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Automatic mediation in group problem solving
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Conflicts over allocation of speaking time often occur in both formal and informal confer
encing. In a problem solving experiment, an automatic mediator resolved conflicting requests
during telephone conferencing. It combined inputs signaling intention to speak, using pre
programmed rules that then selected the new speaker. Teams of four undergraduate students
repeatedly called upon the mechanism to resolve conflicting requests. Participant and mechanism
behavior were recorded for later evaluation by a protocol analysis program that checked data
strings for correct syntax, simulated behavior of alternative resolution rules, and aggregated
group and individual data for processing with a statistical package. This approach to group
experimentation yields significant methodological advantages in terms of verification of correct
experiment administration, reduction in experimenter effects, and promotion of self-direction
by participants.

This report presents a computer-based method of
studying automatically mediated dialogue in the context
of group problem solving. Automatic mediation refers to
a procedure for group facilitation in which participants
manage their own turn-taking behavior by signaling a
computer mediator when they wish to speak. The medi
ator then stores these requests according to prepro
grammed rules, subsequently displaying the name of the
new speaker and activating that person's microphone or
telephone. The experimental system reported here was
developed for the purpose of exploring the effects of
different rules for resolving conflicting requests to speak
on the communication pattern and on the problem solv
ing performance of groups. Specifically, it details the
programs developed at the University of California,
Irvine, School of Social Science, for administering a
group problem solving experiment and processing the
resultant data. The experimental system, like the proce
dure for resolving conflicting requests to speak, permit
ted participants to control the sequence of experimental
events. A discussion of how the experiment is adminis
tered and how the resulting data are checked for accuracy
and aggregated by a protocol analysis program is pre
sented.

Recent reports by Brown (1979) and Cappella and
Streibel (1979) have presen ted automated procedures
for analyzing voice chronography data. Their reports
emphasize the utility of such talk-silence data for the
study of diadic and multiperson communication. With
automatic mediation, additional information is available
in an anonymous request channel. This information
signals people's intention to communicate, while in
other methods of studying group communication, inten
tions must be inferred.

This work was supported in part by National Research
Service Award I 1'32 MHOS164.{)3 from the National Institute
of Mental Health.

A fundamental assumption of this research procedure
is that the independent channel for requests can facili
tate coordination in group problem solving. In a typical
conversation, only one person may be speaking at any
given moment. In automatically mediated dialogue,
however, many people may be responding anonymously
and independently to the speaker. This increased density
of responses (2n vs. I of n) permits a more detailed
assessment of the group communication pattern and the
characteristics of the individuals in the problem solving
group. In a preliminary report, a variable available only
in the request channel seemed to significantly discrim
inate among groups of individuals with different person
ality characteristics (Stodolsky, Note I). This variable
measured the waiting time between when a request was
submitted and when the person was to speak. It was
found to correlate with the individual's pretest score on
the Personal Report of Communication Apprehension
(McCroskey, 1970). This finding supports the utility of
the current approach, since measurement of this variable
is not possible in the typical problem solving experiment.

Explicit mediation becomes more crucial in large
social aggregates. In face-to-face groups, rules of proce
dure are often used to insure fair treatment of partici
pants and deliberate consideration of the question at
hand. Computer mediation of such groups has been
limited to devices for collecting and aggregating votes
or indications of preference. The automatic selection of
speakers has been limited primarily to telecommunica
tion situations in which a visual channel for coordination
of turn taking is lacking. Another area in which auto
matic selection has been investigated is video confer
encing, in which a number of individuals must share a
single visual channel. These systems typically have
extremely simple rules that activate a microphone or a
television camera according to the amplitude of a voice
signal from a speaker.

With automatic mediation, an electronic system is
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interposed among the parties in order to resolve pro
cedural conflicts. In the experimental system described
here, this channel is used only for the transmission of
request-to-speak signals. The computer resolves conflict
ing requests, thereby facilitating turn taking by speakers
and permitting greater attention to be focused on the
problem. Both rules for resolving conflicting requests
used in this study guaranteed each person an equal
opportunity to participate. Some equal opportunity
mechanisms, however, are substantially more stable and
resistant to manipulation than are others.

