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Abstract 
This paper presents an ethnographic study of knowledge reuse in the 
architecture/engineering/construction industry.  It is observed that reuse occurs largely through 
social knowledge networks.  Even when reuse from an external repository occurs, a human expert 
is usually needed to provide proactive input on what to reuse and contextual information about the 
designs being reused.  Both of these observations are attributed to the effectiveness of internal 
knowledge reuse, the reuse of knowledge from one’s personal experiences.  Internal knowledge 
reuse is effective because the designer can find items to reuse, and can recall the context of these 
items and can therefore understand them.  This ethnographic study was used to develop a 
corporate memory, a rich, detailed repository of knowledge in context.  The corporate memory will 
support finding and understanding.  Understanding can be brought about by enabling the designer 
to explore the project context and evolution history of the found item.  These explorations will also 
help the designer to manage the tradeoff between productivity and creativity in deciding what to 
reuse, by facilitating reuse at the appropriate levels of granularity and abstraction. 
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Introduction  
This paper presents the results of an ethnographic study of practitioners in the architecture, 
engineering, and construction (AEC) industry.  The objective of this study was to investigate the 
process of knowledge reuse by AEC practitioners as a precursor to designing a computer system 
that would support this reuse.  For a discussion of the use of ethnographic methods for design, see 
Blomberg et al. (1993).  Lloyd et al. (1998) conducted a similar study of a small manufacturing and 
design organization, looking specifically at design overuse.  Bucciarelli (1994) uses ethnographic 
methods to study collaborative design in three engineering design firms. 
 
In this research, knowledge reuse is defined as the reuse of knowledge from previous completed 
(or “dormant”) projects in a current (or “active”) project.  In particular, this study focuses on 
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design knowledge reuse, i.e. the reuse of designed artifacts or artifact subcomponents from project 
to project.  Ethnographic observations indicate that design knowledge reuse is one of the most 
common types of reuse, and an area with great potential for support by a computer system. 
 
In many firms, one of the primary mechanisms for knowledge reuse is through mentoring 
relationships where a novice goes to an expert with questions.  In general, this relationship is very 
effective and should not be threatened by a computer system.  In this study, special attention was 
paid to these mentoring relationships in order to understand how a computer system can support 
(rather than replace) mentoring. 

Method 
Data for this study was collected through interviews with and workplace observations of AEC 
practitioners.  The vast majority of the ethnographic data collected was centered on a structural 
design office of Z Inc (pseudonym) Structural Engineers and Builders in Northern California.  The 
firm has three offices in the US with a total of twenty engineers.  The California office employs 
five engineers, including the founder and senior engineer of the company.  A two-week field study 
of this office was conducted in June 2000.  Observations were recorded by taking notes throughout 
the working day.  During this two-week period, three project design meetings were held, each 
lasting for about three hours.  All three design meetings were video recorded in their entirety and 
analyzed using video protocol analysis.  During this period, ethnographers accompanied two 
engineers on a site visit to a hotel construction site in Southern California.  This site visit was video 
recorded.  In the two years following the field study, several return visits to the design office were 
made to interview the engineers and make further observations.  These meetings were audio 
recorded and transcribed. 
 
In addition to the Z Inc study, four further interviews were conducted with AEC practitioners from 
other companies in April 2002.  These interviews were audio recorded using a laptop computer and 
transcribed for further analysis.  Each interview lasted for approximately one hour.  Two of the 
interviews took place in the workplace of the informant, in those cases the informant offered to 
give a tour of his/her office or cubicle.  Of the four informants, one was an architect, one was a 
structural engineer, and two were construction managers.  Of those four informants, two were 
experts (with more than 15 years of experience), and two were novices (with less than five years of 
experience). 
 
All the gathered data (notes from observations, transcripts, and documents) were analyzed 
qualitatively.  Instances of design knowledge reuse were identified and coded.  In particular, the 
analysis focused on two aspects: 
• Mentoring.  The senior engineer at Z Inc, an experienced designer with more than twenty-

five years of experience, played a very important mentoring role.  Special attention was paid 
to the interactions between this senior engineer and the novices who came to him with 
design questions, and to the way in which he reused knowledge from his personal 
experiences when answering these questions. 

• Company standards and typical building details.  At the time of the study, Z Inc was in 
the process of developing a company standards system.  The majority of these standards are 
typical building details, but the standards also include spreadsheets, document templates, and 
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work protocols.  Many discussions with the engineers at Z Inc were devoted to talking about 
the company standards. 

Construction Managers 
Design knowledge reuse does not appear to be a pertinent issue for construction managers.  
Constructions managers generally generate a lot of paperwork.  These are usually workflow forms 
such as requests for information (RFIs).  If a part of the design documents is unclear, the 
subcontractor responsible for this part of the building submits an RFI to the general contractor, 
who forwards it to the appropriate member of the design team. 
 
Construction managers deal with huge volumes of these forms.  The forms are usually kept in 
paper format, although computer systems are frequently used to help manage and track them.  One 
of the construction managers interviewed revealed that the project she was working on had 
generated over 3500 RFIs so far.  She showed us a huge binder full of them.  It appears, however, 
that such forms are of little use after the project is over.  When asked whether she would ever refer 
back to those records after the project was completed, this construction manager replied that she 
would only do so in the event of a problem arising in the completed building within the one-year 
guarantee period offered by her company.  After this period, records from the project are usually 
sent to a huge warehouse in a nearby city. 
 
