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Abstract

The functionality and resources provided by CAD systems have been increasing rapidly, but productivity growth
expected from their use has been difficult to achieve. Although many surveys describe this productivity puzzle, few studies
have been conducted on actual CAD users to understand its causes. In an effort to arrive at such an understanding, the first
author visited a federal architectural office and observed CAD users in their natural setting. This paper describes preliminary
results obtained from the study, which used ethnographic techniques developed by cultural anthropologists. The study
revealed that users had leveled-off in their learning and experimentation and were using the CAD system in suboptimal
ways. By asking why users were not using many resources available to them to improve performance, the observer
uncovered issues of communication and management that needed to be addressed. Based on this understanding, the authors
provide explicit recommendations to CAD users and vendors. In addition, they hypothesize that users might benefit from a
system that provides active assistance, that is, intervenes spontaneously with advice, assistance, and relevant information
while the user interacts with the CAD system. They conclude with some issues revealed by the study that should be
considered when developing such active assistance.
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using CAD systems does not differ much from this
general picture. Firms that have used their system for
one year report productivity increases of only 5%
and typically do not achieve the maximum produc-
tivity growth (leveling off at a median value of 25%)
until they have worked with CAD for five years [3].

The few laboratory and field studies on CAD
usage that are available present a dismal picture
indeed. Bietz et al. [4] found that mechanical engi-
neering students who had passed a CAD course
produce better and more complete drawings with less
effort using paper and pencil than on a CAD system.
Luczak et al. [5] studied 43 subjects using 11 CAD
systems in 11 factories. They found that even when
the subjects were highly trained, the high complexity
of the commands (due to many input parameters,
restrictions, and requirements) led to low perfor-
mance, reduced creativity, frictions, and frustrations.
Finally, Majchrzak [6] found no improvement in the
performance of 25 engineers and 60 drafters using
CAD systems in comparison to non-CAD users.

Many reasons have been offered for these disap-
pointing results. These include blaming the users for
not reading manuals, not using help, not getting
adequate training, and not modifying their work
process appropriately. Others blame the CAD system
for having poorly designed and unnatural interfaces,
non-adaptive interfaces, inadequate and unstable
functionality, and poorly designed help, training, and
documentation.

This is unfortunate as there is a good-faith effort
on the part of CAD developers as well as users to
make effective use of CAD. The first author, while
being employed at a CAD company for many years,
observed several departments in the company as well
as customers spending considerable resources to reap
the benefits of CAD. The company offered extensive
training, documentation, on-line help, phone support,
and organized discussion forums such as user group
meetings and steering committees. New customers
underwent extensive training, and phone-support per-
sonnel were regularly inundated with user calls. In
addition, a growing number of books have been
available to teach users how to use various CAD
systems.

Why does the use of CAD systems show such
disappointing results despite the extensive infrastruc-
ture built to support CAD users? The general impor-

tance of effective management, training, and com-
munication is well-known, but how do these factors
play out in specific contexts? And are there other
aspects in an office environment that contribute to
the productivity puzzle? CAD user groups and steer-
ing committees provide a forum for the exchange of
ideas between developers and users, but may not
necessarily reflect what actually happens in an of-
fice. After all, the users chosen from a company to
attend these meetings tend to be the most vocal and
computer-literate ones and may not represent the
normal user. Is it possible that usage is affected by
unexpressed values and hidden assumptions? Finally,
can we use newer technologies at our disposal to
improve usage (see [7] for a discussion of adaptive
CAD interfaces)?

These questions motivated us to observe real users
doing CAD work in their natural work environment.
We hoped that an in-depth case study of end-users
would provide us with first-hand observations of
successes and failures in CAD usage. This paper
describes preliminary findings from this study and
offers some suggestions to users, managers, and
vendors, as well as a hypothesis for future system
design.

2. Observing people in real-world settings

Having decided to study architectural CAD users
in their natural environment, we investigated tech-
niques that would be most appropriate for such a
study. Cultural anthropologists have developed tech-
niques to observe people in real-world settings [8,9].
Their method is known as ethnography. Originally
applied in non-Western societies, ethnographic tech-
niques have been used more recently to illuminate
such problems as computer usability [10—13]. For
example, Forsythe demonstrated how ethnography
can be used to help design a computer-based expla-
nation system for migraine sufferers [14]. The study
included extensive observation of interactions be-
tween doctors and patients in clinical settings as well
as in-depth interviews with migraine sufferers.

