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Trials on Varied List 
Fig. 1. The mean rating difference score 
for each group as a function of the number 
of trials on the varied list. The other list 
was always presented for three trials. 

minutes after the final word in list 2 
was shown, the 50 words from both 
lists were projected in a mixed order 
at an 8-second rate. Subjects were asked 
to indicate for each word their con- 
fidence that it had appeared on list 1 
or list 2. They were assured that each 
test word had, in fact, been on one 
of the two lists. The subjects were in- 
structed to use a six-point confidence 
rating scale in which ratings of "one," 
"two," and "three" corresponded to de- 
creasing degrees of confidence in as- 

signing a word to list 1, and ratings 
of "four," "five," and "six" correspond- 
ed to increasing degrees of confidence 
in assigning a word to list 2 (7). A rat- 
ing of "one" meant that the subject 
was certain the item was from list 1, 
while a rating of "six" meant he was 
certain the item was from list 2. 

A measure of each subject's differen- 
tiation was obtained by computing the 
difference between his mean ratings of 
the list 2 and list 1 words. The greater 
the difference score (the maximum is 
five) the better the differentiation be- 
tween the lists. Figure 1 shows the 
mean rating difference score for each 
group in both studies as a function of 
the number of trials on the varied list 
(there were three trials on the constant 
list in each case). The 3-3 group serves 
as the mid-point for both functions. 
Both functions pass through a mini- 
mum at the 3-3 point. The results of a 
Kruskal-Wallis one-way analysis of var- 
iance show that each function differs 
significantly from chance (H = 9.156, 
P < .02, for second-list varied; H = 
21.535, P < .001, for first-list varied). 
A more stringent test of whether 
the functions are significantly U- 
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shaped was performed by comparing 
the differentiation score of the 3-3 
group with the four adjacent points by 
the Mann-Whitney test. The only test 
that was not significant was of the 1-3 
group versus the 3-3 group (for the 
3-3 versus 3-1 comparison, U - 121.5, 
P < .05; for the 3-3 versus 1-3 test, 
U = 168.5, P > .05; for the 3-3 versus 
6-3 test, U = 49, P<.001; for the 
3-3 versus 3-6 test, U = 97, P<.01). 
The evidence is strong that differen- 
tiation is poorest when both lists 
are presented equally often. The su- 
periority of the 6-3 over the 3-6 
group, and of the 3-1 over the 1-3 group 
is not statistically significant in either 
case. 

An alternative index of differentiation 
is the number of false identifications. 
False identifications were computed by 
regarding ratings of "one," "two," or 
"three" as equivalent to an identifica- 
tion of list 1, and ratings of "four," 
"five," and "six" as equivalent to a 
list 2 identification. Chance perform- 
ance would produce a score of 25 on 
this measure. The mean number of 
false identifications for the 3-1, 3-3, and 
3-6 groups are, in order, 6.90, 10.55, 
and 5.95. For the first-list varied 
groups, the comparable values are 8.60, 
10.55, and 3.30. Statistical tests show 
the same pattern of outcomes as for 
the rating difference scores. 

These results confirm the predictions 
of others that differentiation is a U- 
shaped function of trials on the varied 
list, with a minimum where both lists are 
of equal strength. They provide empiri- 
cal support for the theoretical burden 
placed on differentiation in analyses of 
retroactive inhibition and transfer. Fur- 
thermore, our technique focuses on 
a phenomenon of memory which has 
been neglected by experimental psy- 
chologists to a considerable extent, 
namely the problem of the forgetting 
of context while retaining familiarity. 
A homely example is that of the teacher 
who has the experience of encountering 
on campus the familiar face of a former 
student without remembering in what 
class (or context) he knew the stu- 
dent. Shepard has shown that after 
one exposure to 540 words presented 
serially subjects can identify 88 per- 
cent of the words in a forced-choice 
recognition test (8). In our experiment, 
it is likely that the subjects were fa- 
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the forgetting of context is a substantial 
phenomenon. Specification of the func- 
tional stimulus for the discrimination 
of list membership remains a task for 
research before the implications of these 
findings can be elucidated. However, 
our results indicate that the relative 
strengths of two response systems play 
an important role in their differentia- 
tion. 

EUGENE WINOGRAD 
WILLIAM S. SMITH 

Department of Psychology, 
Columbia University, New York 10027 
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Optomotor Responses by 

Echolocating Bats 

Abstract. Optomotor responses to 
moving stripes have been elicited froml 
nine species of Microchiroptera. The 
minimum separable visual angle of two 
phyllostomids, under the experimental 
conditions, probably lies between 3.0 
and 0.7 degrees; that of Myotis luci- 
fugus, between 6.0 and 3.0 degrees. Four 
species indicate an ability to resolve 
stripes subtending 0.7 degree, the nar- 
rowest tested. 

