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C

onsider a surgical team in the midst of an operation. As the
operation unfolds, the surgeon requires actions, such as the
passing of surgical implements, on the part of the scrub nurse and other
assistants. In order to coordinate their behavior, the surgeon and scrub
nurse must mutually understand what surgical implement is needed at
what time. One way they can coordinate is through language-the surgeon can simply say, for example, "Pass the scalpel." They can also communicate via gestures-the surgeon can point to the desired implement.
Interestingly, however, observations of surgical teams have discovered
that nurses often predict, by watching the surgeon's behaviors and the
status of the task, what implements the surgeon needs and can have
them ready in advance of any verbal or nonverbal requests (Nardi et aI.,
1993).
Surgical teams perform one example of a collaborative physical
task, a task in which two or more individuals jointly perform actions on
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concrete objects in the three-dimensional world. Such tasks play an important role in many domains, including education, design, industry, and
medicine. For example, an expert might guide a worker's performance of
emergency aircraft repairs in a remote location, a group of students might
collaborate to build a science project, or an emergency room team might
combine its efforts to save a patient's life. In each case, the success with
which group members can perform collaborative physical tasks depends
to a large extent on how well they can infer one another's states of mind.
Observational studies of physical collaboration suggest that people's speech and actions are intricately related to the position and dynamics of objects, other people, and ongoing activities in the environment (e.g., Flor, 1998; Ford, 1999; Goodwin, 1996; Kuzuoka & Shoji,
1994; Tang, 1991). Conversations during collaborative physical tasks
typically focus on identifying involved objects, describing actions to be
performed on those objects, and confirming that the actions have been
performed successfully. During the course of the task, the objects themselves may undergo changes in state as people act upon them (e.g., me-'
chanical pieces of a device may become functional as it undergoes repair)
or as the result of outside forces (e.g., a patient might start hemorrhaging).
The performance of collaborative physical tasks requires substantial
coordination among participants' actions and talk. In face-to-face settings, much of this coordination is managed through visual information.
Visual information plays at least two interrelated roles. First, it helps
people maintain up-to-date mental models or situation awareness of the
state of the task and others' activities (Endsley, 1995). This awareness
can help them plan what to say or do next and to coordinate their utterances and actions with those of their partners. Second, visual information can help people communicate about the task, by aiding conversational grounding-the development of mutual understanding among
conversational participants.
Actions and words are signs of state of mind, and they fluctuate in
effectiveness depending on communication media and can substitute for
one another in the grounding process. Our research explores relationships among visual information, conversational grounding, and the ability of communicators to understand each other's minds. We also explore
the role of this mutual understanding in the collaborative process. Communicators' inferences about each other shape their decisions regarding
how to situate, frame, and time their conversation about the task at
hand.
In the remainder of this chapter we first describe how people collaborate on physical tasks-how they maintain situational awareness and
ground their conversations. Then, we present our theoretical framework
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for analyzing the role of visual cues in situational awareness and
grounding. We next present an overview of our research paradigm and
some selected findings regarding how visual cues are used to infer others'
minds during collaborative physical tasks. We end with some conclusions about the role of visual information in inferring others' minds and
directions for future research.

COLLABORATING ON PHYSICAL TASKS
In order for collaborators to provide useful assistance, they must determine what help is needed; when to provide the help, how to phrase their
messages of assistance such that the worker understands them, and
whether the message has been understood as intended or additional clarification is needed. That is, assistance must be coordinated not only with
the worker's utterances but also with his or her actions and the current
state of the task.
Consider the following fragment from a conversation in which a
helper is telling a novice worker how to attach a bicycle saddle to its seat
post using clamps.
HELPER: Now you want to fit the rails of the seat into that groove.
WORKER: I see. How can it fit into?
HELPER: You might want to unscrew those nuts a bit.
WORKER: Oh-OK.
HELPER: It will give you a little more room.
To have this dialogue, the helper needs to overcome several challenges. One challenge is for the helper to identify what the worker is attending to, in order to determine whether an object is part of the joint
focus of attention. The helper's use of the definite article in "the rails"
and "the seat" and deictic adjectives in "that groove" and "those nuts"
depends on knowing the worker's focus of attention, to be assured that
he was referring to the rails, seat, grooves, and nuts the helper was manipulating. A second challenge is to make sure that the worker understands an utterance before continuing the conversation. In this example,
the worker verbally indicated understanding with phrases like ."1 see" or
"OK." The helper could also infer understanding because he could see
that the worker had indeed started to loosen the nuts. Finally, the helper
needs to comply with Gricean norms of conversation, such as informativeness and brevity (Grice, 1975). In this case, he does so by using
deictic references (e.g., "that groove") along with pointing.

