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Abstract 

 

Improving and supporting the process of design knowledge reuse in engineering design 

can increase productivity, improve the quality of designs, and lead to greater corporate 

competitive advantage.  Whereas internal knowledge reuse from one’s personal 

experiences is very effective, external knowledge reuse from an external digital or paper 

archive often fails.  Based on a formalization of the internal reuse process from 

ethnographic studies, a prototype system, CoMem (Corporate Memory)  is presented, 

which supports the reuse process, particularly the steps of finding and understanding.  

This paper presents a usability testing framework and methodology for the evaluation of 

reuse systems such as CoMem.  The two pertinent variables are (1) the type of finding 

task, and (2) the size of the repository.  Preliminary results from the evaluation of 

CoMem are resented as an example of the application of this framework for studying and 

assessing corporate memory design reuse systems. 
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Introduction 

 

How does one find the proverbial needle in a haystack?  Design reuse from large archives 

of content from previous projects is an important task, but one that is rarely supported in 

today’s engineering design practice.  The average designer, whether consciously or 

subconsciously, draws from a vast well of previous design experience.  “All design is 

redesign” (Leifer 1997).  This can be experience acquired by the individual or by his/her 

mentors or professional community.  This activity is referred to as design knowledge 

reuse.  Specifically, design knowledge reuse is defined as the reuse of previously 

designed artifacts or components, as well as the knowledge and expertise ingrained in 

these previous designs.  This research distinguishes between two types of reuse: 

• Internal knowledge reuse: a designer reusing knowledge from his/her own 

personal experiences (internal memory). 

• External knowledge reuse: a designer reusing knowledge from an external 

knowledge repository (external memory). 

 

Internal knowledge reuse is an effective process, which some researchers place at the 

very center of human intelligence: “Reminding is the mind’s method of coordinating past 

events with current events to enable generalization and prediction.  Intelligence depends 

upon the ability to translate descriptions of new events into labels that help in the 

retrieval of prior events.  One can’t be said to know something if one can’t find it in 

memory when it is needed.  Finding a relevant past experience that will help make sense 

of a new experience is at the core of intelligent behavior.”  (Schank 1990). 

 

On the other hand, external knowledge reuse often fails.  This failure occurs for 

numerous reasons, including that knowledge is not captured, it is captured out of context, 
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or there are no mechanisms or software tools to enable reuse of captured knowledge. 

 

Empirical observations of designers at work (Demian and Fruchter, under-review) show 

that internal knowledge reuse is effective because the designer can quickly find 

(mentally) reusable items and can remember the context of each item, and can therefore 

understand it and reuse more effectively.  These observations of internal knowledge 

reuse are used as the basis to improve external knowledge reuse.  The three key activities 

in the knowledge reuse process are: (1) Finding a reusable item; (2) exploring this item’s 

project context which leads to understanding; and (3) exploring this item’s evolution 

history which leads to understanding.  Our hypothesis is that if the designer’s interaction 

with the repository enables him/her to rapidly find relevant items of design knowledge 

and view each item in context in order to understand it, specifically, explore its project 

context and 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. 

 

Related Research 

 

This research is the latest in a line of research projects on design knowledge management 

conducted at the Project-Based Learning Lab at Stanford University.  These projects are 

based on Schön’s reflective practitioner paradigm of design (Schön 1983).  Schön argues 

that every design task is unique, and that the basic problem for designers is to determine 

how to approach such a single unique task.  Schön places this tackling of unique tasks at 

the center of design practice, a notion he terms knowing-in-action (Schön 1983). 

