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TASK I = ROOF DESIGN
ProblemIndex=136

Reusable Reusable Items Context Questions
Pacific 1999

X
Pacific 2001

Pacific 2001>Structure>449-Roof What material was used for this roof? (Metal 
panels)

Pacific 2001>Structure>444-PT Slabs Why? (Lighter than concrete, simpler connections 
than steel, ease of construction)

Pacific 2001>Construction>481-Roof System What did the roof look like over the auditorium? 
(Pyramid)
Why will the roof be expensive? (Because of the 
curvature)
Which other building component had to be 
coordinated with the roof? (PT slabs)

Wave 2001
Wave2001>Arch>366-Roof Can you name some architectural concepts that 

were considered? (Gable, mansard/French gable)

Wave2001>Eng>363-Roof structure What was the CM's feedback on the architect's 
ideas? (Complicatated, hieght restriction, 
snow/rain accumulating)

Wave 2001>Construction>404-Air Handling Unit What materials were considered? (Timber, steel)

What equipment will go on the roof? (Air handling 
unit)
What impact will this have on the structure? 
(Larger columns)

Coral 2002
Coral 2002>Structure>890-roof1(columns) Can you describe the roof system? (prefab roof 

truss, elevated on columns and beams, 
prestressed roof slab)

Coral 2002>Structure>888-roof1(beams) Why was the roof truss elevated? (Natural 
ventilation, aesthetics)

Coral 2002>Structure>892-slab1(roof)
Coral 2002>Structure>894-rooftrusses1(rooftrusses)

Ridge 2002
X

Island 2002
X

Bay Saint Louis
BSL>Arch>25-Ballroom (roof)
BSL>Arch>17-Hotel roof (roof)
BSL>Arch>24-Hotel Penthouse (roof)

Grand Californian Hotel
GCH>Structure>59-Disney Store Roof (Steel dome)
GCH>Structure>46-Area1 roof (roof truss)
GCH>Structure>49-Area2 roof (roof truss)
GCH>Structure>55-Area3 roof (roof truss)

San Rafael Bridge Retrofit
X

Imaginary Hotel
X  

Figure 22: A sample exploration task, where the user is searching for reusable items in roof design. 
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Figure 23: Time to complete a simple retrieval task with 90% confidence intervals displayed. 

The time to complete a simple retrieval task is shown in Figure 23 above.  The best performance in the 
case of retrieval was achieved by the Outline Tree, which allowed retrieval tasks to be completed in the 
shortest time.  The Outline Tree is effective for retrieval in the same way that binary search is effective 
for sorted arrays.  By first selecting the project and discipline from much smaller lists than the list of all 
component objects in the corporate memory, the list of components that need to be visually scanned 
is greatly reduced. 
 
After the Outline Tree, CoMem allowed retrieval tasks to be completed in the next shortest time.  In 
spite of the fact that it was not developed with retrieval tasks in mind, CoMem still provides support 
for such tasks.  Future research should investigate the role CoMem can play in retrieval tasks. 
 
The average time to complete an exploration task was comparable for the three prototypes CoMem, 
Outline Tree, and Hit List (14-18 minutes), even though, as discussed below, the user’s performance in 
terms of recall score and context score varied considerably from tool to tool. 
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Figure 24: Recall score during exploration tasks with 90% confidence intervals displayed. 
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Figure 24 shows the fraction of relevant items successfully recalled by the test participants during 
exploration tasks.  CoMem performed well in exploration recall.  The Outline Tree had the poorest 
performance in exploration recall.  This can be explained by the fact that in most cases reusable items 
were buried deep inside the hierarchy (i.e. at the component level) and left very little information scent 
at the higher levels that appear initially in the Outline Tree.  Information scent is the user’s perception 
of the value, cost, or access path of information sources.  In the Outline Tree, projects and disciplines 
are displayed first and must be expanded by the user to display their component children.  This 
requires that, for a relevant component, that component’s parent discipline and grandparent project 
objects must also be relevant in order to encourage the user to expand those sub trees and find the 
reusable component.  This is rarely the case in the CoMem relevance measure. 
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Figure 25: Context score during exploration tasks with 90% confidence intervals displayed. 

Figure 25 shows the fraction of contextual questions that could be answered correctly by test 
participants about the items they retrieved.  CoMem performed better than the Outline Tree and Hit 
List although it also had a slightly larger confidence interval.  Most of the contextual questions were 
based on interactions between the designers, and the resulting version history of the item in question.  
The CoMem Evolution History Explorer was rated very highly by test participants.  It was used during 
exploration tasks much more extensively than the Project Context Explorer, and repeatedly praised by 
the participants during the debriefing interview. 
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Figure 26: A selection of the questionnaire results. 

Figure 26 shows the subjective feedback of the test participants about CoMem, the Outline Tree, and 
Hit List as gathered from the questionnaires.  For the questions regarding general usability 
characteristics (learnable, complicated, cumbersome), which are not displayed in Figure 26, CoMem 
attained comparable scores to the Hit List and Outline Tree.  This is in spite of the fact that CoMem 
uses radically different interaction techniques, whereas the other two prototypes are tools with which 
any average computer user would be very familiar and experienced. 
 