RATIONALE

One rule for speaker selection, the first-in/first-out
rule, is used in both manually and automatically facili
tated groups. In large discussion groups, a facilitator
often maintains a list of pending speakers. Names are
added to the list as people request to speak and are
crossed off as the people take their turns. The need for
research in this area is illustrated by the relative sophisti
cation of technical as opposed to social aspects of work
on mediated voice conferencing. Cohen and lSI Research
Staff (Note 2) describe research that, while producing a
number of technical advances in voice processing and
encryption, uses a first-in/first-out rule for conferencing.
This rule seems to work well when only a few people are
waiting and when a time limit forces concise statements.
A theoretical analysis, however, suggests that the first-in/
first-out rule can have severe disadvantages.

First, the crucial resource in group conferencing is the
time available for discussion. A rule that focuses on
turns is not likely to effectively utilize this resource.
When a turn is not explicitly time limited, this inappro
priate focus may result in a speech pattern with exces
sively long turns. A common result is that a person will
have a number of points to comment on by the time his/
her turn arrives. Thus the interaction resembles a sequence
of short speeches as opposed to a direct interchange of
ideas. Even one person taking excessively long turns can
force such a pattern, since others must respond similarly
to maintain their fair share of speaking time. The discus
sion may become confused, since a response to a state
ment is likely to suffer substantial delay while other
unrelated points are made. When turns are time limited,
the situation may improve somewhat, but the first-in/
first-out rule is still not resistant to manipulation or
panic. The rule does not specify a well-ordered joint
strategy. That is, if each person seeks to maximize his/
her speaking time, the first-in/first-out rule collapses. In
a situation in which persons request to speak immedi
ately after their tum is completed, in an attempt to
maximize their speaking time, the first-in/first-out rule
collapses into a round robin rule with a static sequence
(specified by the initial sequence of requests). Haley's
(1964) results suggest that such a pattern is associated

with pathology, at least in the types of family groups he
studied. The equal time rule, by contrast, preserves a
history of total speaking time, not merely the pattern
of pending requests. This cumulative history permits a
resolution of conflicting requests based upon a fair
distribution of speaking time. Thus manipulation is
precluded, and a joint strategy that attempts to maxi
mize speaking time does not result in a collapse or panic.

HYPOTHESES

Three classes of hypotheses are considered when deal
ing with the effects of the rule chosen for automatic
speaker selection. They concern the balance of participa
tion, group emotional tone, and individual learning. The
resolution rules directly affect the balance of vocal
participation in the group, since the rules determine who
will speak when requests conflict. The preliminary
hypotheses are concerned with the magnitude of this
differential in participatory balance. The first major
hypothesis suggests a differential emotional impact upon
individuals and the group as a unit, depending upon the
rule used. The second major hypothesis suggests that
improved participatory balance will affect individual
learning and performance.

Preliminary Hypothesis
The preliminary hypothesis concerning participation

is that the equal time resolution rule balances vocal par
ticipation more effectively than the first-in/first-out
resolution rule. In first-in/first-out conferencing, the
machine mediator places the group member's names on a
list of people waiting to speak when they press their
buttons. When the previous speaker finishes, the medi
ator selects the first person still on the list, that is, the
one who has been waiting the longest to speak. In equal
time conferencing, the mediator places the group mem
ber's names on a list of people waiting to speak when
they press their buttons. When the previous speaker
finishes, the mediator selects the person still on the list
who has spoken the least thus far.

There are two methods of determining the balancing
effects of the equal time speaker selection procedure.
The first is experimental comparisons; balance in both
elapsed speaking time and in number of speaking turns is
compared across the experimental conditions. The bal
ance of participation can also be compared with that
typical of unmediated dialogue. Stodolsky (1979) found
significant balancing as measured by the distribution of
turns resulting from mediation by the equal time resolu
tion rule as compared with unmediated dialogue.

The second method is.simulated comparison: During
data analysis of one speaker selection algorithm, the
other is simulated. At each point a speaker was selected,
the data analysis program determines whether the simu
lated algorithm would have resolved the conflicting floor



requests differently. This differential resolution measure
indicates to what degree the different algorithms choose
the next speaker differen tly.

