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ALLOCATION OF SPEECH IN CONVERSATION

CARSTA SIMON
1
AND WILLIAM M. BAUM

2

1OSLO AND AKERSHUS UNIVERSITY COLLEGE OF APPLIED SCIENCES
2UNIVERSITY OF CALIFORNIA, DAVIS

In a replication and extension of Conger and Killeen’s (1974) widely cited demonstration of matching
in conversations, we evaluated nine participants’ allocation of speech and gaze to two conversational
partners. German speakers participated in two 90-min sessions in which confederates uttered approval
on independent variable-interval schedules. In one of the sessions, confederates uttered approval con-
tingent upon and contiguous with eye contact whereas in the other session approval was uttered inde-
pendent of the participant’s gaze. Several measures of participants’ verbal behavior were taken,
including relative duration and rate of speech and gaze. These were compared to confederates’ relative
rate of approval and relative duration and rate of talk. The generalized matching equation was fitted to
the various relations between participants’ behavior and confederates’ behavior. Conger and Killeen’s
results were not replicated; participants’ response allocation did not show a systematic relation to the
confederates’ relative rate of approval. The strongest relations were to overall talk, rather than approval.
In both conditions, the participant talked more to the confederate who talked less—inverse or anti-
matching. Participants’ gaze showed the same inverse relation to the confederates’ talk. Requiring gaze
to be directed toward a confederate for delivery of approval made no difference in the results. The
absence of a difference combined with prior research suggests that matching or antimatching in con-
versations is more likely due to induction than to reinforcement.
Key words: matching law, verbal behavior, contiguity, contingency, conversations, allocation of talk

and gaze, humans

In his 1957 publication Verbal Behavior, Skin-
ner was the first to outline a natural scientific
account of language and speech. Skinner chose
the term verbal behavior to emphasize the simila-
rities, instead of the differences, between speak-
ing and any other operant behavior. Skinner
chose the label verbal behavior to highlight his
approach to analyzing speaking and other oper-
ant behavior by the same means.
Since Skinner’s introduction of Verbal Behav-

ior in 1957, most behavioral research on peo-
ple’s verbal interactions has focused on
enhancement of applied procedures for
improving skills of people with communica-
tion impairments, as in individuals diagnosed
with autism or developmental disorders. The
study of verbal behavior has proven fruitful for
the applied sector (Schlinger, 2008). However,
because Skinner derived his framework from
his basic experimental work, the question

arises why Verbal Behavior has generated mainly
applied and little basic experimental research.

One of the reasons may lie in Skinner’s
choice of unit of analysis. The measure of
behavior is usually selected based on the con-
ditions of reinforcement (Baum & Rachlin,
1969). A food delivery contingent upon
depression of a lever by 5 mm produces a
number of equally short responses that can be
counted with an attached microswitch (Baum,
1976). Skinner’s framework of how to make
sense of humans’ verbal interchanges origi-
nates from his research on pigeons’ key peck-
ing and rats’ lever pressing. In those
experiments, Skinner measured the target
behavior by computing the rate of lever
presses and key pecks by dividing their num-
ber by the duration of the experimental ses-
sion. Skinner treated the lever press and the
key peck—which are commonly recorded with
a pulse former—as discrete events, that is,
events that take a considerably shorter time to
occur than the time that elapses between
those events. This abstraction of discrete
responses, which has been the most common
way to study activities, is practical when deal-
ing with responses whose variability in dura-
tion is negligible. If one wants to analyze a
rat’s water licking, one can count the licks that
occur in one burst, and one can count the
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bursts of licking per hour. However, other
kinds of activities cannot be as straightfor-
wardly analyzed by splitting them into units
with negligible duration.
Humans’ talking occurs as a stream whose

functional units vary greatly in duration. To
expand our understanding of verbal behavior,
what could an alternative to Skinner’s search
for tacts, mands, echoics and so forth, look
like? The present study’s approach to verbal
behavior originates in research on choice. All
behavior entails choice (Baum, 2013) in the
sense that at every moment of its life, an
organism engages in one activity or an alterna-
tive activity and that over any significant span
of time, an organism engages in multiple activ-
ities. The observation that behavior is a func-
tion not only of reinforcers contingent on that
behavior, but also of reinforcers contingent on
other activities, carries the potential to
uncover lawful relations in people’s communi-
cative exchanges in conversations.
Given two concurrently available response

alternatives, behavior is distributed approxi-
mately in the same proportion that reinforcers
are distributed across those alternatives
(Baum, 1979). This frequent observation of a
linear relationship between relative response
rate and relative reinforcer rate is known as
the matching relation (Herrnstein, 1961).
Herrnstein expressed the relation:

BR

BR +BL

� �
=

rR
rR + rL

� �
ð1Þ

where BR and BL represent the rate of
responding to the right and left response alter-
natives, respectively, and rR and rL represent
the reinforcer rates for responses to the right
and left alternatives, respectively. Based on
observed deviations from this strict matching
equation, Baum (1974) proposed the general-
ized matching equation:

Log
BR

BL

� �
= sLog

rR
rL

� �
+Log bð Þ ð2Þ

where BR, BL, rR and rL stand for the same fea-
tures as in Equation 1.
In the generalized matching equation, the

fitted parameters s (the slope) and b (the
intercept) represent the behavior’s sensitivity
to consequences (s) and its bias (b). In perfect
matching, s = 1 and b = 1 (i.e., Log(b) = 0).

Sensitivity describes how responsive choice is
to differences in the reinforcer ratios. More
indifferent responding than the matching law
would predict is termed undermatching. Such
allocation of less behavior to the richer sched-
ule and more behavior to the leaner schedule
renders a slope less than one (s < 1). A slight
deviation from matching (s = 0.8) in the direc-
tion of indifference is the typical outcome of a
concurrent schedule experiment. A more
extreme preference than the matching law
predicts is called overmatching. Overmatching is
characterized by slopes greater than one
(s > 1) and occurs when the participant allo-
cates less behavior to the lean schedule and
more behavior to the rich than predicted. Bias
not equal to 1.0 indicates preference for one
of the response alternatives due to some factor
other than the reinforcer ratios.

Unlike lever pressing and key pecking, many
kinds of activities, such as reading a book or
verbal exchanges, are poorly represented by
response counts. The matching relation has
also been shown to hold when time spent
responding, instead of response rate, is meas-
ured (Baum & Rachlin, 1969). For time, the
matching equation is written:

Log
TR

TL

� �
= sLog

rR
rL

� �
+Log bð Þ ð3Þ

where TR and TL represent the time spent
responding on the right and left alternatives,
respectively. The remaining parameters in
Equation 3, describing time allocation, resem-
ble those specified in Equation 2.

Nonverbal response allocation in choice
situations has been subject to appreciable basic
and applied behavior-analytic research
(e.g., Aparicio & Baum, 2009; Baum & Davison,
2014; Cuvo, Lerch, Leurquin, Gaffaney, & Pop-
pen, 1998; Davison & Baum, 2000; Fisher &
Mazur, 1997; Schofield & Davison, 1997) but
few studies have focused on human verbal
interactions. Those studies that have attempted
to clarify whether matching theory holds for
humans’ verbal interactions in conversations
have yielded contradictory outcomes, and the
question remains to be answered.

