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Abstract

In this paper, we examine interaction organizations in
communication through drawing. We report that both se-
quential and parallel interaction organizations take place
in actual human graphical communication, despite the
fact that the media use involved in drawing has resource
characteristics that better match parallel organizations.
We argue that activity-dependent constraints imposed by
the task performed in the interaction play a significant
role in determining the interaction organization. We pro-
pose two types of sequentiality constraints and demon-
strate that they can override the resource characteristics
of the drawing media, thereby enforcing a sequential turn-
taking organization similar to those observed in verbal in-
teractions.

I ntroduction

Turn taking and simultaneous action are two contrasting
organizational principles for multi-party joint activities.
People take turns to speak in conversation, whereas mu-
sicians play their instruments simultaneously in orches-
tra. One possible explanation for this contrast is that the
resource characteristics of the media use involved in the
activity dictates the style of interaction. The media use
for speech affords only one person’s speech sounds at a
time, whereas the media use for music affords multiple
instrument sounds simultaneously.

Sacks et al. (1974) regard verbal turns as an economic
resource, which are distributed to conversation partici-
pants according to turn organization rules. According
to them, one of the main effects of these turn organiza-
tion rules is the sequentiality of utterances, namely, the
almost complete absence of parallel or simultaneous ut-
terances from conversation. “Overwhelmingly, one party
talks at a time,” they observe. On the other hand, Bren-
nan (1990) reported that non-verbal signals, such as the
movement of a cursor, did not observe the turn organiza-
tion rules. Condon (1971) even claims that the gestures
and other bodily movements of participants in conver-
sation exhibit mutual synchrony with each other. These
findings apparently suggest that verbal and non-verbal
media in interaction do not necessarily adhere to the
same turn organization rules and that these differences
may derive from the contrasting resource characteristics
of the media used in the interaction.

The first purpose of this paper is to investigate whether
the turn organization holds for drawing interaction. Peo-
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ple engaged in spoken conversation often draw letters,
text, figures, and pictures on a piece of paper, a chalk-
board, or whatever affords a drawing surface. Do such
drawing expressions also obey certain turn organization
rules? In particular, are they organized sequentially,
without substantial temporal overlapping? Or do people
freely draw in parallel?

The second purpose is to elucidate the dominant fac-
tors in deciding between the two interaction organiza-
tions for drawing. Exactly when is sequential turn taking
for drawing mandated? When is simultaneous drawing
possible? !

Although theoretical in nature, these questions have
been mainly addressed in HCI literature, receiving con-
flicting answers. Stefik et al. (1987) report on a compu-
tational facility where multiple people engaged in spo-
ken dialogue can simultaneously “draw” on a shared
video display. The design idea was that this functionality
would liberate drawing expression from the sequentiality
constraint typical in spoken expressions, giving everyone
more chances to express herself. Thus, a key assump-
tion of their work is that people would use simultaneous
drawing for communication, given a facility to do so.

This assumption was also partially supported by Whit-
takker et al. (1991), who observed six groups of subjects
using a virtual shared whiteboard for long-distance com-
munication. They found frequent instances of simulta-
neous drawing on the whiteboard, especially, when dia-
grams and tables were drawn or modified.

Tatar et al. (1991), however, give a contradictory pic-
ture in their observational study of two groups of subjects
using the same system that Stefik et al. (1987) described.
They found that despite the potential for simultaneous
drawing, the subject interactions were largely sequential,
trying to take drawing turns as well as speaking turns.
They explained this fact by claiming that human commu-
nication generally proceeds incrementally, grounding ex-
pressed information one by one in real time. According
to them, the facility for simultaneous drawing is based on
an incorrect model of human communication, redundant
at best and troublesome at worst.