The main ethnographic data-gathering method,
known as participant observation, involves the use
of unobtrusive observational techniques. While
building rapport with users, trained fieldworkers sys-
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tematically immerse themselves in the users’ work
environment. This immersion is intended to provide
information not only about users’ work practice, but
also about their point of view, organizational setting,
social interactions, values, and assumptions. Such an
understanding aids the fieldworker in interpreting
observational data. Participant observation may be
supplemented — as appropriate — by interviews, by
active intervention, and by a range of formal and
informal techniques for the elicitation and recording
of quantitative as well as qualitative data.

The hallmark of this research method is its flexi-
bility. Adaptable to a wide range of real-world set-
tings, it allows the fieldworker to refine and modify
a research question over time as preconceived no-
tions of user needs are replaced by a developing
understanding of what the real issues are from the
users’ point of view.

In this paper, we illustrate the utility of this
approach for arriving at an understanding of CAD
usage in architectural offices. In the context of a
relatively short-term observation, a combination of
informal methods and formal recordings enabled us
to gain insights into the issues raised and arrive at
various recommendation to CAD users, managers,
system developers and vendors.

3. Site visit — background

The users in this study are architects at a US
Army Corps of Engineers District office. They are
members of the architectural section of the design
branch consisting of 11 registered architects, 3
draftsmen (called ‘techs’), and a manager, who is
also an architect. The architects perform design and
drafting tasks involving decision-making, whereas
the techs mainly make changes to drawings con-
structed by the architects. The office designs govern-
ment facilities all over the world and uses MicroSta-
tion (a sophisticated CAD system developed by
Bentley Systems, Inc.) to design these buildings. It
also provides other engineering services related to
building design such as civil and structural engineer-
ing, all of which use the same CAD system to
produce drawings.

The site visit lasted two weeks. During that pe-
riod, the first author observed users of the CAD

system and engaged them in open-ended discussions.
The results were recorded in field notes. In addition,
some of the computer sessions were video-taped, and
the users’ keystrokes were recorded.

Seven architects and three techs were observed
while they interacted with the CAD system perform-
ing design and drawing tasks. Of these, five archi-
tects and two techs were working on a large building
for the Department of Defense. The observations
were followed by open-ended discussions. Although
the observer did not have any previous experience in
using ethnographic techniques, he had been recently
introduced to ethnography through a tutorial with
Forsythe. In addition, his background in both archi-
tecture and MicroStation along with an official rec-
ommendation from the Corps of Engineers Construc-
tion Engineering Research Laboratories (CERL), the
sponsor of this study, helped in building rapport with
users.

4. Site visit — results

Based on observations made during the first week,
the observer decided to focus in the second week on
differences between users in window and menu us-
age, command vocabulary, social interaction, and
resource utilization.

4.1. Differences between users

The techs and architects seemed to be at the same
level of proficiency. They all used a small set of
primitive commands that did not vary much between
users or tasks. The only obvious differences occurred
in speed and window use. The techs tended to exe-
cute extremely repetitive tasks with few social inter-
ruptions and used commands to complete tasks at a
much higher speed than the architects. The archi-
tects, on the other hand, tended to work on design
tasks requiring problem solving, had many social
interruptions, and interacted with commands at a
much slower rate.

Architects also differed among themselves in win-
dow usage. Some architects used four windows on
one screen, some used one window on each of two
screens, and some used only one screen and an
occasional window. Setting-up the windows was
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simple, and the setup could be saved for the next
session (see Fig. 1). The only problem occurred
when another user needed access to the same design
file and changed the settings. In contrast to the
architects, all three techs used a single screen with
one window. (The problem of multiple users chang-
ing a window setup could be handled by a minor
design change by the software vendor, For example,
the window setup could be stored in the user’s login
instead of the design file. This would enable all
design files that are accessed by the same user to
have a constant window setup).

While observing the techs in their highly repeti-
tive tasks (using identical sequences of commands
repeatedly), the observer noticed that some of the
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commands were buried deep in the menu hierarchies.
Accessing these commands during these tasks ap-
peared to slow the user down. It was therefore
hypothesized that this could be an area in which an
adaptive system might be useful. The system might
detect these repeated sequences and bring up the
commands in a sequence palette. A double click on
the active command could activate the next com-
mand in the sequence. The user could break the
sequence anytime by selecting any other command
in the system. This idea received much interest by
the techs, but not by the architects. This was under-
standable as the architects typically were not in-
volved in repetitious tasks. The observer also demon-
strated the use of the palette builder command that
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Fig. 1. MicroStation interface showing typical window and menu set-up.
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could allow a tech to set up his own palette rapidly
for a task.

