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Abstract: This paper explores cross boundary knowledge generation at the interface
of two different communities of practice (Wegner 2000) with a help of a case study on
architects and energy engineers in building design. The case study highlights
circumstances and issues that have enforced and made coordination (Mol 2002) of
different forms of knowledge, that of architects’ and engineers’, possible, including
calibration of these into the same ‘language’ of numerical representations.
Furthermore, the findings of the paper support understanding of knowledge creation
between practices as a process of transformation and negotiation (Carlile 2004). It is
shown how the different forms of knowledge co-evolve during coordinative design
episodes and how a conflict between these is (pre)mediated by shared project goals
and engineers who mobilize experiences and assumptions regarding the priorities of
the architects in the engineering practice.

DRAFT – DO NOT CITE!

In recent years, knowledge and learning as situated in practice has been eagerly discussed in
organization studies. Besides of understanding learning as situated action (Suchman 1987), one of
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the most influential contributions to this debate has been the concept of “communities of practice”
(Wegner 1998). This concept highlights learning and knowledge generation as for happening in a
group of people that subscribes to a joint enterprise, interact with each other to establish norms and
relationships of mutuality and share resources such as language, routines, artefacts and tools
(Wenger 2000, p. 229). Knowledge resides in a particular practice shared by the group and is
created in this very practice. The concept has been praised for its novel view on groups and their
role in knowledge creation and transfer in contrast to more traditional views on knowledge
management through formal channels (Lindkvist 2005, 1190).

Many, however, have urged the debate to be more inclusive of other types of learning and
knowledge generation than that situated in groups that share the same social and cognitive
structures (Lindkvist 2005, Carlile 2004, Roberts 2006). Communities of practice may not be the
only types of knowledge producing structures today. Communities of shared practices are being
challenged as primary knowledge-producing locations the emergence and quick dissolution of
groups (Roberts 2006, p. 633); also, temporary organizations and project organizations are more
than common (Lindkvist 2005). This emphasizes the significance of undersanding knowledge
creation as also happening in between groups of communities or even outside of these. It has indeed
been suggested that too much focus has been put on the idea of community, too little on the
implications of practice creating different epistemic communities that need to cooperate despite of
differences (Brown and Duguid 2001, p. 198).

In this paper, I hope to inform the debate with an empirical case study on knowledge production on
the boundary of two different communities--energy engineers and architects--in a building design
project. In the design phase, the building is at constant flux; it is deliberately hold open to inquiries,
projections and creation of new knowledge – it is an epistemic object par excellence (Knorr Cetina
1997, Ewenstein and Whyte 2009). What makes building design even more interesting in terms of
knowledge production is that it is often characterized as a field where widely different groups
participate in generating new knowledge on the same emerging object. Energy engineering and
architectural work are here used as a gateway for discussing the ways in which new knowledge is
generated in the interaction of two widely different communities of practice. The study will
augment the current literature by investigating the modalities of knowledge creation in a situation
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where a shared project in building design enforces both community based and inter-communal
knowledge generation.

The paper is structured as follows. First, I provide an overview of the literature on inter-communal
knowledge creation in order to further specify the focus of the paper. This is followed by a brief
description of the methodology and field materials of the case study. The paper will then proceed by
introducing the results of the case study in three different sections. The first part highlights the
differences between the energy engineering and the architectural practice and their ways of
generating knowledge of the emerging building. The second part of the analysis presents the ways
within which the coordination of these seemingly different forms of knowledge is enabled despite
of the differences in origins and form. The third and final part focuses on the mediation of potential
conflicts and costs of knowledge generation in the interplay of two separate epistemic communities.
Lastly, the results of the case study will be discussed in terms of their contribution to the literature
on situated learning and to knowledge management.