 

To Schön, design is an action-oriented activity.  However, when knowing-in-action 

breaks down, the designer may consciously transition to acts of reflection.  Schön calls 

this reflection-in-action.  In a cycle which Schön refers to as a reflective conversation 

with the situation, designers reflect by naming the relevant factors, framing the problem 

in a certain way, making moves toward a solution and evaluating those moves.  Schön 

argues that, whereas action-oriented knowledge is often tacit and difficult to capture or 

convey, what can be captured is reflection-in-action. 
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This reflection-in-action cycle forms the conceptual basis of knowledge capture in the 

Semantic Modeling Engine (SME) (Fruchter 1996).  SME is a framework that enables 

designers to map objects from a shared CAD product model to multiple semantic 

representations and to other shared project knowledge.  SME supports Schön’s reflection-

in-action by enabling the designer to declare his/her particular perspective on the design 

(i.e. framing the problem) by creating a discipline object.  Next he/she proceeds to name 

the individual components of the problem as he/she sees it by creating component 

objects.  SME discipline objects are exported to external analysis tools to derive building 

behavior and evaluate it by comparing it to functional requirements.  The designer uses 

these as the basis for making design decisions, i.e., making moves towards the solution 

and evaluating those moves. 

 

The ProMem (Project Memory) system (Fruchter et al. 1998, Reiner and Fruchter 2000) 

takes SME as its point of departure and adds to it the time dimension.  ProMem captures 

the evolution of the project at the three levels of granularity identified by SME as 

emulating the structure of project knowledge: project, discipline, and component.  

ProMem automatically versions each SME object every time a change is made in the 

design or additional knowledge is created. 

 

This paper presents CoMem (Corporate Memory), a prototype system that extends 

ProMem firstly by grouping the accumulated set of project memories into a corporate 

memory, and secondly by supporting the designer in reusing design knowledge from this 

corporate memory in new design projects. 

 

Although much research is dedicated to design theory, considerably less focuses 

specifically on reuse.  Research studies on design knowledge reuse focus either on the 

cognitive aspects or on the computational aspects. 

 

Research into the cognitive aspects of reuse has helped to identify the information needed 

by designers.  Kuffner and Ullman (1990) found that the majority of information 
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requested by mechanical engineers was concerning the operation or purpose of a design 

object, information that is not typically captured in standard design documents (drawings 

and specifications).  Finger (1998) observed that designers rarely use CAD tools to help 

them organize and retrieve design information.  Ye and Fischer (2002) go further, noting 

that an important cognitive barrier to external reuse is the user’s unfamiliarity with the 

contents of the repository.  Users are not aware of what is in the repository and so do not 

know to look for it. 

 

On the computational side, research into design knowledge reuse focuses on knowledge 

representation and reasoning.  Knowledge representation ranges from informal 

classification systems for standard components (see for example Culley 1998) to more 

structured design rationale approaches (Regli et al. 2000 gives an overview).  Highly 

structured representations of design knowledge can be used for reasoning.  Two common 

approaches are case-based reasoning and model-based reasoning.   

 

The premise behind case-based reasoning is that new designs can be generated by 

modifying old designs.  Model-based reasoning tools use both general domain knowledge 

as well as knowledge from specific cases.  Both case-based and model-based reasoning 

are often  divided into two phases: case retrieval and case adaptation, and attempt to 

automate certain aspects of the process.  However, these approaches usually require 

manual pre or post processing, structuring. and indexing of design knowledge. 

 

This research brings together the cognitive and computational approaches.  Reuse is 

considered to be a combined effort involving both the human and the computer and 

addresses the issue of design knowledge reuse as a human-computer interaction problem.  

We aim to provide a knowledge reuse experience that leverages natural idioms and 

metaphors in order to support the designer in doing his/her work, and we consider 

automatic reasoning approaches to constrain the user’s knowledge reuse activities.  In 

this approach, capture and indexing take place in real time, with the least possible 

intrusion on the design process, by supporting the typical communication and 

coordination activities that occur during collaborative design.  By using CoMem to 
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request information from design teammates, discuss changes with teammates, make 

changes in the shared CAD model, etc., CoMem captures the evolution in the design as 

well as the rationale driving this evolution. 

 

 

Preliminary Study of Design Knowledge Reuse 

 

In a preparatory study, about 25 professionals from the architecture, engineering, and 

construction industry were asked to rate the frequency with which they reuse designs and 

domain expertise from various knowledge sources – internal memory, external memory, 

or mentors (Figure 1), and the frequency with which various obstacles to reuse occur in 

current practice (Figure 2) – “don’t know what to find,” “can’t find item,” “don’t know 

about design,” “don’t know about project,” “don’t know rationale.”  

