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Abstract
Current computer systems have many of the negative

aspects of the situation in which a younger sibling
"tags along." They require the user to do extra work that
is unrelated to the task at hand. The label "tag-along
system" serves to illustrate principles and approaches
to cooperative problem solving systems used in design.

Introduction

A popular theme in artificial intelligence and human
computer interaction is that the machine should in some
sense cooperate or collaborate with the user. For this to
happen, it is claimed, the machine should understand what
the human is trying to accomplish. Given these two
statements, the solution suggested becomes: "therefore,
the human should explain to the machine what the human
is trying to do so that the machine can provide active
help."

This paper argues that asking a user to describe what he
is doing in order to assist him is a fundamentally flawed
approach to cooperative systems. This approach leads
inevitably to "tag-along systems," ones that require extra
work in order to be useful at all; extra work that interferes
with the task at hand. The thesis in this position paper is
that users will not tolerate doing things twice: once for
themselves and again (in essence) to explain it to the
machine that is tagging along.

Tag-Along Systems

In what sense is a machine cooperative if the user has to
do everything twice: once, to explain to the machine what
is about to happen, and a second time to do the actual
task? Yet this is what certain approaches to cooperative
systems entail. For the computer to be useful, it is
argued, it should know what the user is trying to
accomplish; and thus the user should explain to the
system a) what is about to happen or b) what just did
happen.

Both cases are similar to having a younger sibling
tagging along and asking either, "What are we going to do
next? Why are we going to do that?" or, "What did you
just do? Why’d you do that?" It is as though the user has
to baby-sit the computer in order to gain any benefit from
the system.

Though the idea of explaining things to a computer is
annoying in itself, there are also reasons why both pre-

and post- explanations are in principle unworkable
approaches to cooperative problem solving.

There are two reasons why pre-action explanations,
(i.e., specifications) will not work. First, design is 
process that unfolds incrementally. As potential
solutions are explored, the problem is reframed and
reinterpreted [Schoen 1983]. The user can in principle
therefore not indicate in advance what he will do next or
what path he will follow.

Second, designing is a process in which tacit knowledge
is brought to the foreground in situ [Stahl 1993, cf.
Suchman 1987]. The designer continually interprets the
evolving artifact and so comes to understand the problem
and the solution differently over time. The definitions are
open to reinterpretation and cannot therefore be specified
in advance.

The difficulty with post-hoe explanations is that they
easily become post-hoe rationalizations. People
remember past events in terms of what makes sense now,
rather than what made sense then [Anderson 1985]. To
ask users for explanations is to invite, even if
unintentional, creative remembering of design rationale.
One runs the risk of getting "why we should have done
this" rather than "why we did this."

To solve the "cooperation problem" by forcing the user
to make previously tacit knowledge explicit, either before
or after tasks, is not to solve it at all. Rather it is to
simply postulate a "new and rational man" who will
comply with the "intelligent machine."

Leverage and Shared Context

Several descriptive words should signal caution to
systems designers. They are "leverage" and "shared
context." This section argues that these words often lead
to systems in which the user is forced to go out of his
way to keep the machine in the loop.

On the surface, the word leverage sounds appealing. It
seems like an entirely positive word. However designers
must guard against the potential for leverage to be
misused as, "force the user to give a little, before the
system can give any."

This is sometimes subtle; for example the machine can
provide leverage of a design task if the machine knows
what the person is trying to do, therefore the person must
make his intentions explicit. This goes against mounting
evidence that people are in a fundamental way incapable of
both describing their current design task and at the same
time carrying it out [Fischeretal 1992]. The key issue is
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in the nature of the forcing. For example, one could
make an argument (based on "leverage") that SQL is 
great interaction advance, because it provides so much,
provided that the user express his queries in a certain way.
Yet it can hardly be disputed that SQL is a bad idea for
end-users. If only they would "give a little" and learn
SQL, the system could provide much "leverage."

Another word that should serve as a warning sign is
"shared context." On the surface it sounds good: if the
user and the system share more context, the system can
provide more assistance. The issue is in how the context
is to be shared and who has to do the work to ensure that
the context indeed gets shared. To stay with the SQL
example, one could argue that if the user learns to express
himself in SQL, i.e., to rephrase "natural" questions into
system-understandable queries, then the machine can
"share" in the context of the query and "understand" what
the user wants. But from a user’s perspective this is, of
course, seen as ridiculous.

Whenever extra work is required because it is a
"knowledge-based" system, this should serve as a red flag
alerting designers to the possibility that they are not, as
intended, creating a cooperative system, but rather a tag-
along system. Sharing is a mutual activity, yet current
systems implement it only as a one-way street, from user
to machine.
If forcing users to produce extra work just so that the
computer can help is the wrong approach, then how
should cooperative systems be built? The following
sections describe an approach to cooperative systems
based on the idea that computer systems for design should
be viewed as "a medium through which design takes
place."