Major Hypotheses
The first major hypothesis concerning emotional tone

is that the equal time resolution algorithm will counter
communication apprehension by aiding persons unaccus
tomed to public speaking in gaining a turn to speak (for
example, by putting them ahead of others in the speak
ing order so they get a turn before they change their
minds). The hypothesis is tested by comparing communi
cation apprehension scores from a pretest with degree of
participation as measured by the fraction of group
conferencing time used and fraction of statements made
by that group member.

Additional measures of emotional tone are derived
from sociometric ratings of group members on a posttest.
Each group member rated the individuals in the group,
self included, on degree of leadership, quality of ideas,
degree of participation, amount of self-confidence, and
degree of influence exerted on the group. These ratings
are related to pretest scores for differences between
conditions. Objective measurements taken during the
experiment, such as elapsed speaking time, are compared
with group ratings for discrepancy between real and
perceived effects, such as participatory balance. Posttest
ratings also permit measurement of accuracy of self
perceptions vs. other perceptions on sociometric mea
sures.

The emotional tone of the group as a unit is evaluated
by examining a matrix of speaker transitions. Haley
(I964) found that stereotyped turn-taking patterns were
indicative of pathology in family groups. In his study,
each of the first- through seventh-order transitions was
highly significant in discriminating between pathological
and normal families; pathology was assessed by indepen
dent tests and interviews. This type of analysis could
characterize a group engaged in fruitless argument. In
such a group, we might find the speaker transition
matrix indicating that Person A was always followed by
Person B, who in turn would be followed by Person A.
Such a continuing back-and-forth exchange without any
comments by other group members could indicate poor
emotional tone.

The second major hypothesis is that balanced partici
pation increases individual learning and performance.
Individual learning and performance were measured by
effective utilization of available information presented
during problem solving. Participants learn an optimal
strategy for solving a permutation and combination
problem that is demonstrated by a robot player. The
strategy is based upon clues indicating the consistency of
prior guesses with the correct answer.

The demonstrated optimal strategy is one that uses
all information in previous clues. The individual guesses
are objectively scored with reference to this same
criterion by a protocol analysis program. The program
scores both inconsistency in choice of object and incon-
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sistency in ordering the objects chosen. A minimum of
inconsistency indicates effective strategy learning. The
performance of the group as a unit is defined as the sum
of individual performances. The group's task is to teach
its members the solution strategy.

THECONFERENCE CALL EXPERIMENT

Method
Participan ts and Design. Participants in the experiment

described here were undergraduates at the University of Califor
nia, Irvine, in the fall of 1975. An attempt was made to match
groups with respect to both sex and communication apprehen
sion (McCroskey, 1970). The multivariate design included three
games, with short rest periods interspersed.

The task was a logic problem in which the goal was to cor
rectly select and order four of six objects. This task was pat
terned after a popular game called Mastermind.' The game
proceeds by alternation of clues presented by the computer and
participant guesses. Each of the guessesconsisted of four choices
from a set of colors. Four different colors had to be chosen or an
input error was indicated by a message and the participant had
to choose again. The clues were a preset sequence of guesseswith
associated feedback. The preset sequence was the independent
guess of a "robot." Thus each group wasexposed to an identical
set of clues, even if their own guesses were markedly different.
Each game consisted of four guesses, with feedback indicating
the number of correct objects selected and the number of
correct objects selected in the correct location. After individuals
submitted their guesses, they had an opportunity to discuss
their choices. Then the robot's guess and the feedback to it were
presented. Finally, they were permitted to study these clues
until they were ready to submit their next guess.

Apparatus. The conference call experiment (Stodolsky,
1976) was run on a PDP-ll/20' computer running DOS 8'{)8.A
Digital Equipment Corporation terminal (VT'{)5) was used as a
control console. The console information was available in indi
vidual rooms that contained a video display and a telephone
handset. The telephone handset included a push-to-talk button
that signaled that the person wished to speak or go on to the
next part of the experiment. Wires from the telephone handset
and the pushbutton were connected to cables that ran through
the wall to the adjoining computer room. In each booth, a page
of instruction reminders summarizing the functions of the pro
cedures and apparatus was available. The dialogue was recorded
on both a videotape machine, which also recorded the displayed
video information, and on a dual-track tape recorder. Pretests
were processed on a Digital Equipment Corporation PDP-I1/40
under the response time sharing system (RSTS).'