 

From Figure 1 it can be seen that engineering design professionals reuse previously 

designed components just as frequently as they reuse abstract domain expertise unrelated 

to specific designs.  Therefore any reuse tool should. support both types of reuse.   For 

both abstract domain knowledge as well as designs from a specific project, the frequency 

with which external repositories (such as paper or digital archives)  are used is 

comparable to that with which internal memory is used (one’s personal memory, or one’s 

mentors). 

 

Figure 2 illustrates typical obstacles to reuse. The results indicate  that these obstacles 

occur at comparable frequencies.  Even though the inability to find was rated to occur 

between “occasionally” and “frequently”, that obstacle to reuse was given the highest 

frequency rating.  This supports the claim that finding is an important step in the reuse 

process, as the inability to find was rated to occur particularly frequently. 

 

CoMem – A Corporate Memory Design Reuse System 
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Following the preliminary study, a corporate memory design reuse system was developed 

over several years.  The system is called CoMem, short for Corporate Memory.  During 

the iterative development of this system (Fruchter and Demian 2002), a framework was 

developed to study and evaluate such tools. 

 

CoMem is based on the principle of “overview first, zoom and filter, and then details-on-

demand” (Shneiderman 1999).  Based on the three reuse activities identified– find, 

explore project context, explore evolution history – CoMem has three corresponding 

modules (Fruchter and Demian 2002): an Overview that supports the task of finding 

reusable items, a Project Context Explorer that supports the task of exploring the context 

of an item, and an Evolution History Explorer that supports the exploration of an item’s 

history (Figure 3). 

 

The Overview presents the projects, disciplines, and components as nested rectangles 

using the squarified treemap visualization (Bruls et al. 1999).  The size of each rectangle 

denotes the amount of content contained in that item (number of versions, annotations, 

linked documents, etc.).  The color of each rectangle denotes that item’s relevance to the 

current design task based on text analysis (Demian and Fruchter 2005).  The Overview 

supports the designer in finding reusable items.  The objective is to enable the designer to 

view the entire corporate memory at a glance.  The Overview gives the designer an 

indication of which “regions” of the corporate memory contain potentially reusable items 

(Figure 4 (a)). 

 

Once the user has selected an item from the Overview, the Project Context Explorer 

supports the designer in exploring this item’s project context.  This shows the project and 

subsystem to which this item belongs, as well as related components and disciplines that 

would help the designer understand the found item.  The item selected from the Overview 

becomes the focal point of the Project Context Explorer (Figure 4 (c)).  The focal point 

and its related items are arranged in a two-dimensional space where the vertical axis 

represents level of granularity (from entire corporation down to a single component) and 
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the horizontal axis represents the degree of interest (how closely related is an item to the 

focal point). 

 

In the third module, the Evolution History Explorer, the designer can explore the 

evolution history of any item selected from the Overview (Figure 4 (b)).  This view tells 

the story of how this item evolved from an abstract idea to a fully designed or physical 

artifact or component. 

 

Evaluation Methodology 

 

CoMem was designed specifically to support the steps of finding and understanding 

reusable items from a corporate memory.  The purpose of evaluating tools such as 

CoMem is to assess the extent to which they enable the designer to find and understand 

reusable items from the corporate memory, and the extent to which this ability to find and 

understand improves the effectiveness of the reuse process.  Since it is difficult to 

evaluate statements such as “designer can find and understand” or “external reuse is 

effective” in absolute terms, the strategy of the evaluation should be to identify metrics 

for the validity of such statements and then to compare these metrics for CoMem (or the 

reuse tool being evaluated) versus “traditional tools”, as shown in Figure 5.  Traditional 

tools are tools that reflect the current state of practice of design reuse in industry.  A set 

of variables can be introduced into the comparisons to identify specific circumstances 

under which the tool being evaluated leads to more effective external reuse.  This 

methodology can be demonstrated by describing the comparison between CoMem and 

two traditional tools. 