4.2. Command vocabulary

The following incident occurred during the obser-
vations:

Example 1.
One of the architects, whose project deadline was
nine days away, was plotting several design files.
He opened a design file by keying-in the name of
the CAD application and the design file name (for
example USTATION DESIGNFILE1) at the operating
system level. After he had entered the application
and plotted the file, he exited the entire application
by pulling down the FILE menu and selecting EXIT.
He repeated this operation seven times, each time
waiting several minutes to bring up the application
and another several minutes to display the design
file. The observer asked him if it was possible to
open a new design file without exiting the current
design file. He answered approximately °‘‘that
might be possible, but this works’’.

This incident brings up several interesting points:
1. The user did not use the FILE OPEN command

because he did not know of its existence.

2. Even though the FILE OPEN command was dis-
played on the same pull-down menu that he was
using to exit, he had not noticed it. (The FiLE
OpeN command was, in fact, the second entry in
the menu, and the EXiT command was the last)

3. The user seemed reluctant to try another way to
do what he was doing.

In subsequent observations, it was noticed that six
other users exited the application to enter a new
design file. The users, keying-in the design file
names, had to remember these names, which were
quite long, and committed frequent typing errors.

From these and similar observations, a general
pattern of suboptimal use emerged. The users had
leveled-off or plateaued in their use of the CAD
system and were not learning new commands. This
was unexpected as the users had tremendous re-
sources at their disposal. They were using one of the
best CAD systems in the industry (offering more
than 2000 commands), had received formal training
in its use, had up-to-date documents, had a help
facility, had system support from Intergraph (the

CAD vendor) and access to expert CAD users in
other sections in the building. Despite these re-
sources, the users were using only a small set of
primitive commands to design and detail a fifty
million dollar building.

4.3. Unused resources

These observations raised the question: Given the
resources, what is the reason for the suboptimal use
of the CAD system?

Answers to this question were sought through
informal interviews and revealed problems with each
of the available resources.

1. Training was perceived as a once-in-a-lifetime
event. All the users had completed their formal
training more than two and a half years ago. In
the meantime, the CAD system had undergone
major revisions leading to an ever-growing reper-
toire of commands. The users had little knowl-
edge of these new commands and did not know
about README files containing information of
the new features.

2. None of the users interviewed ever remembered
using documents or help. When one of them was
asked to demonstrate the use of the HELP com-
mand, he at first had trouble finding it (even
though it was very close to his cursor) and then
had no idea how to use it.

3. The architects had no direct contact with the CAD
vendor for any application support. There was an
internal rule that all questions had to go to the
system coordinator supervising all the sections in
the branch. From discussions with management,
the observer learned that the rule was put into
place to prevent the vendor’s phone support from
being inundated with user requests. However, this
indirect communication did not work well for the
architects. An architect had to pose a question
first to the system coordinator, who would then
pass the question to the CAD vendor and transmit
the answer back to the architect who asked the
question. Communication problems occurred as
the system coordinator spoke in computer terms
and the architects spoke in command usage and
architectural (that is, application domain) terms.
This line of communication had been used unsuc-
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cessfully by one architect, who had the role of

CAD coordinator within the group.

4. When the users were asked how they had last
learned a new command, all of them stated that
they had done so informally through conversa-
tions with other users or chance observations.
Subsequently, it was observed that users ex-
changed information based on spatial proximity
and friendship. For example, a group of three
architects and a tech, who were spatially sepa-
rated from the rest of the architectural section,
knew some advanced commands that the rest did
not know and vice versa. Contact with outside
groups (structural and civil engineers) was mini-
mal.

The overall attitude was to get the job done. The
users had no way of knowing that there were better
ways of executing a task. The help and document
resources were voluminous, yet passive. Informal
contacts to learn new commands were minimal, and
there was little input of new ideas from within the
facility or from the CAD vendor.

The problem of users not being aware of powerful
commands that are easily accessed through the inter-
face is illustrated in Example 2 below. The context is
a meeting of all the users in the architectural section,
where ten different commands are being demon-
strated by an architect (A1) and tech. Both of these
users had been trained by the observer in the use of
the new commands and had agreed to demonstrate
them to the rest of the group. Eight of the ten
commands had never been used by anyone in the
group prior to the study. The other two were being
used only by the group that was spatially separated
from the rest of the section.

