
References and Notes 181 (1965); V. J. Freda, J. G. Gorman, W. litter were assigned to the various test- 
Pollack, ibid., p. 690; V. J. Freda, Am. J. 

1. T. Smith, J. Exp. Med. 11, 241 (1909). Obst. Gynec. 92, 341 (1965). ing conditions. Half the rats were tested 
2. A. T. Glenny and J. J. Sudmerson, J. Hyg. 6. R. Finn, C. A. Clarke, W. T. A. Donohoe, monocularly; half, binocularly. The 20, 176 (1921); P. A. Di Sant'Agnese, Pedi- R. B. McConnelI, P. M. Sheppard, D. Lehane, 

atrics 3, 181 (1949); J. W. Uhr and J. W. Kulke, Brit. Med. J. 1961-1, 1486 (1961); animals were rendered monocular by 
B. Baumann, J. Exp. Med. 113, 935, 959 J. C. Woodrow, C. A. Clarke, W. T. A. a of fle 
(1961). Donohoe, R. Finn, R. B. McConnell, P. M. application of a few drops of flexble 

3. P. Levine, Human Biol. 30, 14 (1958). Sheppard, D. Lehane, S. H. Russell, W. collodion in 50-percent solution with 
4. K. Stern, I. Davidson, L. Masaites, Amer. Kulke, M. Durkin, ibid. 1965-I, 279 (1965). 

J. Clin. Pathol. 26, 833 (1956); K. Stern, 7. C. Cohen and W. H. Allton, Jr., Nature 193, equal parts of ether and ethyl alcohol, 
H. S. Goodman, M. Berger, J. Immunol. 87, 990 (1962).a technique used on chicks 
189 (1961). 8. C. A. Clarke and P. M. Sheppard, Lancet prevously 

5. V. J. Freda and J. G. Gorman, Bull. Sloane 1965-11, 343 (1965). (4) but not on rats. The collodion 
Hosp. Women 8, 147 (1962); Third Combined 9. E. R. Jennings, personal communication. applied 
Annual Report of the Columbia-Presbyterian 10. Supported in part by the Health Research was appled wth a long cotton swab 
Medical Center, New York, p. 84 (1961); Council of the City of New York (1-264, to the hair immediately above the eye, 
J. G. Gorman, V. J. Freda, W. Pollack, U-1307, U-1154, U-1477, U-1585) and by 
Proc. Congress Int. Soc. Hematol. 9th 2, 545 NIH grant HD00721-01. We thank Warden which closed as the swab approached. 
(1962); V. J. Freda, J. G. Gorman, W. Pol- W. L. Denno and his staff at Sing Sing The collodion-covered hair was spread 
lack, Transfusion 4, 26 (1964); V. J. Freda, Prison, Ossining, New York, for help; and the 
J. G. Robertson, J. G. Gorman, Ann. N.Y many prisoner volunteers (who agreed as in- over the closed eye and made to adhere 
Acad. Sci. 127, 909 (1965); J. G. Gorman, dividuals to this study on a voluntary basis). to the hair below the eye. Another drop 
V. J. Freda, W. Pollack, Lancet 1965-II, 13 January 1966 o t w or two was ,then applied, which soaked 

in and secured the eyelid shut. The en- 
tire procedure took no more than 1 
minute; its only observable side effects 

Visual-Cliff Preference by Infant Rats: were some squealing at the time of 
Effect of . Reari and. Test Conditionsfirst application and some scratching for Effects of Rearing and Test Conditions a few minutes thereafter. To control 

Abstract. In monocular tests, normally reared infant rats, aged 21 to 22 days, for these side effects, as well as for the 

fail to show a side preference on the visual-cliff apparatus. Rats of the same age, effects of handling we applied collodion 
but reared in an "enriched" environment, prefer the shallow side of the apparatus. solvent to one (closed) eye of each 
In binocular tests, even normally reared animals prefer the shallow side, although binocularly tested rat, and collodion 

experimentally reared animals show a stronger preference. The results appear to solution directly above and below that 

reopen the question of what cues are employed on the visual cliff. eye. In every sbgroup approximately 
equal numbers of animals had the left 

