 
This pyramid model of collaboration requires the individual knowledge of the collaborators to be integrated into 
a shared knowledge structure, a so-called “Joint Knowledge Base” (JKB). For doing this it is essential to 
understand how the JKB enables collaboration and specifically how the JKB is constructed and maintained. This 
is our main research question here. A better understanding of this aspect of knowledge sharing will contribute 
to raising awareness of the fact that a JKB plays an essential role in collaboration and to taking this seriously.  
 
Secondly, it will help to understand how the interwoven process between knowledge sharing and collaboration 
works. Last but not least, it can help to understand group learning (and group work in general) not only as a form 
of knowledge acquisition (cognitive process) and participation in a social community (social process) but also as 
collaborative knowledge creation (Paavola et al., 2004). Therefore, the aim of this article is to revise and 
elaborate our concept of a JKB in more detail. Our results define the main characteristics of New Collaboration, 
specify the role of social negotiation in constructing the Joint Knowledge Base, define it as a distributed 
knowledge structure, identify obstacles which hinder its development and suggest how to solve this problem by 
means of communication and interaction. We furthermore introduce the concept of “boundary artefacts”, 
describe their implementation as tools for artefact-mediated interaction and show how this has been 
implemented on a commercially available collaboration platform. The article ends with a discussion and 
conclusions, including limitations and implications for further research. 
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2. Literature Review 

Our research is highly innovative, in fact the aforementioned main topics, i.e.  “process model of collaboration”, 
“shared knowledge structure” and “knowledge-based collaboration” are missing in the academic and business 
literature on collaboration and knowledge sharing.  This can easily be checked by doing an internet search as 
well as by analysing literature review articles. A systematic literature review of state-of-the-art functionalities in 
knowledge sharing mechanisms provides a representative example (Navimipour & Charband, 2016). The 
research topics identified in this review have not changed since the beginning of knowledge sharing research in 
the 1990s: motivation for sharing knowledge, impact of good practice and job satisfaction, cultural influences, 
strength of social ties, explicit knowledge vs. tacit knowledge, trust, empowerment, leadership style, leadership 
behaviour, impact of IT (platforms, etc.), exchange relationships with co-workers, social interaction, 
sociocultural factors (like trust, shared goals, shared language and collaboration). Thus, the literature focuses 
mostly either on outcomes or on “external” aspects as conditions for successful outcomes. As a result, we can 
conclude that there is practically no literature about how knowledge sharing actually proceeds or the steps of 
its process. Notice moreover that collaboration is considered only to be a factor influencing knowledge sharing 
and never as a factor affected by it, like in the seminal work by Roschelle and Teasley (1995) which started the 
investigation into the role of knowledge sharing in collaborative problem solving in a fundamentally new way, 
which has never been followed up by other researchers. 
 
Recent surveys show that, in order to cope successfully in the VUCA world, organisations should develop 
collaborative cultures, embrace collaborative practices (IDC, 2016, p.42) and invest in collaborative business 
models (Dufft, 2017, p.11). Unfortunately, the business and education world seem to largely ignore the fact that 
collaboration, in the wake of the spread of knowledge-intensive work (Smith, 2002; Bettoni, 2000), has also 
changed and is increasingly emerging as a new way of working and learning together which we call “New 
Collaboration”. Surveys about the application of digital collaboration in business show that e-mail (which 
promotes divergent interaction) is still considered to be the most important collaboration tool (Roten et al., 
2016, pp.3-4). But New Collaboration requires a completely different type of interaction: convergent interaction. 
Hence, considering and applying e-mail as the main collaboration tool clearly indicates that New Collaboration 
is still going unnoticed or at least is not well understood and not sufficiently put into practice.  
 
Stoller-Schai, a pioneer of e-collaboration research, recently defined collaboration as “the direct and mutually 
influential active confrontation of two or more people, oriented towards common goals, to solve or master a task 
or problem” (Stoller-Schai, 2021). While this is very good as a generic definition, let us look more deeply at the 
aforementioned “task or problem”. In the VUCA world, more and more groups are facing knowledge-intensive 
tasks which are judgmental rather than intellective (have a demonstrably correct solution), complementary 
(require abilities, skills, knowledge of different people) rather than conjunctive and unitary (cannot meaningfully 
or efficiently be divided into subtasks and assigned to different group members) rather than divisible (for these 
categories see: Laughlin, 2011). And for these tasks they need New Collaboration. 

3. Methodology 

To answer our main research question (how is the JKB constructed and maintained, see above), we take a 
Systems Thinking approach, a way of thinking which enables to better understand and design complex issues. 
Systems Thinking requires (Haberfellner, 2002; Vester, 2007):  

1. the systemic definition of concepts. We define four new concepts in this way: a) new collaboration, b) 
joint knowledge base, c) artefact-mediated interaction, d) boundary artefact;  

2. the use of these concepts in the context of a holistic view;  
3. the use of systemic models. We describe two such models: a) distributed knowledge structure, b) bicyclic 

knowledge conversion; 
4. the use of holistic, interconnected thinking. We have applied this in two cases: a) system of boundary 

artefacts, b) QUBE New Collaboration. 

