Table 1. Mean number of saccades per
sccond (Rate) of subjects R.S. and A.S.
viewing small (5.4 minutes of arc) and large
(31.2 minutes of arc) targets under “fixate”
and “hold” instructions. The standard devia-
tions (S.D.) and number (N) of recording
trials are given for each condition.

Instruction Target Rate S.D. N
Subject: R.S.

Fixate Small 2.01 0.49 22

Fixate Large 1.47 .70 25

Hold Small 0.45 .50 20

Hold Large .50 48 23
Subject: A.S.

Fixate Small 1.40 0.34 48

Fixate Large 0.86 .39 47

Hoid Small 57 .26 49

Hold Large 33 .19 46

This mean saccade-vector magnitude is
equivalent to a saccade whose extent
on a single average meridian is 5.78
minutes of arc. The typical value for
fixation microsaccades reported by other
investigators is 5.6 minutes of arc, a
value sufficiently similar to that ob-

served in the present experiment to.

suggest that “normal” fixation patterns
were produced by the instruction to
“fixate.”

A second experiment was performed
to find out whether “fixate” and “hold”
instructions could be maintained in the
absence of a visible fixation target.
Four kinds of trials were employed.
Subjects were asked either to ‘“fixate”
or to “hold” for 21.3 seconds. On
half of the trials under each instruc-
tion (F2 and H2), the fixation target
(5.4 minutes of arc at 1.0 mlam) visible
during intertrial intervals was obscured
by a shutter when the subject began
recording. After 10 seconds the shutter
opened and the target was visible for
the remainder of the trial. On the other
half of the trials (F1 and H1) the target
remained visible only for the first 10
seconds; the shutter then closed for
the remainder of the trial. Both subjects
served in this experiment; each recorded
36 trials, 9 under each condition.

Figure 1 shows representative record-
ings for R.S. Note in FI and HI typical
“fixation” and “hold” performance in
the first portion of the trial until the
shutter removed the target from view.
The second halves of the FI and HI
trials show performance in the absence
of any visible target object. Note
that the variability of the eye about
its mean position was considerably
increased when the target was not
visible (6). Also, even in the absence
of a visible target, “hold” and “fixate”
performances were different: there were
more saccades when R.S. “fixated” an
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imaginary target than when he tried
to “hold” his eye still in darkness.
When the target disappeared at the on-
set of the trial and reappeared after
10 seconds (F2 and H2), the results
were virtually the same: a single large
saccade corrected the position error
noticed when the target reappeared and
typical “fixation” and “holding” ensued.

These experiments suggest that mi-
crosaccades initiated during “fixation”
may be under voluntary control. Sub-
jects can inhibit them for prolonged
periods when they are instructed to
“hold” their eyes still. Furthermore,
this inhibition of microsaccades does
not, in itself, lead to increased variabili-
ty of the eye about its mean position,
which shows that there is an effective
low-velocity corrective system for hold-
ing the eye in position on all meridians.
Nachmias had previously shown that
when a subject attempts to maintain
fixation both saccades and drifts can
contribute to position control of his
eye. In his work, however, saccadic
correction was most prominent; correc-
tive drifts were observed on only a
few meridians where saccadic correc-
tion was not effective (7). In the pres-
ent experiments drift correction fre-
quently takes over completely under
“hold” instructions.

It is not known, at present, whether
each microsaccade that is executed
under “fixation” instructions is a volun-
tary act. We prefer at this time to as-
sume that there is a microsaccadic sys-
tem that is called into play when
“fixation” is attempted. This assump-
tion, however, is based exclusively on
the very small size of these saccadic
movements, and further experiments will
be necessary to determine whether it
is a system, rather than individual
saccades, that is being called forth by
an effort of the will.
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Learning-Set Formation by
Mink, Ferrets, Skunks, and Cats

Abstract. The ability of mink, fer-
rets, skunks, and cats to learn to dis-
criminate between objects was com-
pared. Performance of mink and fer-
rets was similar to that reported for
primates. This observation suggests that
there is considerable overlap among
mammals in ability to form learning
sets.

Interproblem learning, or the progres-
sive improvement in learning consecu-
tive, nonspatial, visual discrimination
problems, is used to compare complex
learning ability of mammals under lab-
oratory conditions (I, 2). While for-
mation of learning sets has been ob-
served in a variety of species, includ-
ing rats, cats, and racoons (3), studies
with primates (2, 4, 5) suggest that the
latter are quantitatively superior to most
carnivores in this type of learning. We
investigated formation of learning sets
in carnivores representing the mam-
malian mustelidae (weasel) family, a
group whose complex learning abilities
have not been systematically studied in
the laboratory.

The subjects were seven mink and
eight ferrets, skunks, and cats. Mink
(Mustela vision), pearl variety, and fer-
rets (Mustela furo) were commercially
developed strains. Skunk were Mephitis
or striped variety. Animals ranged in age
from 9 to 12 months. About half were
males. Subjects were raised from infancy
in laboratories and were fed canned cat
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Fig. 1. Interproblem learning in mink,
ferrets, skunks, and -cats. )

food supplemented with vitamins, brew-
ers yeast, and fish flour. Median body
weights of subjects were 3.18 kg, 3.9
kg, 4.1 kg, and 5.9 kg for mink, fer-
rets, cats, and skunks, respectively.
Animals were tested in a modified
Wisconsin General test apparatus (/)
with a 50.8-cm-square starting area
from which subjects had access to a
retractable tray. The tray supported two
swinging doors to which the stimulus
objects were attached. A one-way vision
screen between the experimenter and the
tray prevented the subject from seeing
the experimenter. A wooden panel was
lowered between the tray and the start-
ing area when the tray was baited so
that the subject could not see the loca-
tion of the food reward. The stimulus
objects were pairs of wooden figures
which varied in visual dimensions of
form, brightness, surface area, and
thickness. Test objects were similar to
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Fig. 2. Discrimination learning-set forma-
tion by mink, ferrets, skunks, and cats.
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those used in learning-set studies with
monkeys (/, 2). Objects were randomly
paired and ordered. The correct object
on any given trial was determined from
a table of random numbers.