Overview of inter-communal knowledge creation: collaborative meaning
production and boundary objects
Although the theory of communities of practices has been accused of being too focused on intracommunal learning and knowledge work, there have recently been several openings to move from
the community towards more open landscapes of knowledge production. Wenger, among others,
has touched upon the influence of the world outside of communities of practice by stating that it is
the interplay between our experience of the world and the competencies that our communities have
established over time that leads to learning taking place. He discusses this type of learning through
a notion of boundary processes through which learning opportunities emerge due to connections
between communities and exposure to foreign competence (Wenger 2000, p. 233). By bringing
forth the idea of boundaries between communities of practice, Wenger thus denotes that learning
can also be situated at boundaries.
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‘…they [boundaries] can also be areas of unusual learning, places where perspectives
meet and new possibilities arise.’ (Wenger 2000, p. 233)

Indeed, it has been suggested that learning at boundaries might be more innovative and deliberative
than that happening within the communities of practice. Lindkvist (2005) looks into how
knowledge is created when people are removed from their practices and cast together with others
from different communities, as in project teams for product development, for example. Lindkvist
argues that new knowledge in this type of organization emerges from a highly dispersed knowledge
base where individuals bring in the knowledge stemming from their own practice. Attempts to reach
the set goals lead to deliberation and higher-level cognitive effort. This is in contrast to knowledge
processes within communities of practice where the shared social and cognitive frameworks might
lock the communities into paradigm-driven knowledge creation (Lindkvist 2005, p. 1196) and make
them resistant to change (Roberts 2006, p. 629)

While cross-boundary or at-boundary knowledge creation can open up new possibilities and
generate novel innovations, it is by no means a simple issue. Accordingly, a number of scholars
have been interested in the often problematic migration of knowledge across boundaries. According
to Brown and Duguid (2001) the problems in knowledge transformation can be advocated not to the
type of knowledge to be transported, but the differences between the communities between which
the knowledge travels. Information becomes sticky, hard to transport, when it should enter a
practice domain that is very far away from the domain it originated from. Carlile (2002) suggests
that problems in accommodating knowledge developed in another practice is bound to the costs and
potential conflicts to the ‘receiving’ practice. Knowledge management cannot only be understood in
terms of knowledge transfer or translation, but rather as knowledge transformation (Carlile 2004):
inter-communal knowledge creation transforms the knowledge base of participating communities.
Knowledge management is thus also a process of negotiation and coevolvement.

In discussing the organization of boundary processes, Wenger (2000) suggests four kinds of
elements that can enhance learning at boundaries: 1) brokering of knowledge by people moving
across communities of practice, 2) boundary objects such as artefacts, discourses, shared processes,
e.g. routines, 3) boundary processes such as encounters and liaisoning as practice, and 4) crossdiciplinary projects (Wenger 2000, p. 237). The role of boundary objects has also been highlighted
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by other scholars as creating possibilities for shared knowledge generation across different practice
domains (Carlile 2004, Ewenstein and Whyte 2009). Boundary objects enable creation of shareable
ends at the boundary through shared syntax and facilitate a process where individuals from different
communities can jointly transform current knowledge (Carlile 2004, p. 451-3).

In her work, Mol (2002) offers an object-centred approach to knowledge work across boundaries.
She has inquired into how knowledge created on an object, atherosclerosis, in one practice is
coordinated with knowledge from another domain. The concept of coordination emphasizes the idea
of multiple versions of an object and presents an analytical tool to highlight the different ways these
can be related to each other and eventually made singular.1 Here, the different forms of knowledge
of the building stemming from the different practice domains of architects and energy engineers
might be looked upon as ontologically different versions of the school which at times become
subject to coordination in order to make the versions share the same reference. In the realm of
building design, Ewenstein and Whyte (2009) and to a certain extent Yaneva (2009) have studied
the use of particular type of boundary objects, visual representations of the building, as means for
shared knowledge creation on the still evolving object - which could be seen as a type of
coordinative action aiming at aligning the different versions of the building. Visual representations,
such as drawings or models, can facilitate collaborative work on an object and play an active role in
transforming the participants’ community-based knowledge into shared knowledge on the building
to emerge. Henderson (2007), however, points out that boundary objects can also be the locus of
dissent about the emerging object.

My aim here is to augment the growing body of literature on cross-boundary knowledge work by
taking outset of a case where knowledge about an emerging object is created in two different
communities of practice, the architectural and the energy engineering, and coordinated in the
intersection of these in building design. Its aim is to enhance our understanding of organization of
knowledge creation in an intra-communal setting. More specifically, inspired by the suggestion of
Carlile (2004) on inter-communal knowledge creation as understood in relation to the costs and
conflicts that might arise in the practices under transformation in this process, I look in detail into

1

Mol (2002) has worked with coordination of multiple versions of atherosclerosis. She observed how this illness was
enacted in different parts of a hospital and how these multiple versions of an object were coordinated and related to
each other in order to produce unity and singularity in particular situations.
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how these potential conflicts arise and are solved in order for a new and shared knowledge of the
design object to unfold.