4. Results 

After defining the main characteristics of New Collaboration, we specify the role of social negotiation in 
constructing the Joint Knowledge Base. We then model the JKB as a distributed knowledge structure, thus 
clarifying the issue of its existence; we identify obstacles which hinder its development and suggest how to solve 
this problem by means of a model which combines communication and interaction. We further introduce the 
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concept of “boundary artefacts”, describe their implementation as interaction tools and demonstrate how our 
theory works in practice by showing its implementation on a commercially available collaboration platform. 

4.1 New Collaboration: Concept, Definition, Process 

If we want to fully exploit New Collaboration, we need first of all to become aware of its emergence and secondly 
to better understand its structural and dynamical complexity. This requires a clarification of our concept of New 
Collaboration, a description of its essential elements (structure) and a model of how New Collaboration unfolds 
(method, process).  
 
Successful groups are increasingly collaborating in this new way: they work together on a knowledge-intensive, 
judgmental and complementary task without splitting it. And because the task (the unit of work) is not split, the 
related knowledge needed during the performance of the task must also form a unit and be maintained as a 
unit. For this reason, New Collaboration requires the individual knowledge of the collaborators to be integrated 
into a shared knowledge structure. This essential “Rule of Unitary Group-Knowledge” can be concisely stated as:  

IF the group-task is unitary, THEN group-knowledge should be unitary. 
 
In this sense, we say that New Collaboration is knowledge-based. Moreover, the practice of constructing and 
maintaining this task-related knowledge as a shared knowledge structure requires that the group’s members 
accept fair terms of collaboration, like reciprocity or mutuality (Rawls, 1971; 2001). Against this background, 
group collaboration has three relevant dimensions: (1) the mutual engagement of the group in a conscious, 
continuous effort to pursue (2) a joint enterprise (shared tasks) which, over time, leads to the development of 
(3) a shared repertoire (symbols, words, concepts, stories, ways of doing things, routines). Since these are the 
three dimensions of practice in Wenger’s community of practice model (Wenger, 1998, pp.72ff), it is in this sense 
that we say that New Collaboration is community-oriented. The aforementioned characteristics of the concept 
of New Collaboration are summarised in the following definition (adapted from Bettoni et. al., 2016; Bettoni, 
2017):  

New Collaboration is a way of working together at a complementary and unitary task without splitting 
it, thereby concurrently practicing fair terms of collaboration and being mutually engaged as a 
community for constructing and maintaining a Joint Knowledge Base as a basis for accomplishing that 
task.  

 
This definition has its roots in the seminal work by Roschelle and Teasley (1995) which investigated collaborative 
problem solving almost 25 years ago.  In our process model “Pyramid of New Collaboration”, we have modelled 
this type of collaboration by means of a breakdown structure similar to the “Work Breakdown Structure” (WBS) 
of project management; it is a hierarchical decomposition with seven layers, where each layer specifies the 
means that enable the process in the upper layer, and all the layers together implement the whole collaboration 
process. With this approach, collaboration (the highest level) is based on knowledge sharing (the 6th level) as the 
essential means which enables collaboration. This aspect, new collaboration being knowledge-based, is perhaps 
the main difference from traditional collaboration and requires us to elaborate our concept of a JKB in more 
detail.   

4.2 Joint Knowledge Base  

The term Joint Knowledge Base (JKB) indicates the shared knowledge structure which is constructed and 
maintained during collaboration on a unitary task (new collaboration). According to Roschelle and Teasley (1995, 
p.76), collaborators interact through language (conversation), physical action and combinations of words and 
action. During these collective activities, each collaborator contributes their unique knowledge (Fig.1) to the 
group work and from this interactive process, shared knowledge elements emerge, the building bricks of the 
JKB.  
 

 

Figure 1. Group working on a unitary task – the JKB as an interaction bridge 
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The JKB collects and organises these knowledge elements into a system. Thanks to this, it can function as a basis 
for accomplishing the shared task on which the group is working and can also be seen as a control unit regulating 
the interaction, a bridge between shared and unique knowledge (interaction bridge), an essential condition for 
the possibility of successful collaboration. In our Pyramid Model of New Collaboration (Bettoni and Obeng, 
2020), Knowledge Sharing is placed immediately below it, at level six, as the fundamental activity which enables 
New Collaboration (the highest level). It is here where collaborators construct and maintain the Joint Knowledge 
Base. In order to do this and organise the knowledge elements into a system they must interact in new ways 
described at the underlying levels five and four, called “Negotiation of Meaning” and “Co-Construction of 
Knowledge” (Bettoni and Obeng, 2020, p.167). 