Procedure. Participants were administered the pretest about
2 weeks prior to the experimental session. The pretests were
automatically scored and then ordered from least to most
apprehensive by a BASIC PLUS program. Matched groups were
then formed by selecting one participant from each quartile
(for groups of four). When participants arrived for the experi
ment, their names were entered at the control console and each
was directed to a different room. The first page of instructions
became available on the display when all participants had arrived
and indicated their readiness to proceed by pressing their but
tons. Successive pages of instructions were presented in the same
manner. During the preliminary phase of the experiment, all
microphones were open; thus participants could speak to each
other and discuss the instructions as they read them. During
telephone conferences, they helped each other to operate the
apparatus and to solve the problem. Request-to-speak commands
generated by pressing a switch activated the telephones accord
ing to a preset conflict resolution rule administered by the com
puter. The machine interpreted this rule and activated one
participant's telephone while simultaneously presenting that
person's name on a television display visible to all participants.
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Once the names of the participants were typed into the,
control terminal by the experimenter, only the system interacted
with the participants until the experiment terminated; that is,
the experimenter did not intervene during the experimental ses
sion. Lack of intervention reduced experimenter effects and
freed the experimenter for other activities. The computer
presented instructions, mediated a get-acquainted conversation,
assigned names to booths, presented the problem, mediated
discussion, called a special discussion period if procedural errors
were made repeatedly, accepted responses, recorded detailed
data on its own behavior as well as on that of the participants,
and finally. terminated the experiment by asking participants to
report to a room for debriefmg.

Results
Data analysis. In this experiment, the operational pro

gram was written in FORTRAN, with data stored in
arrays and manipulated according to mathematically
oriented statements. The protocol analysis program was
written in SNOBOL, using strings (i.e., sequences of
characters) for data storage. These strings of information
were manipulated by pattern matching and concatena
tion. Certain crucial variables, such as the state of the list
of waiting speakers, are printed by the speaker selection
routines for both error checking and detailed data
analysis. This mass of data, over 100,000 characters/
session, contributes to the difficulty of data analy
sis. The alternative approach, the use of a single program
to run the experiment and aggregate the data for future
analysis, would likely be less time-consuming. The rigor
ous control of errors, however, would be harder to
achieve.

Data tape. The data tape is the repository of all infor
mation on the behavior of the operational program and
the participants. Figure 1 indicated the degree of detail
available. Since various subroutines of the operational
program transmit data to the tape, there is considerable
redundancy and a certain degree of asynchrony. About
27 sec of events are detailed in Figure 1.

The first line of Figure 1 indicated that the message
"Waiting for new speaker" appeared on the display
3,488.073 sec after the clock was started. The elapsed
time is given as the last parameter in each line of the
example. Within .1 sec, the switch subroutine indi
cated that the switch in Booth 1 (Kathryn) was depressed
(switch state equals 1). About .1 sec later, first-in/
first-out reports stacking Name 1 (Kathryn) at Stack
Index 2. Since the stack is always "popped" (all stacked
names are moved one closer to zero), the first request
enters the second stack location before the new speaker
is selected. The next output from the microphone con
trol subroutine indicates the microphone element in
Booth 1 (Kathryn) was activated. This was momentarily
followed by the name display, "New speaker Kathryn
F.," indicating the start of a turn.