When placed in the visual-cliff ap- 21 to 22 days, bred and reared in the or right eye treated. Before being 

paratus, young animals of many species University of Pennsylvania colony placed on the cliff, every rat was held 

prefer to descend to the glass plate cov- They were housed until 10 days of age and prevented from scratching for 100 

ering the shallow side rather than the in normal maternity cages (38 by 23 seconds, and was then kept in an adap- 

deep side (1). Full understanding of by 23 cm). Then before the infants' tation cage for 5 minutes. While the rat 
this phenomenon may go far toward eyes had opened, the litters and mothers became accustomed to the collodion, 

clarifying the genesis of depth percep- were transferred to one of two rearing the glass surfaces of the cliff were 
tion. To this end we compared binocu- environments: for the control rats, the cleaned and interchanged to equate any 
lar and monocular performance on the transfer was to a clean maternity cage; olfactory cues from previous animals. 
visual cliff of infant rats having dif- for the experimental rats, to a larger After each animal was removed from 

ferent early environmental histories. cage (63 by 23 by 23 cm) con- the cliff its were eamed 
Both these factors have been investi- taining three hardware-cloth climbing check that they looked the same as 

gated before, but never jointly (2, 3). platforms and a feeder suspended on whenthe rat was placed on the cliff. 
Our results indicate that, in monocular one side, which could be climbed upon. performed a control experiment 

tests, normally reared infant rats show The climbing platforms and suspended to ascertain the efficacy of the occlu- 
no preference on the visual cliff, where- feeder were intended to provide the ex- ion procedure. Thirty-one infant rats 
as rats reared in an "enriched" environ- perimental animals with greater oppor- from the two rearing conditions were 

ment prefer the shallow side. In binocu- tunities to experience cues as to depth prepared as in the monocular testing 
lar tests, even normally reared animals and distance. In both types of cage condition but with both eyes covered. 

prefer the shallow side. the floor was covered with wood shav- f the 20 that dscended from the 

The subjects in this experiment were ings. start-board, 11 went to the deep side 
246 male and female hooded rats, aged On the test day the members of each and 9 to the shallow side. These re- 

sults, taken with the observation of 
solidly covered eyes, indicated that the 

Table 1. Number of rats, by groups, that chose the shallow side or the deep side, or made collodion preparation successfully oc- 
no choice within 10 minutes. cluded vision. 

Cliff The visual cliff used in this experi- 
Conditions ment, patterned after Walk and Gib- 

_________________ .Normal Equated texture density son's model II cliff (1), consisted of 

Rearing Viewing No No two 38- by 48-cm glass plates that 
Shallow Deep choice Shallow Deep choice were separated by a 48- by 10-cm start- 

References and Notes 181 (1965); V. J. Freda, J. G. Gorman, W. litter were assigned to the various test- 
Pollack, ibid., p. 690; V. J. Freda, Am. J. 

1. T. Smith, J. Exp. Med. 11, 241 (1909). Obst. Gynec. 92, 341 (1965). ing conditions. Half the rats were tested 
2. A. T. Glenny and J. J. Sudmerson, J. Hyg. 6. R. Finn, C. A. Clarke, W. T. A. Donohoe, monocularly; half, binocularly. The 20, 176 (1921); P. A. Di Sant'Agnese, Pedi- R. B. McConnelI, P. M. Sheppard, D. Lehane, 

atrics 3, 181 (1949); J. W. Uhr and J. W. Kulke, Brit. Med. J. 1961-1, 1486 (1961); animals were rendered monocular by 
B. Baumann, J. Exp. Med. 113, 935, 959 J. C. Woodrow, C. A. Clarke, W. T. A. a of fle 
(1961). Donohoe, R. Finn, R. B. McConnell, P. M. application of a few drops of flexble 

3. P. Levine, Human Biol. 30, 14 (1958). Sheppard, D. Lehane, S. H. Russell, W. collodion in 50-percent solution with 
4. K. Stern, I. Davidson, L. Masaites, Amer. Kulke, M. Durkin, ibid. 1965-I, 279 (1965). 