 

CoMem offers the following tools to reuse items from the corporate memory: the 

Overview (Figure 6 (a)), the Project Context Explorer (Figure 6 (b)), and the Evolution 

History Explorer (Figure 6 (c)).  The following tools were developed for the purpose of 

evaluating CoMem, and were used by the test participants as being representative of 

traditional tools used in current practice: 
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• Outline Tree.  This is a prototype interface that uses indented lists of files and 

folders in the same way as Windows Explorer (Figure 7 (a)).  The designer can 

use the Outline Tree to explore the corporate memory as if it were a set of files 

and folders on a computer, which reflects the nature of digital archives today, and 

the way current operating systems facilitate retrieval and exploration.  It has an 

additional function to Windows Explorer: the generic icons for folders and files 

can be replaced by colored rectangles denoting the CoMem measure of relevance 

(the same relevance that is indicated on the CoMem Overview module, as shown 

in Figure 7 (b)).  When the user selects an item from the Outline Tree, the 

versions of this item are displayed in a table similar to a spreadsheet or database 

program (Figure 7 (c)).  The table displays the version number as well as the 

parent version and other textual information. 

• Hit List.  This is a prototype web interface (Figure 8) that returns a list of hits in 

the same format as a web search engine, such as Google (Brin and Page 1998).  

Given a problem the designer is working on, he/she can bring up the Hit List at 

any time, and it will display a list of items from the corporate memory ranked by 

their relevance to the designer’s current task.  The user can also search the 

corporate memory by keyword.  The user may select any item from the Hit List to 

displays all the versions of that item in a web-based table similar to a spreadsheet 

or database program (Figure 8 (b)). 

 

Variables and Metrics 

 

The aim of evaluating innovative reuse tools is not merely to determine whether they 

offer improved support for reuse, but also to identify the specific circumstances under 

which traditional tools break down and these innovative tools offer genuine added value 

(and vice versa).  From extensive ethnographic studies (Demian and Fruchter, under-

review), the following variables were identified as being pertinent. 

 

• Type of finding task.  There are two main kinds of finding tasks: retrieval and 

exploration.  Retrieval occurs when the designer is looking for a specific item: “I 
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am looking for the cooling tower frame (component) from the structure 

(discipline subsystem) of the Bay Saint Louis Hotel (project) that we worked on 

five years ago”.  Exploration occurs when the designer has no idea what to look 

for, only that it should be a relevant item: “I am stuck trying to design a hotel 

cooling tower, is there anything in the system that can help me get started?” 

• Size of the repository.  Innovative reuse tools should be designed with large 

repositories in mind, as this is where traditional tools often fail.  To what extent 

do these tools designed specifically for large repositories also support smaller 

repositories, and what is the repository size for which traditional tools break 

down? 

 

The following metrics for effective finding can be measured: 

• Time taken to complete retrieval tasks.  For retrieval tasks, the time taken to 

find that item is the most important metric.   

• Recall score for exploration tasks.  For exploration tasks where the user is 

exploring the database for anything useful given his/her current design task, the 

number of relevant items found can be recorded.  For each exploration task, an 

exhaustive list of useful items in the repository can be prepared in advance by a 

human expert.  This list can be used to calculate a recall score for each test 

subject: the number of useful items found and listed by the user divided by the 

total number of useful items as judged by the human expert. 

• Time taken to explore the entire repository for exploration tasks.  The test 

subject can be instructed to continue exploring the repository and list all useful 

items until he/she feels that all useful items have been found.  The time taken to 

feel confident that the user has found everything to be found is a good metric for 

the support for exploration finding provided by the reuse tool. 

 

The following metric for effective understanding can be measured: 

• The ability to answer contextual questions.  After exploring the project context 

and evolution history of any item considered potentially useful for the current 

task, the user can be scored on his/her ability to answer contextual question about 
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the data in the repository.  A typical question might be: “Why did the design team 

choose that building material?”  A context score can be calculated for each user 

by dividing the number of correctly answered questions by the total number of 

questions asked.  This is intended to measure the extent to which the tool enables 

the user to understand why that item was designed the way it was, and so overly 

technical or abstract questions should be avoided. 