Protocol analysis. The function of the protocol analy
sis program is to produce a chronological description
of the experimental session and aggregate data arrays
characterizing the individual behavior of each participant
and the behavior of the group as a whole. The program

FIr; 348il. 073
SWA 1 1 3488.124
FIR 1 2 3488.243
HIC 1 3488.447
FIS 1 KATHRYN F. 3488.494
SWA 3 1 3488.561
FIR 4 2 3488.677
SWA 1 0 3490.761
HIC 3 3491.144
FIS 4 TARA-NATA 3491.191
SWA 4 1 3491.333
FIR 2 2 3491.398
SWA 1 1 3491.456
FIR 1 3 3491.578
SWA 6 1 3493.153
FIR 3 4 3493.215
SWA 3 0 3493.632
HIC 4 3494.143
FIS 2 DANIEL B. 3494.191
SWA 6 0 3494.264
SWA 6 1 3494.338
SWA 6 0 3495.060
SWA 6 1 3496.125
SWA 4 0 3496.193
HIC 1 3496.530
FIS 1 KATHRYN F. 3496.578
SWA 6 0 3497.774
SWA 6 1 3500.727
SWA 6 0 3502.113
SWA 4 1 3507.580
FIR 2 3 3507.671
SWA 6 1 3508.397
SWA 1 0 3508.457
HIC 6 3508.803
FIS 3 CLIFF W. 3508.858
SWA 3 1 3509.846
FIR 4 3 3509.943
SWA 3 0 3510.790
SWA 3 1 3513.108
SWA 3 0 3513.714
SWA 3 1 3514.098
SWA 3 0 3514.171
SWA 4 8 3514.221
SWA 3 1 3514.416
SWA 3 0 3515.018
SWA 6 0 3515.220
FIW 3515.500
SWA 3 1 3515.694
FIR 4 2 3515.787
HIC 3 3515.990

Figure I. Data tape example.

also simulated the behavior of the operational program
in order to compute differential resolutions of floor
requests and to uncover errors in administration. The
protocol analysis program for analyzing the first-in/
first-out data simulates the equal time condition. The
protocol analysis program for analyzing equal time data
simulates the first-in/first-out condition to compute
differential resolutions and simulates the equal time rule
to check for timekeeping errors. Both programs are
written in the SITBOL (Version 4A) dialect (Gimpel,
1972) of SNOBOL (Griswold, Poage, & Polonsky,
1971).

The protocol analysis program for the first-in/first-out
data is primarily composed of a series of subroutines
that are activated during a pattern-matching process. The
pattern-matching process as a whole is useful in that it



can only succeed when a sequence of data output con
forms, to the last character, to the specified experiment
syntax. Before attempting a match, the program reads in
all data lines that fall between two successful guesses. It
concatenates these elements (see Figure 1) and applies
the pattern "CONP FEEDBACK STUDY CHOICES
RPOS (0)" if the elements do not precede the first guess
of a game. This pattern will match conferencing data,
followed by feedback data, followed by data from a
study period, and terminated by guessing data. The pat
tern will match only if the subpatterns match in such a
way as to absorb the entire string of data, indicated by
the primitive pattern RPOS(O) (right position zero).
Each of these pattern elements may be composed
of other detailed patterns. For instance, the pattern
CHOICES is composed of outputs from the operational
subprogram IGSS (individual guess collection) followed
by an arbitrary number of alternate conferencing pat
terns and IGSS outputs. This accommodates any
sequence involving error conferences. In the case of
CHOICES, the fourth-layer subpattern specifies valid
output from IGSS.

Group data. The next part of the program outputs
group statistics for the period preceding each guess and
for the introductory conference (Table 1). During the
analysis, the mediator is treated as another participant,
Participant O. Many of the measures of mediator behav
ior correspond to individual behavior. For instance, the
number of waits indicates how many times the message
"Waiting for new speaker" appeared (Table 1). For an
individual, the corresponding measure, "selected," indi
cates how many times that person gained the floor; in
the caseof the mediator, it indicates nonover1apping floor
requests. The next column gives the number of confer
ences in each preguess period. The speaking time indi
cates how long all group members spent speaking.