4.2.1 From IKB to JKB: Negotiation of Meaning 

Before entering the JKB, any knowledge element must have been previously constructed by an individual group 
member (collaborators) and be part of their Individual Knowledge Base (IKB).  The IKB is not merely storage for 
knowledge elements; in line with Immanuel Kant’s definition of knowledge (“A system of compared and 
connected mental constructs”, Kant, 1781/1787, A97, own translation), we conceive it as a knowledge system 
which plays a role in basic cognitive functions such as assimilation and accommodation (Piaget, 1936). Thus, an 
IKB is much more than simply a repository and contributes a greater functionality to cognition than just a 
memory system. It is hence important to understand how a knowledge element of an IKB can become part of 
the JKB so that it can be considered as “shared”.  In order to be accepted as constitutive parts of the JKB, 
knowledge elements must be evaluated as meaningful by the group. The meaning that they must have is not 
simply a specific relationship between a sign and a reference (lexical meaning) or a grand principle of reason or 
ethics (philosophical meaning). They must make sense to the group in practical ways, especially in relation to 
the professional experience of each group member. This is why the knowledge elements can enter the JKB only 
if they successfully pass through a “sensemaking” process called a negotiation of meaning: an interactive process 
which comprises two highly interlinked activities, participation and reification (Wenger, 1998), and which is the 
first of the two main components of cognitive presence (Bettoni et al., 2018). In short: any element of an IKB of 
any group member must go through a process of group cognition and can enter the JKB only as a socially 
negotiated result of this process.  
 
Participation must be about something, some content, ideas, proposals; and reification also must be of 
something. So, what we need here in first place is to produce relevant content, hence to be creative and skilled 
in constructing (producing or modifying) knowledge elements. Thus, the core process underlying and enabling 
the negotiation of meaning is the co-construction of knowledge, the second main component of cognitive 
presence. It comprises skills like: (a) shared language, (b) shared content / storage, (c) co-planning, (d) co-solving, 
(e) cowriting (Bettoni et al. 2018, p.1137). 

4.2.2 The JKB as a Distributed Knowledge Structure 

During the course of the co-construction of knowledge, each collaborator builds and maintains in their mind 
their own individual knowledge base so that, within a group, we have as many IKBs involved as there are 
collaborators. But the overall shared goal of working with the other collaborators on the same shared task leads 
to the emergence of areas within the individual knowledge bases which mutually converge (and resonate). When 
the negotiation of meaning succeeds, this leads to the emergence of knowledge areas in each individual which 
converge and resonate among the group members: the elements of these areas can then be considered as 
“shared” knowledge elements. Thus, the Joint Knowledge Base does not exist in a single place and is not 
constructed outside the minds of the collaborators. There is no single, integrated knowledge base that grows 
outside of them; instead, a JKB is a distributed knowledge structure made of the converging parts found within 
the individually constructed knowledge bases (Fig. 2).  
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Figure 2: Joint Knowledge Base as a distributed structure (one shared element, all group members). 

It is in this sense that we speak of a “joint” knowledge base: the JKB is the distributed system connecting and 
comparing all those individual knowledge elements whose meanings converge and fit across group activities. 
Thanks to this, the JKB enables meaningful conversation, action and interaction in relation to the purposes which 
emerge, step by step, during collaboration on a shared task. Any JKB is bound to the specific group of individuals 
who interact: when one individual is missing or a new one arrives, then the JKB changes.  The fact that two or 
more individual knowledge elements are seen as converging does not necessarily imply that they precisely 
overlap or match in all their parts and across all the individual knowledge bases of the group members. It is 
sufficient if they are fit for the purposes in hand. In this sense, we should speak more precisely of taken-as-
shared rather than shared knowledge elements (Cobb, 2000, p.166).  

4.2.3 Knowledge Sharing Obstacles 

When collaborating in this way, the JKB can grow and step by step become more and more representative of 
the group’s knowledge. But due to the complexity of communication and interaction, co-constructing such a 
representative JKB is not easy to achieve! When people engage in conversations and debates for contributing 
knowledge elements and negotiating their meaning, they will encounter many obstacles. Two of the main 
obstacles (also called “semantic boundary”, Carlyle, 2002) are:  

1. the meaning of messages cannot be just transferred by communication;  
2. interpretations of messages are often different.  

 

The first obstacle exists because meaning does not travel; it must be (and always is) actively constructed. Heinz 
von Förster called it The Hermeneutic Principle: "The hearer, not the speaker, determines the meaning of an 
utterance" (Förster and Glasersfeld, 1999, p.13). The second obstacle exists because differences in experience 
and background among participants have created different experiential worlds (Glasersfeld, 1991, 2007) and 
these lead to different conceptualisations and interpretations which, on one hand, may be a source of creativity 
but on the other, can create social dilemmas and conflicts (Du Chatenier et al., 2009).  
 