Methodology and field materials
This paper presents a single case study conducted on a building project in its design phase in
Denmark in 2009-2010. The building is a municipal school and is designed by project groups in an
architect firm, an engineering consultancy and an energy engineering consultancy. An eight month
ethnographic study was conducted, consisting of frequent, often daily, observations during the main
design phase (four months) and weekly observations of the meetings between the engineers and the
architects during the closing down of the design phase. Observations focused primarily on the daily
work of architects and their cooperation with engineers representing different engineering fields.
Observations of the work of energy engineers were carried out in order to trace the ways in which
the knowledge of the building developed in terms of its energy related aspects. While the energy
engineers from the energy engineering consultancy had the main responsibility for the energy
related knowledge of the building, they also drew on two energy engineers from the general
engineering consultancy for discussion and to get some help in calculations. The engineers from
these two companies did not strictly speaking belong to a shared community of practice as their
tools and routines differed to a certain extent.

The paper is strongly inspired by the material constructivist approach to work practices and
knowledge creation (e.g. Suchman 2005, Latour 1999, Law 1994) and combines this to an interest
in knowledge as produced in and between different communities of practice. The methodological
implications of these two approaches are highly commensurable: both of them highlight knowledge
generation as embedded and invested in practice. Besides situatedness, the socio-material practice
approach emphasizes the materiality of the practices in which the knowledge of the building is
produced and negotiated. Thus, a significant role in building design has been claimed to be played
by materialities: in designing a new building, architects, for example, engage in material dialogue
with plans, models and tools (Yaneva 2005). While the material constructivists emphasize the
material dimension of knowledge production, the materiality of practice, however, has also been
acknowledged in the work on situated learning and communities of practice for example in the form
of focus on tools and boundary objects.
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Understanding knowledge as embedded in a particular practice combined with material
constructivism suggests that building-related work should be researched, taking both the discursive
and material dimensions of practices into consideration. Including the material specifities, such as
technologies, tools and accountancy models, into the analysis, helps to foreground the often
invisible elements in organizing energy related and architectural work practices and their relations.
During the observations, focus has thus been both on human actors, such as architects and
engineers, and the material elements, such as plans, drawings, 3-D pictures, computer programmes,
documents and standards to name some. Observations of daily work practices and meetings were
written down. Meetings were also either recorded or taken on a video (to be transcribed).

To start the analysis, data related to topics that required some type of coordinative work on behalf
of architects and energy engineers were retrieved from the corpus of field materials. These topics
included issues such as window areas and sun shading, window orientation, lighting, and insulation.
All these issues were also defined as relevant for the energy performance of the building during the
design phase. The data was organized in a manner that enabled following the episodes in which the
problems were defined and solutions found in regard to these topics. In order to inquire into how the
knowledge about the emerging building was created and coordinated three questions were posed
upon the data: 1) how was knowledge of the building generated in relation to these topics, 2) what
kind of coordinative episodes occurred in relation to this knowledge and 3) how was coordination
achieved. This paper especially highlights an episode around energy performance calculations
during which many of the above mentioned topics became a subject to coordination. This paper will
present the preliminary results of the analysis still under work.

The case: knowledge generation and negotiation in building design
The case at hand focuses on how energy engineers’ and architects’ work is coordinated in energy
performance related issues in a design phase of a building, a municipal school in Denmark. The
municipality, the developer, has high ambitions for the building: the school should live up to low
energy class 1. In terms of energy use, this means that the building should use 50% less energy than
a building only abiding to the requirements of the Danish Building Code. The school is designed in
a collaborative venture between an architect firm, a firm of landscape architects, an engineering
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consultancy including different types of engineering professionals, and an energy-engineering
consultancy. Energy engineers from the energy-engineering consultancy and the generic
engineering firm work closely together. While from five to seven architects work on the building
daily, engineers of different expertise are brought in when a need arises to calculate and find
solutions for electricity, ventilation, water, sewage, stability, statics, lighting and energy use and
production. Furthermore, the architect firm has its own construction engineers, one of which is also
an architect, who participate in drawing the technical details, e.g., windows and wall constructions
when needed. In terms of energy engineers, the cooperation during the design phase is restricted to
design episodes evolving around calculating the energy performance of the building and in
discussing how the energy efficiency could be used as an input to the school pedagogics. During
these episodes the amount of active energy engineers in the project varies from one to four persons
working sporadically on the building.