J. Clin. Pathol. 26, 833 (1956); K. Stern, 7. C. Cohen and W. H. Allton, Jr., Nature 193, equal parts of ether and ethyl alcohol, 
H. S. Goodman, M. Berger, J. Immunol. 87, 990 (1962).a technique used on chicks 
189 (1961). 8. C. A. Clarke and P. M. Sheppard, Lancet prevously 

5. V. J. Freda and J. G. Gorman, Bull. Sloane 1965-11, 343 (1965). (4) but not on rats. The collodion 
Hosp. Women 8, 147 (1962); Third Combined 9. E. R. Jennings, personal communication. applied 
Annual Report of the Columbia-Presbyterian 10. Supported in part by the Health Research was appled wth a long cotton swab 
Medical Center, New York, p. 84 (1961); Council of the City of New York (1-264, to the hair immediately above the eye, 
J. G. Gorman, V. J. Freda, W. Pollack, U-1307, U-1154, U-1477, U-1585) and by 
Proc. Congress Int. Soc. Hematol. 9th 2, 545 NIH grant HD00721-01. We thank Warden which closed as the swab approached. 
(1962); V. J. Freda, J. G. Gorman, W. Pol- W. L. Denno and his staff at Sing Sing The collodion-covered hair was spread 
lack, Transfusion 4, 26 (1964); V. J. Freda, Prison, Ossining, New York, for help; and the 
J. G. Robertson, J. G. Gorman, Ann. N.Y many prisoner volunteers (who agreed as in- over the closed eye and made to adhere 
Acad. Sci. 127, 909 (1965); J. G. Gorman, dividuals to this study on a voluntary basis). to the hair below the eye. Another drop 
V. J. Freda, W. Pollack, Lancet 1965-II, 13 January 1966 o t w or two was ,then applied, which soaked 

in and secured the eyelid shut. The en- 
tire procedure took no more than 1 
minute; its only observable side effects 

Visual-Cliff Preference by Infant Rats: were some squealing at the time of 
Effect of . Reari and. Test Conditionsfirst application and some scratching for Effects of Rearing and Test Conditions a few minutes thereafter. To control 

Abstract. In monocular tests, normally reared infant rats, aged 21 to 22 days, for these side effects, as well as for the 

fail to show a side preference on the visual-cliff apparatus. Rats of the same age, effects of handling we applied collodion 
but reared in an "enriched" environment, prefer the shallow side of the apparatus. solvent to one (closed) eye of each 
In binocular tests, even normally reared animals prefer the shallow side, although binocularly tested rat, and collodion 

experimentally reared animals show a stronger preference. The results appear to solution directly above and below that 

reopen the question of what cues are employed on the visual cliff. eye. In every sbgroup approximately 
equal numbers of animals had the left 

When placed in the visual-cliff ap- 21 to 22 days, bred and reared in the or right eye treated. Before being 

paratus, young animals of many species University of Pennsylvania colony placed on the cliff, every rat was held 

prefer to descend to the glass plate cov- They were housed until 10 days of age and prevented from scratching for 100 

ering the shallow side rather than the in normal maternity cages (38 by 23 seconds, and was then kept in an adap- 

deep side (1). Full understanding of by 23 cm). Then before the infants' tation cage for 5 minutes. While the rat 
this phenomenon may go far toward eyes had opened, the litters and mothers became accustomed to the collodion, 

clarifying the genesis of depth percep- were transferred to one of two rearing the glass surfaces of the cliff were 
tion. To this end we compared binocu- environments: for the control rats, the cleaned and interchanged to equate any 
lar and monocular performance on the transfer was to a clean maternity cage; olfactory cues from previous animals. 
visual cliff of infant rats having dif- for the experimental rats, to a larger After each animal was removed from 

ferent early environmental histories. cage (63 by 23 by 23 cm) con- the cliff its were eamed 
Both these factors have been investi- taining three hardware-cloth climbing check that they looked the same as 