CoMem received higher scores particularly for questions 8-12 (Figure 21).  Questions 11 and 12 are 
the main metrics for the extent to which external reuse is effective: does the user feel that if he/she 
had that prototype in his/her work, he/she would reuse designs more frequently and more 
appropriately (last two questions in Figure 26). 
 
Questions 8, 9, and 10 (first three questions in Figure 26) measure the user’s perceived ability to find 
and understand: 
• I would feel very confident reusing some content that I found using this system. 
• I had a good understanding of the items I was exploring. 
• I felt that I was able to find all potentially reusable items in the corporate memory in the given 

time. 
 
The high score awarded to CoMem in these questions supports the higher recall and understanding 
performance measures achieved by the test subjects when using CoMem for exploration tasks. 
 
The users were asked to rate the three CoMem modules: the Overview, the Project Context Explorer, 
and the Evolution History Explorer.  The highest-rated module is the Overview, which validates the 
claim that providing a succinct overview of the entire corporate memory is extremely valuable, and 
that a treemap is a good visualization for this purpose.  The Evolution History Explorer was also rated 
very highly.  By observing the users during the tests, it is clear that this module enables the users to 
reconstruct the evolution of the designs and understand the rationale behind this evolution much 
more effectively than a list of versions or displays of single versions one at a time.  The lowest-rated 
module, although very slightly, is the Project Context Explorer.  Many users found it unclear because it 
shows the same items as those in the Overview, but positioned and colored differently.  Further 
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development is needed to couple the Project Context Explorer more tightly with the Overview, so that 
a change in one display triggers a corresponding change in the other.  It is expected that advanced 
users of CoMem would make more use of the Project Context Explorer. 

Discussion 
At a global (macro) level, the results test the hypothesis of this research.  Traditional tools do not 
support find and understand and traditional tools do not lead to effective reuse.  CoMem supports find 
and understand and CoMem leads to effective reuse.  This supports the claim that the steps of find and 
understand lead to effective reuse, as shown in Figure 27. 
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Figure 27: Macro evaluation to test the hypothesis of this research. 

At a micro level, a comparison between the metrics from CoMem and those from traditional tools 
helps to identify the specific circumstances under which CoMem performs better than traditional 
tools.  The first variable in this evaluation is the type of task: exploration versus retrieval.  CoMem 
performs best in exploration scenarios. 
 
The other variable that was introduced into the evaluation is repository size. 



 

 33

Time to find 

Repository
size

CoMem

Traditional tools

Time to find 

Repository
size

CoMem

Traditional tools

 
Figure 28: A diagrammatic representation of the hypothesized effect of repository size on the performance of 

information tools. 

Figure 28 shows the hypothesized effect of repository size on the performance of CoMem and 
traditional tools.  Figure 29 and Figure 30 show the actual effects observed on exploration time and 
retrieval time.  In the case of exploration (Figure 29), the size of the repository seems to have little 
effect.  A more subtle aspect such as the amount of text that needs to be read to complete the task is 
more likely to have an effect on exploration time than the relatively simple count of the number of 
items in the repository.  In the case of retrieval (Figure 30) the results are more similar to the 
hypothesized effect.  As the repository size is increased, the performance of CoMem is assumed to 
stay approximately constant4, while that of the Outline Tree begins to deteriorate (takes more time for 
the larger repository).  By simple extrapolation, it can be imagined that a point would be reached 
beyond which CoMem outperforms the Outline Tree. 
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Figure 29: The effect of repository size on exploration time with 90% confidence intervals displayed. 

                                                 
4 As can be seen from , the retrieval time is actually shorter for the larger repository.  It can be seen from the 90% confidence 

interval that the reliability of this result is uncertain and logic dictates that it would take just as long, if not longer, to retrive an item 
from a larger repository as from a smaller repository so it can be assumed that the performance of CoMem is approximately constant 
for both repository sizes. 

Figure 30
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Figure 30: The effect of repository size on retrieval time with 90% confidence intervals displayed. 
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C h a p t e r  6  
 
 

DISCUSSION AND CONCLUSIONS 

This chapter presents a final discussion of this research as a whole, and particularly the results in light 
of the stated research hypothesis and research questions.  It highlights the contributions of this 
research, and discusses the conclusions that can be drawn from it. 
 
The objective of this research is to improve and support the process of design knowledge reuse in the 
AEC industry.  Ethnographic observations show that the three key activities in internal knowledge 
reuse process are:  
• Finding a reusable item 
• Exploring this item’s project context which leads to understanding 
• Exploring this item’s evolution history which leads to understanding 
 
The hypothesis is that if the designer’s interaction with the external repository enables him/her to: 
• Rapidly find relevant items of design knowledge 
• View each item in context in order to understand its appropriateness, specifically: 

• Explore its project context 
• Explore its evolution history 

 Then the process of reuse will be improved. 
This improved reuse will lead to higher quality design solutions, and save time and money. 
 
The internal knowledge reuse aspects of the research questions of this research were addressed 
through an ethnographic study.  Internal knowledge reuse can be formalized into finding and 
understanding.  Finding occurs by simultaneously comparing data at the three levels of granularity: 
project, discipline, and component. 
 