Bats of the suborder Microchiroptera 
have a highly developed system for 
acoustic orientation, but little is known 
concerning their visual capabilities. All- 
rod retinas, lacking the mammillations 
characteristic of the Megachiroptera, 
have been reported in 16 species stud- 
ied histologically (1). There is behav- 
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Bats of the suborder Microchiroptera 
have a highly developed system for 
acoustic orientation, but little is known 
concerning their visual capabilities. All- 
rod retinas, lacking the mammillations 
characteristic of the Megachiroptera, 
have been reported in 16 species stud- 
ied histologically (1). There is behav- 
ioral evidence, consisting largely of con- 
ditioned responses, indicating an ability 
by at least four species (Myotis luci- 
fugus, M. sodalis, Eptesicus fuscus, and 
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Plecotus auritus) to distinguish between 

light and darkness (2); yet until now 
there has been no experimental evi- 
dence for the perception of moving 
forms or patterns. 

The results of the following experi- 
ments suggest that at least some Micro- 
chiroptera have considerably better vi- 
sionthan has been generally supposed. 
Optomotor responses, movements of the 
head or body in response to optical 
stimulation, reported here for nine spe- 
cies of echolocating bats, constitute the 
first experimental evidence for possible 
pattern vision in these animals. 

The bat to be tested was placed in a 

cylindrical, transparent, plastic cham- 
ber which prevented the echolocation 
of outside objects, including the test 

stripes (Fig. 1). This chamber was rig- 
idly suspended at the center of a large 
aluminum cylinder which could be ro- 
tated smoothly by hand in either di- 
rection around the stationary chamber 

containing the bat. 
The visual test stimulus presented 

to the bat consisted of alternating, 
vertical, black and white stripes of 

equal width marked on bristol board 

lining the cylinder wall. These stripes 
were illuminated by an incandescent 
bulb centered a short distance above 
the open top of the cylinder. 

Cylinder liners were prepared with 

stripes subtending 30, 10, 5 (6 in the 
case of Myotis lucifugus), 3, and 0.7 
degrees of arc, respectively, at the cen- 
ter of the chamber. A uniform gray 
liner (white in the case of Saccopteryx 
bilineata) was periodically inserted as a 
control. Stripe width could be quickly 
changed with minimum disturbance of 
the bat by inserting a different liner into 
the cylinder. 

The cylinder was rotated only when 
the bat was motionless in the chamber. 
Rotation was continued at an approxi- 
mately uniform speed of about 6 rev/ 
min until either the animal moved or a 
set length of time had elapsed. The di- 
rection of rotation was varied semi- 
randomly, each trial being separated by 
a stationary pause. Moderate variation 
in the speed of rotation did not appear 
to alter the behavior of the bat. 

The bat was observed from above 
through a fixed grid at the top of the 
chamber, against which small move- 
ments could be more easily detected. 
Most species hung head downward but 
some (Myotis, Desmodus, and Diaernus) 
characteristically rested in a prone posi- 
tion on the chamber floor. Only move- 
ments of the head or body were record- 
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ed. Oculomotor responses, if they oc- 
curred, could not be detected as the 
eyes of the bat were seldom visible. 

The optomotor response usually con- 
sisted of a turning of the head in the 
direction in which the stripes were mov- 
ing. If the stripes continued to rotate, 
turning of the head was often followed 
by rotation of the entire body and final- 
ly by walking or flapping about inside 
the chamber. Mllyotis lucifugus and 
Carollia perspicillata responded by con- 
sistently turning in the direction op- 
posite that in which the stripes were 
moving. There was a delay between 
the start of stripe rotation and any visi- 
ble movement on the part of the bat. 
This delay ranged from 1 or 2 seconds 
to more than a minute, depending on 
the species being tested. 

Extreme care was used to eliminate 
any possible extraneous visual, audi- 
tory, or other stimuli which might be 
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Fig. 1. Optomotor test apparatus: a, in- 
candescent light source; b, support for 
central chamber; c, opaque horizontal 
disc shielding bat from direct illumination; 
d, transparent cylindrical plastic chamber 
containing artist's impression of a bat (a 
larger chamber was used for Phyllostomus 
hastattus); e, wire-mesh grid; f, clear plexi- 
glass cover preventing echolocation 
through grid; g, aluminum cylinder with 
test strines lining wall and with a uniform 
white floor; h/, stand designed to allow 
smooth rotation of cylinder on bicycle 
wheel bearings. 

associated with rotation of the cylinder. 
All experiments were performed in a 
quiet, dark room in which the stripe 
illumination was the only light source. 
There was no detectable audible or ultra- 
sonic sound associated with cylinder 
rotation nor did motion of the cylinder 
cause any detectable movement or vi- 
bration of the independently mounted 
plastic chamber. 