 

The metrics for effective external reuse are more challenging to measure.  If the reuse 

tool were used in a real project as part of the evaluation of the tool, possible metrics 

would have been the percentage of the designed artifact based on reused components, or 

the quality of the final design.  For cases where the reuse tool is used in the context of 

synthetic experiments where test participants complete fictional tasks, the best 

measurable metric that assesses the effectiveness of the external reuse process is the 

extent to which the user agrees with the following statements is the best measurable 

metric that assesses the effectiveness of the reuse process: 

• If I had this system in my work, I would reuse content from previous projects 

more frequently than I do currently. 

• If I had this system in my work, I would reuse content from previous projects 

more appropriately than I do currently. 

 

User Tests Procedure 

 

The above framework was put into practice by conducting preliminary user tests using 

CoMem, Hit List, and Outline Tree.  Twenty participants were recruited from amongst 

students and researchers in the Department of Civil and Environmental Engineering at 

Stanford University, as well as professionals from local design offices in California.   

 

It was not possible to test a larger sample of software users because of the unavailability 

of local candidates who were able to give up the large amount of time  
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(over 10 hours) required to complete the test.  An experiment-design decision was taken 

to test fewer participants  using the entire lengthy test, rather than reduce the length of the 

test and recruit more participants. 

 

The participants were chosen to be as close as possible in age, computer experience, and 

design experience to eliminate any variability in the data due to these factors.  In 

addition, care was taken to ensure that the sample of users was representative of the 

population of users for whom CoMem was designed: architectural and civil engineering 

designers in general, with a bias towards novice designers.  The procedure for each test 

subject was as follows: 

 

• Brief.  A standard passage describing each of the prototypes, the nature of tasks, and 

the objective of the user tests was read to the participant. 

• Warm up.  The participant was invited to familiarize him/herself with the prototypes 

by exploring data unrelated to the tasks for about five minutes.  After this warm-up, 

the formal experiment started. 

• Retrieval tasks.  The participant was asked to complete three different randomly 

chosen retrieval tasks with CoMem, the Outline Tree, and the Hit List.  Retrieval 

tasks are simple: “find the component called… which is in the discipline called… in 

the project called…”  All retrieval tasks were of comparable difficulty.  The time to 

complete the retrieval task was measured. 

• Exploration tasks.  A standard passage describing a randomly-chosen synthetic 

scenario and a related exploration task was read to the participant.  The participant 

was asked to explore the repository using CoMem and list all reusable items, until 

he/she feels confident that he/she has found all the reusable items in the repository.  

This was repeated for the Outline Tree and the Hit List with different scenarios and 

tasks.  Exploration tasks are of the type: “you are working on this problem, find 

anything you think would be helpful in the corporate memory to help you complete 

your design task.”  There were a total of 6 previously-prepared exploration tasks, all 

of which were designed to be comparable in difficulty (e.g., having the same number 

of reusable items and contextual questions).  For each participant, the task chosen to 
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be completed using each prototype was randomly chosen.  The participant was asked 

to explore the corporate memory and make a list of all potentially reusable items 

found.  After the task was completed, the participant was asked to answer some 

questions about each of the items listed, e.g.: “why did the design team choose a 

building material?”  For each task, we measured: 

o Recall score: the proportion of potentially reusable items as judged by a 

human expert that were actually found by the participant. 

o Context score: the proportion of questions about helpful items that could be 

correctly answered by the participant. 

o Time taken: the time taken to feel confident that all helpful items had been 

found. 

• Repository size. The exploration tasks and the retrieval tasks were run first with a 

large repository, and then repeated with a small repository in the cases of CoMem and 

the Outline Tree.  To limit the length of time required to complete the test, small 

repository tasks were not conducted with the Hit List. 

• Questionnaire.  The participant was asked to complete three questionnaires, one for 

each of the prototypes, asking them about their subjective reactions to the prototype. 