Conger and Killeen (1974) were the first to
apply time-allocation matching to human verbal
interchanges in conversations. They exposed
individual participants to a group discussion with
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two confederates who pretended to be other par-
ticipants. The confederates were signaled on two
concurrent variable-interval (VI) schedules
when to utter a statement of agreement to what
the participant had said. On the VI schedules,
statements of agreement were uttered after vari-
able and unpredictable time intervals, following
a participant’s response (Mazur, 2001). On aver-
age, 1 min elapsed between signals for both con-
federates combined. Discussions lasted for
30 min. Confederates switched schedules after
15 min. Conger and Killeen’s pooled data indi-
cate that, as opposed to the first 5 min that the
participant was exposed to each schedule, dur-
ing the last 5 min of each schedule, the propor-
tion of participants’ duration of talk to each
confederate roughly tracked the proportion of
agreement statements obtained from that con-
federate. However, for four of five participants,
only one VI VI pair and its reverse were tested.
Because a straight line can be fitted perfectly to
any two points, Conger and Killeen’s data say lit-
tle about a possible extrapolation to other con-
current VI VI schedules.
Traditionally, a reinforcer is said to

strengthen a response or stimulus–response
connection when the reinforcer occurs contig-
uously with the response (Skinner, 1948;
Thorndike, 1911/2000). Accordingly, Herrn-
stein (1961) presented matching as relative
response strength, assuming that matching
represents the differential strengthening of
response alternatives by different rates of rein-
forcement. Thus, when testing the applicabil-
ity of Herrnstein’s theory of matching as
strengthening to verbal behavior, the event
assumed to strengthen the verbal response
must be presented in close temporal proximity
to the verbal response serving as dependent
variable. If one is studying strengthening by
reinforcement, logic demands that one mea-
sures the activity that is supposed to be rein-
forced. In Herrnstein’s experiment, pecks
were followed by food, and pecking was meas-
ured. However, Conger and Killeen (1974)
did not deliver approval contiguous with their
dependent variable. Although they measured
time looking at a confederate (gaze) when
talking as their dependent variable, approval
(the putative reinforcer) was delivered for any
verbal behavior—that is, independently of
gaze. This lapse opens the possibility that Con-
ger and Killeen’s results do not represent
strengthening by reinforcement.

Alternatively, the approval of a confederate
may have drawn the participant’s gaze toward
that confederate, and the more approving
confederate drew more gaze. This possibility
accords with the interpretation that Conger
and Killeen’s (1974) results represent induc-
tion rather than strengthening (Baum, 2012;
Segal, 1972). The more approving confederate
induced more gaze, and the less approving
confederate induced less gaze.

A way to test the possibility that Conger and
Killeen’s (1974) results may be explained by
induction is to introduce a contingency in
which approval depends on gaze as well as ver-
bal behavior. If strengthening matters, then
when this condition is compared with their
original condition, we should see a
difference—presumably more effect of
approval on gaze when approval is delivered
contingent upon gaze. In contrast, if no differ-
ence results, we may conclude that Conger
and Killeen’s results do not represent strength-
ening and possibly represent induction.

To further examine allocation of verbal
responses under concurrent schedules of
approval delivery, Borrero et al. (2007) con-
ducted a study similar to Conger and Killeen’s
(1974). In Borrero et al.’s study, 25 participants
conversed individually with two confederates
who uttered agreement on a dense and a lean
schedule over the course of either 20 or
30 min. Their individual data from seven of
nine participants (i.e., those participants who
yielded enough data points to be included
into analyses) were better described by the
response-rate equation (Eq. 2; counting utter-
ances) than by the time-allocation equation
(Eq. 3). However, this analysis including all
time intervals does not allow comparison of
the results to other studies in which goodness
of fit was evaluated during the first and last 5-
min intervals of each session. For a compari-
son of those intervals, Borrero et al. pooled all
participants’ data. Contrary to Conger and
Killeen’s pooled results, their pooled data
from the first 5 min were better described by
the matching law than the data from the last
5 min of each session.

Pierce, Epling, and Greer (1981) studied ver-
bal matching behavior in longer and more arti-
ficial discussion sessions. They exposed each of
six participants to seven 1-hr discussion sessions.
During those sessions, each participant, who
was equipped with a throat microphone, chose
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which of two confederates she wanted to speak
to. By operating a change switch, the participant
could freely choose to whom to talk but could
only talk to one confederate at a time. The
selected confederate agreed with the partici-
pant’s statements according to seven different
predetermined VI schedules. The participants’
relative frequency and duration of talking were
fitted to Equations 2 and 3. Pierce et al.’s results
showed high variability but generally, slopes (s)
were higher during the second half hour, after
the participants had had experience with the
schedule in effect. However, only two partici-
pants’ relative rate or relative duration of talk-
ing produced positive slopes, indicating severe
undermatching. The remaining five partici-
pants’ relative durations and rates of responses
were either indifferent between response alter-
natives or produced negative slopes, which
mean that the participant talked longer and
more frequently to the confederate who
expressed fewer statements of agreement.
McDowell and Caron (2010) published an

analysis of 20-min natural conversations of
210 pairs of boys consisting of one boy at risk
for juvenile delinquency and his peer. The
boys’ utterances were classified either as posi-
tive or nonpositive social responses, as norma-
tive talk, or as rule-break talk. A positive social
response such as an approving statement or a
smile was assumed to reinforce the other boy’s
verbal bout if it directly followed
it. Nonpositive responses included all remain-
ing responses together with being silent. State-
ments containing a violation of a legal or
conventional norm (such as lying to parents)
were classified as rule-break talk, which consti-
tuted response Alternative 1. Normative state-
ments including, for example, talk about
friends, family or school, were regarded as
response Alternative 2.
McDowell and Caron (2010) fitted

Equations 2 and 3 to each boy’s frequency
and duration of talking bouts and found
matching to describe the boys’ verbal behav-
ior accurately. Besides the dissimilarity in
target behavior and consequences (approval
by two other conversational partners
vs. positive and nonpositive responses by
one peer), McDowell and Caron’s study dif-
fered from earlier research in that they did
not program the putative reinforcers. At
first sight, this use of a natural setting may
seem to render their findings more

externally valid than those of studies in lab-
oratory settings. However, because they did
not manipulate the allocation of positive
responses, the latter cannot be interpreted
as an independent variable. From the
reported observations, one cannot tell
whether one boy’s positive and nonpositive
statements caused the other boy’s allocation
of talking bouts to rule-break and normative
talk or the other way around. McDowell
and Caron’s observations might not illumi-
nate the cause–effect relation but could still
shed light on how two conversational part-
ners’ utterances affect each other in some
kind of feedback loop1.

Taken together, the studies by Conger and
Killeen (1974), Pierce et al. (1981), Borrero
et al. (2007), and McDowell and Caron
(2010) leave the matter of verbal matching
behavior unresolved. The present study was
designed to specify the conditions under
which verbal stimuli in conversations control
response and time allocation. The earlier
studies examined the effect of approval state-
ments on the participants’ duration or fre-
quency of talk. We also examined other

1Moreover, delivery of the positive and nonpositive con-
sequences in McDowell and Caron’s (2010) study may not
have resembled a concurrent VI VI schedule. On the con-
trary, allocation of statements probably occurred on two
equal ratio-like schedules. If so, response allocation could
not vary from reinforcer allocation. On ratio schedules,
reinforcer delivery depends solely on the number of
responses executed. In ratio schedules, we may define the
probability (pi) of reinforcer (ri) per response (Bi) as

pi = ri=Bi ð1Þ
If applied to two VR schedules approximating equal prob-
abilities of reinforcer delivery (p1 ≈ p2), Equation 4
becomes

r1=B1 = r2=B2 ð2Þ
In McDowell and Caron’s study, B1 represents rule-break
talk, B2 stands for normative statements, r1 represents a
positive response, and r2 represents a nonpositive
response—putative reinforcers differing in magnitude. If
we rearrange Equation 5, we arrive at