These intrinsic obstacles allow us to recognise something very important for collaboration: that plain 
conversation is an intrinsically limited resource when it comes to constructing a JKB. We know this very well 
from conventional meetings: they are very often not only unproductive and a waste of time (Kello, 2015) but 
also last too long, mostly because the collaboration and knowledge sharing are not working as they could and 
should when the meeting only uses plain conversation and debate (Bettoni and Obeng, 2020). Thus, as a next 
step, we need to solve this problem with the intrinsic limits of conversation. 

4.2.4   Bicyclic Knowledge Conversion 

Conversation is a complex process, but since language is learned without effort (in childhood), that process 
unfolds hidden behind a “veil of simplicity” (in analogy to the “veil of ignorance”, Rawls, 2001), that we put on 
step by step during the course of our language skills development, until we reach the highest level, that of 
unconscious competence (Flower, 1999).  By looking behind this veil, we can see how, during conversation, a 
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knowledge base is built and maintained by several element-related activities which are performed on the 
knowledge elements during a circular, recursive process.  
 
The four main activities are: 

1. introducing new elements (through assimilation or accommodation);  
2. modifying existing elements when divergence arises during collaboration;  
3. detecting divergence across collaborators by monitoring ongoing interpretations of knowledge elements 

and comparing them with the intended interpretations to determine whether these fit;  
4. last but not least, rectifying intended interpretations when there are conflicts (meanings do not fit). 

 
If we want to solve the aforementioned problem of the intrinsic limits of conversation, then the complexity of 
communication and interaction involved in such knowledge sharing activities should be taken seriously. To this 
aim, we have developed a model of bicyclic knowledge conversion between a subjective self and another person, 
indicated by “Self” and “Other” (Fischer and Herr, 2019). The model is called “bicyclic” because it combines two 
main ways of recursive, coordinated interacting (Fig. 3): a communication (lower half of the diagram, based on 
Glanville, 2007) and a co-action (upper half of the diagram).  
 
Since we focus on knowledge conversion in our model, in constructing it we used the SECI model of knowledge 
conversion (Nonaka and Takeuchi, 1995) and the IECS basic knowledge sharing model (Kharabsheh et al., 2016) 
as sources of inspiration. But differing from the SECI model, in our model the interaction process begins by 
explicitly considering two individuals, each with their own individual knowledge base (explicit and tacit 
knowledge) and looks at how knowledge conversions proceed first within each single person and then between 
them. More precisely, typical bicyclic knowledge conversion starts within the individual and proceeds as follows 
(Fig. 3, left side):  
 

 

Figure 3: Bicyclic knowledge conversion between the Self and Other. 

1. First, the model considers two knowledge conversions by the Self, from tacit to explicit (acronym EXT) 
and from explicit to tacit (acronym INT). EXT means “knowledge externalisation” (to document, to 
express) whereas INT means “internalisation” (to learn, to understand).  

2. These two knowledge conversions form a loop internal to both individuals, indicated in the diagram with 
a circular arrow (dashed line). This loop can eventually lead to some thoughts related, for example, to 
planting a tree, indicated in the diagram - within the tacit knowledge base - by the silhouette of a person 
holding a young tree. 

3. In a third step, the model looks at the knowledge conversion from explicit to explicit called 
“combination”, which in our case is seen as an exchange of information in the sense of a conversation 
between two individuals.  
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4. At the same time, we also look at knowledge conversion from tacit to action, depicted in the upper part 
of the diagram.  

5. An interactive knowledge conversion between Self and Other begins with the conversation depicted in 
the lower part of the diagram but is interlinked with the process of co-action.  

• Step 1: Mrs Self thinks of planting a tree.  

• Step 2: She says “we plant a tree” and, at the same time, the action of catching, moving and holding 
the tree begins.  

• Step 3: Mr Other hears “we plant a tree”; this is the only information transferred. Meaning is not 
transferred, so what does this sequence of words mean? If there were no action, interpretation could 
be difficult and lead to misunderstandings. But Mr Other sees what Mrs Self is doing.  

• Step 4: He understands correctly what Mrs Self said and contributes a complementary idea, for 
example by thinking that the tree needs a hole. 

• Step 5: He says "dig a hole” and begins to do it.  

• Step 6: Mrs Self hears "dig a hole". Again, if there were no action, interpretation could be difficult. 
But Mrs Self also sees what Mr Other is doing. 

• Step 7: She understands correctly what Mr Other said and contributes a complementary idea, for 
example by thinking of a combination of her holding the tree and Mr Other digging a hole: they fit 
and so the collaboration is successful.  

 
We see here that, thanks to co-action, interpretations on both sides were correct and conversation has been 
successful; moreover, thanks to this intertwining of conversation and co-action, a fourth step of knowledge 
conversion called “socialisation” has also been successfully performed; this is the step in which tacit knowledge 
is shared between the two individuals by means of integrating the two types of interaction, conversation and 
physical action. This suggests that the problem with the intrinsic limits of conversation can be solved if the group 
collaborates (and constructs the JKB) in a way so as to intentionally make use of both conversation and co-action. 