The work of energy engineers consisted of careful calculations of the energy performance of the
building and finding suitable energy saving technologies or solutions to be used. The requirement
for a low energy class 1 was an important part of the ways inquiries for knowledge about the
building were steered. Based on building related information, ideas and suggestions, and working
with computer programmes geared for calculating the energy performance of the building the
energy engineers were able to create knowledge of the school as an entity made of energy, heat and
light streams. Their modus of working was characterized by use of numerical representations and
interaction with a computer programme that was able to deliver an overview of the energy use of
the building based on those dimensions of the building and building materials that were fed into it.
The numerical representations included the dimensions of the building: lengths of walls, areas of
windows, energy use of installations, to name some. The engineers mostly worked separately, but
also held meetings or talked on the phone with each others in order to discuss the reliability of the
results of the calculations or the best possible modes to bring down the energy performance of the
school.

The architectural work, however, was somewhat different. As I entered the project, architects were
just about to move from the first drafts of the building to redefine the shape, identify the location
and sizes of different facilities, discuss the shape, size and orientation of the windows, hallways and
staircases, and make preliminary thoughts about the building materials. A row of architects sat by
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their computers, drawing digitally, some working with the floor plans, others with the façade or 3D
pictures of the building. Several times a day, the architects conferred in smaller or bigger groups
over screens, printed drawings and 3D pictures, that is visual representations, to discuss and sketch
different options. Through this visual, computer aided practice, the architects inquired into how the
building should look and feel like: how was the light; how was the sense of space; was it beautiful
and exciting; did it look like a building built for children?

The work of architects and energy engineers produced very different type of knowledge of the
building. Furthermore, they remained distinct and separate in space and time – apart from some
exceptions. While architects and energy engineers periodically exchanged information about the
status of their work, it was notably prior to midterm or final deliveries of the project to the
developer that the attempts to coordinate the building related knowledge took place. It was at these
points in time that the appropriateness of the knowledge that energy engineers had produced on the
low energy class1 building and the architectural knowledge of the building were related to each
other, negotiated and, if possible, reconciled. In the following, I will concentrate on the design
episodes related to these parts of the building design process where the coordination was most
intense.

Calibrating for coordination
Before we look at how architects and energy engineers deal with the task of creating new
integrative knowledge of the building one thing needs our attention: the way in which the
coordination between the two different forms of knowledge was made possible. The knowledge
produced in these two different practices was very different and could not as such be discussed in
relation to each other. In order to see whether the architectural plans met the energy related
ambitions, the energy consumption of the building design proposed by the architects was made
visible and comparable with the target value. In order for the energy engineers to be able to ‘read’
the architectural project, the spatial and aesthetic building was turned into areas covered by
different materials, orientations in relation to sun, depth of window holes, locations, lengths,
numbers and strengths of lighting devices, energy use by ventilation and so forth. Engineers
requested information on these parameters of the building from the architects or arrived at some of
the values themselves by looking at the drawings available to them. Architectural plans and
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drawings were thus transformed to measures of lengths, area, volume, permeability and ability to
maintain heat.

This transformation of the architect project into numerical information was done in order to enable
yet another movement, transformation of these measures to kilowatt hours. In order to make this
movement, energy engineers used a specific computer programme, Be06, which calculated the
energy performance of the school based on the number and classifications fed into it. These
calculations, then, produced new energy related information on the building. To sum up,
coordination between the architectural drawings and the energy related building as charaterized by
the energy engineers and the low energy class 1 target required the translation and calibration (Mol
2002) of these to a common ‘language’.