B1=B2 = r1=r2 ð3Þ
the matching equation. Equation 6 does not describe the
outcome of a behavioral process but environmental con-
tingencies that are inevitably true for concurrent VR VR
schedules with equal probabilities of reinforcer delivery.
Any distribution of responses obeys the matching law
when p1 ≈ p2 (Herrnstein & Vaughan, 1980). Since con-
versations lasted for 20 min only, even if unequal VR sche-
dules were in effect, matching might have been forced.
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variables that can affect the behavior of con-
versational partners, modelled by confeder-
ates and participants. The following verbal
stimuli produced by the confederates were
examined: a) approval statements, b) the
duration of speech directed at the partici-
pant, c) the frequency of speech directed at
the participant, and d) the duration of over-
all speech directed at the participant.
The present study attempted to replicate

and extend the work of Conger and Killeen
(1974) to assess the effects of contiguity of
approval on participants’ verbal behavior and
to explore additional characteristics of two con-
federates’ verbal behavior that might affect a
participants’ speech. The specific objectives
were to investigate whether participants
match their relative rates and durations of
verbal responses to the relative rates of verbal
approval when directing comments to two
confederates, whether the relative duration
and frequency of confederates’ overall speech
directed to the participant affects the partici-
pant’s allocation of talk and gaze between the
two confederates, whether participants’ alloca-
tion of verbal statements and eye-gazes is bet-
ter described by Equation 2 (relative response
rates) or Equation 3 (relative time alloca-
tion), and whether allocation of verbal
responses and eye-gazes to two different con-
federates differs when the confederates’
approval is contiguous with gaze (condition
GR—gaze required) versus when approval
need not be contiguous with gaze (condition
GN—gaze not required).

Method

Participants
Nine native German speakers participated

in the study. Five of them were female. They
had a median age of 24 years, ranging from
20 to 66. Participants had diverse educational
backgrounds; all had completed high school.
Five of the participants were currently gradu-
ate or undergraduate students of psychology
at the Braunschweig University of Technology,
Germany. Four participants received course
credit for their participation. Those course
credits could also have been earned in alterna-
tive ways. The remaining participants, who did
not need course credits, participated “out of
interest” and did not receive any explicit
reward. Participants were recruited via a

psychology student mailing list and through
word-of-mouth among one author’s acquain-
tances. They were told that the study exam-
ined people’s responses in a videotaped three-
participant discussion group on topics of inter-
est to everyone. Each participant attended two
90-min sessions, scheduled on two consecutive
days for seven of the participants and two days
apart for two of the participants. Applicants
who were acquainted with either of the con-
federates were excluded from participation.
The study was performed in adherence with
the Helsinki Declaration and was approved by
the relevant local ethics board.

Confederates were two female psychology
undergraduates aged 20 and 22 who had simi-
lar first names and looked and dressed very
much alike. The moderator was a male psy-
chology undergraduate aged 26. The same
confederates and moderator participated in
all sessions.

Setting and Apparatus
Prior to the first experimental session, the

moderator asked the participant and ostensi-
bly the confederates to sign an informed con-
sent form and a topic choice form in a room
next to the experimental room. Participants
were told that they would participate in a dis-
cussion to assess the development of everyday
life topics in conversations. The moderator
explained further that a total of six topics
would be discussed in the course of the two
90-min sessions that the participant was asked
to participate in. The consent form also
reminded them that the discussion would be
videotaped and asked participants not to talk
about the experiment for another 2 months
during which data were collected. It also
explained that it was possible to collect course
credit, that participation was voluntary, and
that data would be anonymized and treated
confidentially.

The topic choice form consisted of a list of
13 topics, each described in about three sen-
tences. Examples of topics were school fees,
Facebook, student leagues, polyamory, the
connection between violence and computer
games, and volunteer work. The participant
and, for appearances, the confederates were
instructed to cross out five topics that they
would by no means want to discuss and
to rank the remaining topics by preference.
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The topics actually discussed were chosen
from the participant’s list.
After the forms were signed, the moderator

directed the participant and the two confeder-
ates into the experimental room, which meas-
ured approximately 8 m x 4 m. Materials
included a table measuring 80 cm x 80 cm,
four chairs (one for the participant, one for
each confederate, and one for the moderator
responsible for evoking discussion), and a
carafe with water and four glasses placed in
the middle of the table. The room also con-
tained a general clutter consisting of book-
shelves, desks, chairs, and PCs, which were
expected to mask the presence of a monitor
showing lights which signaled the confederates
when to utter approval.
One participant at a time was involved in a

discussion session. The participant was strate-
gically seated with his or her back to the mon-
itor that signaled the confederates when
approval statements were due. The screen was
partly hidden behind a wall projection. The
confederates were seated to the participant’s
left and right; the moderator sat directly
across from the participant. Sessions were
videotaped using a clearly visible digital cam-
era mounted on a tripod behind the modera-
tor, facing the participant and recording the
whole group. Green and yellow lights for sig-
naling times at which the confederates were
to express approval appeared on the monitor
behind the participant’s head. The occur-
rence of the lights was programmed in Visual
Basic. Video recordings were viewed for cod-
ing using ELAN2 (Eudico Language
Annotator).
At the end of the second session, partici-

pants filled out a questionnaire that probed
suspicion of the confederates’ roles, collected
demographic information, and asked who of
the seemingly other two participants they
would prefer to talk to again if there were an
additional experiment and why.

Procedure
Participants were asked to wait in a hallway

prior to the sessions. Confederates waited
there also and pretended to be unacquainted.
Before the start of the first session, the moder-
ator gave the consent form and the topic
choice form described above to the participant
and the two confederates. All topic forms
showed a number in the upper right hand cor-
ner. The confederates’ topic forms contained
the same numbers during all sessions; the par-
ticipants’ forms each contained an individual
consecutive number. The moderator pointed
out that those numbers were also depicted on
signs placed on the table around which the
discussants would be seated after delivering
the topic choice forms. This procedure guar-
anteed that seating was controlled but
appeared to be random to the participant.
The seating assigned by those place cards
remained constant across sessions.

All participants discussed those six topics that
they ranked highest. The order of topics was
random with respect to the order in which the
participant had ranked the topics. Confeder-
ates were unaware of the participant’s topic
preferences. During the sessions, the partici-
pant sat at one end of the table directly across
from the moderator and the video camera.
The confederates sat on either side. After eve-
ryone was seated, the moderator started the
camera, read the short description of the topic
and started the program that operated the
lights to signal the confederates when to deliver
statements of approval. The program was
started by a click on a wireless mouse that
appeared to belong to the laptop from which
the moderator had read the topic descriptions.