Both construction managers interviewed agreed that only a few “standard” documents are reusable 
from project to project.  A young construction manager said that her company maintained a 
database of such documents, but when describing her day to day work earlier in the interview, she 
never mentioned using this database.  An experienced construction manager gave two specific 
examples of document templates that he frequently reuses from project to project: a Storm Water 
Pollution Prevention Plan, and a Traffic Control Plan. 
 
This experienced construction manager stated that, in his opinion, the form of knowledge reuse that 
would be the most useful to a construction practitioner is not document templates but cost 
information.  A large part of the job of the construction manager is to estimate the cost of a 
construction project, often when the design is still at a very early stage.  An experienced 
construction manager does not rely completely on published cost estimates, but keeps track of 
actual cost data from previous projects and uses that information to improve the accuracy of future 
cost estimates.  This information is rarely stored in an external repository, but usually remains in 
the expert’s head. 
 
Finally, both construction managers interviewed in this study acknowledged that experiences from 
previous projects played a large part in selecting subcontractors for current projects.  Again, this 
information usually remains in the expert’s head. 
 
To summarize, even though construction managers are becoming involved increasingly early in the 
design process, they do not consider design knowledge reuse (i.e. the reuse of designs) to be an 
integral part of their professional practice.  Perhaps the kind of knowledge that they do reuse can 
more accurately be described as domain expertise, which falls outside the scope of this study. 
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Designers: Architects and Engineers 
In contrast to construction managers, the designers (architects and engineers) interviewed were 
more aware of reusing knowledge from past projects in their work.  For both architects and 
structural engineers, knowledge reuse frequently takes the form of reusing standard building 
details.  A standard detail is a small part of a building design that changes very little from project to 
project, for example a detail for joining a beam to a column.  Designers produce a set of drawings 
as the output of the design process.  Several sheets of these drawing sets are taken up by typical or 
standard details.  All the designers interviewed emphasized the importance of understanding a 
detail before using it in a new project.  They were quick to point out that designing a building 
involves much more than putting together standard building components. 
 
Reuse by designers is not limited to designed building components.  Designers, particularly 
structural engineers, frequently reuse spreadsheets and other design tools such as structural analysis 
models.  The Z Inc structural engineering office included “standard spreadsheets” in its database of 
company standards.  At another structural design office, the designer said that she had accumulated 
a small personal collection of spreadsheets during her nine months at the company.  She also added 
that she frequently refers back to structural analysis models from previous projects to check the 
assumptions she made because she had to model a similar situation in her current project. 
 
To summarize, designers generally reuse knowledge more frequently than construction managers.  
The remainder of this report looks more closely at this reuse: what are the mechanisms by which it 
occurs and what are the specific types of knowledge reused? 

Knowledge Reuse Through Social Knowledge Networks 
Two distinct approaches to knowledge reuse were observed.  The first approach is that knowledge 
could (and should) be captured and stored in an external repository for all employees to share and 
reuse.  The second and more common attitude is that the best sources of knowledge are the people 
in the company, who often possess a great deal of tacit and contextual knowledge that is difficult to 
encode and capture.  Companies that adopted this attitude considered the role of technology to be 
to help cultivate and leverage social knowledge networks. 
 
The term social knowledge network is used here informally.  The network is social in the sense that 
it consists of people.  The links between the people are each individual’s set of contacts to whom 
that individual goes with questions.  It is a knowledge network in the sense that the person on one 
end of the link is a knowledge seeker, and the person on the other end is a knowledge provider, and 
so knowledge flows through the network.  Several other terms have been proposed for describing 
similar or related phenomena.   

• Organizations can be viewed as consisting of individuals interconnected as members of 
social networks (Zack 2000). 

• Communities of practice are groups of people with similar goals and interests, exposed to a 
common class of problems (see for example Wenger 1998). 

• The process of transactive memory was originally studied in personal relationships 
(Wegner 1987) and later extended to people in work situations (Hollingshead 1998).  The 
basic idea is that a group of people working together forms a shared understanding of each 
individual’s knowledge.  New information is directed to the person whose expertise will 
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facilitate its storage.  When knowledge is needed, it is retrieved based on the relative 
expertise of the individuals in the transactive memory system. 

• The importance in the workplace of personal social networks that cross traditional 
organizational boundaries has been recognized, and so has the effort required to create and 
maintain such networks (Nardi et al. 2000). 

 
In this paper, the term social knowledge networks will be used to refer to the interaction between 
people that leads to knowledge reuse.  These social knowledge networks are naturally fostered 
through social events and protocols at companies.  When asked how she learnt the necessary skills 
for her job, a young construction manager described a training program offered by her company: 

They do have a training program at X Inc Construction.  Every new employee has 
to go through it.  It gives you just enough information to get started.  I learned some 
things in the program, but the really important thing I got out of it was the business 
cards of the people who were teaching the program, whom I could call with 
questions.  