Example 2.

Al: ““How many people know what this

arrow...”’

A2: ““The arrow?”’

Al: ““The arrow up here... in the main menu’.

(Al is pointing to an icon in the shape of an

arrow. It is in a very prominent position on the top

left-hand corner of the main menu).

A2: “‘I haven’t used it.”’

Manager: (in jest) ‘‘Raise your hands if you know

it. A37" (A3 has the most complaints about using

the system).

(Laughter).

Example 3 below illustrates users recognizing the
power of an unused command. The discussion oc-
curred after the demonstrations had been completed
and most participants had left the area.

Example 3.

A4: ““With these new commands we ought to

a...save...a...tenth of the time.”

Al: “‘Like the CTrL-O, when you plot drawings’’.

(CTRL-O is the keyboard short-cut to using the

FILE OPEN command. This short-cut is mentioned

alongside the FILE OPEN command on the menu).

A5: “‘Save time.”

Al: *‘Save a lot of time.”

Manager: (Whistles) “‘Just can’t believe you guys

didn’t know this...I mean...”" (laughs self-con-

sciously).

The above examples demonstrate how the method
of participant-observation reveals important aspects
of a social situation. The manager, who does not use
the CAD system to create drawings, expresses sur-
prise that his group does not know important com-
mands in the CAD system. Such observations reveal
that the manager assumed his architects were using
the CAD system efficiently. This is in sharp contrast
to the view shared by architects who regularly use
the CAD system as demonstrated in the following
examples. Note also the importance of informal ut-
terances such as whistling or laughter that are impor-
tant in ethnographic studies but may not be treated as
data in other methods.

Example 4.

A6: ‘““There are a lot of things that I don’t...

know exist on this as of yet, it’s still... probably

doing some things wrong, or not as fast as I

possibly could because... just not aware of a

better way of doing it sometimes.”’

Example 5.

A7: **... MicroStation is so extensive... I mean

there are so many things that I never even use

uh... and it takes quite a bit of time to learn how
to use it.”’

These examples demonstrate that the architects
realize they are not making optimal use of the sys-
tem. The discussion therefore helped identify the
manager’s misconception of CAD usage in his sec-
tion, which is possibly related to the view that
training is a once-in-a-lifetime requirement. While
such tacit assumptions are important in finding ways
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to improve the effective use of CAD, they are less
likely to emerge in decontextualized laboratory ex-
periments or even in structured interviews and ques-
tionnaires, where the questions are often constrained
by the researcher’s preconceived notions.

Examples 2 and 3 also illustrate how the observer
in this study moved over time from participant ob-
servation to active intervention. In the latter role, he
pointed out to the users important commands that
they did not use. He did so for two major reasons: (i)
to gain additional insights into the motivation of and
interactions between the users under observation, and
(ii) to provide an immediate pay-back to them for the
time they spent cooperating in the study. The users
have welcomed the idea of future site visits, and the
observer has had continued interactions with them
over the phone.

5. Recommendations

As described in this paper, participant observation
can yield a wide range of data leading to a richer
understanding of a social situation. This new under-
standing can suggest different courses of action. Our
experience at the federal office led to the following
specific recommendations to users, managers, and
vendors:

1. The repetitive nature of the tasks executed by the
techs suggests that techs could create a cus-
tomized palette relevant to completing a repetitive
task. We therefore demonstrated and recom-
mended the use of the palette builder command
(PALBLD) provided by MicroStation to create
quickly a customized palette. By using this cus-
tomized palette, the techs could avoid having to
go repeatedly through deep menus. In follow-up
calls to the office, we have learned that one tech
has begun to use this feature to create his cus-
tomized palette.

2. The internal management rule that prevented ar-
chitects from directly accessing the vendor phone
support has led to many lost opportunities for
improving usage. As management was concerned
that too many people would use the phone sup-
port, we recommended that the CAD coordinator
in the architectural section be given the authority
to make calls that were necessary for the group.

This, we hoped, would more closely reflect the
needs of the architectural group. The recommen-
dation was well received by the management as
well as by the CAD coordinator.

