the egg mass during isoproterenol infusion
indicates that the cilia provide the sole pro-
pellant force under these experimental
conditions. Indeed, the cilia by themselves
appear to be capable of transporting the
ovum to the site of fertilization within
normal time limits. Obviously the rapid
muscle-induced movements are not neces-
sary for transport.

There are at least three ways of inter-
preting the observations as to the mecha-
nisms underlying ampullary egg transport.
(i) The ciliary and muscular influences
could be independent and their propellant
forces additive. The rapid muscle-induced
movements would therefore be randomly
superimposed on slower ciliary transport
and ineffective for net transport. (ii) At the
opposite extreme, the forces exerted by the
cilia might act on the egg mass only when
muscle forces are negligible, that is, the
cilia-induced and muscle-induced move-
ments are mutually exclusive. In such case,
the cilia may completely compensate for
the absence of muscular activity if they are
as effective as the muscle in transporting
ova. (iii) There may be some intermediate
degree of interaction between muscular ac-
tivity and the ciliary apparatus. The roles
of both muscle and cilia might be variable
and dependent on various properties of the
oviductal wall, luminal surface, and intra-
luminal fluid and, thus, be controlled or
regulated by the sex hormones.

To explore further the third inter-
pretation, we studied the interaction of the
muscle and cilia under experimental hor-
monal control. We chose a hormonal state
associated with remarkably enhanced mus-
cular activity, dramatic rapid movements
of the cumulus egg masses, and rapid am-
pullary transport (8). Castrate rabbits
were treated with estrogen for 4 days; for
the 24 hours before the experiment, these
estrogen-primed subjects were also treated
with CI628, a nonsteroidal estrogen antag-
onist. If the exceptionally rapid rate of
transport induced by hormonal treatment
were due to alteration of the muscle activi-
ty, dramatic slowing of transport would
follow pharmacological inhibition of the
muscle.

In order to characterize transport
through the ampulla as precisely as pos-
sible, we analyzed 16-mm motion pictures
of the C1628 experiment and, with the help
of a computer, plotted a graph of the
movement of the egg through the ampulla
(Fig. 1). Transport under the influence of
isoproterenol was, as expected, relatively
free of high velocity movements. Totally
against expectations, the transport was of
shorter total duration. The average veloci-
ty is about 0.25 mm/sec, substantially
greater than the velocities measured under
the influence of isoproterenol in the experi-
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ments on estrous and ovulatory rabbits.
Although these data also support the hy-
pothesis that muscle contractions per se do
not contribute to net ampullar transport,
they do not preclude a functional role for
the muscle; the motion imparted by the
muscle to the egg may play some other im-
portant role in fertility. The alteration of
ciliary transport by hormonal manipula-
tion, however, is clearly apparent. These
studies emphasize the importance and rela-
tive autonomy of the ciliary apparatus in
effecting ovum progress within the mam-
malian oviduct. Further studies aimed at
selective control appear desirable.
S. A. HALBERT
P.Y.Tam*
R. J. BLANDAU
Department of Biological Structure,
University of Washington, Seattle 98195
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Segmentation in Cinema Perception

Abstract. Viewers perceptually segment moving picture sequences into their cinemati-
cally defined units: excerpts that follow short film sequences are recognized faster when
the excerpt originally came after a structural cinematic break (a cut or change in the ac-
tion) than when it originally came before the break.

A central theme in the study of the cine-
ma interprets the structure of film as a
metaphorical “language” (). Such a con-
ceptualization has apparent validity. A
motion picture sequence attempts to por-
tray an event by imposing a structure of
cuts, zooms, tracks, pans, framings, and
the like on that event. Analogously, a sen-
tence represents an idea by imposing a syn-
tactic and phonological structure on a set
of lexical items. The task of the viewer of
a film sequence is to apprehend the event
represented in the sequence. The analogous
task of the listener is to recover the idea
encoded in the sentence.

Up to now, the metaphor of film as lan-
guage has been restricted to purely theo-
retical accounts of cinema. We show that
the methodologies used in the psychologi-
cal investigations of sentence perception
can give experimental support to this char-
acterization. Our report demonstrates that
just as the syntactic structure of sentences
plays an organizing role in their segmenta-

Table 1. Mean affirmative decision times.