The training program helped, but the real benefit was the knowledge network: knowing who to ask 
and who knows what in the company.  Similarly, a young engineer highlighted the importance of 
social knowledge networks in her company, and the conscious efforts of the management to 
promote these networks.  Interestingly, this company prides itself on its ability to retain employees 
in the company, and to support its employees’ learning and training aspirations.  The engineer from 
that company described her office as a supportive environment where colleagues were always 
willing to help: 

There are so many people in this office, and they are all really nice and 
approachable, I just know who to ask.  You know, this guy is really into nonlinear 
analysis… We have a lot of lunchtime meetings about miscellaneous subjects, and 
you just hear whoever speaks up… you can tell who is into what… 

Even when the information is available in some external repository, the practitioners interviewed in 
this study indicated that they often rely on the social network to help them locate information in 
this repository. 
 
In some cases, software systems were encountered that were intended specifically to support social 
networks.  At one company, each employee is invited to submit an online profile listing his/her 
skills.  People at the company are encouraged to search these profiles and locate useful contacts 
whenever they have a question.  At an architectural firm, an online database of project profiles is 
maintained.  Each profile contains a brief description of the project: the type of building, the 
budget, the location, and the people who worked on the project.  When an architect from that 
company was interviewed, he noted that the most useful aspect of the project profiles system is the 
ability to locate people in the company that have worked on similar projects. 

The idea is that these [project profiles] would be sitting on a web site, an intranet, 
and would be available for teams, so that they could say, “Gee, who has done this 
type of building before.”  You could go up and find, oh, that was studio X, and you 
find out which people in studio X, and you could call them. 
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To conclude, social knowledge networks are a crucial mechanism by which knowledge reuse 
occurs in current AEC practice.  AEC practitioners prefer to ask colleagues who have worked on 
similar projects or have been faced with similar problems.  Even when the information being 
reused is externally encoded (e.g. an old blueprint), the social knowledge network is relied upon to 
help identify, locate, retrieve, and understand this information. 

Internal Knowledge Reuse: The Importance of Context 
It is useful to distinguish between internal and external knowledge reuse: 

1. Internal knowledge reuse: a designer reusing knowledge from his/her own personal 
experiences (internal memory).  For example, a structural designer might remember that the 
last time she designed a floor slab for a hotel ballroom it was too thin, which resulted in 
vibration problems.  The next time she is faced with a similar design situation, she designs 
the floor slab to be deeper. 

2. External knowledge reuse: a designer reusing knowledge from an external knowledge 
repository (external memory).  For example, the same structural designer might look for 
floor slab designs in her company’s standard components database.  She retrieves a floor 
slab design that comes with a spreadsheet for calculating the correct slab thickness.  This 
spreadsheet takes into account the company’s previous experiences with vibrating floor slabs 
and increases the depth beyond the minimum required by the building code. 

The effectiveness of reuse through social knowledge networks can be partly attributed to the fact 
that it relies on internal (rather than external) knowledge reuse.  When answering questions from 
colleagues in the knowledge network, the experienced AEC practitioner invariably refers back to 
his/her own experiences.  During this study, many observations were made of the interactions 
between the senior structural engineer at Z Inc (an expert structural designer) and novice designers 
at the office in order to understand the process of internal knowledge reuse, i.e. how the expert 
“interacts” with his own internal memory when answering the novices’ questions. 
 
The senior engineer’s internal knowledge reuse process was qualitatively observed to be very 
effective.  He was always able to recall directly related past experiences and apply them to the 
situation at hand.  Two key observations in particular characterize the effectiveness of internal 
knowledge reuse: 

1. Even though the senior engineer’s internal memory was very large (he has about twenty-five 
years of experience), he was always able to find relevant designs or experiences to reuse. 

2. For each specific design or part of a design he was reusing, he was able to retrieve a lot of 
contextual knowledge.  This helped him to understand this design and apply it to the 
situation at hand.  When describing contextual knowledge to the novice, the senior engineer 
explored two contextual dimensions: the project context and the evolution history. 

 
The project context dimension encapsulates the levels of granularity at which contextual 
knowledge about the design project can be explored.  Given an item from a past project, the 
following directions of exploration were identified: 
• UP: From component to subassembly.  Designers move upwards along this dimension to 

explore the discipline (or building subsystem) and project in which this item occurs.  This is 
best explained using an actual scenario that was observed at Z Inc when a novice designer 
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asked the senior engineer how to go about designing a cooling tower frame (a cooling tower 
is a large air conditioning unit; a cooling tower frame is a support structure that holds the 
cooling tower up).  The senior engineer identified a cooling tower frame from a previous 
project that the novice could reuse.  He explored the project context upwards by recalling the 
structural system and even the entire project from which this cooling tower frame was taken. 

• DOWN: From subassembly to component.  Designers move downwards along this 
dimension to consider the subparts or subcomponents of which this item is composed.  The 
senior engineer explored the project context downwards by describing some of the 
interesting beams, columns, braces, and connections of which the frame was composed. 

• SIDEWAYS: From one item to related items.  Designers move sideways to explore related 
items in the same project or from other projects.  The senior engineer explored the project 
context sideways by considering the cooling tower unit (a related item) supported by the 
frame to determine what load it exerted on the frame. 

 
The evolution history is the record of how an item evolved from an abstract idea or a set of 
requirements to a fully designed physical entity.  Given an item from a previous project, the 
following directions of exploration were identified: 
• UP: From detailed to conceptual.  Designers move upwards along this dimension to trace 

the concepts that were explored early on in the design of this item.  The senior engineer 
explored the evolution history upwards by showing the novice a sketch of the conceptual 
braced frame design that was created early in the design process. 