. Discussions on improving CAD usage occurred

only during chance encounters, as when one ar-
chitect looked over the shoulder of another or
when two architects were sitting close to one
another. Therefore, we recommended that the
CAD coordinator’s role be extended to include
regularly observing the usage of his peers. This
observation might help reveal inefficiencies and
encourage discussions about CAD usage. (See
[15] for a discussion of the usefulness of local
experts in a CAD organization).

. We have communicated to the CAD vendor the

usefulness of conducting on-site observational
studies to understand the realities of using CAD
as demonstrated in this study. For example, to
better reflect and encourage the way users ex-
change and learn information in an office envi-
ronment, vendor training could be redesigned to
provide group exercises, where users from an
organization have to interact and share informa-
tion in order to complete a project.

. As there was limited contact between sections and

therefore little sharing of CAD experience within
the federal office, we recommended that there be
regular meetings with other sections to discuss
CAD usage. We also recommended more fre-
quent training based on major upgrades in the
software provided by the vendor.

. We are currently analyzing the video tape and

keystroke data of the CAD interactions collected
during the site visit. This keystroke level analysis
has begun to reveal many inefficient strategies
used to complete drawing tasks [16]. The analyses
appear to suggest that, in addition to learning how
to use CAD commands, users also require train-
ing on how to decompose a drawing task to make
effective use of the CAD medium.

. As our sponsors at CERL have been involved in

the research and development of computer-aided
instruction (CAI), we were motivated to see if
there were any opportunities for new computer
aids that could help improve CAD usage. The
following section describes the design of such a
system.
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6. A hypothesis for active CAD assistance

As described earlier, the observed users concen-
trated on getting the job done and spent little time to
learn new and better ways to use the system. The
observer therefore hypothesized that users might
benefit from an active assistant system that monitors
their command usage and presents better ways of
doing the same tasks at appropriate times. During the
second week, after the users had been video-taped
performing CAD tasks, the observer brought up the
concept of active assistance in order to get some
immediate feedback. The following is a typical re-
sponse to this suggestion.

Example 6.

A7: ““... you get to a point on the CAD... it’s

not that you don’t want to learn anymore, but

you’'re comfortable with your level of use and you
can do your job... and you can do your job
adequately let’s say and... and... you’re not
really experimenting with it as much anymore to
see what you can do... whereas if you have some

kind of a... tutorial I think... uh then it kind a

continues you... your education... of course its

still up to the user... it’s all up to the user...
what he wants to do ... whether or not he wants to
use the command or...”’

In discussions about the design and workings of
an active assistance system, this user declared that he
would like a tutorial window that appears in the
upper right-hand corner next to the MicroStation
command window in an area that was unused. He
would like to be able to ‘blow it away’ if he did not
need it. He also indicated that he would like the
system itself to open the menu and highlight the
command being suggested so he would not have to
search for it. While referring to the help window
(that he had brought up for purposes of demonstra-
tion, but had never used before), he described how
active assistance might work:

Example 7.

A7: “*OK let’s say up here it tells you... You

COULD HAVE DONE THAT COMMAND BY... ah...

COPY AND INCREMENT TEXT as we have up here

(points to text in the help window with the cursor)

WOULD YOU LIKE TO SEE MORE? and I could toggle

YEs and when I did YEs it would take like View 1

and it would show me in View 1 how the com-

mand is... how to do the command, it would just

do it... it’ll do it. STEp 1 — it would show me

PLACE DATA POINT or whatever.”’

During this discussion, the user described in detail
how graphics would help explain the workings of a
command more rapidly than just textual explanation
as provided by the existing help window.

While these design ideas were instructive, the
issue of motivation was troubling. For instance, in
Example 1 above, the architect was not motivated to
explore a new command. How useful could an active
assistant system be if it suggested a new command to
a user who was not motivated to explore it? And
why was it that the command was later recognized as
a powerful command?

Some hints emerged in other discussions. When
asked, a tech said that he would feel motivated to use
a command provided by the system if it had been
used by another user in the group. In this way, he
would know that the command was useful, that it
worked, and that he could talk to that person if he
had trouble using the command. He also stated that
he would not follow up on any suggestion if he was
pushing a deadline. In such situations, he would
prefer the system to store the suggestions in a file
that he could print out and read at a later time.

Based on these discussions, the observer con-
cluded that the active assistant concept appeared
promising, although its success would depend on its
ability to motivate a user to attend, comprehend, and
use the suggestions. Such issues need further investi-
gations through the development of prototypes and
further user studies.