Source of probe

Type

. Ofl First Second
stimulus segment segment
sequence (msec) (msec)

EC 951 816

C 906 895

E 1055 917

Total 971 876

tion into major processing units (2), the
structural organization of a film sequence
plays an analogous part in segmentation
of films.

We examined two aspects of organiza-
tion in motion picture sequences, events
and scenes. Events are sequences of con-
stituent actions (3). Scenes are sequences
of cinematic shots (4).

We showed viewers short film sequences,
each of which was divided into two seg-
ments by a change in the action (type E),
by a cut (type C), or by both (type EC). Af-
ter the film sequence we presented the
viewers with brief excerpts (probes) from
either the first or second segment of the
sequence. Viewers recognized probes from
the second segments faster than those from
the first, indicating that the material in the
first segment is organized separately and
more abstractly than the material in the
second segment (5). This demonstrates that
cinematic structure organizes viewers’ per-
ceptual processing. Furthermore, it demon-
strates the validity of applying psycho-
linguistic techniques to the study of an art
form.

The film sequences depicted ordinary
daily experiences, such as conversation,
scenes of people walking around in rooms
or outdoors, traffic scenes, or meals. The
cuts in the type EC and the type C se-
quences involved changes in camera dis-
tance (medium shot to close shot or medi-
um shot to long shot) or a change in cam-
era angle (a lateral change of 45° or 90°)
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Fig. 1. Experimental procedure for each trial. Each subject viewed 30 such trials.

(6). Four scenes of each type were con-
structed. In two of these, the probe was the
six frames just before the structural break,
and in the other two, it was the six frames
after the structural break.

Thirty volunteers from psychology
classes at Columbia University served as
viewers. The presentation of every stimulus
item was preceded by the display of a gray
field with a central black dot that was in-
tended to serve as a fixation field (Fig. 1).
The test sequence was then displayed, fol-
lowed by a six-frame presentation of the
fixation dot on a red field (approximately
375 msec). The red field was the only color
in the stimuli and served both to mark the
end of the stimulus sequence and to ready
the viewer for the probe display (7).

Following the fixation field-film se-
quence-fixation field presentation a probe
excerpt of six frames (375 msec) was dis-
played. If the six-frame probe sequence
originated in the directly preceding film se-
quence the viewer was to respond “yes.” If
the probe was not an excerpt from the film
sequence, the viewer was to say “no.” A
photocell relay circuit started a millisec-
ond clock at the onset of the probe. The
viewer’s vocal response stopped the clock.
The measured time interval was taken as
the decision time.

After six practice trials (a set of three
trials repeated), each viewer was shown a
series of 27 test trials in one of two com-
plementary presentation orders. In 12 of
the 27, the probe was an excerpt from the
stimulus sequence, and in the remainder it
was not. Each subject was informed that
the major focus of the experiment was the
decision time. However, as an ancillary
task, viewers were next asked to classify
the scene they had viewed as old, new, or a
paraphrase. An old scene was a literal rep-
etition of a scene previously displayed in
the test series; a new scene was one not yet
presented; a paraphrase scene was defined
as one that was technically new but similar
to an old one. The purpose of this second
task was to ensure that viewers gave full
attention to processing the film sequences.
Mistaking old for new scenes (or vice
versa) was rare.

Since presentation order had no reliable
effect, we pooled the data for analysis. Our
main prediction, that decision time for sec-
ond-segment probes is shorter than that
for first-segment probes, was confirmed
(Table 1) (8).
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A second result is that both cuts and
changes in the action define effective seg-
mentation boundaries. The main predic-
tion was confirmed when we separately
consider those sequences having event
boundaries (types E and EC) and those
having cuts (types C and EC) (9). Thus the
segmentation unit in film processing is de-
termined by an interaction of (at least) two
levels of film structure.