• DOWN: From conceptual to detailed.  Designers move downwards along this dimension to 
follow the evolution of this item into a fully designed physical component.  The senior 
engineer reusing the frame described its evolution into a fully detailed design in a CAD file, 
and even showed the novice photographs of the frame as built. 

• SIDEWAYS: From alternative to alternative.  Designers also move sideways to explore the 
different alternatives that were considered at any stage in the design process.  The senior 
engineer reusing the cooling tower frame recalled that steel and concrete alternatives were 
considered.  He told the novice that perhaps the concrete alternative that was originally 
abandoned could now be reused. 

 
From the cooling tower scenario described above and many others like it that were observed during 
this ethnographic study, the following formalization of the process of internal knowledge reuse can 
be made: 
• The process of internal knowledge reuse can be summarized into three steps: 

1. Finding a reusable item. 

2. Exploring its project context in order to understand it and assess its reusability. 

3. Exploring its evolution history in order to understand it and assess its reusability. 

• There are therefore six degrees of exploration, three – up, down and sideways – in each of 
the two contextual dimensions (project context and evolution history). 
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These observations of internal knowledge reuse can be used as the basis for supporting external 
knowledge reuse from an external knowledge repository. 

External Knowledge Reuse: Company Standards and Typical Details 
At the Z Inc office where the field study was conducted, mentoring relationships play a large part 
in promoting knowledge reuse, where the experienced senior engineer uses his own process of 
internal knowledge reuse to guide and instruct the less experienced designers at the company.  
However, at the time of the study, Z Inc was investing a large amount of resources into developing 
a web-based system for company standards to support reuse.  In contrast to the reuse systems 
observed at other companies, this system was designed to support directly external knowledge 
reuse, rather than reuse through social knowledge networks. 
 
This system was in use at the time of writing this paper.  The majority of the standards in the 
system are typical building details, but the standards also include spreadsheets, document 
templates, and work protocols.  Figure 1 shows a screenshot of the standards. 
 

 

Figure 1: A screenshot from an engineering standards system. 
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The young engineers interviewed at Z Inc reported being generally satisfied with their experiences 
using the standards database, although the success of the system depends largely on their 
interactions with the senior engineer.  The major problem with the standards system is that it does 
not adequately support the two activities observed during internal knowledge reuse: finding 
reusable items and understanding these items in context. 
 
The standards are arranged in a two level hierarchy.  The top level categorizes the standards by 
material (steel construction, concrete construction, wood construction, etc.) and the next level by 
the type of standard (sample drawings, typical details, design guides and tools, etc.).  The senior 
engineer, who helped design the system, acknowledged that it is difficult for the novices in the 
office to find useful standards: 

It’s pretty much a search assisted by the broad categories… you know, they are 
divided by material…  And so if you’re designing a steel or a concrete building, 
then you go look in the concrete section.  It’s rather interesting that I can get in and 
out pretty easily, because I have in my head a relatively refined search algorithm 
already.  It turns out that the kids [i.e. the novices] don’t. 

The young designers I spoke to all agreed that it is easy to find a specific standard in the system if 
they know a priori which standard to reuse, for example if they have reused this standard in the 
past and are aware of its existence.  The real problem is in the situation where they do not know 
what they were looking for, only that it should be a standard that is relevant to their current design 
task.  Ye and Fischer (2002) make the similar observation that users are often unable to utilize 
reuse systems because they are unaware that there is something relevant in the system, or they 
don’t know what to look for and so are unable to formulate a query.  In those cases, novice 
designers often rely on more senior designers to help them identify and find a useful standard: 

Sometimes I’ll ask Eric or Frank if they know of something that’s been previously 
done, if they know were it’s at, because I’ve probably not experienced it in the short 
time I’ve been here. 

The same problem applies to standard designs that are not necessarily from the standards system, 
but that have been created during previous projects.  When asked whether he would reuse designs 
from previous projects only if he had worked on these projects, a young designer replied, “If it’s 
not something that I have done myself, I won’t know to look for it.”  Again, interaction with the 
senior engineer is an integral part of reusing from previous projects: 

If I am generating a detail for the rolling door… Eric [the senior engineer] would 
ask me, “What are you working on?”  I would say the rolling door.  He’d say, 
“Well, we had one of those on this job.”  And we’ve done that before, we’ve 
actually gone back two or three jobs back, jobs I haven’t worked on, and looked for 
a detail, and found it, or said, this is similar, let me use it and modify it.  So the 
company memory goes back further than me, but it goes back as far as Eric [the 
founder of the company]. 

Young designers are usually unable to find a reusable item from the standards system or previous 
project archives without having been previously exposed to this item, or interacting with the 
mentor who guides them on what to reuse.  The second reason for the ineffectiveness of external 
reuse systems is that the design knowledge they offer is decontextuallized.  One of the young 
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designers at Z Inc revealed that he often had to ask the senior engineer questions about a standard 
because “he [the senior engineer] did a lot of them… he’s dealt with a lot of them personally”.  
There is a lot of contextual information missing from the standards, contextual information that can 
only be provided by the senior engineer, who has helped to develop the standard and who has 
probably worked on the project for which that standard was originally designed.  Again, this 
contextual information falls along the project context and evolution history dimensions. 
 
