and the crystallographic direction ¢, and
2V is the optic angle. For the ortho-
rhombic form:

nx = 1.772 % .003
ny = 1.780 = .002
nz = 1.789 = .002

(+)2V =58° = 5°

A prominent prismatic cleavage yields
fragments whose orientation prevents
accurate determination of 2V in oil
mounts. Monoclinic ferrosilite is clear
or has a slight greenish tint; the ortho-
rhombic form is faintly pleochroic in
tints of green and yellow green.

Powder difractometer patterns of the
two polymorphs (Table 2) are roughly
similar to those of monoclinic and
orthorhombic enstatite; the lines are all
shifted to larger d values. A strong
preferred orientation of grains on the
powder mounts affects the relative in-
tensities in Table 2. The pattern for the
orthorhombic form is more like that of
orthoenstatite than that of protoensta-
tite.

Molar volumes of various assem-
blages with 2FeSiO:; bulk composition
are given in Table 3 (3). It is clear
that high pressures should favor the
formation of ferrosilite over fayalite
plus quartz, if the entropy change of
Table 2. Preliminary x-ray data for ferro-

silite: unfiltered iron radiation; silicon internal
standard; @ is the Bragg angle of reflection.

20 (FeKea)
(deg) I hkl
Monoclinic polymorph
17.22 4 110
2427 6 020
33.64 8 021
34.85 8 220
37.22 10 221
38.86 6 310
43.64 3 131 (D)
43.80 2 202 (?)
45.93 2 002
46.02 2 221
331
53.22 2 §330
56.70 2 041
Orthohombic polymorph
17.17 7 120
24.21 10 020
33.66 4 121
34.81 7 420
37.75 1 321
38.85 9 610
41.22 2 421
43.78 2 131
202
45.36 2 430
521
4744 1 331
49.74 2 800
630
: 502
53.95 2 3322
531
440
58.05 2 {2 49
74

Table 3. Molar volumes of assemblages with
2FeSiO; composition.

Molar volume
Assemblage (cm®/mole)

Fayalite (46.41)

quartz (22.68) 69.09
Fayalite -+ coesite (20.75) 67.16
2 Ferrosilite (33.44) 66.88 +-1.32
Fe,SiO, spinel (42.02) +

coesite 62.77
Fe,Si0, spinel -+

stishovite (14.02) 56.04

the reaction is not greatly dependent
on pressure and if the compressibilities
of the two assemblages are approxi-

_mately equal. Ferrosilite breaks down

to fayalite plus quartz at 1000°C and
14 kb but can be synthesized from that
assemblage at 1150°C and 18 kb
(Table 2); hence pressure does deter-
mine the stability of ferrosilite in that
temperature range. As more data on
the lower stability of ferrosilite are ac-
quired, it may be possible to extra-
polate the boundary curve to low pres-
sures, thus providing a check on
Bowen’s suggestion of possible stability
at 1 atm. The molar volume of faya-
lite plus coesite is closely similar to
that of ferrosilite (Table 3), and
whereas ferrosilite has been synthesized
in the low-pressure portion of the coe-
site stability field (4) (1400°C, 40 and
45 kb), it is possible that fayalite plus
coesite might be stable at some higher
pressures. Ferrosilite is expected to
break down once the field of Fe.SiO.
spinel is reached (5). :

Data on the synthesis and stability of
ferrosilite may not be of direct sig-
nificance in petrology, for the only sus-
pected occurrences of the mineral are
from low-pressure environments, and
iron-rich pyroxenes are unlikely to oc-
cur in the mantle. Nevertheless, opti-
cal, structural, and thermodynamic
data from the FeSiO. end member will
be -most useful in studies of the pyrox-
ene group. Furthermore, the behavior
of ferrosilite under pressure may serve
as a model for enstatite, probably an
important mantel mineral, as fayalite
serves for forsterite.
thesized at high pressures will also be
useful for stability experiments at low
pressures (6).

D. H. LINDSLEY
B. T. C. Davis
1. D. MACGREGOR
Geophysical Laboratory,
Carnegie Institution of Washington,
Washington, D.C. .

Ferrosilite syn- .
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Group Learning of Speech
Sequences without Awareness

Abstract. Speech sequences in groups
of three persons each were registered
by throat microphones and voice re-
lays. These and other automatic de-
vices were used to program differential
reinforcement of given speech se-
quences with a modified conditioning
technique. The results show that the
order of speakers in a discussion can
be brought under partial experimental
control with accompanying changes in
the role behavior of individuals.

A significant part of human social
behavior consists of the verbal inter-
action of persons in small groups, and
a great deal of research has been di-
rected toward identifying and describ-
ing its basic features. Both the mean-
ing and the physical attributes of ver-
bal exchange have been studied as well
as its implications for leadership and
other aspects of group behavior (7).