• Debrief.  Short, informal interview. 

 

For each test participant, the order of testing the three prototypes was randomly chosen, 

in an attempt to eliminate the effects of learning and increased familiarity with the data. 

 

 

Pilot Corporate Memory and Preliminary User Tests 

 

A pilot corporate memory of real construction project content was put together for the 

purpose of these preliminary user tests.  The large repository tests described in this paper 

were conducted on a pilot corporate memory consisting of 10 project objects (i.e. ten 

construction projects in the corporate memory), 35 discipline objects (i.e. about 3 or 4 

disciplines or building subsystems such as “structure” or “electrical” per project), and 

1036 components (i.e. around thirty components per building subsystem).  Of the 1036 
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component objects, approximately 30% were annotated with note objects.  The small 

repository tests were conducted with the smallest possible subset of projects in the large 

repository that would include all the data required for the exploration tasks. 

 
Following the completion of the tasks, questionnaires were given to test subjects to solicit subjective 

feedback on each of the three prototypes.  The questionnaire was loosely based on Brooke (1996).  

The CoMem questionnaire is shown in  

Figure 9.  Similar questionnaires were handed out for the Hit List and Outline Tree, but 

with questions omitted that are specific to CoMem. 

 

Attention was paid to ensure that the repositories were densely populated in several areas 

related to each exploration task.  For example, if the exploration task involved roof 

design, care was taken to ensure that at least 5 or 6 projects had rich content related to 

roof design: annotations, hyperlinked documents, team interactions, images, design 

alternatives, and so on. 

 

There was a pool of six standard exploration tasks from among which a task was 

randomly chosen for each prototype and repository size.  Those were: 

• Roof design 

• Post-tensioned slab 

• Shear walls 

• Atrium 

• Elevator 

• HVAC System 

 
 

Figure 10 shows the first exploration task where the user is working on a roof design. 

 

Preliminary Retrieval Results 

 

To illustrate the use of this evaluation framework, results from the preliminary user tests 

are presented below. 
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The time to complete a simple retrieval task is shown in Figure 11.  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.  

Further research should investigate the effectiveness of the Outline Tree for hierarchies 

with varying branching factors. 

 

Pirolli et al. (2000) conducted closely related evaluations of visualizations of large tree 

structures.  They did not include treemaps in their analysis, but compared Windows 

Explorer (equivalent to the Outline Tree) to hyperbolic trees.  They conclude that the 

performance of the hyperbolic tree, because it attempts to crowd more data into a 

compressed space, is sensitive to “information scent” (the labels or colors used to guide 

the user to the appropriate piece of information). 

 

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 will investigate the role 

CoMem can play in retrieval tasks. 

 

Because we are comparing more than two independent samples (in our case three, for 

each of the three prototypes) the significance of these results was tested using the one-

way analysis-of-variance method (ANOVA, Chapter 10 in Dowdy et al. 2004) to 

determine whether the differences in retrieval time observed were due to sampling errors 

or rather due to differences in the performance of the prototypes.  Indeed, the results do 

appear to be significant at the 0.01 and 0.05 levels.  This only confirms that the three 

samples were taken from three populations among which there is at least one inequality.  

Nothing can be said about the performance of CoMem specifically.  In fact, it can be seen 

from Figure 11 (and the displayed confidence intervals) that the high performance (short 
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retrieval time) of the Outline Tree prototype is largely responsible for the positive 

analysis-of-variance result. 

 

 

 

Preliminary Exploration Results 

 

The average time to complete an exploration task was comparable for the three 

prototypes CoMem, Outline Tree, and Hit List (Figure 12), even though, as discussed 

below, the user’s performance in terms of recall score and context score varied to a 

greater extent from tool to tool.  Again, analysis-of-variance was performed.  The 

differences between he three prototypes in exploration time was not found to be 

significant. 

 

Figure 13 shows the fraction of relevant items successfully recalled by the test 

participants during exploration tasks (Baeza-Yates and Ribeiro-Neto 1999 gives a 

discussion of the measurement of recall).  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. 