The session began when the moderator
announced the topic. He encouraged the
group to begin talking and mentioned that it
was not a problem if they got sidetracked.
After that, the moderator spoke only to ask
questions prepared beforehand when the con-
versation lagged. He kept his eyes focused on
the laptop in front of him and only looked up
when he was speaking. Each confederate pro-
vided verbal agreement when a designated
light flashed and the participant was uttering
statements that one could approve of. In con-
dition GN (gaze not required), the confeder-
ate’s utterance of agreement statements was
independent of the participant’s gaze. In

2ELAN is a professional open-source tool for the crea-
tion of complex annotations on video and audio
resources. It is provided by the Max Planck Institute for
Psycholinguistics, The Language Archive, Nijmegen, The
Netherlands: http://tla.mpi.nl/tools/tla-tools/elan/
(Sloetjes & Wittenburg, 2008; Wittenburg, Brugman, Rus-
sel, Klassmann, & Sloetjes, 2006).
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condition GR (gaze required), a confederate
only expressed approval when the participant
looked in her direction so that she could catch
the participant’s eye and maintain eye contact
while making her statement. If a light flashed
when a participant was not speaking, the
approval statement was delivered the next
time the participant spoke, as long as the
other confederate’s light had not flashed in
the meantime. Due to these lost opportunities,
obtained reinforcer rates often differed from
the programmed rates. Because of the addi-
tional contingency in condition GR, fewer
approval statements could be uttered in that
condition. Five of the participants were first
exposed to condition GN, and the remaining
four participants started with condition GR.
Confederates were instructed to talk as

though in normal conversation, with these
restrictions: 1) keep eyes moving while talking,
look at each other, the moderator or some-
where else in the room when not talking and
do not focus on the participant for more than
2 s unless uttering approval after a signal; 2) if
the other confederate makes a statement, then
make a statement of similar length; and 3)
keep opinions similar to the other confederate
and neutral or moderate. Verbal agreement
was defined as looking at the participant while
making any statement of agreement, for exam-
ple, “Yes, I agree”, “Exactly”, or “Good point”.
Confederates were instructed to refrain from
nodding and smiling at all other times.
Scheduled overall reinforcer rate was held

constant at 15 per 5-min interval. When each
interval timed out, one or the other light on
the screen behind the participant was acti-
vated according to a probability that was unin-
fluenced by the participant’s or confederates’
behavior. Interlight intervals ranged from 5 to
30 s. The programmed distribution of VI
schedule intervals was arranged by picking a
series of quasirandomized digits between
5 and 30, with a mean of 20, and with a higher
number of digits toward the lower end of the
scale, roughly according to the Fleshler-
Hoffman distribution (Fleshler & Hoffman,
1962). In each of the two 90-min sessions, par-
ticipants experienced six concurrent VI VI
schedules of approval statements. The sched-
uled approval ratios, each in effect for 15 min,
were 13:2, 2:13, 6:9, 9:6, 4:11, and 11:4. Lights
were visible for 5 s. Thirty minutes after the
lights corresponding to the first (and third)

schedules were illuminated, the moderator
announced the switch to the next topic. This
way, all participants discussed a total of six
topics in two 90-min sessions on 2 separate
days. One of these sessions occurred under
condition GN, one under condition GR. In
each of the sessions, participants were exposed
to all schedules in the order given above.

After terminating the first session, the mod-
erator asked if any of the discussants had any
comments (which no one had) and reminded
the group of the second meeting. After that,
confederates left the building together with
the participant and walked off in opposite
directions.

At the end of the second session, the modera-
tor thanked the participants for their participa-
tion and asked them to fill out the
questionnaire that collected demographic infor-
mation and encouraged participants to write
down “any thoughts regarding the experiment”.
After that, the moderator announced that he
would like to talk to “every participant sepa-
rately” and pretended to choose the participant
first. In confidence, he first asked generally if
the participant had anything he or she would
like to share regarding the experiment. Then,
he asked directly if she had noticed that the
other two “participants” were confederates and
debriefed the participant on the objectives and
procedures of the study. No participant had a
suspicion. All were surprised and curious. None
of the participants seemed uncomfortable, and
when asked by the moderator, many reported
they understood the necessity of such “common
social psychology procedures,” and none of
them said they were concerned, disappointed,
angry or the like. After that, the confederates
entered the room, and the participant was
offered the opportunity to ask questions. In the
pre-debriefing questionnaire and when asked
by the moderator, no participant reported noti-
cing the lights, or the use of any equipment
other than the video camera.

Coding
All sessions (i.e., the total of 180 min of con-

versation per participant) were coded in 5-min
segments for:

a. the duration that the participant talked
continuously (ignoring pauses less than
1 s) to the confederate seated to the right
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(Con R) and to the confederate seated to
the left (Con L); TTR and TTL

b. the duration that the participant looked at
Con R and Con L; TGR and TGL

c. the number of times per 5 min that the
participant started talking to Con R and
Con L; RTR and RTL, after not having
talked for at least 3 s

d. the number of times per 5 min that the
participant started looking at Con R and
Con L; RGR and RGL, after not having
gazed at the confederate for at least 3 s

e. the number of times per 5 min that the
participant started talking following a con-
federate’s approval statement

f. the number of approval statements per
5 min uttered by Con R and by Con L; refR
and refL

g. the duration that Con R and Con L each
talked to the participant and talked
otherwise

h. the number of times per 5 min that Con
R and Con L each talked to the partici-
pant and talked otherwise

Four trained assistants coded 5-min seg-
ments. If the participant was silent for a frac-
tion of a second and continued to look at the
confederate, timing of participant’s talk was
not interrupted. Time spans exceeding 1 s of
no speech or gaze towards the confederate did
not contribute to the participants’ duration of
talk measure. All coding was done blind to
condition and to the exact schedules in use
(the lights on the monitor may have given a
general idea, however). Coders observed the
video recording and simultaneously pressed
one of two keys on a laptop computer when-
ever the target behavior occurred. ELAN tabu-
lated the data for later analysis.
To double-check the implementation of

condition GN and GR a sample of 11.4% of
the recordings of sessions under both condi-
tions was also coded for the number of times
that the participant and a confederate actually
had eye contact when the latter uttered her
approval statement.
Table 1 lists the operational definitions of

the target behaviors.

Interrater Reliability
Of the data on the participant’s behavior,

19.4% was either coded twice or three times

by different coders to check interrater agree-
ment. Coder reliability proved to be high, with
a correlation between measures recorded by
first and second (or third) coders ranging
from 0.92 to 0.99 (with a mean of 0.97).

Procedural Reliability
To check the enforcement of the eye

contact-independent approval statements in
condition GN and eye contact-contingent
approval in condition GR, the percentage of
approval statements delivered with and with-
out eye contact was calculated in a sample of
both conditions. In condition GN, 43.7% of
approval utterances by the right confederate
and 36.3% by the left confederate occurred
during eye contact (i.e., 56.3% and 63.7%
occurred without eye contact). In condition
GR, all approval occurred during eye
contact.

Results

Analyses
To examine our measures of choice for con-

formance to matching we first compared sin-
gle participants’ behavior. Second, we fitted
slopes across participants when bias was fac-
tored out. Third, we analyzed raw data
summed across participants and, fourth, we
performed a multilevel analysis. To allow time
for participants’ behavior to become suscepti-
ble to the current schedule of approval, ana-
lyses were based on performance during the
last 5 min of each schedule. All logarithms
were calculated to the base 2.

Verifying the Procedure
To evaluate if obtained relative approval

rates varied sufficiently to potentially gain con-
trol of behavior, programmed versus obtained
approval rates were plotted in Figure 1 for
conditions GN and GR. X-axes show pro-
grammed log ratios of approval, and y-axes
show obtained log approval ratios. Although
the slope of 0.7 indicates some compression in
the range of obtained log ratios in condition
GR, requiring gaze for approval to occur did
not affect the delivered approval distribution
substantially.

Although the same number of approval
statements was scheduled for both conditions
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only 80.5% of the total number of approval
statements given in condition GN were given
in condition GR. Although 19.5% less
approval was given in total in condition GR,
participants on average talked 12% longer and
11% more frequently to both confederates
together (five out of nine participants talked
longer and more frequently in condition GR).
Thus, overall approval uttered by confederates
did not induce the participants to talk more in
general.
On average, participants started talking to

the confederate who had just delivered
approval following 61% of approval statements
in condition GN and after 63% of approval
statements in condition GR. Of the nine

participants, four did so more frequently in
condition GN and four in condition GR,
which indicates that any speech- and gaze-
inducing effect of a confederate’s approval
statement was independent of whether
approval was contiguous with gaze or not.