The research reported herein is con-
cerned with the sequence of speeches
in a group discussion and the question
whether this systematic property of
verbal interaction, if treated as a free
operant, can be manipulated through
differential reinforcement (2). Famil-
iar examples often noted in groups
are: who talks after whom, who has
the last word, who butts in, who starts
off, who is silent, and so on. In contrast
to previous research on verbal condi-
tioning in individuals (3), in this ex-
periment one could determine whether
the conversational order of several in-
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dividuals, regardless of content, could
be brought under experimental con-
trol. A speech is defined as a vocaliza-
tion of any duration by a given speaker.
Any one speech is succeeded when an-
other speaker begins to talk, and so
on, thus defining the order of speakers.
No speaker can follow or precede him-
self.

Speeches and speech sequences were
automatically registered by the use of a
Danavox throat microphone attached
to each subject and a parallel Grason-
Stadler voice-operated relay. With ap-
propriate settings for gain, attack, and
release time, the relay for a given
subject closes only when the particular
subject makes an utterance. Micro-
phones and relays are not activated
by ambient noise or bodily movements.
This makes it possible to know who
is talking at any given time even though
subjects talk rapidly and are in a close,
face-to-face arrangement. Additional
switches and relays indicate not only
the current speaker but the person
speaking before him. Given a group of
three people, there are six such se-
quences possible.

The automatic registration of speech
sequences overcomes the serious prob-
lems of observer bias, inaccuracy, and
unreliability in previous work on the
operant conditioning of conversation
(4). The equipment “decides” what
speech sequence has occurred. For ex-
ample, two people seemingly talking at
the same time tend to generate an
alternating sequence of the two, and
whoever is still talking at the end, if
only for an instant, is the last speaker.

A simple experimental task was used
as a vehicle for group discussion (5).
This task was a contrived game in
which the subjects were told that they
were to guess the order of colors on a
list and to try to get as many right as
possible. Each group of three subjects
was seated (at random) around a table
and was asked to decide as a group
which one of six colors would come
up on each trial. Every 10 seconds the
group was given a signal to make their
decision, at which time each subject
had to press a button of the color
chosen. When the button was pressed
simultaneously by three subjects, a light
of the color chosen went on in front
of each subject, and then the group
was informed immediately whether
they were “right” or “wrong” by a tone
or buzzer respectively. In the brief in-
terval between trials subjects were
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Fig. 1. Speech sequence in groups of three
persons: plot. of average percentage of
AB speech sequences.

asked to discuss what their next choice
would be.

Unknown to the subjects, there was
no list of colors. “Right” and “wrong”
were determined by the speech se-
quence occurring immediately prior to
the time of decision (button press)
and not by actual colors chosen. If a
particular verbal pattern occurred, the
subjects were informed they made a
“right” choice. Trials ending with all
other verbal sequences were ‘“wrong.”
The reinforcement was programmed by
the equipment.

The subjects were 45 female college
students and student nurses who were
run in 15 groups of three persons each
in two sessions of 240 trials each. The
sessions were scheduled 4 to 5 days
apart. Within a group, the subjects
were designated A, B, and C.

In all first sessions, positive rein-
forcement (“right”) was made contin-
gent on the occurrence of speech se-
quence AB: B last speaker, A next-to-
last. In the second session, three con-
ditions were used, five groups each.
In condition I, the AB pattern was
positively reinforced just as in session
1; in condition II, the reversed pat-
tern, BA, was reinforced; in condition
III, the pattern CB was reinforced, that
is, subject C was required to be the
next-to-last speaker instead of A.

In Fig. 1, the AB speech sequences
are plotted as a percentage of the six
possible two-person sequences occur-
ring in two sessions, in each of which
there were eight successive blocks of
30 trials each. The pooled data of all
groups in session 1 indicate that the
percentage of AB sequences increased
in trial blocks 4, 5, and 6 with a peak
value of 27 percent in block 5. In 12
out of 15 groups the AB percentage

in this block was greater than the ex-
pected 16.67 percent (p = .035).

In session 2, condition I shows a
higher percentage of AB sequences,
compared with conditions II or III, on
all trial blocks. The highest average
percentage of AB sequences for con-
dition I, 34 percent, occurred in block
6 of session 2 as compared with 21
percent and 15 percent for conditions
II and TII (p = .02, Mann-Whitney
test). Thus, in the five groups given
the same reinforcement schedule in the
second session, the desired speech se-
quence was maintained at a higher
rate than in the control conditions. In
addition, these groups yielded a higher
percentage of AB sequences on most
trial blocks as compared with session 1,
a further indication of learning.

The effectiveness of the experimental
reinforcer (“right”) in controlling
speech sequences appears to oscillate
over time in both sessions 1 and 2.
There is a peak in the learning curve
and a falling off at the end. The vari-
ability may not be surprising in a
human learning situation as subjects
become bored with the simple activity
required and solving the experimental
problem takes on less significance.
This is borne out by the observation
that the total number of verbal acts
decreases a great deal toward the last
half of the session.