AUTOMATICMEDIATION 239

Differential resolutions indicate the number of times
the alternate speaker selection algorithm would have
chosen a speaker different from the speaker chosen by
the current selection algorithm. This determination
occurs only at the .I-sec moment of speaker selection.
If two speakers requested the floor from the mediator
and their requests were separated by more than.! sec,
no conflict would exist. By the time the second request
was entered, the floor would have been granted to the
first requestor. Conflict resolution occurs only when at
least two requests are pending. During the total of about
25 min of mediated conferencing, there were 39 con
flicts. In 2 of these, three people had floor requests
pending, and in the remaining 37, two persons contested
the floor. Summing the differential resolutions from
Table 1 indicates that 18 conflicts would have been
resolved differently by the alternate algorithm for this
group of four. This assumes no effect of the rule defini
tion in the instructions and of differential resolutions
upon speech request behavior. Thus alternative conflict
resolution rules can strongly influence speaking order in
groups as small as four persons. According to the proto
col analysis simulation, half of these would have been
resolved differently had the mediator utilized the equal
time rule as opposed to the first-in/first-out rule. This
fmding suggests that automatic conflict resolution can
significantly alter the pattern of turn taking in small
group discussion. The effect can be expected to be more
profound as group size increases.

Time limits exceeded refers to the conference (200 sec)
or game (600 sec) limits, not the turn-time limit. The
waiting time indicates total amount of time the mediator
held the floor and the message "Waiting for new speaker"
appeared on the screen. Finally, total waiting time gives
the sum for the entire experimental session of the
waiting time given.

Table 1
Group Data

Number Number Differen- Time Total
Conferencing of of Con- Speaking tial Reso- Limits Waiting Waiting

Period Waits ferences Time lutions Exceeded Time Time

Introductory 15 75.8 2 23.0 186.9
Gamel

Guess 1 12 82.1 3 1 18.8
Guess 2 16 121.8 2 0 11.3
Guess 3 23 183.6 3 1 14.5
Guess 4 24 180.7 0 1 17.8

Game 2
Guess 1 3 1 16.3 0 1 1.9
Guess 2 27 1 174.7 1 1 22.4
Guess 3 22 1 179.3 3 1 19.1
Guess 4 31 1 153.2 3 0 27.2

Game 3
Guess 1 0 .0 0 1 .2
Guess 2 25 140.5 0 0 20.5
Guess 3 8 76.6 0 0 4.5
Guess 4 8 80.8 1 0 5.1

Note- Times in seconds.
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Table 2
First-Order Speaker-to-Speaker Transitions

To

0 I 2 3 4
From Mediator Kathryn Daniel Cliff Tara-Nata

oMediator 12 55 13 51 90
I Kathryn 57 0 10 13 13
2 Daniel 19 16 0 4 8
3 Cliff 47 9 10 0 15
4 Tara-Nata 79 17 14 15 0

The first-order speaker-to-speaker transitions are also
output by this part of the program (Table 2). The num
ber of times a speaker initiated conversational interac
tion is given by the top row. For instance, Tara-Nata
followed the mediator (Number 0) 90 times during the
session. This same speaker terminated a conversation,
that is, was followed by the mediator, 79 times.

All terminations are given in the first column. The
diagonal of the table indicates the number of times a
speaker took two or more turns in a row. None did so
in this group. The mediator did follow itself 12 times.
This can only occur as an interconference event. Thus 12
times in the session, the mediator terminated a confer
ence and began the next one. The number of times any
speaker followed any other can also be read from the
table. For instance, Kathryn followed Cliff nine times
during the experimental session.

According to Table 2, a vast majority of the transi
tions occurring in the session were either to or from the
mediator. Since the transition to the mediator can occur
only if there arc not requests pending, no conflicts can
occur during such transitions. Also, because of the
.l-sec cycle time used by the mediator, it is unlikely
that there would be any conflict upon transitions from
the mediator. In this sense, both speaker selection
algorithms would be considered first-in/first-out selec
tion algorithms; either one will give the floor to the first
person who requests it. Thus the speaker selection algo
rithms are different only secondarily. The effective
difference between them could be increased by permit
ting floor requests to cumulate over a period longer than
.1 sec while waiting. In some groups, participants
reported using the display "Waiting for new speaker" to
indicate that the previous speaker had terminated. This
behavior would account for the large numbers in the
first row and column of the transition matrix and for the
small number of total conflicts.