Comparing Slopes within Individual
Participants

As a comparison, each panel in Figure 2
shows the regression slope when gaze was
required plotted against the regression slope
when gaze was not required. If the two slopes
were equal for a participant, that participant’s
point would lie on the major diagonal (dashed

Table 1

Operational definitions of coded target behaviors (dependent and independent variables) per 5-min interval.

Name Code Definition

Participant’s duration of talk directed at
confederate

TTR, TTL Time that the participant talks while looking at
(= orientating her pupils toward) the confederate
on her right (TTR) and her left (TTL)

Participant’s rate of talk directed at
confederate

RTR, RTL Number of times that the participant starts to talk
while looking at (= orientating her pupils toward)
the confederate on her right (RTR) and her left
(RTL), after either a confederate had talked or three
seconds of silence had passed

Participant’s duration of gaze directed at
confederate

TGR, TGL Time that the participant is looking at (i.e., is
orientating her pupils toward) the confederate on
her right (TGR) and her left (TGL)

Participant’s rate of gaze directed at
confederate

RGR, RGL Number of times per 5-minute interval that the
participant starts looking at (i.e., is orientating her
pupils toward) the confederate on her right (RGR)
and her left (RGL) after not having looked at her for
at least three seconds

Confederates’ number of approval
statements

refR,
refL

Number of times the right (refR) or left (refL)
confederate looks at and verbally agrees with the
participant (e.g., says “Yes, that’s right”, “Exactly!”)
during or directly after the participant’s speaking. In
both conditions GN and GR those statements were
to occur as soon as possible after the designated
light flashed and before the other confederate’s
light was turned on. In condition GR, the
participant’s pupils were also required to be directed
at the confederate that uttered the agreement.

Duration that Con R and Con L talk
directed at participant and talk
otherwise

tR, tL,
tR_O, tL_O

Time that the right (tR) and the left (tL) confederate
talk while having their pupils oriented towards the
participant and the remaining time of the right
(tR_O) and left (tL_o) confederate’s talk

Rate that Con R and Con L talk directed
at participant and talk otherwise

rR, rL, rR_O, rL_O Number of times per 5-minute interval that the right
(rR) and the left (rL) confederate start talking after a
three second silence or after the participant had
talked, while having their pupils oriented towards
the participant and number of the remaining times
of the right (rR_O) and left (rL_o) confederate’s first
words after having not talked for at least three
consecutive seconds
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line). The left two graphs plot slopes of log-
ratio duration measures (log TTR/TTL, “P-
Talk,” in the top graph and log TGR/TGL, “P-
Gaze,” in the bottom graph) regressed against
log-ratio approval (“C-Approval,” log refR/
refL). The scatter of points to both sides of the
dashed line indicates that requiring gaze for
approval had no systematic effect on slope in
comparison with not requiring gaze. The
slopes for approval ratio were generally small
and positive, with a few outliers in quadrants I
and II.
Evidently, the confederates’ approval

exerted little control over the participants’ talk
and gaze. If approval per se was unimportant,
other aspects of the conversation might have
been. In particular, the confederates differed

in how long they talked to the participants.
Accordingly, we investigated how the differ-
ence in confederates’ talk might have affected
the participants’ talk and gaze.

The two graphs on the right side of Figure 2
show the slopes for the log-ratio duration mea-
sures regressed against log-ratio of the dura-
tion of confederates’ duration of talk to the
participant. In contrast to the slopes for
approval ratio on the left, these graphs indi-
cate that most slopes were negative. When
both slopes for a participant were negative,
the point for that participant would fall in
quadrant III. With one exception—a point in
quadrant IV—most points fall clearly in quad-
rant III or close to the x- or y-axis. For P-Talk
ratio (top), 13 out of 18 slopes were negative,
and for R-Gaze ratio (bottom), all 18 slopes
were negative. A negative slope indicates that
the participant spoke relatively more to the
confederate who spoke relatively less. For rea-
sons that remain to be understood, partici-
pants tended to talk to the confederate who
was less talkative in preference to the confed-
erate who was more talkative.

The difference in size and sign of slopes
between log-ratio of approval and log-ratio of
confederates’ talk seems to be all that can be
reliably concluded from Figure 2. Few of these
slopes were well-determined (see Table A1).
When P-Talk was predicted by C-Approval, r2

ranged from .04 to .94 with a mean of .30 for
condition GN and ranged from .01 to .30 with
a mean of .11 for condition GR. When P-Talk
was predicted by C-Talk, r2 ranged from .00 to
.78 with a mean of .27 for condition GN and
ranged from .00 to .83 with a mean of .38 for
condition GR.

The results for relative number of speech
and gaze episodes were about the same. Least-
squares regression was used to fit a line to the
log-ratio of rate of talk (RTR/RTL) as a func-
tion of log-ratio of approval statements (refR/
refL; C-Approval), and between log-ratio of
number of looks (RGR/RGL) as a function of
log-ratio of approval statements (C-Approval).
The regression slopes showed the same pat-
terns as in Figure 2, and the proportion of var-
iance accounted for by rate measures was
generally low, suggesting caution on any con-
clusions based on slopes (see Table A2 for
r2s). Whereas Borrero et al. (2007) found that
their data were best described by the response-
rate matching equation (Eq. 2), fitting our

Fig. 1. Obtained versus programmed log approval
ratios. X-axes show programmed log ratios of approval
and y-axes show obtained log approval ratios. The upper
part of the Fig. shows condition GN (Gaze Not Required
for approval) and the lower part shows condition GR
(Gaze Required for approval).
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gaze and speech data to Equations 2 and
3 showed response duration to be an equally
good measure of speech and gaze allocation
as response rate.

Choice Pooled Across Participants
Conger and Killeen (1974) plotted pooled

results for all their participants. We did the
same, but because we had six behavior ratios
per approval ratio, we were able to correct for
differences in bias across participants, thereby
eliminating some of the variability across parti-
cipants. The correction derived from a rear-
rangement of Equation 3:

Log
TR

TL

� �
−Log bð Þ = sLog rR

rL

� �
ð4Þ

The corrected log-ratio measure is the
expression on the left of Equation 7. Each
panel in Figure 3 shows the corrected log
ratio of pooled participants’ duration of talk
to the left and right confederate plotted
against confederates’ log ratio of approval
(left two panels) and confederates’ log ratio
of duration of talk (right two panels).
Correcting participants’ talk log ratios elimi-
nated bias as a source of variability across
participants, allowing a better comparison of

Fig. 2. Individual regression slopes for gaze and talk in conditions GR (Gaze Required for approval) and GN (Gaze
Not Required for approval). The left panels show slopes of log-ratio duration measures of talk (upper left) and gaze
(lower left) regressed against log-ratio approval. The right panels show slopes of log-ratio duration measures of talk
(upper right) and gaze (lower right) regressed against log-ratio confederates’ talk. Participants’ points lying on the
dashed line indicate equal slopes.
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talk ratios. The two upper panels show cor-
rected P-Talk ratios plotted against C-
Approval ratios (left) or C-Talk ratios
(right), when gaze was not required. The
two lower panels show the same relations
when gaze was required.
If relative approval were a good predictor

for participants’ relative talk, P-Talk ratios
would follow a linear relation with a well-
determined slope. Both conditions’ r2s shown
in Figure 3 are less than .1, indicating that
slopes were poorly determined. Low r2s,
together with points scattering around the x-
axis, rather than a line of slope greater than
zero, show that approval ratio exerted virtually
no control over P-Talk ratio. Slopes in the

upper and lower left panel are approximately
equal, showing again that the contingency
requiring gaze had no effect.