We argue, in this paper, that the resource characteris-

1Here by simultaneous drawing we mean drawing activi-
ties in which more than one participant is drawing at the same
time. This phenomenon excludes instances when simultaneous
drawing and erasing or erasing and erasing occur.



tics of the media involved are not sufficient to provide a
full account of the interaction organization, and that con-
straints imposed by the task performed in the interaction
also play a significant role. We propose two types of task
constraints and show how they work in organizing inter-
action through the examination of data we collected in
experiments on human communication by drawing over
electronic shared whiteboards.

Hypothesis

One may attempt to understand the reasons for the se-
quentiality of speaking turns by citing two factors. The
first is the non-persistence of speech. Speech occurs,
passes away, and leaves little trace once it is over. Speech
therefore must be comprehended in real time, and its con-
tent must be grounded without too much delay, usually
before the next substantial utterances are made. Ground-
ing of verbal utterances must be thus incremental .

The second factor is the restricted bandwidth of
speech as a communication medium. Because of the lim-
itations of human auditory processing, two or more utter-
ances made at the same time are difficult to understand
separately. Thus, it is unusual for more than one mes-
sage to be simultaneously transmitted through speech,
except when they are acoustically similar to make so-
called “sync talk”.

Given this non-persistence and bandwidth limitation,
it is very difficult to ground two spoken utterances made
at the same time. You cannot comprehend them together
because of the bandwidth limitation, while you cannot
delay the comprehension of one utterance until later, be-
cause of its non-persistent character. Thus, it is prefer-
able that verbal utterances be organized in sequential
turns, without substantial temporal overlap.

If one follows this explanation, one naturally thinks
of cases where such sequential turns are not mandatory.
Drawing is one interesting example of such a case. First,
it is usually persistent. The drawing activity itself occurs
and passes away just as speech does, but it leaves a trace
on the drawing surface. Thus, the grounding of drawing
content does not have to be made in real time, and can
be delayed until later. Second, with a sufficiently large
drawing surface, two or more drawing operations can oc-
cur at the same time, without the fear of their content be-
ing mixed in an incomprehensible manner. Thus, draw-
ing has larger bandwidth than speech does. For these rea-
sons, one may expect that drawing can occur in parallel,
without sacrificing natural communication. Simultane-
ous drawing may be even preferred, since it enables the
expression of a larger amount of information in a given
time than sequential drawing does.

This theory endorses the assumption underlying the
communication facility reported by Stefik et al. (1978),
that people use simultaneous drawing when possible. It
also explains the frequent occurrences of simultaneous

2See Clark & Schaefer (1989), Clark (1996), and Traum
(1994) for the notion of grounding. Chapter 8 of Clark (1996)
contains a detailed discussion of incremental grounding.
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inputs observed by Whittaker et al. (1991). The the-
ory, however, sharply contradicts the finding and claim
by Tatar et al. (1991).

Let us therefore call this theory Parallelism. It claims
that drawing expressions in communication have no
mandatory sequential structure. In contrast, Sequenti-
lalism is the view that sequentiality is a requirement on
drawing expressions.

In this paper, we will posit and test yet another view as
our hypothesis. According to this view, sequential struc-
ture is mandatory in drawing in some cases but not in
others. More specifically:

Sequentiality Constraint Hypothesis

1. Drawing interaction occurs in sequential turns
under either of the following conditions:

(@) Information Dependency Condition: when there
is a dependency among the information to be ex-
pressed by drawing,

(b) Event Alignment Condition: when drawing op-
erations themselves are used as expressions of
the proceedings of target events.

2. Sequential turns are not mandatory in drawing
activities when neither condition holds (and per-
sistence and certain bandwidth of drawing are
provided.)

The rationale for the information dependency condi-
tion is the intuition that when one piece of information
depends on another, the grounding of the former piece
of information is more efficient after the grounding of
the latter has been completed. This should be the case
whether a particular speaker is explaining the logical de-
pendency in question to her partners, or all participants
are following the logical steps together.

For example, suppose you and your partner are collab-
oratively drawing a map of a town on the basis of your
memory. Figure 1 is the map that is currently on their
sheet of paper. Given this map, the information (3) is a
logical consequence of the information (1) and (2):

(1) The Bankis in front of the Post Office across Seventh
Avenue.