4.3 Artefact-Mediated Interaction with Boundary Objects 

Given the previously presented model of a JKB, our next task now consists in suggesting collaborative patterns 
for group work and business meetings which promote this way of collaborating. Facilitation techniques already 
answered this question in part a long time ago by adding a specific type of physical action in space to 
conversation. This approach increases the complexity of leading the interaction, but we know from the practice 
of facilitation (Wagenaar and Hulsebosch, 2008; Kaner, 2014) that there are lot of tools and techniques (which 
can be easily learned) which help skilled facilitators in coping with this complexity of leading. Complex 
interaction methods, if appropriately facilitated, best fit with the complexity of the co-construction process, thus 
enabling the group to interact in a much more efficient and much more effective way.   
 
A knowledge café, which requires dialogue rules, a specific venue with tables (each for 4 or 5 people), a facilitator 
with the skills to chair the session, a powerful question, a relevant introduction, small group conversations, etc.  
is a good example of such a complex interaction method (Sharp, 2019; Gurteen, 2021). Physical action is 
implemented mainly by means of the session’s assembly changes (from plenary to small groups, from group to 
group 3 times then back to plenary) but can also include notes taken by all participants on large shared sheets 
at the tables. 
 
Another example is storytelling: in this method, the physical action comes with the chain and flow of events 
which make up the story; we find it in the central conflict of the story as well as in its resolution. What we have 
here is merely a described and imagined physical action but it is there as a new dimension which increases the 
opportunities for activating the imagination, stimulating further thinking, creating tacit knowledge, helping to 
rediscover meaningfulness and orientation, awakening emotions, creating cohesion and strengthening 
memories. Among other types of stories, fairy-tales are particularly suited to fostering collaboration because 
they bring and hold together individuals and their (tacit) experiences through references, metaphors and 
analogies which can easily be assimilated (Bittel and Bettoni, 2014). 

4.3.1 Artefact-Mediated Interaction 

When conversation and physical action on an object (in space) are combined into one single group activity, we 
obtain a new type of interaction, which we call object-mediated interaction (combinations of words and actions 
on a shared object), where the physical action is performed on real objects which can be created, moved, 
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modified and transformed in various ways in space. The new dimension which physical action adds to 
conversation and the object which is produced step by step over the course of the interaction largely increase 
the number of choices and hence the opportunities for knowledge co-creation.  
 
When the object is an artefact produced by the group (like, for instance, a list of ideas, a mind map of concepts 
or a flowchart of a process) and this artefact is made easily visible and accessible for everybody by means of a 
poster, a whiteboard, a panel or a table, then we speak of artefact-mediated interaction. In artefact-mediated 
interaction, the physical action performed by the collaborators consists of moving within a shared 3D space, 
sitting in small groups at tables, gathering in-front of a panel or poster, writing on large sheets or on small cards, 
fixing them on a panel or wall and then organising them according to a given problem-solving method etc. In 
doing so, they not only use existing artefacts; they also change or produce one or more of them as a result of 
their interaction. Such a product could be a set of marketing ideas organised in subgroups, a form for 
systematically organising information about project progress or a plan of action for training new clients.  
 
When studying collaborative, heterogeneous problem-solving by scientists from different disciplines, Star (1989) 
recognised the importance of such collaboratively-produced artefacts. In fact, she observed that those scientists, 
despite their differences, were nonetheless able to successfully collaborate and attributed this to what she called 
“boundary objects”: objects produced during the interaction that enabled those scientists to establish shared 
context (Star, 1989, p.47) like, for instance, documents, terms, standardised forms and methods, models, maps 
and other forms of reification (Wenger, 1998, p.105). In order to underline the fact that these objects are 
produced during the interaction, we will call them “boundary artefacts”. They can link communities together by 
allowing different groups to collaborate on a common task (Wenger, 1998, pp.105ff) but they can also link 
individuals together by allowing a group to collaborate on a unitary task.  

4.3.2  A System of Boundary Artefacts 

Although traditional facilitation methods and tools (Kaner, 2014) use boundary artefacts, this alone is not 
enough to cope with the complexity of the co-construction process and to produce a representative JKB.  We 
need a more systematic approach, which identifies a set of relevant dimensions (like space, time, culture, tools, 
methods and behaviours, see section 5) and where the whole interaction process is designed around boundary 
artefacts. Implementation of such a systematic approach exists in the QUBE system, a 3D collaborative virtual 
environment (3D CVE) of the “virtual world” type (Pentacle, 2015).  
 