The two right-hand graphs show substantial
negative slopes with higher r2s, indicating that
C-Talk ratio exerted substantial control over P-
Talk ratio and that the relation was such that
the participants spoke more to the confeder-
ate that spoke less, no matter if gaze was
required.

Similar remarks apply to participants’ rela-
tive distribution of gaze (P-Gaze ratio) shown
in Figure 4. Approval ratio exerted little or no
control over participants’ gaze, whereas C-Talk
ratio exerted substantial control over gaze in a
way parallel to the control over P-Talk ratio;

Fig. 3. Log ratio of participants’ duration of talk to the left and right confederate corrected for bias, versus confeder-
ates’ log ratio of approval (left panels) and confederates’ log ratio of duration of talk (right panels). The two upper
panels show corrected participants’ talk ratios plotted against confederates’ approval ratios (top left) or confederates’
talk ratios (top right), when gaze was not required for approval. The two lower panels show the same relations when gaze
was required for approval. The legend identifies the participants.
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participants tended to look more at the con-
federate who spoke less.

Grouped Raw Data
To pool the raw data, counts and times were

summed across participants, and then these
sums were analyzed as if they came from one
participant. Figures 5 and 6 show the results.
Figure 5 shows the duration measures plotted
against relative approval ratios. The top panel
shows results for talk duration (TTR/TTL; “P-
Talk”). A small positive slope of about 0.2
appeared for both conditions GN and

GR. The lower panel shows results for gaze
duration (TGR/TGL; “P-Gaze”). As with talk, a
small positive slope appears, but smaller—
about 0.1—and about the same whether gaze
was required or not.

Figure 6 shows the same duration measures
plotted against relative duration of confeder-
ates’ talk. The vertical axes are the same as in
Figure 5. Regression lines in Figure 6 confirm
the negative relations of P-Talk ratio and P-
Gaze ratio with C-Talk ratio. Three out of four
of the slopes have r2s greater than .8. Again,
we see that participants favored in both speech
and gaze the confederate who spoke less.

Fig. 4. Log ratio of participants’ duration of gaze to the left and right confederate corrected for bias, versus confeder-
ates’ log ratio of approval (left panels) and confederates’ log ratio of duration of talk (right panels). The two upper
panels show corrected participants’ gaze ratios plotted against confederates’ approval ratios (top left) or confederates’
talk ratios (top right), when gaze was not required for approval. The two lower panels show the same relations when gaze
was required for approval. The legend identifies the participants.
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Linear Mixed Model Analysis for Repeated
Measurements
We applied a linear mixed model (Everitt,

2009) to test the effect of the confederates’
relative approval, their relative duration of talk
and their relative frequency of talk on the par-
ticipants’ relative duration and frequency of
talk and gaze. The linear mixed model is an
extension to the generalized linear model,
also referred to as multilevel model in the sta-
tistical literature. We used a linear mixed
model with a random intercept for each par-
ticipant to take the repeated measurements
for each participant into account. Coefficients,

p-values and confidence intervals are given in
Table A3 in the Appendix. In line with our
graphical analyses, relative approval did not
significantly predict any of the dependent vari-
ables. However, the frequency with which con-
federates talked to the participant was a
significant predictor for participants’ behavior.
All coefficients were negative, confirming the
reverse relation between relative confederate
talk and gaze and relative participant talk and
gaze. Interaction analysis showed that condi-
tions GR and GN do not significantly modify
the predictors’ effects, although overall smal-
ler negative coefficients produced when eye
contact was required suggest that confeder-
ates’ behavior might generally have had a lar-
ger effect on participants’ behavior when eye
contact was required.

Changes in Matching During the Course
of the Session

Borrero et al.’s (2007) data from the first
5 min of their sessions were better described
by the matching relation than the data from
the last 5 min. Conger and Killeen (1974)
found the opposite. The degree to which the
present participants’ speech and gaze alloca-
tion conformed to Equations 2 and 3 did not
differ substantially during different 5-min
intervals of the sessions. All data presented
here are based on performance during the last
5 min of each schedule, because participants
were expected to need some experience with
the current schedule of approval statements
before it could take control over their
behavior.

Whereas in an unpublished study (Milinder,
1997), in which one of the conditions
resembled our GN condition, matching
decreased as participants became more famil-
iar during the course of the sessions, in the
present study, the change of degree to which
the participants matched their speech and
gaze allocation to the confederates’ approval
statements did not follow a common pattern
for all participants. Neither did the partici-
pants’ topic preferences show any relation to
the matching slopes they produced.

Participants’ Overall Talk
Conger and Killeen (1974) excluded partici-

pants who did not speak in each minute of the

Fig. 5. Log ratio duration measures calculated from
pooled raw data plotted against log approval ratios. The
top panel shows results for relative participants’ talk dura-
tion and the lower panel shows results for relative gaze
duration. GN: gaze not required for approval. GR: gaze
required for approval.
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session from their analysis. None of the partici-
pants in the present study spoke in every con-
secutive minute, and only Participants 5 and
9 talked in every 2-min interval. Only Partici-
pants 6 and 8 looked at the confederate at
least once in each minute. However, those par-
ticipants who matched their speech and gaze
allocation better to the confederates’ relative
rate of approval were not the ones that talked
the most. There are no indications that our
participants talked too little to display match-
ing, as Figure 1 indicates. Female and male
participants’ behavior towards the confeder-
ates did not differ systematically in any of the
analyses.

Discussion

No matter if individual data, pooled data, or
raw data are analyzed, the results were the
same: Little to no influence of relative
approval on participants’ talk and gaze (near-
zero slopes in Figs. 2, 3, 4, & 5) and an inverse
relation between confederates’ and partici-
pants’ relative talk (negative slopes in Figs. 2,
3, 4, & 6). These results contrast with those of
Conger and Killeen (1974), which showed sub-
stantial influence of confederates’ approval
evidenced by a rough matching between rela-
tive talk and relative approval.

In the present experiment, we incorporated
two conditions, one in which gaze was not
required for confederates’ delivery of approval
(GN) and one in which gaze was required
(GR; participant had to be looking at the con-
federate). Conger and Killeen (1974) did not
require gaze for approval. We found no differ-
ence between the two conditions, and we can-
not say what results Conger and Killeen would
have obtained had they included the extra
requirement.

Although our results differ from those of
Conger and Killeen (1974), their finding of
rough matching of relative talk to relative
approval may indicate that their results were
not due to strengthening by reinforcement, as
seems often to be assumed, because gaze was
not required to be contiguous with reinforcer
delivery. A conventional notion of reinforce-
ment would require that the behavior moni-
tored for control (talk-plus-gaze) also be the
behavior followed by reinforcers.