 

Analysis-of-variance did not show that the differences in exploration recall was 

significant. 
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Figure 14 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 and 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 was repeatedly praised by the 

participants during the debriefing interview. 

 

Analysis-of-variance shows that this result is significant at the 0.05 level (but not 0.01).  

This means that there is a significant difference in context score between the three 

prototypes, and Figure 14 shows that CoMem was the highest performer in this respect. 

 

Questionnaire Results 

 

Figure 15 shows the subjective opinions of the test participants about CoMem, the 

Outline Tree, and Hit List.  For the questions regarding general usability characteristics 

(learnable, complicated, cumbersome), which are not displayed in Figure 15, CoMem 

attained comparable scores to the Hit List and Outline Tree.  Even though 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 9).  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 15). 

 

Questions 8, 9, and 10 (first three questions in Figure 15) 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.” 
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• “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 (PCE), and the Evolution History Explorer (EHE) (Figure 16).  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 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 by 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 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 suspected that advanced 

users of CoMem would make more use of the Project Context Explorer. 

 

Discussion of Results 

 

At a macro level, the results test the hypothesis of this research.  Traditional tools do not 

support the ability to find and understand and traditional tools do not lead to effective 

reuse.  CoMem supports the ability to 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 17. 
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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 better in exploration scenarios rather 

than retrieval.  The other variable that was introduced into the evaluation is repository 

size. 

 

Figure 18 shows the hypothesized effect of repository size on the performance of CoMem 

and traditional tools.  Figure 19 and Figure 20 show the actual effects observed on 

exploration time and retrieval time.  In the case of exploration (Figure 19), 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 20) the results are more similar to the hypothesized effect.  As the 

repository size is increased, the performance of CoMem is assumed to stay approximately 

constant (logic dictates that the slight decrease in retrieval time for larger repositories 

must be due to statistical sampling errors), while the performance 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. 

 

Conclusions 

 

The usability evaluation results presented in this paper support the hypothesis of this 

research, that the ability to find and understand does indeed 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.  It is 

noteworthy that test participants were chosen who had generally little engineering design 

experience, but were experiences users of information technology and software.  The 

results presented in this paper therefore apply to young engineers at the beginning of their 

careers, which is the population for whom CoMem was designed. 
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More importantly for the current discussion, his research makes a methodological 

contribution through the development of a useful framework for studying and evaluating 

corporate memory reuse tools such as CoMem.  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.  Search engines and 

expandable/collapsible folder trees can be used to represent traditional information 

interfaces.  The important dimensions of the evaluation space are the size of the 

repository and the type of task.  One third dimension that we were not able to test in this 

first round of experiments (but defer for future research) is the effect of the user’s 

familiarity with the contents of the repository.  

 

Future work is needed to  investigate the effect of familiarity with the contents of the 

repository.  Innovative reuse tools such as 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. 

 

It is hypothesized that traditional tools rely on the user’s familiarity with the data to 

formulate explicit queries.  CoMem should be less sensitive to familiarity and therefore 

provide greater support for novice users who tend to be unacquainted with corporate 

repositories (Figure 21).  The effect of familiarity can be studied by conducting two 

rounds of testing.  Test participants would be chosen who are unfamiliar with the data.  

They would be asked to complete one set of tasks, then given a “familiarity-building 

exercise”, and then asked to complete a second round of tasks.  Their performance in the 

first and second sets of tasks would be compared to investigate whether the effectiveness 

of the tool is dependent on familiarity with the data. 