(2) The City Hall is in front of the Bank across Maple
Street.

(3) The building represented by the blank square is the
City Hall.

Our point is that when you are grounding these pieces
of information, you will do so incrementally, starting
from (1) and (2), and then moving onto (3). The de-
pendency of the information encourages or even enforces
incremental grounding.

Note that once incremental grounding is employed, in-
teractions take place solely on a local area of the drawing
surface where the relevant information is expressed. The
size of the drawing surface therefore becomes irrelevant,
and the bandwidth afforded by it remains unused.

In this case, because the persistency and bandwidth
of drawing is not being effectively used, drawing is in
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Figure 1: A townmap on which information (1), (2), and
(3) will be drawn.

the same situation as speech. Sequential turn structure is
mandatory, generating sequential drawing turns. In the
above example, you would draw an icon labeled “Bank”
first, ground the expressed information, and then label
the blank square as “City Hall”.

Event alignment is a strategy for expressing the un-
folding of an event dynamically, using the process of
drawing itself as a representation. For example, sup-
pose you are reporting how you spent a day in the town
depicted in Figure 1. You might say that you walked
from Oak and Seventh to Maple and Sixth via Maple and
Seventh. If you report this process while drawing a line
along the route in the map, saying “I started from here
and turned left at here...”, you are using the drawing pro-
cess as a representation of your walking process. You
are aligning the drawing event with the walking event to
express the latter dynamically.

Our hypothesis is that simultaneous drawing is un-
likely while this strategy of event alignment is employed.
Under this condition, the movement or process of draw-
ing is the main carrier of information. The trace of draw-
ing has only subsidiary informational roles. Thus, in this
particular use of drawing, its persistency is largely irrele-
vant. The message must be comprehended and grounded
in real time, and bandwidth afforded by the drawing sur-
face becomes also irrelevant. This requirement effec-
tively prohibits the occurrence of any other simultaneous
drawing.

M ethod

An experiment in which subjects were asked to commu-
nicate graphically was conducted to examine the effect
of the two factors presented above on their drawing ac-
tivities. In these experiments, 24 pairs of subjects were
asked to work collaboratively on four problem solving
tasks using virtual whiteboards.

Experimental Setting

In the experiments being reported here, two subjects col-
laboratively worked on four different problem solving
tasks. All the subjects were recruited from local univer-
sities and were paid a small honorarium for their partici-
pation. The subjects were seated in separate, soundproof
rooms and worked together as a pair using a shared vir-
tual whiteboard (50 inches) and a full duplex audio con-
nection. The subjects were video-taped during the ex-

1172

periment. They also wore a cap-like eye-tracking device
which provided data indicating their the eye-gaze posi-
tions. The order in which the tasks were presented was
balanced between the 24 pairs so that the presentation
order would not have an affect on the results. The time
limit for each task was six minutes.

At the start of each task, an initial diagram was shown
on hoth of the subject’s whiteboards and then subjects
were free to speak to one another and to draw and erase
on the whiteboard. The only limitation to this draw-
ing activity was that they could not erase or occlude the
initial diagram. All drawing activity on the whiteboard
was performed with a hand-held stylus directly onto the
screen, and any writing or erasing by one participant
appeared simultaneously on their partner’s whiteboard.
The stylus controlled the position of the mouse pointer,
and when not drawing, the position of both subject’s
mouse pointers was displayed on their partner’s white-
board.

Tasks

Deduction Task with an Event Answer (1€) A logical
reasoning problem with a correct answer. The problem
asks that the subjects describe the arrangement of people
around a table and the order in which people sit down.
This seating arrangement and order must satisfy some
restrictions (e.g. “The fifth person to sit is located on
the left-hand side of person B™). A circle representing a
round table was shown on the whiteboards at the start of
the task. This task has strong informational dependency
and strong event alignment.