On QUBE, a boundary artefact is called PET (abbreviation for Performance Enhancing Tool). A QUBE PET 
implements a set of knowledge elements on a pinboard, structured in a specific way (see Fig. 4 and 5): this given 
structure functions as catalyser for the interaction, thus guiding the construction of shared knowledge elements 
along clearly defined pathways and making the negotiation of meaning more efficient and effective. Four of the 
most successful QUBE PETs are Hopes&FearsTM, 5PsTM, StickyStepsTM and RAPIDTM: 

• The PET called Hopes&FearsTM (Fig. 4) has a pinboard divided in three fields: on the right, a box for the 
fears, on the left a box for the hopes and below, a box for ways for overcoming the fears. This is a great 
way to initiate any new activity with stakeholders, especially if there is lots of uncertainty in the goals or 
methods. Working with this PET helps with the first steps of inclusion in teambuilding; it contributes to 
emotionally engaging team members from the start, helping them to define shared goals, agreeing early 
on what does and does not fall within the scope, agreeing on what are hard and what are soft success 
criteria, identifying risks and creating the basis for a common project culture. 

• The PET called 5PsTM (Fig. 4) provides a way of formulating the essential aspects of a message, task or 
action. The pinboard is divided in two fields. The box on the left is for the unstructured, spontaneous 
description of an idea, message or task. The box on the right is structured into 5 fields: Purpose, 
Principles, People, Process and Performance. Working with this PET helps to avoid misunderstandings 
and communicate clearly about complex issues, like the core elements of a project, problem or solution. 
It should be used at milestones when the group needs to reflect on the project, task or action and gain 
a clearer view of its essential aspects as well as every time a team member or stakeholder receives 
instructions to act independently. 
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Figure 4: Boundary objects Hopes&FearsTM and 5PsTM (www.pentacle.co.uk).  

 

Figure 5: Boundary objects StickyStepsTM and RAPIDTM (www.pentacle.co.uk).  

• The PET called StickyStepsTM (Fig. 5) displays a simple pinboard with just two areas; a row on the top for 
expressing the overall goal and a large area below this row for breaking down the overall goal of the 
action into the means required to achieve it. If one or more actions in this lower area are still too large, 
the team repeats this step by adding a lower breakdown level; the breakdown continues until you reach 
tiny little steps (tasks). This PET provides a quick and effective way to plan a project or action whenever 
they are almost too large to contemplate. This kind of breakdown (goal to action) allows 
interdependencies between parts of the project, action or task to be dealt with appropriately. 

• The PET called RAPIDTM (Fig. 5) is simply a table of tasks (rows) with columns for the different roles 
(responsible, accountable, contributing and deciding) needed for accomplishing a task; when roles for 
tasks are assigned to group members, then the facilitator enters their names in the related cells, thus 
making sure that everyone knows exactly what it is they have to contribute, and in what way. This PET 
is also very useful for ensuring the interdependence of the activities and people involved on them in a 
systematic way: this helps to reduce bottlenecks which tend to slow down the pace of execution of a 
project. It should be used at the end of any team meeting and in general every time the group agrees on 
tasks for a piece of work in which the group members are involved. 

4.4 QUBE New Collaboration 

On QUBE, the previously mentioned systematic approach to online collaboration is obtained by designing a 
meeting around six relevant dimensions, which can also be seen as six relevant components: Physical Space, 
Time, New Culture, New Tools, New Methods, New Behaviours. Strictly speaking, artefacts-mediated interaction 
is implemented by means of the 5th component (New Methods) but all the other dimensions also contribute and 
are necessary for the QUBE New Collaboration: 

1. Physical Space on QUBE is supported by a 3D environment (3D CVE) which simulates a business campus 
with buildings, various types of rooms and other places and provides avatars with which each participant 
can move around in the rooms, meet other people, sit with them and chat at tables, visit panels, point 
to items on the walls of the room, walk to other rooms, work at an individual desk, etc. 

http://www.pentacle.co.uk/
http://www.pentacle.co.uk/
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2. Regarding Time, on QUBE a meeting continuously uses boundary artefacts, in each phase, from begin to 
end.   

3. An example of “New Culture” is the principle of “Write first, talk second” which requires that, for any 
given topic of discussion, participants must first write their contributions on a panel and then 
conversation will start based on and referencing those written contributions.  

4. An online “New Tool” is, for example, the sticky note facility and the panel on a wall: each participant 
can create as many sticky notes as they wish, write a text on each and place the sticky note on a panel 
visible to all the other participants.  

5. A “New Method” is, for instance, the so-called “Hopes & Fears” method for collaboratively planning a 
session.  

6. Last but not least, an example of a “New Behaviour” is being fully attentive to what is going on instead 
of reading e-mails or surfing the internet during the meeting.  

 
Thus, in general, on QUBE, collaboration and the construction of a JKB proceed as a group activity where 
cognitive, social and leading presence come together at the intersection of these different dimensions and 
produce boundary artefacts. 

4.4.1 A QUBE Session  

A typical session on QUBE, for instance a kick-off meeting, begins with session facilitators welcoming the 
participants as they arrive in the space. Each person in QUBE is represented by an individual avatar, a simple box 
figure (like LEGO mini figures but gender-neutral) which provides enough of a human form to foster the required 
level of identification.  
 