7. A prototype for active CAD assistance

We have developed the prototype of an active
assistance system based on discussions with users as
described above as well as on our ongoing analysis
of the video and keystroke data collected. In the
data, one of the architects used individual lines to
draw an orthogonal shape. When he chose to mirror
and copy the shape, he used a fence shape to group
the lines followed by the FENCE MIRROR—-COPY com-
mand. Subsequently, when he chose to pattern the
two shapes he had just drawn, he manually patterned
it with individual dots and triangles representing
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concrete by copying them from an adjacent shape.
The creation of a fence and the manual patterning of
a shape required many precise cursor inputs, thus
leading to many motor slips (errors caused inadver-
tently by inaccurate mouse selections) and a marked
increase in the total number of mouse and keystroke
interactions needed to complete the task (see [16] for
a detailed discussion). Drawing methods requiring
accurate inputs could have been avoided if the user
had used the orthogonal shape command to draw the
shape. This would allow the shapes to be patterned
automatically using the pattern command and to be
mirror-copied directly without using a fence.

Using the above example to test our hypothesis,
we have implemented the Active Assistant (AA), a
system that detects when a user attempts to perform

Flie Edit Element Settings Vlwe“;vm

any fence manipulation on a shape drawn with indi-
vidual lines. When this occurs, AA suggests a more
efficient way to complete the task. We first describe
how a user might interact with AA and then describe
its architecture, which is able to capture also other
kinds of situations and offer remediation.

7.1. Interacting with the Active Assistant

The AA interface was designed to provide active
assistance at the following two levels:
1. Textual notification that there is a better way to
perform a task executed by the user.
2. Graphic remediation describing what was done
and how to improve it.
When AA is invoked, a window named ACTIVE
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l{form a single Microstation element.
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Solid »
None

Fill Type:
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Fig. 4. The tutorial window enables users to inspect steps they could use to perform their task more efficiently. When the LocATION button

is selected, it opens the appropriate menu where the command being suggested resides; HIDE reverses that action.
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ASSISTANT is displayed at the top right-hand side of
the screen. As shown in the lower left-hand view of
Fig. 2, if a user draws a closed shape with primitive
lines and then attempts to perform a fence operation
on them, (for example, FENCE-MOVE or FENCE-
Copy), the system provides textual feedback in the
Active Assistant window. In this example, it is sug-
gesting the use of the PLACE ORTHOGONAL SHAPE
command.

If the user selects the LOCATION button, the sys-
tem opens the appropriate menu where the command
being suggested resides. If the user selects the SAVE
button, the text in the scrollable field is written to a
file that can be printed for later reference.

If the user selects the TUTORIAL button, the win-
dow enlarges as shown in Fig. 3. This tutorial win-
dow contains two areas on the top named WHAT YoU
DID and WHAT YOU COULD Do. If the user selects the
forward and backward arrow buttons under the WHAT
YOU DID box, the system graphically recreates the
steps the user performed to draw the lines in the
design file. The text box at the bottom of the window
provides a description for each of the steps. The INFO
button lists the disadvantages of the method selected
by the user to draw the shape. In this example, it
would encourage the user to try and move the shape
by selecting one of its edges, in which case only the
selected line will move.

The forward and backward arrow buttons under
the WHAT YOU COULD DO box can be used to display
graphically the steps that could be used to draw the
same shape in a more efficient way as shown in Fig.
4. The text field below the graphic box provides a
textual description of each step needed to perform
the task more efficiently. The INFO button provides

CAD User

[
o

> Engine

y

MicroStation [< Active Assistant

Fig. 5. Architecture of the Active Assistant.

If no symptoms found

BN

MicroStation ~.! Recognition
Events - Phase

If symptoms found Y

Inspection
Phase

/

Remediation
Phase

N

Fig. 6. Phases of operation in the Active Assistant.

the advantages for the method recommended. In this
example, the user is encouraged to move the shape
by selecting one of its edges; this time, the entire
shape will move.

As shown in Fig. 4, when the LOCATION button is
selected, the appropriate menu is displayed and the
suggested command highlighted. If the RETURN but-
ton is selected, the window returns to its original
state as shown in Fig. 2.

7.2. Architecture of the Active Assistant

The architecture of the Active Assistant is similar
to other knowledge-based systems that separate the
inferencing mechanism from the domain knowledge.
This separation facilitates the addition and modifica-
tion of the domain knowledge. As shown in Fig. 5,
AA consists of an engine and a collection of package
modules containing the domain knowledge. The AA
engine controls the overall operation of the system
by monitoring user events and accessing appropriate
packages.