Deduction Task with a State Answer (1s) A logical
reasoning problem with a correct answer asking that the
subjects design a seating arrangement satisfying some re-
strictions (e.g. “S cannot sit next to M”). A circle repre-
senting a round table was shown on the whiteboards at
the start of the task. This task has strong informational
dependency and loose event alignment.

Design Task with an Event Answer (2€) A task with
an open-ended answer, asking subjects to make an excur-
sion itinerary based on a given town map. A complete
town map was shown on the whiteboards at the start of
the task. This task has weak informational dependency
and strong event alignment.

Design Task with a State Answer (2s) A task with an
open-ended answer, asking the subjects to design a town
layout to their own likings. An incomplete town map
was shown on the whiteboards at the start of the task.
This task has weak informational dependency and loose
event alignment.

Data

During each task all drawing, erasing, and mouse move-
ments by each subject was recorded in a data file. Us-
ing this data, the amount of simultaneous drawing was
calculated as the percentage of the total time spent draw-
ing simultaneously of the total time either subject spent
drawing (i.e. the sum of the time intervals in which both
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Figure 2: Amount of simultaneous drawings

subjects drew simultaneously divided by the the sum of
the time intervals in which at least one of the pairs drew
on the whiteboard). The average distance between the
pens during each simultaneous drawing event was calcu-
lated based upon the averaging of the distances in pixels
between the two pens sampled every 200 msec during all
simultaneous drawing events.

Results

The Amount of Simultaneous Drawing

As is shown in Figure 2, the proportion of simultaneous
drawing time to total drawing time was the largest in the
design state (2s) condition. This data was entered into a 2
x 2 Analysis of Variance (ANOVA). Both problem type
(deduction and design) and by solution type (state and
event) were treated as within subject factors. Analyses
revealed a main effect of problem type F(1,23)=15.25,
p<.001 and solution type F(1,23)=32.033, p<.001 which
was qualified by an interaction F(1,23)=8.33, p<.0l.
This interaction was caused by an effect of solution type
on the design task F(1,23)=42.88, p<.001. No effects
were found for the solution type on the deduction task
F(1,23)=2.13, p<1 nor for the problem type on the event
solution F<1.

Thus, it was shown that simultaneous drawing tends to
be blocked when the task has either strong informational
dependency or tight event alignment, or both of them.

The Aver age Distance of Simultaneous
Drawings

Figure 3 illustrates the average distances between the
pens during simultaneous drawing. It can be seen that
the event tasks had shorter average distance than the state
tasks. This data was again entered into the same 2 x 2
Analysis of Variance (ANOVA) used in the last section.
Analyses showed a simple main effect of solution type
F(1,23)=23.19, p<.001 and no effect of problem type nor
interaction Fs<1.

Thus, it was found that simultaneous drawing happens
closer to each other when the task has strong event align-
ment.

1173

Dependent wariable

8o [

T T
state (s) Event (e)

O——0 peduction (1)

@—@ Design (2)

Interaction between problem type and solution type

Figure 3: Average distance of simultaneous drawings

Evidencefor the sequentiality of constraints

The sequentiality of constraints manifest themselves in
the actual behavior of participants in graphical commu-
nication. We found evidence in the recorded data of in-
teractions that indicate the effects of the constraints.

Information dependency

Figure 4 shows a snapshot of the drawing interaction that
took place between two collaborators working on the de-
sign state task (2s). The upper row and the lower row
indicate the drawing behaviors of subjects A and B, re-
spectively. No information dependency was imposed by
the task, and the event alignment strategy was neither
necessary nor plausible. A and B agreed to divide the
design task into two sub-tasks, the design of a station
plaza and the design of a park, and started to work on
each separately. A is now drawing a forest icon, while
B is drawing a station sign simultaneously. They declare
what they intend to draw when they start drawing, but
they do not acknowledge the drawing produced by their
partners until they finish their own drawings. This exam-
ple indicates that, without the sequentiality constraints,
collaborators are free to adopt rather coarse-grained in-
cremental grounding activity style, which in turn permits
parallel drawing.