 

The three dimensions of size, task, and familiarity together define a three dimensional 

space Figure 22).  It is suspected that CoMem is particularly supportive in one corner of 

this space, while traditional tools support the opposite corner. 
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Figure 1: The frequency with which professionals reuse designs and domain expertise from various 

knowledge sources. 
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Figure 2: The frequency with which various obstacles to design reuse occur in current practice. 
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Reuse step  User interaction 

Find reusable item Overview 

Explore item’s evolution history 
Evolution history 

explorer 

Explore item’s project context 

“overview first, zoom and 

filter, and then details-on-

demand” 
Project context explorer 

Figure 3: CoMem user interface.  Transformation from observed reuse steps to user interactions. 
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(a)   (c)  

(b)   (d)  
Figure 4: CoMem Modules: (a) The Overview provides a succinct snapshot of the entire corporate 

memory with each item colored according to its relevance to the designer’s current design task, (b) 

The Evolution History Explorer displays the versions of any item selected from the Overview and 

allows the user to explore the evolution of that item before reusing it; (c) The Project Context 

Explorer allows the user to explore related items in the corporate memory to better understand the 

item being reused, (d) a specific version selected from the Evolution History Explorer is displayed in 

a special content viewer. 
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Figure 5: Tool such as CoMem can be assessed by comparing them to traditional tools in current 

practice. 
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a)   b)  

 

c)  

 
Figure 6: The CoMem interface.  (a) Overview  (b) Project Context Explorer (c) Evolution History 

Explorer. 
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(a)   (b)  

 

(c)  

 
Figure 7: Outline Tree prototype.  (a) Outline Tree with generic icons.  (b) Outline Tree with colored 

icons to indicate relevance, used for exploration tasks.  (c) Version table which lists all versions of an 

item in a table. 
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(a)   (b)  

(c)  
Figure 8: Hit List prototype.  (a) Main page of Hit List for searching the corporate memory.  (b) Web 

based version table. (c) Web view of an item select from Hit List. 
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CoMem Questionnaire 
 

 
1. I think that I would like to use this system frequently 
 
2. I found the system unnecessarily complex 

 
3. I thought the system was easy to use                        

 
4. I would imagine that most people would learn to use this system 

very quickly 
    
5. I found the system very cumbersome to use 

 
6. I felt very confident using the system 

 
7. I needed to learn a lot of things before I could get going with this 

system 
 

8. I would feel very confident reusing some content that I found 
using this system. 

 
9. In the exploration tasks I completed using this system, I felt I 

had a good understanding of the items I was exploring. 
 
10. In the exploration tasks I completed using this system, I felt that 

I was able to find all potentially reusable items in the corporate 
memory in the given time. 

11. If I had this system in my work, I would reuse content from 
previous projects more frequently than I do currently. 
 

12. If I had this system in my work, I would reuse content from 
previous projects more appropriately than I do currently. 

 
13. I think the Overivew / Map would be very useful in my work. 
 
14. I think the Storyteller / Evolution history would be very useful 

in my work. 
 
15. I think the Fisheye Lens / Project context would be very useful 

in my work. 
 
 
COMMENTS: 
 

 

 

 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

Strongly 
Disagree 

Strongly 
Agree 

 
 

Figure 9: The CoMem questionnaire, loosely based on Brooke (1996).  Test subjects were given 

similar questionnaires for Hit List and Outline Tree, but with questions 13, 14, and 15 omitted. 
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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 10: A sample exploration task, where the user is searching for reusable items for roof design. 
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Figure 11: Time to complete a simple retrieval task with 90% confidence intervals. 
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Figure 12: Time to complete an exploration task with 90% confidence intervals. 
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Figure 13: Recall score during exploration tasks with 90% confidence intervals. 
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Figure 14: Context score during exploration tasks with 90% confidence intervals. 
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Figure 15: A selection of the questionnaire results. 
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Figure 16: User rating of usefulness of the three CoMem modules. 
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Figure 17: Macro evaluation to test the hypothesis of this research. 
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Figure 18: A diagrammatic representation of the hypothesized effect of repository size on the 

performance of information tools. 
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Figure 19: The effect of repository size on exploration time with 90% confidence intervals displayed. 
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Figure 20: The effect of repository size on retrieval time with 90% confidence intervals displayed. 
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Figure 21: A diagrammatic representation of the hypothesized effect of familiarity with the data on 

the performance of information tools. 
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Figure 22: Three-dimensional space defined by size, task, and familiarity.  CoMem and traditional 

tools support opposite corners of this space. 

 