Design Medium
Though there are many domains in which systems might
cooperate with users, the one of interest here is design.
Schoen [1983] provides a powerful critique of recent
design theory. He argues against the ideas that design is
some sort of rational, goal-directed search for optimizing
solutions, and instead suggests a metaphor of design as "a
reflective conversation with the materials of a situation."
My interpretation of this metaphor is that computer
systems should become less the "keepers of the artifact,"
(e.g., a repository for CAD drawings) and more of 
"medium for design." This medium must channel
communication about the design as well as the design
process itself. The design artifact becomes the
representation of the design as well as the channel through
which communication flows [Reeves Shipman 1992].

Observations of designers in architecture show that the
discussion is grounded so fundamentally in the
representation on paper or white-board that the artifact
shapes the communication between designers. A close
look at Schoen’s [Schoen 1983] protocol of Quist (an
architecture instructor) conducting a design review with
Petra (a design student), shows the intertwining 
drawing and talking. Quist listens to Petra’s description

of the problem and her difficulty in continuing the design.
He places a sheet of tracing over the sketches and begins
to draw on it. As he draws, he talks. And as he speaks,
he draws, placing, for example, the kindergarten "here" in
the drawing. His words do not describe what is already
there on the paper but parallel the process by which he
makes what is there [Schoen 1983 p. 80]. The verbal
and non-verbal dimensions are so closely connected that
the spoken words are unclear apart from the sketching, and
the sketching is unclear apart from the spoken words.
Deictic utterance (referring to items with words like this,
those, or using words like here, there) litters the
transcript.

Since sketching plays such a central role in architecture,
it is easy to dismiss this dependency on deictic references
to make sense of the communication as simply related to
the domain. But observations of professionals in other
domains such as network design shows that this
dependence is not restricted to the domain of architecture.
An analysis of two network designers planning the
installation of new workstations showed that deixis also
plays a key role in that domain [Reeves 1993]. In design
work, the communicating and designing both take place
through the artifact. A cooperative system is therefore a
system through which designing and communication
about the design both take place.

Observations of network designers, for example, show
that about 20% of their statements in design sessions
contain deictic references [Reeves 1993]. These are
references that cannot be understood apart from an audio
tape -- one needs the video to see where the designers were
sketching or pointing to make sense of the reference.
Talking "about" an artifact requires talking "with" that
artifact. Yet computer systems do not allow this
integration of designing and talking about the designing.

It is unconscionable to interrupt users every time they
make a deictic reference and ask, "What did you mean by
’those machines’?" However a computer system that acted
like a medium in even a small sense, such as allowing the
seamless integration of sketching and textual notes and
email would begin to capture this, because people tend to
automatically associate written communication and
graphics in disambiguating ways [Reeves 1993].

Design History
The second aspect of cooperative systems motivated here
is that they must be centered around artifacts that keep
track of their own design history. Wolf and Rhyne [1992]
argue that the process by which information is created and
used can be important for understanding of the end product
of a work group. In a study done to understand how to
facilitate information retrieval in computer-mediated
design sessions, they analyzed how group participants
used videotape to access meeting information. They
found that people searched for information using four
main access methods:
¯ by participant: they remembered person X doing some

action
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¯ by communication medium: people recalled what
medium was used (e.g., white board, overhead
transparency)

¯ by time: people used relative time ("midway through
the meeting"), duration ("25 minutes into the
discussion"), and clock time ("we only got through
item 1.2 by 5 o’clock")

¯ by relation to other events: people used events as
markers before/after other events.
These findings of how people use videotape for

information retrieval serve as challenges for
computational history mechanisms. This gives us
insight into how a design artifact should be queriable.
Studies of long-term collaboration in the domain of
network design confirm these observations and surfaced
additional indexing items. The graphical representation of
design units served as index: "Can I get the history on
this router?" Colleagues also served to anchor queries,
"Show me the changes made by Ben" [Reeves 1993].

Conclusions
In summary, a tag-along computer system that forces the
user in essence to do everything twice, once for "real" and
once to explain it to the machine, can hardly be considered
"cooperative." Rather, cooperation is supported by a
combination of unobtrusiveness and awareness of the
context in which design and communication about the
design took place. There are ways in which the computer
can serve as a medium through which designing and
communicating about that design are channeled. This
medium can also provide a history mechanism to allow
users to access past events in the context in which they
took place.

The challenge in building cooperative systems is to
provide leverage and shared understanding at no
additional cost to the user. Viewing the system as a
medium rather than a storage container, and having
history-aware design artifacts results in a system in which
several services that are crucial to human-machine
cooperation can be provided at zero cost to the user.

Two aspects of cooperation addressed by this approach
are unobtrusiveness and active participation by the
system. One aspect of cooperation is that the computer
system "interferes" less with designing. Though this is
the "absence" of a nuisance, it can still be considered an
important aspect of cooperation, in the sense that people
who constantly interrupt or generate barriers to design or
communication are considered uncooperative. The aspect
of active participation is seen when the computer system
can provide design knowledge by having access to the
context in which information was generated. The user can
ask, "Show me the artifact as it looked when Ben and
Joshua argued about this aspect." By restoring the
context of the design, previous design discussion becomes
clearer.
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