We observed quite different behaviors in the deduction
state task (1s). Information dependency is created here
by the logical dependency between seating assignments.
Two subjects A and B are discussing at one point during
the course of their interaction which seat to assign to a
particular person Sat a round table before moving on to
work on other people. After enumerating relevant con-
ditions posed in the problem, they start agreeing on one
particular slot. While they are both verbally referring to
the position of the slot, A starts drawing the mark S in the
slot to indicate the placement of S. B, who also started
to initiate the same drawing action, stops in the mid-
dle when he observed A’s drawing action, and verbally
acknowledges A’s action instead. This example clearly
shows that the information dependency constraint posed
in the task brings about fine-grained incremental ground-
ing activity between collaborators by making them work
in close agreement regarding the state of their partial so-



Figure 4: Drawing interaction exhibiting coarse-grained
incremental grounding in the design state condition.

lution and aligns decisions about which seating slot to
assign to whom. This activity style, then, forces them to
observe sequential turn-taking organization and to avoid
simultaneous drawing.

Event alignment

The event alignment strategy was evident in the design
event task (2e). A typical case was observed in which
subjects A and B, while jointly designing a tour in the
virtual town, have agreed to visit the museum next and
have just begun discussing the choice of transportation
means. Afirst proposes to go on foot. B makes a counter-
proposal to go by a train. A agrees. A and B both start
to initiate the drawing of the line for the move on the
map. B is the first to actually initiate the drawing. B
draws the line to the museum icon while simultaneously
describing the movement by the utterance “go like this.”
A, upon looking at B’s drawing already initiated, pulls his
hand away from the whiteboard, and produces verbal ac-
knowledgment to B’s drawing action. B’s drawing here
embodies B’s adoption of the event alignment strategy.
The event of moving the pen to the museum icon repre-
sents the event of being transported by train to the mu-
seum in the designed tour. The event alignment strategy
enforces the sequential organization of the interaction.
Evidence for this hypothesis is given in the example by
the fact that they avoided jumbled drawing and restrict
themselves to turn taking in their drawing productions.

Figure 5 shows a snapshot from the deductive state
task (1s). The logical dependency between seating as-
signments works as the information dependency con-
straint, but the event alignment strategy does not occur
here. Subjects A and B are discussing who to seat next to
M. B draws the sign N as one candidate, while A simul-
taneously draws the sign O, saying “O is also possible.”
Simultaneous drawing occurs for disjunctive pieces of
information. This example suggests that when the event
alignment strategy is not adopted, the information depen-
dency constraint alone leaves room for parallelism.

Even though information dependency constraints en-
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Figure 5: Drawing interaction without the event align-
ment strategy in the deduction state condition.

force incremental grounding interaction styles, it is still
possible to find room for parallelism within each incre-
mental step, as long as the pieces of information ex-
pressed during simultaneous drawing are not subject to
any information dependency constraints. On the con-
trary, the event alignment strategy enforces close coor-
dination of attention to the same object at the same time
between collaborators. This requirement for coordina-
tion works strongly to favor the sequential organization
of the interaction, because it effectively prevents collabo-
rators from exploiting both the persistence and the band-
width of the drawing media.

Discussions

Sequentiality hypothesisand drawing turns

Our sequentiality hypothesis predicts that even with per-
sistent media, e.g., a whiteboard, collaborative activities
would exhibit sequential turn-taking organizations when
the joint task conducted using the media demands ei-
ther or both of the information dependency and the event
alignment constraints be satisfied. Our experimental re-
sults shown in Figure 2 supports the prediction. We ob-
served frequent occurrences of simultaneous drawing in
the design state task condition. About one sixth of one’s
entire drawings were made simultaneously with those
by her partner. But, significantly less temporal overlap
in drawing were observed in the other three task condi-
tions: design event, deduction state and deduction event.
Simultaneous drawing is possible when neither of the
two sequentiality constraints are imposed by the task,
whereas turn-taking behaviors are enforced by either of
the sequentiality constraints.