Successful elicitation of optomotor 
responses depended upon the bat being 
in a proper psychophysiological state. 
It was therefore necessary to distinguish 
between absence of response because of 
lack of optical stimulation and absence 
because of a low degree of interest on 
the part of the animal. No series of 
control trials was considered valid un- 
less it was immediately preceded and 
followed by trials eliciting clear re- 
sponses to moving stripes, an indica- 
tion of a consistently high interest 
level. Trials with narrow stripes which 
elicited no response were thus some- 
times used as controls for wider stripes. 
In three species it was possible in 
this way to obtain estimates of the ap- 
proximate minimum separable visual 
angle. 

The data presented in Table 1 are 
for the individual bat of each species 
that yielded the most consistent data. 
In several cases additional animals were 
tested and responded similarly. In some 
cases optomotor responses could be 
elicited from only one of the few indi- 
viduals tested. A number of species not 
included here were also tested but gave 
no optomotor responses. 

The most important data obtained for 
each species are summarized as two 
rows in Table 1. The upper row indi- 
cates the narrowest stripe tested which 
elicited a clear optomotor response. The 
difference in the number of movements 
in each direction for trials in this row 
is significant at the 1-percent level ac- 
cording to adjusted chi-square tests of 
the null hypothesis. The lower row sum- 
marizes data obtained with a uniform 
gray (or white) control liner or with 
narrower stripes when they were avail- 
able. Under these conditions, the direc- 
tion of the bats' movements is not sig- 
nificantly correlated with the direction 
of the stripe rotation. 

The differences between the upper 
and lower rows in the ratio of the num- 
ber of trials on which the bat moved 
in either direction to the number on 
which it did not move is also highly 
significant, except in the case of Di- 
aemus youngi where these ratios are 
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Table 1. Optomotor responses of echolocating bats. 