The importance of the project context when reusing a detail becomes very apparent when the 
senior engineer discusses the tradeoff they had to make in the design of each standard between 
knowledge-rich standards that were very specific and generic standards that were nevertheless 
applicable to a wide range of projects.  Once a typical detail is taken out of its project context and 
standardized, it loses most of its value.  One example offered by the senior engineer is the 
disagreement he had with the editor of the standards over the standard for an elevator pit: 

Another one was an elevator pit.  The one that we put on the standards was one 
from the LA project, which really wasn’t a standard, it was totally special.  Bart [a 
retired engineer with about fifty years of experience who was put in charge of 
editing the standards] rightfully said it was too special.  So he threw that one out 
and he proposed one which was his detail.  It was really innocuous, stripped of any 
specialized information at all.  Bart is very much old school in that a building is 
just an assembly of details, and that there’s nothing wrong with drawing one detail 
and completely ignoring the fact that there is another detail that must interface with 
it.  He just draws all of these details independently and expects the contractor to 
figure out how they all fit together.  Now in an elevator pit you have…[goes on to 
describe the components of an elevator pit]… So you have all these things 
happening in an elevator pit.  Bart’s detail shows a floor and a wall, because that’s 
the simplest form of an elevator pit, as far as he’s concerned.  And furthermore, if 
you show a wall and a floor, it’s symmetrical and there’s no point drawing the 
other half, so he only shows half of it!  One wall and half a floor!  Which makes his 
detail look exactly like our slab stair detail!  [i.e. not what it is supposed to look 
like].  And I find it offensive because it doesn’t look like a pit.  Our detail shows 
both walls because one of them is the back wall of the elevator, and has a solid 
wall, and the other one is the front wall, and that has a sill detail.  Bart doesn’t 
want to show the sill, because that’s a different detail, somewhere else in the 
drawings…Bart still likes to do all of his details as disembodied little pieces.  If you 
put his details together you don’t actually have a whole because there’s a whole 
bunch of knowledge that goes in there that he expects someone else to fill in. 

Just as important as the project context is the evolution history behind a design.  When asked what 
information is missing from the standards, a young designer replied that he needed to know the 
function and rationale driving the development of the design: 

Usually, it’s the purpose behind the design, or the reason behind developing the 
design the way it was… what was the person thinking when they developed the 
standard, that’s the key thing. 

Evolution here refers here to the process of developing a design from an abstract idea or 
requirement to a precisely specified physical component over the span of a single project.  There is 
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a macro evolution process that occurs when a design is reused from project to project and is 
improved and refined each time it is reused.  This idea will be addressed later in this paper. 
 
Invariably, when instructing the young designers to reuse a component from a previous project, the 
senior engineer would mention some relevant facts about the evolution of this component when it 
was originally designed.  This information usually had important implications for whether or not 
(and how) this component would need to be modified before it could be reused.  For example, 
when instructed to reuse a frame from a previous project that was located in Las Vegas in a current 
project that was located in Illinois, a young designer rightly noted that the members of the frame 
would probably be too small because Illinois is a high-wind area whereas Las Vegas is not.  The 
senior engineer replied that the original design was “conservative for Las Vegas, so it would be ok 
for Illinois.” 
 
To summarize, external reuse systems fail because they do not support the activities that were 
observed to make internal reuse effective: the ability to find and understand reusable items.  The 
partial success of the standards system at Z Inc can be attributed to the important role played by the 
senior engineer.  He initiates most of the design reuse by directing the young designers to useful 
standards in the system.  Having been personally involved in the development of these standards, 
he is able to provide a lot of contextual information that ensures that these standards are effectively 
reused; this is contextual information that is not directly available from the system. 

Reusing Designs: Productivity Versus Creativity 
Reusing items from previous designs can increase the productivity of the design process, but may 
also compromise the creativity of the designed artifact.  This tradeoff between productivity and 
creativity was observed both when talking to the designers at Z Inc about the standards system and 
when observing their reuse activities during design meetings. 
 
Two general characteristics of a design item are considered by the designer when making a reuse 
decision: level of granularity and level of abstraction or precision. 
 
The level of granularity is the size of the design chunk being reused, from the whole artifact to 
small subcomponents of the artifact.  Reusing small “chunks” of designs, while not very helpful in 
increasing the designer’s productivity, is less likely to compromise the creativity of the artifact 
being designed.  In the AEC industry, the reuse of standard details from one project to a 
completely different project is not uncommon.  A standard detail is, by definition, a small chunk 
and can be used in a wide variety of design situations without compromising the creativity of the 
new design.  In fact, at Z Inc, as in other design practices observed, importing details from other 
projects is a standardized task in the design process (or perhaps more accurately: the process of 
preparing drawing sets).  On the other hand, large chunks of design, while inherently richer in 
knowledge, are less reusable.  This is evident from the episode cited above where the senior 
engineer proposed a standard for an elevator pit that was totally specific to the project for which it 
was originally designed.  The editor of the standards, as part of his process of making this standard 
more generic and applicable across a variety of projects, trimmed down the level of granularity of 
the standard to focus on the essential subcomponents of an elevator pit, resulting in what the senior 
engineer termed “a disembodied little piece” of a standard. 
 