In the case of the midterm delivery, once the comparison was carried out, the energy engineers
concluded that the plans presented by architects would make the energy consumption of the
building too high in relation to the low energy class 1. This called for either dropping the low
energy class 1 target, making changes in the architectural project or something totally different! In
this case, the achievement of the low energy class1 would not be obtained without changes in both
the architectural project and in the form of the energy engineering project. A number of questions
thus arise: did the engineers and architects arrive at shared and commensurable knowledge of the
building? What kind of process lead to this? How were the conflicts between the low energy class 1
goal and the architectural building solved?

Coordinating for commensurability
While architects and other engineers, both in this case and other cases (Ewenstein and Whyte 2009,
Yaneva 2009), engaged in collaborative exploration around the architectural drawings of the
buildings in order to produce shared knowledge about how the building is and how it could be
developed, the course of action between the architects and the energy engineers was rather different
here. During my observations, I did not encounter any shared working meetings where solutions,
architectonic or technical, for excessive energy use implied by the architectonic project would have
collectively been elaborated and developed. Even though the energy engineers and architects did
not collaborate face to face with an immediate goal of collaborating on inquiries on a shared object,
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this was not to say that the energy engineers and the architects were not in contact with each other.
How was coordination achieved in the absence of collaborate work between architects and energy
engineers? And what consequences did this coordination have on the knowledge being generated
around the school building?

Once the puzzling result of the comparison of the architectural project and the building as an energy
using object had been received, it was clear that a successful coordination of the architectural and
energy engineering knowledge required more than calculations. The Be06 calculations had revealed
a profound contradiction between the architectural projection of the building and the energy
efficient building: the energy consumption of the building was too high in relation to the low energy
class 1. Instead of asking for a revised architect project, the energy engineers started juggling the
dimensions of the building in order to see what kind of combinations would make the building as
energy efficient as needed. They changed the amount of window area towards south, tried to
increase the thickness of insulation, decreased it again, changed the grade of air tightness of the
building, suggested extra solar panels to produce electricity and so forth. They finally arrived at a
particular combination of the different parameters: the low energy class 1 could now be obtained.

However, when converted back to the architectural drawings these changes would also alter the
architectural expression of the building. Indeed, the building as suggested by the energy engineers
had now got remarkably reduced window area in relation to the building suggested by the
architects. In practice, the building as suggested by the architects would have had walls made of
glass. Architects had just recently increased the window area remarkably in order to achieve a light
and transparent expression as contrast to massive sunshade panels. However, this aesthetic
expression and architectural idea was now at stake as conflicting views were presented by the
energy engineers. According to the energy engineers, reduction of the window area would bring
down energy use for two reasons: excessive window areas towards south would lead to high levels
of passive solar gain leading to need of cooling by air condition during summer and leakage of heat
during the cold periods.

The engineers sent architects an e-mail suggesting changes in particular building dimensions,
including the window area. Rather surprisingly, architects agreed with the changes, but it was not
difficult to see that they were not happy about the these. Instead of working further with the vast
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glass areas, they began to make the interplay of the glass and the wall aesthetically interesting while
simultaneously reducing the glass area in the outer envelope of the building. As architects
proceeded to change their drawings of the building, new knowledge of the school was being
generated and became instantiated in both the new drawings and the Be06 calculations. What made
the architects to agree into such a great change in the architectural expression of the building?

According to the energy engineers, if changes in the architectural way of knowing the building
would not be carried out, the developer’s requirement of low energy class 1 could not be fulfilled.
Accepting this explanation, architects reinforced the developer’s requirement of low energy 1
classification of the building. Thus, it was the project requirement posed from outside that – after
having lead to the emergence of the conflict – also came to play a crucial role in making the
suggestions from energy engineers to become accepted by the architects. However, while
performing as a minimum level for energy efficiency and disciplining the architects in their work,
the low energy class 1 requirement also became the level towards which the energy performance of
the building was optimized – not over, not under.

Besides the project goal acting as a conflict soothing element in this case, architects also had
another reason for accepting the coordination attempt suggested by the energy engineers. The
reason energy engineers took a rather long time to inquire into how to achieve the low energy class
I target was not because this was physically difficult. Rather, their time was used for making the
emerging conflict redundant by including the architectural interests in the process despite of the
absence of the architects. According to the energy engineers, energy use related to all those
parameters that had minimal architectural significance, such as lighting, ventilation, air tightness of
the building and so forth, was now brought to such a low level that it would not be plausible to
suggest further reductions regarding these. The further savings potential now lied within those
dimensions of the building that had higher visual and spatial impact. By going through these
considerations the energy engineers incorporated, or at least aimed to do this, the architectural
practice into their own practice.