Visual Number of trials on 

angle which bat moved Total Tris 
~~~~~~angle No. of ~which bat 

Bat subtended Same Opposite Noof moved 
by stripe direction direction trials (% total) 
(degrees) as stripes to stripes 

Em ballon uridae 
Saccopteryx bilineata 5.0 46 0 47 (98) 

white 0 4 20 (20) 

Saccopteryx leptlra 0.7 34 1 38 (92) 
gray 1 1 15 (13) 

Phyllostomnidae 
Phyllostomus hastatus 3.0 17 0 18 (94) 

0.7 0 0 >8 (0) 

Anottra geofjroyi 0.7 24 0 26 (92) 
gray 0 0 15 ( 0) 

Carollia perspicillata 0.7 1 35 39 (92) 
gray 1 2 17 (18) 

Artibeus jamaicensis 3.0 18 0 19 (95) 
0.7 0 0 > 8 (0) 

Desmlodontidae 
Desm7odus rotundus 0.7 24 3 29 (93) 

gray 3 2 15 (33) 

Diaemus youngi 3.0 41 9 53 (94) 
gray 21 28 51 (96) 

Vespertilionidae 
Myotis lucifugus * 6.0 0 16 18 (89) 

3.0 14 12 47 (55) 

Myotis lucifugus - 6.0 0 15 23 (65) 
3.0 3 4 29 (24) 

* 7.5 Watts. t 100 Watts. 
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similar. This bat was characteristically 
more active in the chamber than were 

any of the other species studied. 

During experiments with neotropical 
species (first three families in Table 1) 
the stripes were illuminated by a 100- 

watt, 120-volt bulb operated at 60 volts 
and positioned 20 cm above the top 
of the cylinder. The illumination pro- 
vided at this voltage was near the mini- 
mum at which the experimenter could 
still clearly distinguish the outline of 
the bat's body against the white floor 
of the cylinder. Experiments with My- 
otis lucifugus were conducted at two 
levels of stripe illumination both of 
which gave similar results. One series 
of experiments employed a 7.5-watt 

bulb; the other, a 100-watt bulb. In both 
cases the bulbs were operated at their 
rated voltage of 120 volts and were 

positioned 40 cm above the top of the 
aluminum cylinder. 

The data indicate that, under the 
above experimental conditions, the min- 
imum separable visual angle of Phyl- 
lostomus hastatus and Artibeus jamai- 
censis probably lies between 3.0 and 0.7 

degree, and that of M. lucifugus, be- 
tween 6.0 and 3.0 degrees, as judged by 
optomotor responses. Four other species 
responded to 0.7 degree-the narrowest 

stripes available. At the time Saccop- 
teryx bilineata was tested, stripes nar- 
rower than 5.0 degrees were not avail- 
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able. Consistent data for 0.7-degree 
stripes have not yet been obtained with 
Diaemus youngi because of its restless 
behavior in the chamber (3). 

RODERICK A. SUTHERS* 

Biological Laboratories, Harvard 
University, Cambridge, Massachusetts 

References and Notes 

1. W. Kolmer, Z. Ges. Anat. 73, 645 (1924). 
2. M. Eisentraut, Jahresh. Verein Vaterlaendische 

Naturk. Wiuerttemberg. 106, 34 (1950); W. E. 
Curtis, thesis, Cornell University, Ithaca, N.Y., 
1952; W. H. Davis and R. W. Barbour, Amer. 
Midland Nat. 74, 497 (1965). 

3. The data reported here suggest that the visual 
capabilities of echolocating bats may vary 
significantly between species or higher taxa and 
be correlated with particular feeding habits, 
ecological niches, or behavior patterns. Bats 
of the genus Saccopteryx are insectivorous 
species which often feed in the daytime and 
roost on exposed surfaces of forest trees. 
Phyllostomus hastatus is a large omnivorous bat 
whose diet includes fruit, insects, and small 
vertebrates. Anoura is a nectar feeder; Carollia 
and Artibeus are frugivorous. The Desmo- 
dontidae, or true vampires, live solely on blood 
of birds and mammals. Myotis lucifugus is 
a common temperate-latitude insectivorous 
species. Investigations are now in progress in 
an attempt to elucidate the possible impor- 
tance of vision as a sensory modality, along 
with echolocation, in the lives of Microchi- 
roptera. 

4. I thank Prof. D. R. Griffin, Drs. H. Markl and 
N. Suga, Mrs. D. Dunning, and Mr. R. Loreg- 
nard of the Trinidad Regional Virus Laboratory, 
and the New York Zoological Society for the 
use of facilities of the William Beebe Memorial 
Tropical Research Station in Trinidad, W.I. 
Supported by 1-F2-MH-13, 945-01 from NIH, 
grants from the Society of the Sigma Xi Re- 
search Fund, and the Milton Fund of Harvard 
University. 

* Present address: Department of Anatomy and 
Physiology, Indiana University, Bloomington 
47401 

21 February 1966 

able. Consistent data for 0.7-degree 
stripes have not yet been obtained with 
Diaemus youngi because of its restless 
behavior in the chamber (3). 
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Activation: Nonspecific 
Habituation by Verbal Stimuli 

Abstract. A decrease in the dura- 
tion of the electroencephalographic ac- 
tivation response to a series of differ- 
ent words: emotional, "neutral," and 
scrambled occurred. The response to 
"neutral" words was consistently brief- 
er than that to the other words. This 
result is evidence of a nonspecific 
habituation of activation, which implies 
that habituation to classes of stimuli 
can occur. 

In his discussion of the extinction of 
the orienting reflex, Sokolov utilizes 
the concept of a "nervous model" of 
the stimulus (1). The magnitude of the 
orienting response is assumed to be 
proportional to the difference between 
the brain representation of the present 
stimulus and the nervous model of 
prior stimuli. 

The nervous model is described as a 
multidimensional memory trace repre- 
senting simultaneously the intensity, 
quality, and temporal characteristics of 
the previous stimuli. If a new stimulus 
differs from prior ones by more than 
a just-noticeable difference, the orienting 
reflex is reinstated. The components of 
the orienting reflex follow the same 
rule. The duration of electroencephalo- 
graphic (EEG) activation decreases 
while the latency of activation in- 
creases with repeated stimulation. After 
a change of stimulation, the duration 
of activation increases and latency de- 
creases (2). 

Sokolov also proposed that after re- 

peated presentation of stimuli varying 
within a restricted range, the nervous 
model is generalized to match the range 
of stimuli. There is surprisingly little 
EEG experimental data relevant to this 

hypothesis. In an extensive review of 
the problem of arousal in the nervous 

system, Gray (3) notes that he did not 
know of any studies of the extent of 
stimulus generalization during the stages 
of generalized and localized EEG acti- 
vation. The following experiment con- 
firms Sokolov's hypothesis. 

Various words (in capital letters) 
were flashed onto a screen in a con- 
trolled temporal relation with the EEG 

occipital alpha-activation cycle (4). Oc- 
currence of alpha (8 to 13 cy/sec, 
> 5,uv) caused a relay to close ("on"). 
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