The evidence as a whole suggests
that the verbal responses of different
subjects can be linked together through
differential reinforcement. The relative
increase in the reinforced speech se-
quence (condition I) is not simply a
function of higher rates of verbal
activity for both A and B subjects and
reduced activity for C inasmuch as the
average percentage of BA sequences
(the same two subjects but in reverse
order) was lower in all but one trial
block. Rather, subjects A and B
learned to talk in the particular order
AB at the end of each trial.

The learning of patterns of verbal
behavior seemed to occur without sub-
jects being aware of this regularity in
their interaction. Nor is it likely that
they would because such rapidly occur-
ring sequences are hardly obvious to
people participating in a discussion. In
extensive questionnaire data obtained
after the final session, and in probing
interviews, no evidence was found that
subjects had any knowledge of the na-
ture of the experimental contin-
gency (3).
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Fig. 2. Plot of average percentage of initia-
tions made by A, B, and C subjects.

With the demonstration that speech
sequences, disregarding their content,
can be manipulated by differential re-
ward, the question arose as to the im-
plications of this social learning for
decision making. Is the verbal learning
an isolated phenomenon? What are the
consequences for the roles persons take
in achieving group decisions?

The concomitant effects on individ-
ual behavior are shown in Fig. 2, for
all groups in the first session and condi-
tion I in session 2. The data consist
of counted instances of color nomina-
tions made by each subject as an in-
dex of individual initiation in achiev-
ing decisions, for example, “Let’s
choose red.” Initiation rate is plotted
as a percentage of the initiations of the
three subjects, accounted for by each
subject.

The A subjects showed a con-
siderable increase in their rate of initia-
tion in session 1. In session 2, both A
and B subjects were high, with A lead-
ing somewhat more often than B.
Subject C tended to assume a less sig-
nificant role in the decision making.
The initiation data for conditions IT
and IIT in session 2 suggest that the
role tendencies established in session 1
are altered by the change in the speech
sequences necessary for positive rein-
forcement. However, no clear substi-
tute pattern emerges within these con-
ditions during the second session.

These data suggest that the process
of learning speech sequences is not un-
related to changes in the instrumental
behaviors of individual subjects in a
group in attempting to achieve deci-
sions and to find solutions to the ex-
perimental problem. Examination of
contingency tables relating speech se-
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quence and initiator over all trials sup-
port this contention. Thus, in reinforc-
ing a given speech sequence, the roles
taken by subjects in initiating group
decisions were also reinforced. It
would also appear (Figs. 1 and 2) that
the effects of the reinforcement sched-
ule on roles were more striking than
on speech sequences themselves (6).

The results of this experiment sug-
gest that the verbal behaviors of dif-
ferent individuals in a group discussion
can become chained together in se-
quence under the partial influence of
rewarding events in their common
environment. This learning seems to
take place without awareness. It seems
probable that similar circumstances oc-
cur in natural groups where specific
patterns of verbal interaction become
established, perhaps through an ad-
ventitious coupling of a sequence of
acts and some reinforcing event. That
this phenomenon may have conse-
quences for properties of group inter-
action other than the verbal interaction
itself, for example, roles, has been dem-
onstrated here. In addition to individual
motives and propensities, we need to
know more about the learning of so-
cial responses and effects of such learn-
ing on individual behavior in groups.
The techniques for registering speech
sequences described in this paper pro-
vide one means for further objective
study of group behavior and interac-
tion.

DAvVID SHAPIRO

Department of Psychiatry, Harvard
Medical School, Massachuseits
Mental Health Center, Boston
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Time Factors in Interhemispheric
Transfer of Learning

Abstract. Single-trial interhemispheric
transfer of a discrimination task engram
was studied by eliciting spreading de-
pression unilaterally during acquisition
of the disciimination. Complete trans-
fer to the untrained side occurred after
one trial with both hemispheres func-
tional, if 10 minutes elapsed between
this trial and the elicitation of spread-
ing depression in the trained side. If
depression was elicited 15 seconds after
the trial no transfer occurred.

Potassium chloride, when applied
topically to one hemisphere of the
brain, causes a decrease in electrical
activity of that cortex (). Previous
investigators (2) have shown that un-
der these conditions simple learning
(such as bar pressing or shock avoid-
ance) is localized in the opposite, func-
tional, hemisphere. They have also re-
ported that this learning is transferred
to the other hemisphere after one trial
with both hemispheres functional. In
the experiments reported here, we used
a discrimination task and studied the
time necessary for the transfer to take
place.

Water-deprived, male, albino, Holtz-
mann strain rats were used. Prior to
the experiment longitudinal slots 5.0
mm long and 1.5 mm wide were placed
on each side of the skull over the tem-
poral-parietal area of the brain, 2.0
mm off the midline. Cotton pledgets
saturated with saline were placed in the
wound and changed daily to prevent
healing. Each day during the original
learning period the cotton pledget on
one side was removed and replaced 10
minutes before the start of the trials
with a pledget saturated with a 25-per-
cent solution of KCl. This causes the
development of a spreading depression
of electrical activity in 3 to 4 minutes
and maintains it for 3 to 4 hours (3).
Each day after the trials the KCl-satu-
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