The CoMem Overview explores how finding reusable design knowledge may be supported in external 
repositories using an innovative graphical user interface.  The Corporate Map presents a succinct 
snapshot of the entire corporate memory that enables the user to make such multi-granularity 
comparisons and quickly find reusable items.  In order to provide direct value to the users, and their 
search tasks, items on the map are color-coded based on their relevance to the current design task. 
 
The understanding step in internal reuse occurs by exploring the project context and evolution history of 
the item being reused.   The CoMem Project Ceontext Explorer and the Evolution History Explorer 
address how this exploration may be supported in external knowledge reuse.   The Evolution History 
Explorer draws from the effectiveness of comic books for telling stories, and explores how this 
effectiveness can be carried over to the presentation of version histories.  The Project Context 
Explorer combines the relevance measure with the classic fisheye formulation to aid the user in 
identifying and exploring related items in the corporate memory. 
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The usability evaluation results presented in Chapter 5 support the hypothesis of this research, that the 
ability to find and understand does lead to more effective reuse.  CoMem offers greater support for 
finding and understanding than traditional tools, and reuse using CoMem is consistently rated to be 
more effective by test participants. 

Contributions 
The main contribution of this research is the recognition that reuse consists of the two tasks of finding 
and understanding, and the formalization of the reuse process.  An ensuing contribution is the decoupling 
of find and understand, in terms of the tasks that need to be supported, interaction metaphors for 
supporting these tasks, and processing of the knowledge in the corporate memory to facilitate finding 
and understanding. 
 
The CoMem prototype constitutes a substantial contribution to information technology in the form of 
an innovative design of human-computer interface.  The domains that it can be applied to are not 
limited to engineering design, but CoMem can be generalized to the task of finding and using content 
from large hierarchical repositories. 
 
The spectrum between exploration and retrieval is underlined in this research.  Retrieval is 
disproportionately favored and exploration is commonly neglected in traditional tools.  CoMem 
addresses this imbalance by recognizing the importance of exploration, and appreciating the radically 
different interfaces that are needed to support it. 
 
This research also makes a methodological contribution through the evaluation of CoMem.  The 
CoMem usability evaluation represents a useful framework for evaluating information interfaces.  The 
same data can be explored using different interfaces.  Hit List, Outline Tree, and CoMem cover the 
spectrum of information interfaces, from traditional to innovative.  The important dimensions of the 
evaluation space are the size of the repository, the type of task, and the user’s familiarity with the data.  
Search engines and expandable/collapsible folder trees can be used to represent traditional 
information interfaces. 

Conclusions 
CoMem started with the observation that, whereas designers reusing designs from their personal 
experiences (internal memories) is an extremely effective process, designers reusing designs from digital or 
paper archives of content from previous projects often fails.  From extensive ethnographic studies of 
practicing designers, we identify two reasons for the effectiveness of internal knowledge reuse: 

1. Even though the designer’s internal memory is usually very large, he/she is always able to find 
relevant designs or experiences to reuse. 

2. For each specific design or part of a design he/she is reusing, he/she is able to retrieve a lot of 
contextual knowledge.  This helps him/her to understand this design and apply it to the 
situation at hand.  When describing contextual knowledge to others, the designer explores two 
contextual dimensions: the project context and the evolution history. 

 
Armed with these observations, CoMem was developed, an external reuse system that enables 
designers to: 
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1. Find reusable items in large corporate archives 
2. Explore the project context of these items in order to understand them 
3. Explore the evolution history of these items in order to understand them 

 
Based on the three reuse steps identified above – find, explore project context, explore evolution 
history – CoMem has three corresponding modules: an Overview, a Project Context Explorer, and an 
Evolution History Explorer. 

Future Research 
From anecdotal evidence observed during the user tests, the labeling of treemaps plays a very 
important role in their support for retrieval tasks.  Very few of the test subjects used the keyword 
search function in CoMem during the retrieval tasks.  Further research is needed to develop the 
labeling of treemaps and to understand the role of labeling in retrieval. 
 
CoMem is poised to be generalized to a wide variety of domains.  Work is already underway on an 
interactive workspaces version of CoMem which runs in technology-rich spaces with computing and 
interaction devices on many different scales (Johanson et al. 2002).  CoMem prototypes are being 
developed for search in textual databases.  New functions are being added that exploit concepts from 
the merging field of chance discovery.  This research has laid the foundation for stimulating future 
research into knowledge capture and reuse, treemaps, measuring relevance, and evaluating information 
interfaces. 
 
More work is required to investigate the effect of familiarity with the contents of the repository.  
CoMem must support novice users who are unfamiliar with the contents of the corporate memory as 
well as advanced users who are able to formulate explicit queries.  In practice it will be impossible to 
be completely familiar with the corporate memory because it is constantly growing and evolving.  
Further studies should focus specifically on the user’s familiarity. 
 
For further readings on this research, refer to Demian 2004, Demian and Fruchter 2004, and Fruchter 
and Demian 2003, 2002, 2002(a), 2002(b), 2002(c). 
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