Manuscript of Demian, P. and Fruchter, R., 2006, “An Ethnographic Study of Design Knowledge Reuse in the 
Architecture, Engineering and Construction Industry”  Journal of Research in Engineering Design, volume 16, number 4, 

pp. 184-195.  Manuscript Page 12 of 19 

Page 12 of 19 

The important point to make is that an experienced designer will manage the tradeoff between 
productivity and creativity by reusing as large as possible a chunk of design, given the differences 
between his/her current design task and the original situation for which the design being reused 
was generated.  Returning to the cooling tower frame example, when the senior engineer instructed 
the young designer to reuse the cooling tower frame, the young designer objected that it would be 
inappropriate to reuse the entire frame because it was part steel and part concrete.  The senior 
engineer replied that it was still possible to reuse just the steel part in the current project (i.e. 
reusing a smaller chunk). 
 
The level of abstraction or precision is the degree to which a design has evolved from an abstract 
or conceptual idea to a precisely defined physical component.  Altmeyer and Schürmann (1996) 
refer to this as refinement level, and present a formalization of the design process in which each 
design step takes the artifact from a more abstract refinement level to a more precise refinement 
level.  Similarly, Sutherland (1963) cited in Luth (1991) describes the design process as “a spiral 
that proceeds from the abstract to the particular over time.” 
 
For example, a structural frame design will usually evolve from an abstract concept (a sketch of an 
eccentrically braced frame) through a developed design (a CAD drawing with approximate 
dimensions and all members represented as centerlines) to a detailed design (a 3D CAD drawing 
with actual member sizes and connections between members).  Designs closer to the abstract end 
of the spectrum are more generally reusable, but bring about only a small increase in productivity 
because the design still needs to be developed.  However, if the reuse is occurring early on in the 
current design process, then this does not pose a problem. 
 
For example, the reuse of the cooling tower frame mentioned above occurred relatively early in the 
design process of a hotel project.  When the young designer raised objections about reusing the 
cooling tower because it came from a completely different type of hotel project, the senior engineer 
instructed her to “put something there as a placeholder, the dimensions and member sizes don’t 
really matter right now”.  In other words, the senior engineer intended for the young designer to 
reuse the cooling tower at a slightly higher level of abstraction than that of a precisely defined 
cooling tower. 
 
These two dimensions, level of granularity and level of precision, when used to define a two-
dimensional knowledge space (Figure 2), can be used to express the tradeoff between productivity 
and creativity.  (A similar diagram as that shown in Figure 2 is used by Rasmussen (1990) to 
represent the problem space in computer troubleshooting.)  At the upper right corner of the 
knowledge space, the knowledge being reused is precise and pertains to a whole artifact, e.g. 
reusing a fully designed structural system for a building.  This occurs, for example, during 
evolutionary design, which was not observed to occur frequently during this study, but may occur 
in other design domains.  In this situation, “a lot of reuse is happening”, but this is more likely to 
result in a loss of creativity since the whole artifact is used “as is”, without exploration of 
alternatives. 
 
Conversely, at the lower left corner of the knowledge space, the knowledge being reused is 
abstract, and pertains to small subcomponents of the artifact (e.g. reusing an abstract principle for 
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joining a beam to a column).  In this situation, “less concrete reuse is happening”, and will not 
affect the originality of the solution. 
 
This tradeoff between abstract/finely-grained/reusable and precise/large-grained/unreusable was 
encountered by the Z Inc engineers during the design of the standards system.  They quickly 
realized that for many components, there is no “standard way” to design that component, and that 
the actual design would depend on the context or the design situation.  Their solution is to keep the 
standards as abstract as possible and as finely-grained as possible.  As noted above, this makes the 
standard designs applicable across a wide variety of situations, but also strips them of much 
valuable contextual knowledge.  When asked whether this made the standards system futile, the 
senior engineer replied, “No.  The jobs themselves will motivate changes to the standard.  We want 
to start from pretty much the same place before we start to diverge for every job… and every job 
will diverge.” 
 
This observed tradeoff has an important design implication: exploring the project context and 
exploring the evolution history of a design item being reused not only facilitate the understanding 
of this item and its effective reuse, but also help to manage the tradeoff between productivity and 
creativity. 
 

Fine Coarse

Granularity

Precision

Precise

Abstract

Reusing items which lie here 
generally means:
• “Less” reuse
• Less productivity
• Less likely to compromise 
creativity of current design
• Can be applied to a wide 
variety of new situations

Reusing items which lie here 
generally means:
• “More” reuse
• More productivity
• More likely to compromise 
creativity of current design
• Applicable only to similar 
situations

Component         Subsystem      Whole 
System

Detailed Design

Preliminary Design

Conceptual Design

 

Figure 2: The tradeoff between productivity and creativity. 

The Role of the Mentor 
What is the role of the mentor in relation to an external knowledge reuse system?  It has already 
been noted that the senior engineer at Z Inc plays an important role in the effective use of the 
standards system by the young designers at the office.  He is frequently the one who identifies the 
standard that can be reused and is instrumental in providing contextual information about that 
standard. 
 
Mentoring can be thought of as a special case of reuse through social knowledge networks.  A 
useful analogy is the distinction between authorities and hubs in hyperlinked environments such as 
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the web (Kleinberg 1999).  An authority is a page linked to by many other pages (cf. a person in 
the social knowledge network to whom people frequently go with questions about a certain topic, 
or a mentor) and a hub is a page that links to many other pages (cf. a person in the social 
knowledge network who always knows whom to ask).  However, observations from the flied study 
at Z Inc indicate that the mentor is much more than an authoritative node in the social knowledge 
network, but is important for proactively promoting knowledge reuse. 
 