Both the earlier results apparently showing
matching and our present results showing no
difference whether gaze was required or not
may suggest a different mechanism: what Segal
(1972) and Baum (2012) have called induction.
The simplest explanation of Conger and Kill-
een’s (1974) results may be that their confed-
erates’ approval statements drew the
participants’ talk-plus-gaze in their direction—
that is, talk-plus-gaze followed approval, not
the other way around, as required by rein-
forcement. Thus, an approval statement
induced a shift of talk-plus-gaze toward the
confederate from which it came. In the pres-
ent experiment, the disparity between the con-
federates’ talk induced relatively less
participant talk and gaze to the confederate
who spoke more. An everyday explanation

Fig. 6. Log ratio duration measures calculated from
pooled raw data plotted against log duration of confeder-
ates’ talk. The top panel shows results for relative partici-
pants’ talk duration and the lower panel shows results for
relative gaze duration. GN: gaze not required for approval.
GR: gaze required for approval.
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would say that the participant was trying to
draw the more taciturn confederate into the
conversation, perhaps out of courtesy.
The confederates’ comments differentially

induced the participant’s responding, but why
did the allocation of talking and gaze remain
largely insensitive to the difference in relative
approval? Why was the participants’ behavior
sensitive to how much the confederates talked
but not to the content (i.e., approval) of their
statements? The reasons why some approval
statements might not affect the participants’
behavior can only be conjectured. The partici-
pants’ history might have led to differential
susceptibility to formally equivalent approval
statements. The assumption that utterances,
which we classify as approval, have an inducing
or reinforcing effect on people’s speech could
not be tested in advance but could be assumed
from previous research (Krasner, 1958). Of
the approval statements delivered, some might
have been ineffective due to differing estab-
lishing operations, defined as "any change in
the environment which alters the effectiveness
of some object or event as reinforcement"
(Michael,1982; pp. 150–151).
As Kollins, Newland, and Critchfield (1997)

pointed out after reanalyzing 25 studies
employing variable-interval schedules of rein-
forcement, determining the role that establish-
ing operations play in human matching
behavior is central to an explanation of the
variability among human studies as well as dif-
ferences between human and nonhuman ani-
mals. Hence, one aim of our future research
will be to gain a better understanding of the
differential effect of establishing operations
upon partners’ relative utterances. Variables
such as the current reluctance to build up new
social contacts might differ among partici-
pants. Freshmen participants who have just
moved to a new city to start studying might be
more susceptible to others’ approval or other
statements regarding the topic under discus-
sion than socially well-established or more
mature participants would be. Incorporating
such differences between participants or
manipulating presumed establishing opera-
tions might prove valuable. Because establish-
ing operations in the current study remain
unknown and might vary across participants or
across time, investigating possible systematic
differences in setting or history that our parti-
cipants were exposed to might be worthwhile.

Perhaps, for example, the cultural background
of our German participants arranged for a his-
tory in which integrating left-out conversa-
tional partners was reinforced.

Besides replication, the current study aimed
to explore additional variables that can func-
tion as inducers in conversations. This explora-
tion led to the observation that the
confederates’ relative rate and duration of
overall speech covaried negatively with the
participants’ allocation of gaze and speech fre-
quencies, as well as durations, to both conver-
sational partners. To ensure the
generalizability of this result to other partici-
pants and settings and to exclude the possibil-
ity that other unknown covarying variables are
responsible for the results, we plan to test if we
can systematically vary the duration and rate
of the conversational partners’ speech in
future studies.

Inverse matching occurred even though the
confederates were instructed not to differ in
any behavior except their rate of approval.
Confederates were instructed to talk as little as
possible besides their approval delivery, and
when one of them had made a comment, the
other was to make a comment of equal length
and content. Conger and Killeen’s (1974) con-
federates “were limited to only cued interac-
tions with the participant as described. They
could make general statements directed to no
one in particular, to each other, or to [the
moderator]” (pp. 404). Restricting the confed-
erates to the utterance of approval and striving
to align their remaining behavior seem impor-
tant because all of the confederates’ activities,
no matter how subtle, may affect the depend-
ent variable. However, the effect of confound-
ing variables needs to be weighed against the
viability of the procedure.

Verplanck (1955) reported control over the
utterance of participants’ opinion statements
in casual conversations using college student
experimenters whose utterances were
restricted to expressing agreement to those
opinions. However, when Azrin, Holz, Ulrich,
and Goldiamond (1961) attempted to repli-
cate Verplanck’s study, they discovered that
most of their students who acted as experi-
menters in the replication were unable to fol-
low the procedure and either falsified their
data or had not followed the procedures prop-
erly but refrained from reporting their depar-
ture from instruction. To test if strictly
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following the procedure was even possible,
Azrin et al. trained four experimenters who
held either a Master’s or a Ph.D. degree in
psychology, all well-trained in shaping of ani-
mal behavior, to engage in casual conversa-
tions with people while restricting their own
comments to merely uttering agreement to
opinions expressed by the person they talked
to. The experimenters talked to 12 partici-
pants, all of whom left the room within
10 min, making it impossible for the experi-
menters to manipulate the participant’s
speech while restricting themselves to feed-
back on opinions.
Evidently, Conger and Killeen’s (1974) con-

federates’ behavior was not as restricted as
Verplanck’s (1955) and Azrin et al.’s (1961)
but, although thoroughly trained, our confed-
erates struggled to act as Conger and Killeen’s
confederates were supposed to do, that is, to
balance their comments and to only talk to
the participant when uttering approval.
Because we do not know how well Conger and
Killeen’s confederates managed to follow the
instruction of talking equally frequently and
long, we cannot exclude the possibility that
their confederates differed in talking rate and
duration and that their utterances were nega-
tively correlated to the participant’s talk. All
we know is that confederates’ approval state-
ments in Conger and Killeen’s study showed a
different relation to the participants’ talk than
they did in our study.
A possible difference between Conger and

Killeen’s (1974) confederates’ and our confed-
erates’ ability to follow instructions could lie in
the length of sessions. Our participants were
exposed to two sessions lasting 180 min in
total, and Conger and Killeen’s participants
conversed for a total of 30 min. Pierce
et al. (1981) tested their six participants on
7 consecutive days for 1 hr per day. Their par-
ticipants’ behavior did not conform to a com-
mon pattern, but some produced results
similar to our participants. Their participants’
talking time and rate produced slopes ranging
from s = −.49 to s = .37, displaying either
undermatching, inverse matching or insensitiv-
ity to approval.
The effect of two conversational partners’

agreement and overall speech upon a third
person’s speech is complex. The results of pre-
vious studies on matching in conversations
range from inverse matching to severe

undermatching and perfect matching to the
absence of any pattern. Because those results
render the applicability of the matching rela-
tion to conversations far from certain, forth-
coming studies might start by examining the
inducing effect (Baum, 2012) of a conversa-
tional partner’s agreement and overall speech
upon another conversational partner’s speak-
ing in a two-person setting. Such an approach
would shed light on whether formally identical
stimuli that have inducing properties in two-
person conversations have the same function
in three-person conversations.

As opposed to the content (in this case
approval) of two conversational partners’
speech, our results indicate that the relative
duration of their utterances is a variable con-
trolling a third conversational partner’s
speech. If this observation can be confirmed
by systematic variation of the duration and fre-
quency of confederates’ speech as an inde-
pendent variable, apart from approval
statements, this finding could have wide-
ranging implications for a number of social
settings, such as therapeutic conversations,
teamwork situations or everyday-life interac-
tions between family members or colleagues.
Besides creating the ground for those applica-
tions, our findings illuminate procedural possi-
bilities to contribute to a scientific analysis of
human verbal interactions that goes beyond
Skinner’s (1957) approach to the topic. Our
test of applicability of the generalized match-
ing relation (Eqs. 2 and 3) to conversational
partners’ allocation of speech and gaze repre-
sents one of many possibilities to enhance
basic knowledge of conversational behavior by
an analysis of speaking in the same general
framework as other operant behavior.
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Appendix

Table A1
All Individual Slopes Based on Performance During the Last Five Minutes of Each of the Six Schedules

Rate Approval Statements by Confederates

1 2 3 4

Participant
Duration talk Duration gaze Rate talk Rate gaze

s GN s GR s GN s GR s GN s GR s GN s GR

1 0,65 0,44 0,36 0,00 0,30 −0,60 0,11 −0,12
2 0,40 0,20 0,30 0,61 0,23 −0,21 0,24 0,18
3 −0,46 0,13 −0,18 0,16 −0,06 −1,15 0,05 0,10
4 −0,15 0,53 −0,18 1,13 0,02 −0,83 0,10 0,66
5 −0,22 0,01 0,02 0,02 −0,04 0,02 −0,01 0,18
6 0,10 0,09 0,05 0,37 0,04 −0,38 0,07 0,18
7 0,31 −0,19 0,06 0,10 0,22 −1,02 0,12 −0,03
8 0,22 0,21 0,08 0,13 0,23 −0,03 0,08 0,06
9 1,22 0,32 0,40 0,29 1,01 −0,44 0,25 0,33