Simultaneous drawing distance

Even though both the information dependency and the
event alignment constraints work equally in enforcing
the sequential turn-taking organization, these two fac-
tors manifest themselves in different drawing behaviors
when two participants draw simultaneously, as was ob-
served in Figure 3. Simultaneous drawing produced in



the state conditions was placed, on average, farther away
from each other than those produced in the event con-
ditions. It appears the event alignment strategy, which
is a good match for working in the event conditions, is
the major factor in determining how close simultaneous
drawing can take place. This is understandable when
we consider that the event alignment strategy effectively
suppresses the bandwidth characteristics of drawing me-
dia by forcing collaborators to focus on the same region
of the whiteboard. Simultaneous drawing must be the
accidental crash of drawings, similar to the crash of ut-
terances observed in verbal interactions. As long as the
event alignment strategy is not adopted, the information
dependency constraint alone, which is effective in the
logic state condition, still leaves room for collaborative
simultaneous drawing, as we saw in the example in Fig-
ure 5, which can be produced in farther away positions.

Parallelistsvs. Sequentialists

How do our results compare with claims by Parallelists
and Sequentialists? Parallelists claim that the persis-
tence of media eliminates the requirement of incremen-
tal grounding in interaction, making it possible for in-
teractants to produce drawings in parallel. However,
even though persistent media makes it possible, in prin-
ciple, for collaborators to adopt non-incremental ground-
ing strategies, there can be other sources, e.g, the sequen-
tiality constraints, that demand incrementality in ground-
ing. When the task itself demands the participants to ob-
serve certain information dependencies, either logical or
temporal, the collaborators have to design their activities
so that they attain the alignment of knowledge and the
agreement of their decisions before they move on to the
next step. Otherwise their activities diverge from each
other so that they quickly lose track of dependency rela-
tionships between pieces of information and run the risk
of unsuccessfully completing the task.

On the other hand, Sequentialists criticize the paral-
lel use of persistent drawing media in interaction on the
grounds that natural interaction needs to be sequential.
Our design state task condition, as well as other stud-
ies on parallel drawing activities, clearly show that nat-
ural parallel drawing interactions are possible. This is
because where neither the information dependency con-
straint nor the event alignment strategy is effective, col-
laborators can fully make use of the persistence of the
drawing media to separate the production and the com-
prehension of drawings, thereby making one’s produc-
tion of drawings independent from that of her partner.

In short, the characteristics of the media is not the
only determinant of the turn-taking organization in in-
teraction. The constraints in the task and the strategies
adopted for the activities both play significant roles in
what kind of organization structures emerge in collabo-
rative interactions.

Conclusions

We examined how interactions are organized in graphical
communication. Following the mixed results obtained in
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the HCI field, we first postulated two types of constraints
that mandate sequential drawing turns. We conducted
an experimental analysis of actual human graphical in-
teractions over an electronic shared whiteboard, putting
them under the four conditions corresponding to the pres-
ence and the absence of the postulated constraints. Dif-
ferences were observed both in terms of the amount of
and the distance between simultaneous drawings, which
confirmed the effectiveness of the constraints in deter-
mining sequential/parallel interaction organizations. A
detailed examination of the data also revealed additional
evidence for the effectiveness of the constraints. These
results lead us to a new picture of interaction organi-
zation mechanism in which both the activity-level con-
straints imposed by the task and the resource-level con-
straints imposed by the media’s physical characteristics
affect the interactional styles in communication. These
findings suggest that task-level constraints need to be
taken into consideration when designing interactions in
HCI and CSCW systems. Exactly how they should be
considered, of course, depends on further elucidation of
the task-level constraints and the roles they play in vari-
ous types of interactions.
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