 

Figure 6: Group at whiteboard with Hopes & Fears PET by Pentacle (http://www.pentacle.co.uk/) 

Using your avatar, you are able to communicate with other people just as you would in the real world. You can 
move around in the rooms of a building, physically interact and work shoulder to shoulder, literally 
brainstorming with many other people by means of whiteboards and sticky notes.  
 
The facilitators welcome each one individually and make sure that they are ready to begin. Then the avatars can 
visit the virtual collaboration space until the meeting starts. The room has been carefully prepared in advance. 
The whiteboards, panels, tables and chairs needed during the meeting are available on the walls and on the 
floor. Some whiteboards display poster tools called PETs (Performance Enhancing Tools), guidelines or 
procedures about how to accomplish a task described on a poster. PETs can easily be replicated on a whiteboard 
or wall when needed; each PET is linked with a specific documentation which describes “what is it?”, “why do I 
need it?”, “when do I use it?” and “how do I use it?”  In this sense, a QUBE PET is a collaboration method and 
corresponds to what is often called a collaboration pattern in literature (Eppler and Schmeil, 2010). What is 
special about a QUBE PET is that the collaboration involved is always an artefact-mediated interaction. 

4.4.2 Problem-Solving Meetings  

Regularly scheduled problem-solving and decision-making meetings with a project team are the most important 
requirement for effective and efficient collaboration (Gordon, 1977). On QUBE, these meetings, called 

http://www.pentacle.co.uk/
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“drumbeats”, eventually receive the high level of consideration which they deserve. Within such a drumbeat, 
we see exemplified how QUBE implements artefacts-mediated interaction: conversation and physical action are 
combined during a meeting on QUBE to form a mediated interaction in which collaborators produce the 
aforementioned boundary artefacts (see 4.3.1). A drumbeat starts with a previously appointed coordinator 
welcoming the team members as they arrive in the project space on QUBE and gather at the central meeting 
place, called the “home” (leadership presence, social presence). When the group is complete, they walk together 
to a panel which displays the PET “Hopes & Fears” where the coordinator asks: “what are your expectations and 
what are you afraid of in relation to this meeting?”. Each participant writes their contributions on cards and 
places them in the hopes or fears area of the panel (Fig. 4, left). Collaboration enabled by this boundary artefact 
starts within the individual, with the two knowledge conversions of “internalisation” (INT) - when a participant 
reads the cards that other participants place on the board – and “externalisation” (EXT) – when a participant 
writes their own contributions on cards and places them on the board, among the others. A team member will 
then organise the cards in clusters and clarify their meaning with the help of the group, thus beginning the 
knowledge conversion of “combination”. Together the team then needs to discuss what could remove the Fears 
(social presence) before creating a meeting agenda of steps for making the Hopes a reality (cognitive presence): 
this will require writing some new cards and placing them on the board as well as putting existing cards in a 
proper temporal sequence. The knowledge conversion of “socialisation” happens in these card-related actions: 
pointing to a card when talking about its content, moving cards to put them in a better order, creating clusters 
or sequences of cards, changing the size of a card, formatting its words, etc. 
 
When the meeting agenda is ready, then the team starts working on the tasks defined in it. PETs like “5 Ps” and 
“STICKY STEPS” help to clarify the problem and plan some quick wins in the beginning. During the interactions, 
some specific questions will arise and provide opportunities for starting work in smaller groups. Small groups 
can move to an area in the same room equipped with chairs and round tables and sit down here when they want 
to discuss something, for example how to proceed when dealing with the specific question they have selected 
to work on (cognitive presence, leading presence). Once they have decided this, they can move to another area 
of the space and gather in front of a huge whiteboard with sections separated by panels. At tables and in front 
of panels, the group members will only hear each other talking, without noise from other groups (a feature 
which is quite impossible in a real room). At the end of the meeting, a PET called RAPID will help the whole team 
to define the next steps and related tasks and plan when and who will accomplish them after the meeting 
(leading presence, social presence). After that, the team usually gathers in a circle in the middle of the room. 
Here the group performs a so-called “spincasting” (social presence): each team member in turn has the 
opportunity to give brief feedback about the work carried out in the small groups (insight, remarks, questions, 
learning, etc.).  
 
This structure of a drumbeat meeting in three steps (start in plenary with a teambuilding PET, work in small 
groups with problem solving and planning PETs, closing the meeting with a planning PET and a plenary feedback) 
can also be applied during any phase of project work.  

5. Discussion 

In the VUCA world, the trend is clearly moving towards increasingly knowledge-based work in a fast-changing 
environment. In order to successfully cope with this evolution, organisations should develop collaborative 
cultures and embrace collaborative practices. New Collaboration can support this but in order to fully exploit its 
potential, we need to better understand an essential aspect of knowledge sharing, the Joint Knowledge Base.  
 