Duration Talk by Confederates to Subject

5 6 7 8
Participant Duration talk Duration gaze Rate talk Rate gaze

s GN s GR s GN s GR s GN s GR s GN s GR

1 −0,61 −0,55 −0,59 −0,59 −0,42 −0,60 −0,18 −0,29
2 −0,76 −0,20 −0,65 −0,18 −0,49 −0,21 −0,41 −0,25
3 0,53 −1,39 −0,43 −0,86 0,12 −1,15 0,09 −0,74
4 −0,45 −1,07 −0,28 −1,23 −0,27 −0,83 −0,56 −0,75
5 −0,16 0,01 −0,50 −0,34 −0,13 0,02 −0,17 −0,29
6 0,06 −0,52 −0,11 −0,49 0,02 −0,38 −0,09 −0,16
7 0,02 −0,63 −0,22 −0,74 −0,23 −1,02 −0,15 −0,59
8 −0,33 −0,23 −0,30 −0,47 −0,38 −0,03 −0,26 −0,04
9 −1,44 −0,52 −0,62 −1,26 −1,09 −0,44 −0,48 −0,88

Rate Talk by Confederates to Subject

9 10 11 12
Participant Duration talk Duration gaze Rate talk Rate gaze

s GN s GR s GN s GR s GN s GR s GN s GR

1 −0,82 −0,77 −0,79 −0,89 −0,56 −0,77 −0,24 −0,43
2 −0,80 −0,78 −0,71 −0,03 −0,54 −0,35 −0,44 −0,22
3 −0,02 −0,58 −0,80 −0,76 −0,14 −0,57 −0,02 −0,63
4 −0,28 −1,16 −0,06 −1,29 −0,25 −0,84 −0,50 −0,76
5 −0,41 0,04 −0,91 −0,50 −0,28 −0,04 −0,35 −0,55
6 0,08 −0,75 −0,15 −0,49 0,05 −0,31 −0,13 −0,14
7 −0,20 −0,43 −0,19 −0,66 −0,15 −0,90 −0,26 −0,58
8 −0,48 −0,63 −0,47 −0,73 −0,51 −0,49 −0,39 −0,50
9 −1,76 −0,51 −0,56 −1,71 −1,28 −1,01 −0,47 −1,23

0.7 ≤ s < 1.3 indicating matching
s < -1.3 reverse overmatching
-1.3 ≤ s < -0.7 indicating reverse matching
-0.7 ≤ s < 0.7  indicating undermatching/no matching
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Table A2
All Individual r2 Based on Performance During the Last Five Minutes of Each of the Six Schedules

Rate Approval Statements by Confederates

1 2 3 4

Participant
Duration talk Duration gaze Rate talk Rate gaze

r2 GN r2 GR r2 GN r2 GR r2 GN r2 GR r2 GN r2 GR

1 0,25 0,26 0,30 0,01 0,18 0,21 0,09 0,01
2 0,28 0,04 0,20 0,22 0,17 0,05 0,45 0,09
3 0,23 0,02 0,12 0,09 0,01 0,06 0,04 0,06
4 0,04 0,11 0,06 0,53 0,00 0,14 0,02 0,49
5 0,20 0,02 0,00 0,00 0,03 0,08 0,00 0,20
6 0,09 0,08 0,08 0,47 0,03 0,33 0,09 0,37
7 0,37 0,01 0,17 0,01 0,24 0,01 0,66 0,00
8 0,34 0,17 0,05 0,05 0,57 0,01 0,10 0,03
9 0,94 0,30 0,33 0,00 0,08 0,25 0,26 0,00

Duration Talk by Confederates to Subject

5 6 7 8
Participant Duration talk Duration gaze Rate talk Rate gaze

r2 GN r2 GR r2 GN r2 GR r2 GN r2 GR r2 GN r2 GR

1 0,16 0,79 0,59 0,88 0,25 0,90 0,19 0,85
2 0,61 0,83 0,58 0,00 0,47 0,64 0,81 0,38
3 0,03 0,47 0,14 0,78 0,02 0,47 0,02 0,85
4 0,27 0,66 0,12 0,95 0,19 0,81 0,64 0,95
5 0,08 0,03 0,50 0,28 0,23 0,04 0,33 0,31
6 0,05 0,27 0,21 0,76 0,01 0,69 0,24 0,49
7 0,00 0,18 0,07 0,70 0,01 0,48 0,04 0,53
8 0,44 0,21 0,42 0,70 0,96 0,01 0,59 0,02
9 0,78 0,00 0,47 0,93 0,28 0,00 0,56 0,90

Rate Talk by Confederates to Subject

9 10 11 12
Participant Duration talk Duration gaze Rate talk Rate gaze

r2 GN r2 GR r2 GN r2 GR r2 GN r2 GR r2 GN r2 GR

1 0,18 0,76 0,66 0,97 0,29 0,71 0,46 0,89
2 0,52 0,66 0,54 0,00 0,45 0,64 0,00 0,21
3 0,02 0,09 0,40 0,69 0,01 0,13 0,77 0,70
4 0,11 0,67 0,01 0,91 0,17 0,71 0,04 0,84
5 0,23 0,31 0,77 0,51 0,54 0,09 0,86 0,89
6 0,10 0,34 0,33 0,48 0,10 0,29 0,29 0,25
7 0,01 0,12 0,12 0,74 0,01 0,51 0,18 0,69

r2 ≥ 0.7
r2< 0.7
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Table A3
Results of Multi-Level Regression Analysis

Participants’ relative duration of talk Coefficient P-value 95% Conf. Interval

If gaze required 0.07 0.77 [−0.42, 0.56]
Confederates’ relative duration of talk −0.10 0.48 [−0.37, 0.17]
Confederates’ relative frequency of talk −0.59 0.00 [−0.94, −0.23]
Confederates’ relative approval −0.01 0.93 [−0.20, 0.17]
Participants’ relative duration of gaze Coefficient P-value 95% Conf. Interval

If gaze required 0.10 0.51 [−0.20, 0.39]
Confederates’ relative duration of talk −0.29 0.00 [−0.45, −0.14]
Confederates’ relative frequency of talk −0.40 0.00 [−0.61, −0.19]
Confederates’ relative approval −0.10 0.09 [−0.22, 0.01]
Participants’ relative frequency of talk Coefficient P-value 95% Conf. Interval

If gaze required 0.04 0.80 [−0.27, 0.35]
Confederates’ relative duration of talk −0.13 0.14 [−0.30, 0.04]
Confederates’ relative frequency of talk −0.44 0.00 [−0.67, −0.21]
Confederates’ relative approval −0.08 0.22 [−0.20, 0.05]

CARSTA SIMON and WILLIAM M. BAUM278


	 ALLOCATION OF SPEECH IN CONVERSATION
	Method
	Participants
	Setting and Apparatus
	Procedure
	Coding
	Interrater Reliability
	Procedural Reliability

	Results
	Analyses
	Verifying the Procedure
	Comparing Slopes within Individual Participants
	Choice Pooled Across Participants
	Grouped Raw Data
	Linear Mixed Model Analysis for Repeated Measurements
	Changes in Matching During the Course of the Session
	Participants´ Overall Talk

	Discussion
	References