Another striking role played by the senior engineer at Z Inc is that of an “editor” of the standards: 
he helps to decide what should be included and what should not, and he ensures that all the 
standards in the system are of a high quality.  When asked how frequently he himself uses the 
standards, the senior engineer replied, “I use them frequently, but just as frequently I edit them.  I 
can’t use them without changing them.”  For him, the standards are not static but are constantly 
being refined and improved.  “It’s a complex dynamic system in that the state of the knowledge 
changes every time you use the knowledge.”  These comments highlight the importance of the 
standards system (and indeed any reuse system) as a knowledge refinery.  Each time a standard is 
reused in a new project, it is improved and refined and becomes more valuable.   
 
The idea of knowledge refinement has been proposed in the knowledge management literature.  It 
is usually used to refer to the process of cleansing, indexing or standardizing that must occur before 
captured knowledge is added to a repository (see for example Zack 1999).  This is a slightly 
different sense than the one intended here, which is refinement through reuse.  The idea of 
refinement through reuse has been identified as an important item in the knowledge management 
research agenda (Venzin et al. 1998) but has otherwise received little attention. 
 
Not only does the senior engineer himself refine the standards, he expects the young designers to 
think critically about a standard before reusing it and, as a result of this critical assessment, to 
propose refinements to the standard.  To him, this is an important mentoring mechanism by which 
the young designers learn. 

Whenever[the young designers] use the standards… we almost always talk about 
what a better way is to do the standard.  We talk about what the purpose of the 
detail is, and how it is accomplishing it… They are much more willing [than an 
experienced engineer would be] to just use what they have, without really critiquing 
it too much…  If they think about that, all the things that the detail is supposed to 
accomplish, and they critically evaluate the detail, then they will learn a lot.  That’s 
how you learn. 

From the senior engineer’s perspective, the standards serve as a mentoring tool by encouraging the 
young designers to improve and refine the standard designs.  Whereas the novice is usually 
concerned just with the outcome of reuse (higher productivity), the mentor is also interested in the 
process of reuse, and its pedagogical value. 
 
The senior engineer at Z Inc provides input on the extent to which a standard is applicable to the 
current design situation, and what modifications need to be made before the standard can be 
reused.  Outside of Z Inc, almost all of the experienced practitioners interviewed during this study 
emphasized that this is an area where young designers need a lot of support: knowing when and 
how an old design can be applied to a new situation. 
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The senior engineer at Z Inc encourages the young designers to use their own initiative to utilize 
the standards.  The young designers in the office reported that their mentor usually expects them to 
have checked the standards database before coming to him with questions.  Although they never 
hesitate to ask questions (“there’s no such thing as a bad question”), they do think it is important 
to “do their homework” before taking the question to the mentor. 
 
To summarize, a mentor can play the following roles in relation to an external design knowledge 
reuse system: 
• An “editor” who decides what will be included in the system, and maintains the quality of 

the designs therein. 
• A “coach” who encourages the young designers to think critically about the designs in the 

system and to learn from them and improve them. 
• An “expert” who has first hand experience related to the designs in the system and can 

provide contextual information and input on what to reuse and how to reuse it. 

Design Implications: Collaborative Versus Distributive 
This study was conducted as a precursor to designing a computer system for supporting design 
knowledge reuse.  The system has already been developed (Fruchter and Demian 2002) and 
evaluated for its usability (Demian and Fruchter 2005) and information retrieval aspects (Demian 
and Fruchter 2005).  This paper will conclude by distilling the ethnographic findings presented 
above into design implications for the design of CoMem and future knowledge reuse systems in 
the AEC industry.   
 
One of the issues that need to be resolved is the extent to which the reuse system should support 
reuse through social knowledge networks versus by retrieval from an external knowledge 
repository.  Ackerman (1994) notes that information technology can support organizational 
learning in two ways: either by recording knowledge and making it retrievable, or by making 
individuals with knowledge accessible.  Knowledge management systems that aim to make 
individuals with knowledge accessible take varying approaches.  Some systems allow each 
individual proactively to create and maintain his/her social network.  For example, ContactMap 
(Nardi et al. 2002) allows users to arrange their social networks in a visual map of individual 
contacts and groups.  Other systems automatically mine sources of expertise information (such as 
e-mail archives) to infer the expertise and skills of individuals in an organization.  One example is 
KnowledgeMail® by Tacit Knowledge Systems (http://www.tacit.com). 
 
These two knowledge management roles have been described as collaborative (bringing people 
together to facilitate knowledge flows between them) versus distributive (capturing knowledge in a 
repository and distributing it to users).  The results from this study indicate that AEC practitioners 
frequently go to colleagues with questions, a result that is consistent with other published findings.  
For example, Allen (1977) studied engineers’ information seeking behavior and found that their 
major source of information was direct communication with colleagues.  However, this approach is 
not without its problems, for example regarding the accessibility of colleagues or the status 
implications of admitting ignorance (Gerstberger and Allen 1968).  It can also be argued that this 
observed preference for asking people is a symptom of the shortcomings of archiving and reuse 
systems used in current practice.  Asking people becomes increasing difficult in global campanies. 
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When talking specifically about design knowledge reuse, it is clear that an external repository will 
be necessary because that is how designs are stored: in electronic CAD files or paper drawings, in 
electronic analysis models, in paper sketches and calculations, and so on.  These types of content 
cannot be stored in, or retrieved from, a human colleague.  Still, human mentors and colleagues do 
provide a lot of tacit and contextual information that is difficult to encode and store in a repository 
(“go and get the blueprint from the archive and I will explain it to you”).  Perhaps the best 
approach would be to leverage both human knowledge and external knowledge repositories as far 
as possible: to capture and offer for reuse as much contextual information as possible, and at the 
same time to maintain a pointer to the human designers responsible for the design so that they can 
be contacted and asked for additional information not encoded in the repository.  A system 
described by Ackerman (1994) is an example of this approach. 