gated before, but never jointly (2, 3). platforms and a feeder suspended on whenthe rat was placed on the cliff. 
Our results indicate that, in monocular one side, which could be climbed upon. performed a control experiment 

tests, normally reared infant rats show The climbing platforms and suspended to ascertain the efficacy of the occlu- 
no preference on the visual cliff, where- feeder were intended to provide the ex- ion procedure. Thirty-one infant rats 
as rats reared in an "enriched" environ- perimental animals with greater oppor- from the two rearing conditions were 

ment prefer the shallow side. In binocu- tunities to experience cues as to depth prepared as in the monocular testing 
lar tests, even normally reared animals and distance. In both types of cage condition but with both eyes covered. 

prefer the shallow side. the floor was covered with wood shav- f the 20 that dscended from the 

The subjects in this experiment were ings. start-board, 11 went to the deep side 
246 male and female hooded rats, aged On the test day the members of each and 9 to the shallow side. These re- 

sults, taken with the observation of 
solidly covered eyes, indicated that the 

Table 1. Number of rats, by groups, that chose the shallow side or the deep side, or made collodion preparation successfully oc- 
no choice within 10 minutes. cluded vision. 

Cliff The visual cliff used in this experi- 
Conditions ment, patterned after Walk and Gib- 

_________________ .Normal Equated texture density son's model II cliff (1), consisted of 

Rearing Viewing No No two 38- by 48-cm glass plates that 
Shallow Deep choice Shallow Deep choice were separated by a 48- by 10-cm start- 

Normal Monocular 15 10 6 11 14 13 board located 4.5 cm above the glass Normal Monocular 15 10 6 11 14 13 
Normal Binocular 18 7 3 21 4 8 surface. On the shallow side the pat- 
Experimental Monocular 17 8 8 19 6 8 tern was placed immediately below the 
Experimental Binocular 22 3 3 22 glass plate. On the deep side the pat- 830*~~~~~~~~~~~~~~~glass plate. On the deep side the a5t- 

Normal Monocular 15 10 6 11 14 13 board located 4.5 cm above the glass Normal Monocular 15 10 6 11 14 13 
Normal Binocular 18 7 3 21 4 8 surface. On the shallow side the pat- 
Experimental Monocular 17 8 8 19 6 8 tern was placed immediately below the 
Experimental Binocular 22 3 3 22 glass plate. On the deep side the pat- 830*~~~~~~~~~~~~~~~glass plate. On the deep side the a5t- 

830 830 SCIENCE, VOL. 151 SCIENCE, VOL. 151 



tern was placed on the floor, 78 cm be- 
low the glass plate; the pattern was large 
enough to provide a continuously tex- 
tured surface when viewed from the 
start-board. The glass surfaces and the 
start-board were surrounded by 23- 
cm-high wooden walls to prevent the 
rat's escape. The entire apparatus was 
painted gray and bordered by black 
curtains from behind which the experi- 
menter could observe the rat's behavior. 
Incandescent lamps suspended above 
the start-board and above the deep 
pattern projected approximately 70 
lumen/m2 on both deep and shallow 
surfaces. 

Each animal was placed on the start- 
board inside a metal box having a 
sliding floor. After the bottom of the 
box was removed, the box itself was 
raised by a swinging arm controlled 
by the experimenter behind the cur- 
tain. The trial ended either when the 
rat made a choice (removed all four 
paws from the start-board) or when 
10 minutes had elapsed. Animals that 
failed to choose within 10 minutes were 
not used again; they were replaced un- 
til 25 rats in each subgroup had made 
a choice. 

Monocular and binocular rats from 
the two conditions of rearing were test- 
ed with either of two sets of patterns 
beneath !the glass plates. In both sets, 
the shallow pattern was the same: 12.5- 
mm-wide black paper strips, criss- 
crossed 2.5 cm apart, on a white back- 
ground. For the "normal" cliff the deep 
pattern also was constructed in this 
way. In the "equated-texture density" 
cliff, the elements of the pattern cover- 
ing the deep side were made to sub- 
tend the same visual angle 1.9 cm above 
the start-board as did the elements on 
the shallow side. 