Finally, we found that decision time for
second-segment probes is significantly
shorter than it is for first-segment probes
in both type EC and type E cases (10),
but not for type C comparisons. The differ-
ences between the results for types E and
EC scenes and type C scenes suggest an
elaboration of our structural model of film
processing: cuts which coincide with event
boundaries stimulate segmentation in pro-
cessing, whereas those that do not change
the event do not stimulate segmentation.

Although this pattern of results supports
our notion of film “language” we must
also consider other interpretations. The
possibility that viewers verify second-seg-
ment probes faster simply because those
probes appear in the sequence closer to
presentation of the probe cannot provide a
comprehensive account of the data, since
we found no difference between first and
second segments for type C sequences. In
addition, serial position cannot account for
the data for type E and type EC sequences,
since the actual test sequences with first-
segment probes also have slightly longer
first segments than the sequences with sec-
ond-segment probes. The second-segment
probes actually originate slightly earlier in
the scene sequences than first-segment
probes (11).

This fact, however, suggests another
interpretation of the results. Suppose
that serial position is the effective vari-
able but that the further the original oc-
currence of the probe is from the probe
display, the faster the decision time. Pre-
sumably, this claim would depend on the
inferred (memory) interference of the in-
tervening material. We correlated the
mean decision time across subjects with
the number of frames from the end of the
original probe site in the test sequence to
the end of the test sequence itself. This cor-
relation is in the right direction but it is not
statistically significant (/2). Indeed, that it
is even weakly in the right direction ap-
pears to be due only to our main effect.

When the same correlation is performed
separately for the second-sequence probe
cases and first-sequence probe cases we ob-
tain correlations in the opposite direction
3).

If the effective variable is actually the
position of the probe site with respect to
the break, the cut might cause backward
masking, which perceptually partially
obliterates material immediately preceding
the cut in the scene sequence. This is rea-
sonable given that abrupt visual disconti-
nuities like cuts disrupt normal eye move-
ment (/4). According to this explanation,
the first-segment probes take longer to ver-
ify because they have been partially oblit-
erated by backward masking and not be-
cause they originate in the initial, and
therefore less accessible, segment. This
could explain the results for type EC
scenes, but it is not consistent with the re-
sults for type C or type E scenes. For type
E scenes it would predict no difference
between first-segment and second-seg-
ment latencies because there is no cut;
however, the decision time difference is
significant. Conversely, the backward
masking explanations predicts a first-seg-
ment versus second-segment probe latency
effect for type C scenes; however, there
is no significant latency difference.

We conclude that the structural organi-
zation of film sequences can play an orga-
nizing role in their segmentation. In par-
ticular, we have initially confirmed that
the structural units of film sequences
are the segmentation units of film proces-
sing.

The tentative model for the perceptual
processing of film suggested by this re-
search is similar to the psycholinguistic
model of sentence perception (15). Viewers
initially process material in real time until
they reach a structural boundary. At that
point all material is recoded into a more
abstract holistic form and dismissed from
immediate memory (that is, viewers per-
ceptually segment the sequence). Viewers
then proceed to the next unit.

A more complete model of film process-
ing must await further research. However,
these results encourage us in the view that
the experimental and structural methods
of modern psycholinguistics can be use-
fully applied to the psychological study of
cinema.

J. M. CARROLL
T. G. BEVER
Department of Psychology,
Columbia University, New York 10027
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Brain Wave Components of the Contingent Negative Variation

in Humans

Abstract. In a contingent negative variation paradigm with two stimuli paired at an in-
terstimulus interval of 4 seconds, two distinct waveforms having functional and topo-
graphic differences are observed. An early wave is maximal over the frontal cortex and is
elicited by the warning stimulus. A later wave, maximal over the motor cortex, precedes
the imperative stimulus and is identified with preparation for motor response.