Design Implications: Finding and Understanding Knowledge in Context 
The success of reuse through social knowledge networks and mentoring can be attributed to the 
fact that these rely on internal knowledge reuse, i.e. a human designer reusing knowledge from 
his/her personal memory or past experiences.  Internal knowledge reuse, for those expert designers 
who have a sufficiently deep well of design experiences from which to draw, was observed to be 
very effective.  It is effective because the designer can find reusable items and can remember the 
context of each item, which enables him/her to understand that item and reuse it effectively.  An 
external knowledge reuse system should support these activities: finding and understanding.  
Understanding during internal knowledge reuse arises from recalling the project context and the 
evolution history of the item being reused.  The external knowledge reuse system should therefore 
support project context exploration and evolution history exploration.  This exploration would also 
help the designer manage the tradeoff between productivity and creativity. 
 
If a reuse system will play a distributive role (so that reuse occurs by interacting with an external 
knowledge repository rather than with other humans) then it must also contain (insofar as this is 
possible) the kind of contextual information contained in a designer’s internal memory.  This 
notion is termed knowledge in context.  Knowledge in context is design knowledge as it occurs in a 
designer’s personal memory: rich, detailed, and contextual.  This context includes design evolution 
(from sketches and back-of-the-envelope calculations to detailed 3D CAD, analysis, and 
simulations), design rationale, domain expertise, and relationships between different perspectives 
within cross-disciplinary design teams.  A corporate memory is a repository of knowledge in 
context; in other words, it is an external knowledge repository containing the corporation’s past 
projects that attempts to emulate the characteristics of an internal memory, i.e. rich, detailed, and 
contextual.  The corporate memory grows as the design firm works on more projects. 
 
The term knowledge in context has been used by Finger (1998) in a similar sense.  She notes that 
designers must seek out previous designs in the context of a design problem.  Design is a process 
of constructing a theory of the artifact, not merely constructing a manufacturable description.  This 
artifact theory is a contextual theory that provides knowledge for describing and analyzing an 
artifact and for explaining and predicting the nature of the artifact. 
 
If the corporate memory is to contain knowledge in context, then the design knowledge should be 
organized by project so that the designer can understand the design being reused in the context of 
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its original project and design process.  This is in stark contrast to the standards system used at Z 
Inc, which contained decontextualized fragments of designs organized into abstract categories. 
 

Design Implications: Support for Novices and Mentoring 
The successful use of the standards system at Z Inc by the young designers was largely dependent 
on their interactions with the senior engineer.  A reuse system should support reuse by novices in 
the absence of their mentor, but must also be able to support the mentoring relationship. 
 
When it comes to design reuse, a novice with little design experience does not know what to look 
for and where to find it.  A reuse system must be able to take some representation of the designer’s 
current design task and generate some measure of relevance between the current design task and 
each item in the repository.  This implicit query (Ye and Fischer 2002) can be extremely helpful to 
the novice whose unfamiliarity with the contents of the repository prevents him/her from 
formulating a useful query.  On the other hand, a designer with more design experience, or who is 
looking for a specific item, perhaps one that he/she has worked on, should be able to formulate a 
query explicitly.  These explicit queries can also be used by the mentor, or by a novice following 
instructions from a mentor, as part of the mentor’s coaching activities. 
 
A major role that can be played by the mentor is that of an editor of the contents of the repository.  
A reuse system must be able to act as a dynamic knowledge refinery that enables the designs 
contained therein to evolve and improve.  This idea falls outside the scope of this research but is 
identified as an important direction for future research. 

Conclusions 
Knowledge reuse in current AEC design practice occurs largely through social knowledge 
networks.  Even when reuse from an external repository occurs, a human expert is usually needed 
to provide proactive input on what to reuse and contextual information on the designs being reused.  
Both of these observations are attributed to the effectiveness of internal knowledge reuse, the reuse 
of knowledge from one’s personal experiences.  Internal knowledge reuse is effective because the 
designer can find items to reuse, and can recall the context of these items and can therefore 
understand them. 
 
This ethnographic study was used to develop a corporate memory, a rich, detailed repository of 
knowledge in context.  The corporate memory will support finding and understanding.  
Understanding can be brought about by enabling the designer to explore the project context and 
evolution history of the found item.  These explorations will also help the designer to manage the 
tradeoff between productivity and creativity, by facilitating reuse at the appropriate levels of 
granularity and abstraction. 
 
The corporate memory must also act as a dynamic knowledge refinery rather than a static 
knowledge repository.  Finally, it is important to acknowledge that knowledge reuse cannot occur 
solely by interacting with the corporate memory, but will always happen in a social context, 
whether the designer interacts with colleagues or with his/her mentor. 
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