Table 1 summarizes the choice be- 
havior by subgroups. There is no signifi- 
cant difference between the performance 
of rats tested on the "normal" and on 
the "equated texture density" cliffs 
(x2(4) = 2.73); for these animals dif- 
ferences in angular texture density were 
evidently not the basis of choice be- 
tween the two sides of the cliff, at least 
when other cues were available. Trychin 
and Walk's (3) results were similar. 
Therefore all analyses of effects of the 
rearing conditions and viewing condi- 
tions were carried out on the combined 
data from the two cliffs (Table 2). 

It is evident from Table 2 that only 
the normally reared, monocularly test- 
ed group failed to show significant pref- 
erence for the shallow side of the visual 
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cliff (5). From 72 to 88 percent of 
the rats in the other groups went to the 
shallow side, a level of performance 
quite comparable to that reported pre- 
viously for adult rats (1). We per- 
formed a more detailed analysis of the 
choice behavior of the four groups of 
Table 2 in order to assess the effects 
of our two experimental variables. The 
analysis involves the partition of x2 and 
degrees of freedom in mul}tiple con- 
tingency tables of frequency data such 
as ours (6). Side preference proves to 
be significantly affected by viewing con- 
ditions (X2 = 11.06, P < .001) and 
by rearing conditions (X2 = 5.19, 
P < .035); however, the interaction of 
these two variables does not approach 
significance (X2 = 1.08). Thus it seems 
that: (i) experimentally reared rats ex- 
hibit stronger preference for the shal- 
low side of the visual cliff than do nor- 
mally reared ones; (ii) binocularly test- 
ed rats exhibit stronger preference than 
do monocularly tested ones; and (iii) 
there are insufficient grounds for reject- 
ing the possibility that these two effects 
are independent of each other. How- 
ever, it should be borne in mind that 
the monocularly tested animals showed 
significant preference only if they had 
been experimentally reared. 

Table 2 also contains the median 
choice latencies for those animals that 
left the start-board within 10 minutes. 
The only striking difference is between 
the animals that went to the shallow 
side and those that went to the deep 
side. In three of the four subgroups, 
the median latency of the rats going 
to the deep side is the lower, while 
in the remaining subgroup there is a 
small difference in the opposite direc- 
tion. When data from the four groups 
are combined, the median latencies of 
the "deep" and "shallow" animals (17 
and 23 seconds, respectively) are sig- 
nificantly different (x2 = 6.06, P < .02). 

While we cannot yet completely dis- 
miss all alternative explanations based 
on possible emotional and attentional 
effects of rearing conditions, we be- 
lieve that the differences found in per- 
formance most probably reflect differ- 
ences in the perception of depth. The 
results of our experiments (7) seem 
to indicate that, as measured by the 
visual cliff, depth perception by the rat 
is influenced by experiential factors. On 
the other hand, earlier studies have 
shown that binocular depth perception 
by the rat does not require prior visual 
experience (2, 8). However, several in- 
vestigators have asserted that, even in 

Table 2. Combined data from the two cliffs. 
Number of rats that chose the shallow side 
or the deep side, or made no choice within 
10 minutes. Numbers in parentheses are the 
median latencies, in seconds, of rats that 
left the start-board within 10 minutes. Abbre- 
viations: N, normal; E, experimental; M, 
monocular; B, binocular. 

Conditions Choice 

Rear- View- Shallow Deep None 
ing ing 

Group 1 
N M 26 (30.5) 24 (16.0) 19 

Group 2 
N B 39 (23.0) 11 (16.0) 11 

Group 3 
E M 36 (21.0) 14 (25.5) 9 

Group 4 
E B 44 (25.0) 6 (18.5) 6 

binocular tests, performance on the 
visual cliff depends on essentially mo- 
nocular cues. The recent finding by 
Trychin and Walk (3), that adult rats 
that had been surgically rendered mo- 
nocular preferred the shallow side of 
the visual cliff, seems to support this 
view. However, our results, showing 
difference in performances by infant 
rats in monocular and binocular tests, 
appear to reopen the question of what 
cues are employed on the visual cliff. 
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