To this aim, we have first provided a definition of New Collaboration as a knowledge-based and community-
oriented activity where collaborators are mutually engaged in constructing and maintaining a JKB as a basis for 
accomplishing their unitary task without splitting it.  At first sight, this concept of collaboration may seem 
excessively resource-intensive; imagine, for instance, a research department; what could it mean here, “working 
together on a unitary task without splitting it”? Of course, researchers should not work all together on every 
research project and on every work package in a project. There are tasks which were, are and will also in future 
be better assigned to one individual. But the trend is clearly moving towards increasingly knowledge-based work 
units (Jacobs, 2019) and because knowledge evolves so rapidly and remains mostly tacit (less time for 
documenting) due to the high rate of innovation, these tasks tend to be complementary (require the 
contribution of more than one individual). When problem-solving requires interaction with other people, what 
you have is often a consulting situation. Sometimes just a phone call or e-mail to one colleague may be enough; 
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but in many cases, you need more time and to involve more than one person. You may need a prolonged, 
problem-solving interaction with a group and this can seldom be done one-to-one on the phone; it requires a 
meeting. So, with increasingly knowledge-based, complementary and unitary tasks, the number of (problem-
solving) meetings is also increasing. These meetings are critical for any organisation, but most people hate them 
(so-called “paradox of meetings”). Fortunately, New Collaboration also applies to problem-solving meetings and 
has recently been proposed as a solution to the paradox of meetings (Bettoni and Obeng, 2020).  
 
The knowledge elements of a JKB are all initially constructed by individual group members and must then go 
through a process of group cognition (a negotiation of meaning): they can enter the JKB only as a socially 
negotiated result of this process.  This approach implies that the group must pay great attention to the two 
components of the negotiation process, participation and reification.  
 
By arguing that participation and reification are both based on and enabled by the co-construction of knowledge, 
we have in a certain sense shifted the focus to the intrinsic limits of plain conversation as a method for building 
a JKB, like for instance in conventional meetings. Our model of bicyclic knowledge conversion has enabled us to 
look behind the veil of simplicity: there we were able to see not only the obstacles which hinder and the activities 
which contribute to the construction of a representative JKB but also to understand the essential role that 
physical action can play in overcoming the problem of the intrinsic limits of plain conversation. Based on this, 
we have proposed artefact-mediated interaction as a solution to this problem and argued for the need of a 
systematic approach, where the whole interaction process in all its relevant dimensions (like space, time, culture, 
tools, methods and behaviours) is designed around boundary artefacts. Finally, we were able to show that this 
way of collaborating is not just theory but already daily practice: the commercially available collaboration 
platform called QUBE and the tools and culture which it promotes constitute a real-world system which 
successfully implements artefacts-mediated interaction by means of boundary artefacts (PETs), thus enabling 
the Joint Knowledge Base to be representative of the group’s knowledge and the full potential of New 
Collaboration to be exploited. 

6. Conclusion 

Our paper deals with the fundamental issue of a Joint Knowledge Base, which so far was missing in the research 
literature. Our model of a JKB adds a missing piece to the description and generation of collaborative group 
interaction patterns (Eppler and Schmeil, 2010). We believe our model to contribute an important aspect to the 
effort of formalizing collaboration both in virtual and in physical environments, a task that is crucial especially in 
order to advance the application of digital collaboration. Our research contributes further to a better 

development of collaboration patterns as “recommendations for how (or how not) to interact” (Wasson and 
Mørch, 2000), which is essential for promoting innovative, valuable new forms of working together (New 

Collaboration).  Nevertheless, being this the first attempt to address fundamental issues like how a JKB enables 
collaboration and specifically how a JKB is constructed and maintained, the current version of this attempt has 
some limitations, which will need to be well investigated in the evaluation of this research and addressed by 
future work.  
 
First of all, our model of a Joint Knowledge Base is only a rough sketch; further research will be required for 
investigating: 1) how knowledge areas, which mutually converge and resonate, emerge within many individual 
knowledge bases; 2) to what degree the meanings need to be consensual and build convergent areas in order 
to enter the JKB; 3) what indicates the convergence of meanings and how does resonance manifest itself in these 
convergent areas when meanings do not overlap or match across all the individual knowledge bases of the group 
members. Secondly, in mediated interaction, further investigations will have to deal with our interpretation and 
use of the boundary artefact and clarify how cognitive, social and leading presence come together and 
contribute to its production. In particular, regarding physical action, we need to develop a model: 1) of what this 
type of action adds to the interaction when it is performed on cards which can be placed and grouped on a 
whiteboard; 2) of how physical action influences the motivations, roles and relationships of the participants. 
Last but not least, the way in which the intertwining of communication and co-action contributes to the 
knowledge conversion called “socialisation” will require further clarification in future work. This will be 
important to make it easier to share tacit knowledge in a variety of collaborative situations. 
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