The data on conversational initiation were analyzed
to test the hypothesis that unresolved transitions in
mediated groups have the same pattern as those observed
in free interaction. This result is important because of
the rather limited progress in instrumentation for
social-psychological experimentation. A major question
posed by the availability of automatic facilitation
apparatus is its effectiveness vs. manual procedures in

group facilitation. This question could be investigated by
comparing automatic and manually facilitated groups on
outcome measures; however, it would do little to eluci
date the underlying process. More effective utilization of
resources would result from examining the impact of a
minimal automatic mediator. First, the external validity
question could be addressed by examining the obtrusive
ness of the experimental environment. If interaction
patterns with minimal automatic mediation do not
deviate significantly from those of free interaction, then
the minimal system can be used as a baseline for further
investigation. A highly instrumented baseline would
permit more economical investigation by eliminating the
need for manual transcription of interaction data.
Identifying this minimal system would also have theoret
ical implications by isolating mediation parameters
unlikely to be responsible for therapeutic change. If a
mediation procedure is highly transparent in use (i.e., if
it does not alter interaction parameters), then it will be
an effective analogue of free discussion. One interaction
parameter that has been studied extensively is relative
initiation rate.

In the analysis presented here, the assumption that
unresolved transitions in automatically mediated confer
ences are equivalent to initiations in free discussion is
examined. The initiation rates are compared with those
predicted by Horvath's (1965) turn-taking model.
Table 3 presents number of turns initiated from the
waiting state (first row in transition matrix) during
conferencing for four groups.

Horvath's (1965) model assumes each person has the
same constant probability, P, of initiating the next
comment. It is further assumed, however, that the
group rapidly reaches a hierarchical equilibrium, as if
members wait for the persons preceding them in the
hierarchy to speak.

Thus, the probability of a turn taken by the highest
participator is represented as P; the second person speaks
with a probability of (1 - P)P, the third, (1 _ P}Z P,
the nth, (1 - p)N- 1 P. If no one down the hierarchy
speaks, then the highest participator gets another
chance. The probability of the first-ranking person's
speaking is the sum of probabilities from each chance,
P + P(l - P)N + P(l - P)2N + .. '. The sum of the
infinite series is P/[1 - (1 - p)N]. This is equivalent to
A, the fitted proportion of initiations by the highest
participator in the Stephan and Mishler (1952) equa
tion. The second-ranked person's probability becomes
A(l - P), the third's A(l - pl , and so on. If (l - P)
is replaced by r, A =(l - r)/(I - rn) and proportion
of turns taken by i = Ari - l . Thus, a single parameter
P, the probability of initiating the next comment, can
be used to deduce the Stephan and Mishler
equation. The fit to the data in Table 3 is good
[X2 (2) = 5.46, n.s.] (Stodolsky, 1979). The predicted
initiation rates are all derived from the totals, where the
mean P is .39.
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Table 3
Fit of Stodolsky (1976) Data to Horvath (1965)Model: Unresolved Transitions (Interspersed Waiting Period)

Group E7 Group E8 Group E9 Group EIO Total All Groups
(x' =25.4) (x' =.1) (x' =5.83) (x' =.25) (x' =5.46)

Subject Actual Predicted Actual Predicted Actual Predicted Actual Predicted Actual Predicted

I 74 70 64 71 62 77 47 48 247 263
2 50 43 44 43 53 47 31 29 178 162
3 26 26 29 26 33 28 18 18 106 99
4 5 16 20 16 21 17 10 11 56 61

Total 155 157 169 106 587

Note-Subjects are ranked in order ofparticipation. P == .39 for all data.

Table 4
Individual Data

Instruction read time/page

Name number Compacted name Booth number 1 2 3 4 5 6

1 KATHF 1 138.4 62.0 75.3 173.1 229.6 87.3

Conferencing period Game 1 guess Game 2 guess Game 3 guess

Variable Introductory 1 2 3 4 1 2 3 4 1 2 3 4

Study time 2.7 27.4 55.4 90.8 23.3 54.0 78.6 44.9 9.2 35.2 25.0 48.7
Guess BGYR GYRB VGRY VYRO VGYB VGRB RBOY RBVO YBGO RVBY HGI3Y HGDY
Location