Subjects were tested on a series of
600 object-discrimination problems. On
each trial, the subject was required to
push open one of the two doors to

“which the pair of objects were at-

tached. Choice of the correct object
was rewarded with a piece of meat
placed behind the door; there was no
punishment for errors. After the sub-
ject made a choice, the wooden panel
was lowered, and objects on the door
were reset for the next trial. The spatial
position of the rewarded object was
varied in a balanced, irregular sequence,
and the errors were not corrected.

Testing on the first 200 problems
was continued to a criterion of 20 cor-
rect out of 25 responses. The remain-
ing 400 problems were presented for
six trials each. Each subject was pre-
sented 50 trials a day, 7 days a week.
Subjects were fed daily rations im-
mediately after trials. Subjects were
maintained at 80 percent of normal
body weight.

Interproblem learning by all sub-
jects on problems learned to criterion
is shown in Fig. 1. Median trials to
criterion ranged from 250 on the first
block of trials to 20 for some subjects
on later problem blocks. Groups dif-
fered considerably in overall perform-
ance, with mink demonstrating the most
rapid improvement across problem
blocks. All species tested performed
similarly on initial visual discrimina-
tions.

Improvement in learning from one
problem to another can be expressed in
terms of an increase in percentage of
correct responses on trial 2 of se-
quential groups of problems (2). Figure
2 indicates the percentage of correct
responses performed by all subjects
on trial 2 of successive groups of six-
trial problems. Performance of each
species on trial two of adjacent pairs
of 100-problem blocks was analyzed
by Wilcoxon matched-pairs signed ranks
tests (6). All groups showed highly sig-
nificant (P <.001) intraspecies differ-
ences. Correct choices in trial 2 by all
species increased substantially over suc-
cessive problem blocks. Curves for mink

- and ferrets indicate a particularly high

degree of interproblem learning.

These findings suggest that under
the present experimental conditions cats
are inferior to certain species of the
weasel family in performance on con-

secutive visual discriminations. How-
ever, substantial differences appear
among the latter subjects, with mink
demonstrating the greatest improve-
ment in interproblem performance, while
skunks are intermediate in performance
between ferrets and cats. Performance
of mink and ferrets on trial 2 of
sequential problem blocks is superior
to that of some primates, namely mar-
mosets and platyrrhine monkeys (4).
The curve for mink resembles that for
rhesus monkeys and chimpanzees (7),
although the rate of improvement is
somewhat slower in the former species.
Mink and ferrets also showed one-trial
learning of problems after considerable
prior training on similar problems, a
phenomena usually observed only
among primates.

These data suggest that quantitative
rather than qualitative differences char-
acterize mammalian interproblem learn-
ing (8). They also suggest that ferrets
and mink are excellent subjects for stud-
ies of complex learning ability. The
reliability of observed interspecies dif- -
ferences may suffer severely as the same
comparisons are made under varying
problem-solving conditions which may
shift the advantage from one species
to the other (9). The extent to which
species differences in motivation, visual
capacities, and the like may have af-
fected final performance can only be
determined by further experimentation.

BarBARA A. Doty
C. NEAL JONES
Department of Psychology,
North Central College,
Naperville, llinois 60540
] LArry A. Doty
Department of Psychology, Northern .
Hlinois University, DeKalb

References and Notes

=+ H. F. Harlow, Psychol. Rev. 56, 51 (1949).

2. H. F. Harlow, in Psychology: A Study of a
Science, S. Koch, Ed. (McGraw-Hill, New
York, 1959), vol. 2, p. 492.

3. C. Karonakos and W. J. Arnold, J. Comp.
Physiol. Psychol. 50, 11 (1957); J. M. Warren
and A. Baron, ibid. 49, 227 (1956); J. 1.
Johnson and K. M. Michels, ibid. 51, 376
(1958).

4. R. C. Miles and D. R. Meyer, ibid. 49, 219

(1956); W. F. Shell and A. J. Riopelle, ibid.

51, 467 (1958).

. G. J. Fischer, ibid. 55, 924 (1962).

. S. Siegel, INanparametric Statistics for the Be-
havioral Sciences (McGraw-Hill, New York,
1956), p. 75.

7. H. F. Harlow, in Comparative Psychology,
C. P. Stone, Ed. (Prentice-Hall, New York,
1951), p. 183; K. J. Hayes, R. Thompson,
C. Hayes, J. Comp. Physiol. Psychol. 46, 99
(1953).

8. J. M. Warren, in Behavior of Nonhuman
Primates: Modern Research Trends, A. M.
Schrier, H. F. Harlow, F. Stollnitz, Eds.
(Academic Press, New York, 1965), p. 274.

9. M. E. Bitterman, Sci. Amer. 212, 92 (1965).

10. Research supported by NSF URP grant GE-
6167.

23 November 1966; 7 February 1967

(=9 ]

SCIENCE, VOL. 155



	Cit r375_c484: 