In order to reduce the extent of the conflict, the energy engineers employed two different strategies
for minimizing conflict with the architectural project: shifting the locus of change within the
architectural project and minimizing the change in the architectural project. Firstly, the energy
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engineers went through a great deal of work in order to translate the energy performance
requirements to elements they thought would have the least impact on the architectural expression
of the building. While the engineers juggled the dimensions of the building, they simultaneously
tried to find the ways to make the ends meet without doing too much with those dimensions of the
object that they thought architects valued most. For example, the energy engineers, after consulting
the lighting designer, decided to minimize the amount of electricity used for lighting2.

Secondly, besides shifting the locus of change within the architectural project, there was also
another way through which the energy engineers seek to (pre)mediate the conflict between the
architectural and the energy related projections: inclusion of energy saving technical innovations.
One of the problems related to the large window areas was the risk of overheating which will lead
to increased energy use for air condition. While this could normally be tackled by exterior sun
shading, the windy location of the school did not enable the use of this solution. The architects also
doubted the functionality of this solution as the maintenance of the regulating mechanism for sun
shading was considered vulnerable to technical errors and wear. The energy engineers, however,
were able to minimize the ratio between window area and passive solar gain by suggesting a new
window technology. The new windows had a thin foil applied in between the double glacing of the
window. With the help of this technology, the passive heat gain would be stopped from entering the
room without any external or internal shading solutions.

Conclusion
This paper has explored the notion of cross boundary knowledge creation by presenting a case of
knowledge generation between two groups, architects and energy engineers each belonging to their
own communities of practice in the realm of building design. The case study has been used to
describe the ways in which new knowledge emerges when different forms of knowledge stemming
from the architectural and energy engineering practices are coordinated with each other. The
analysis highlights circumstances and issues that have enforced and made this coordination possible
including shared project goals and translation of the different forms of knowledge to the same
‘language’. Furthermore, the findings of the paper have supported understanding of knowledge
creation between practices as a process of transformation and negotiation (Carlile 2004). It is shown
2

In practice this will mean either LED or fluorocent light sources and minimization of effect lighting other than for
functional reasons.
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how the different forms of knowledge, that of architects and of engineers, co-evolve during
coordinative design episodes.

In the extant literature, shared knowledge inquiries have been referred to as a way to overcome
situations where knowledge projections from different communities of practice seem to be in
conflict with each other in, for example, product development or building design. I suggest that
potential conflicts, once made visible, are not always solved through collaborative knowledge work
between the different communities of practices. Rather, as seen in this case, the conflict can be
(pre)mediated in one of the practices by mobilizing experiences and assumptions regarding the
priorities of the other group (here architects) directly in the practice where pre-mediation takes
place (the energy engineering practice). In this way face-to-face negotiation and possible
collaborative knowledge generation is rendered unnecessary. While successful in the case at hand,
this type of pre-mediation might, however, prove to be a false strategy in other occasions.

Both Wegner (2000) and Lindkvist (2005) suggest that cross-boundary knowledge work might
create novel innovations, ideas and deliberative knowledge. The type of conflict mediation observed
in the case of architects and energy engineers in a building design project has not, however,
enhanced generation of new innovations in the realm of energy performance of the building. One
reason for this might have been the lack of collaborative knowledge work leading to the spin off of
novel ideas. While this type of reasoning is out of the scope of this paper, other possible reasons
could be investigated in the future, such as the influence of a strict project timetable, the scope of
the project itself or the availability of energy saving technologies and finances for these. Despite of
the absence of novel innovations regarding the energy performance of the building, it would not be
righteous to describe the outcome of the cross-boundary coordination as foreign to any innovations
whatsoever. Rather, the new form which the building is given includes several energy technological
innovations: new kind of photovoltaic cells, new type of sun shading and a wind mill to name some.
It seems that the strategy of the energy engineers has facilitated mobilization of already crafted
innovations from outside of the project.
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