Fig. 6 shows the three distinct phases in the
Active Assistant’s operation: recognition, inspection,
and remediation. During the recognition phase, AA
monitors the user for symptoms of suboptimal and
incorrect CAD usage. When a symptom is recog-
nized, AA proceeds to the inspection phase, where it
collects the information necessary to create advice
tailored to the user. This advice is presented to the
user during the remediation phase. The transition



254 S.K. Bhavnani et al. / Automation in Construction 5 (1996) 243-255

between phases is controlled by the AA engine. The
knowledge required at each stage is contained in the
package modules.

As the package modules are independent, the
knowledge they contain can be stored in representa-
tions appropriate to the respective domain knowl-
edge. In our prototype, we need to determine what
kind of shape has been drawn before a command can
be suggested (for example, the command to draw an
irregular polygon is different from the command to
draw an orthogonal rotated polygon). We therefore
use a decision tree to represent the tree-like structure
of inspections to be made on a set of lines defining a
shape. Once the type of shape has been determined,
the trigger component (implemented as a hybrid of
IF-THEN rules and a finite element state machine)
determines what suggestions to provide the user. The
AA prototype has been implemented using the Mi-
croStation Development Language (MDL), which
makes the prototype independent of hardware plat-
forms.

We are currently exploring the design of an au-
thoring tool for the addition and modification of
knowledge contained in the packages. Additionally,
we are investigating the design of a user model that
stores and processes past information about a user’s
interaction with the AA. This information could be
used to tailor the advice and behavior of the AA to a
specific user.

It is unclear at the present time how user motiva-
tion affects active assistance. The issues of attention
and intervention have plagued other attempts at de-
veloping active systems. For example, usability stud-
ies on intelligent help systems [17] and design cri-
tiques [18] have shown that users frequently ignore,
do not notice, or misunderstand computer generated
advice. Finding answers to such issues requires fur-
ther on-site observations of active assistance in use.

8. Conclusion

We are aware that our user sample is small and
that the office setting we have studied may not be
typical of CAD usage in general. The following
conclusions must therefore be seen against this back-
ground. However, it is pertinent to note that our
sponsor is a rather large institution maintaining de-

sign offices at various locations. Observations lead-
ing to improved CAD usage in these offices alone
would be valuable to the Corps of Engineers. Addi-
tionally we have indications that our observations are
valid beyond the specific type of office in which
they took place. Most encouraging among these has
been our experience at various conferences and sem-
inars at which our findings and suggestions have
been presented. For example, when these results
were presented at the 1994 US Intergraph Graphics
Users Group (IGUG) Fall Conference, response from
users, trainers, managers, and representatives from
Intergraph Corporation was immediate and support-
ive and, so far, no one has contradicted our observa-
tions.

With this in mind, we propose the following
conclusions. Given the extensive infrastructure avail-
able to support CAD users, we were initially puzzled
by reports of poor performance of CAD systems. We
wondered if there were aspects of CAD usage in an
office environment that have not been understood
and addressed. Inspired by the success of studies in
related fields, we explored the possibility of using
ethnographic techniques developed by cultural an-
thropologists to study CAD users in their real-world
environment.

During the study, we realized that the observed
users had leveled-off at a suboptimal use of the
system. Furthermore, they did not take advantage of
the many resources available to improve perfor-
mance. Further investigations uncovered issues of
communication and management that need to be
addressed. We also noticed that the users did not
seem motivated to explore the system. Rather than
seeking to use the software optimally, they were
mostly interested in getting the job done using famil-
iar (if inefficient) routines. On-line help and other
facilities were not used as they were too passive to
be helpful. We therefore arrived at a hypothesis:
users might benefit by an active assistance system
that makes suggestions while they are getting the job
done. The prototype of such a system is under
development and will be tested in future site visits
with end-users. Questions about the significance of
motivation remain and require further study.

Ethnography helped us, in a period of two weeks,
to develop explicit recommendations to improve
CAD usage and to formulate a hypothesis based on
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qualitative and quantitative data. Although one field
trip is not enough to understand all the complex
issues that affect usability in an office environment,
it points to seemingly promising directions for re-
search and future visits. The relatively inexpensive
nature of these visits makes this approach an attrac-
tive alternative to testing during or after a project has
commenced, which may lead to, possibly costly,
mistakes that are harder to correct.
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