consistency -2 -1 0 o 0 0 0 0 0 1 0-1 0 2 121
Color

consistency -1 1 -1 110 0 1 -1 o 1 -1 0 0 1 -1 o 1
Requests 17 7 13 14 14 1 15 16 16 0 15 7 4
Selected 11 6 10 11 10 0 14 10 11 0 8 3 3
Waiting time 10.9 11.4 22.2 13.4 7.5 0 20.1 16.4 7.3 0 7.2 G.6 2.4
Previous error 0 2 2 0 1 0 0 2 0 1 0 0 0
Miss error 0 0 0 0 1 0 0 0 0 0 0 0 1
Elapsed

speaking time 30.3 35.8 53.7 54.6 64.4 0 52.1 44.0 30.1 0 27.4 10.0 G.2
Total

speaking time 409.0

Note- Times in seconds.

Individual data The last part of the program prints
the data of each participant (Table 4). The first line gives
the name order number, followed by the name corn
pacted to five characters, the booth number, and the
instruction reading times for each page of instructions.
The name must be compacted in order to be read by
the Statistical Package for the Social Sciences (Nie,
Bent, Hull, 1970) available on the Digital Equipment
Corporation PDp-10 computer (Matzek, Note 3).

The study time before each guess is given to the near
est .1 sec on the next line. The guess selected is given
next, followed by the location and color consistency
scores. There is one consistency score for each of the

previous guesses in a game. A score of zero indicates
complete use of information in the previous guess. The
line titled "selected" is the number of times the floor
was granted by the mediator. The waiting time is the
total number of seconds the participant waited between
a request and being selected to speak. If the participant
requested to speak but changed his/her mind before the
previous speaker terminated, the time is not added to
the total. The next two lines score the two types of
guessing error. A "previous error" is charged when the
participant tries to use the same color repeatedly in a
guess. The "miss error" is charged when no color is
chosen at all. The last line gives the elapsed speaking
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time during each period, and the final entry totals these
times.

Chronological output. Each line of output starts
with the booth number of the previous speaker and is
followed by a number giving speaking time to .1 sec.
The next number is the selected new speaker's booth
followed by the waiting time. The remainder of the line
presents the stack, giving the booth number and request
time for those remaining after the new speaker has been
selected. The chronological output concludes with a list
of all turns taken by each participant and the mediator
to the nearest .1 sec. Finally, group location and color
consistency scores are given. This is defined as the total
number of zeros in the consistency array of the partici
pants.

DISCUSSION AND CONCLUSIONS

The utilization of an automatic mediator makes possi
ble independent measurement of intention to speak and
actual speech. When the request channel and the speech
channel are combined, as is typical, these measurements
are confounded. The type of speech request and speech
data presented here can facilitate the testing of social
interaction theories.

Many formal procedures, both manual and auto
mated, use a first-in/first-out rule as the primary mech
anism for structuring interaction. Alternative automatic
mediation rules can strongly influence the sequence of
turn taking in teleconferencing. This effect was demon
strated in a four-person group and should be more pro
nounced in larger groups. Substantial improvements in
participatory balance and the quality of interaction may
be achieved by appropriate choice of conference media
tion rules.

In an environment with visual isolation, such as that
used in the conference call experiment, the information
transmitted through the mediation mechanism can avoid
the necessity for the rules' use in many cases. It is inter
esting that the participants in the experiment avoided
using the conflict resolution algorithms by waiting for
the previous person to release the channel, thereby
causing a message "Waiting for new speaker" to be pre
sented to the group before requesting to speak. Thus,
potential conflict at each speaker-to-speaker transition
was circumvented. This minimization of conflict is also
manifested in the subjective reports of participants:
When the mediation mechanism was operating correctly,
it appeared transparent to participants, that is, it did not
impede the flow of communication between group mem
bers. A vast majority of persons indicated that they had
been fairly treated by the automatic conflict resolver.

When the mediation mechanism failed to respond cor
rectly, however, a great deal of frustration was felt by
certain persons, with an impact upon the group as a
whole. These findings suggest that groups can rapidly
adapt to the use of an automatic mediator; a fair mech
anism becomes obstrusive only when it malfunctions.
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NOTES

1. Mastermind is a registered trademark of Invicta Plastic
Limited.

2. PDP and RSTS are registered trademarks of the Digital
Equipment Corporation.