Slow brain potential shifts are recorded
from the human scalp during periods of
preparation or active mental involvement.
The most familiar of these potentials, the
contingent negative variation (CNV), first
described by Walter et al. (1), occurs dur-
ing the interval between a warning stimu-
lus and a subsequent imperative stimulus
that requires a mental or motor response.
The CNYV has proven sensitive to a number
of psychological variables, none of which
can yet be singled out as a definitive or ex-
clusive correlate (2). This lack of consensus
as to the underlying variables reflects a
growing belief that the CNV may comprise
two or more separate processes, combining
in unrecognized proportion (3-5). Here we
distinguish two component processes on
the basis of latency, topography, and func-
tional properties. An early component is
maximal over the frontal cortex and ap-
pears in response to the warning stimu-
lus—whether or not it is paired with a sub-
sequent imperative stimulus. A second, lat-
er component shares critical features with
the readiness potential, first described by
Kornhuber and Deecke (6) as a negative
shift preceding voluntary movement, in
that it has a more central distribution over
motor areas of the cortex and is related to
the dynamics of the motor response.
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This research led from our previous
findings that the distribution of the CNV
over the scalp varied in accordance with
different perceptual and motor tasks (7). In
one condition, in which the word “left” or
“right” served as a warning stimulus and
designated the hand to be used in the re-
sponse, the bilaterally recorded CNV be-
came progressively asymmetrical through-
out the 1.5-second interstimulus interval,
being greater over the contralateral hemi-
sphere. The increasing asymmetry before
the signal to respond suggested some con-
tribution from the readiness potential,
which has been observed to lateralize in a
similar manner and over a similar time
course (8). However, this contribution has
been difficult to assess, especially in view of
reports that CNV characteristics some-
times have little to do with specific re-
sponse requirements (9).

A means whereby the readiness poten-
tial might be observed separately from oth-
er negative waves was suggested to us by
recent reports by Loveless and Sanford (4,
5) and Weerts and Lang (/0), who have
shown that the CNV assumes two distinct
and nonoverlapping phases when the inter-
stimulus interval is extended beyond the
typical range of 1 or 2 seconds. The first
phase is a broad negative wave that peaks

within a second or so after the warning
stimulus. Under conditions in which the in-
terstimulus interval is constant and re-
sponding speed is emphasized, a second
negative shift appears before the impera-
tive stimulus.

We were able to observe clearly both
these waves in a reaction time task em-
ploying tone bursts paired with flashes,
separated by a relatively long interstimulus
interval of 4 seconds. Subjects were re-
quired to respond to the light flashes as
quickly as possible, but not prematurely,
by fully depressing a telegraph key beneath
the index finger. Complete depression of
the key (3-mm throw) required a force
equivalent to 450g; however, reaction
times were measured from the earliest key
displacement. Identical keys were located
under each hand, and the appropriate hand
on each trial was designated both by the
pitch of the warning tone, which was either
1000 or 1500 hertz, and by the shape of the
corresponding flash, which was either a
square or a diamond (square rotated 45°).
The paired stimuli were presented in ran-
dom order. Subjects reported that the two
pitches were easily discriminable and en-
abled unimanual response preparation
during the interstimulus interval. The dif-
ferent combinations of high or low tone
pitch, square or diamond flash shape, and
left or right responding hand were bal-
anced over subjects.

The tone bursts were rectangularly
gated for a duration of 20 msec and deliv-
ered over binaural insert earphones at
an intensity of 85 db. The flash patterns
were formed by masking the milk-glass
faces of two Grass PS-2 photostimulators,
mounted in different channels of a three-
field tachistoscope. The third channel was
dark except for a dim fixation cross. At a
viewing distance of 175 cm, the square and
diamond each subtended a visual angle of
2.3° by 2.3°. The original intensity, at a set-
ting of 4, was reduced approximately 80
percent through the optics of the tachisto-
scope.

Fourteen right-handed psychology stu-
dents (nine male) served as subjects. Dur-
ing a single 2-hour session they received
two identical blocks of 80 paired tones and
flashes, half requiring a right-hand re-
sponse and half a left-hand response. The
interval between the key press and the
warning tone for the next trial varied ran-
domly from 3.5 to 7.5 seconds.

The blocks of paired stimuli were pre-
ceded by a condition in which subjects lis-
tened attentively but without responding to
30 unpaired tone bursts, varying randomly
between the high and low pitches and sepa-
rated by random intervals of 3.5 to 7.5 sec-
onds. In an additional condition interposed
between the two blocks of paired stimuli,
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