lie below the corresponding confidence-
rating lines. For one subject (E.R.) all
five yes-no points were substantially
below the confidence-rating lines, which
suggests that this subject had consider-
able difficulty in complying with the
instruction to report her confidence at
the time of response. For this reason,
dyp was based on an ROC line drawn
through the yes-no point alone.

The tables of Elliott (14), which are
based on the assumption that ROC
lines have unit slope, were not used
because the slope may vary with d’.
When the slope of the ROC line is a
function of d’, the d’ estimates ob-
tained from the tables are biased. In
calculating d,, the -confidence-rating
data were used to calculate the most
likely slope of the ROC line passing
through the yes-no point. First, an
ROC line was fitted to each set of
confidence-rating points. As in calcu-
lating d, (/3), the regression coefficient
of In slope on d, was computed from
these lines for each subject. Each fam-
ily of lines thus generated includes a
unique line through every point in the
ROC plane, including a line through
each yes-no point. The absolute value
(in standard deviates) of the x-intercept
of that line is d.

The speed-accuracy results shown in
Fig. 2 invite a comparison between the
detection-theoretic processes. underlying
retrieval from memory and those pre-
viously found in perceptual discrimina-
tion experiments (5, 15). In discrimina-
tion experiments involving the method
of forced reaction times, (d’)2 was
found to be a linear function of 7. The
data presented here suggest that the
recognition memory d’ stops growing
when the retrieval time exceeds about
4 seconds. Some experimenters study-
ing perceptual discrimination with
other methods found similar asymp-
totes (12). Although models accounting
for this behavior have been developed,
their derivation would be out of place
in a brief report (I6). One model,
based on the assumption that the mem-
ory trace continues to decay during
retrieval, predicts that d’, as a function
of time, should follow the equation

&= m[l — e —-q)]
T a(T—n) [+ (T — )7~

1)

where T is the measured total recog-
nition time, and 7, m, «, and o are
constants. Equation 1 is represented
by the curves in Fig. 2. This model
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predicts an eventual decrease in ac-
curacy with additional retrieval time,
and a small decrease was found when
the probe display time was increased
from 4 to 8 seconds. The decrease was
not significant in this experiment, but
the possibility of an optimum retrieval
time should be kept open. The method
presented in this report should facilitate
additional quantitative investigations
of accuracy as a function of available
time,

ApaM V. REED
Department of Psychology, University
of Oregon, Eugene 97403
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Imprinting: Lasting Effects on Uracil Incorporation

into Chick Brain

Abstract. On the first day after hatching, domestic chicks were trained for
20, 60, 120, or 240 minutes with an imprinting stimulus. On the second day,
they were all retrained for 60 minutes. The greater the chicks’ experience on the
first day, the lower the rate of incorporation of tritiated uracil into macro-
molecules in the anterior part of the forebrain roof on the second day. Such
effects were not found in other brain regions, nor in any brain region of chicks
that received similar treatment on the first day but were not retrained on

the second.

When split-brain chicks had one eye
covered during exposure to a rotating,
flashing light to which they became
socially attached, incorporation of [3H]-
uracil into macromolecules was 15.2
percent higher on the trained side
of the forebrain than on the untrained
side. No such differences were found in
any other region of the brain (Z). The
forebrain roof has been implicated not
only as the site of most rapid incor-
poration of uracil into presumed RNA
during an imprinting procedure, but
also as the region where the activity

of RNA polymerase and incorporation
of lysine into presumed protein first in-
creases after imprinting (2, 3). The re-
sults for the split-brain chicks indicate
that certain general effects of the im-
printing procedure, such as a change
in concentration of hormone, are not
likely to be solely responsible for the
increased incorporation of uracil into
macromolecules, since such general
effects would be expected to influence
both sides of the brain to the same
extent. However, the biochemical
changes produced by the rotating flash-
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ing light used for imprinting the chicks
could result from other nonspecific
consequences of exposure, such as gen-
eral sensory stimulation ‘at the time of
training (4).

In the present study, we have at-
tempted to dissociate the longer-lasting
effects of training, in which we are
primarily interested, from short-term
changes which might arise from sen-
sory stimulation. Experience with the
imprinting stimulus was varied on the
first day after hatching but kept
constant after [*HJuracil had been
injected on the second. If incorporation
of uracil is exclusively related to the
training procedure, the amount of in-
corporation on the second day should
be inversely related to the length of
training on the first. The design of the
experiment presupposes that the pro-
cess by which chicks form social attach-
ments is not instantaneous, but is cu-
mulative; the longer the period of
exposure, the more the young bird
learns and the stronger the bond with
the familiar object (5). It is assumed,
however, that the amount learned is not
linearly related to duration of training,
and the longer the period of training
on the first day, the less the bird will
learn on the second.

We first exposed 64 socially isolated
Ross chicks from four batches to a
constant overhead light for 60 minutes
a few hours after hatching. This was
done to maximize the effects of subse-
quent training (6). The chicks were
placed in activity wheels and trained
at 30°C with an orange flashing ro-
tating light for 20, 60, 120, or 240
minutes at 24 to 27 hours after hatch-
ing (7). The bouts of training lasted
20 minutes and were interspersed by
20 minutes in a dark incubator. The
bouts of training of the 20-, 60-, and
120-minute groups were arranged sym-
metrically between the beginning and
end of training of the 240-minute
group. Apart from the periods of ex-
posure to light, the chicks were kept
in dark incubators in social isolation
and were only handled in the dark or
under dim green light.

The extent to which the four groups
approached the training stimulus is
shown in Fig. 1. The chicks’ prefer-
ence for the familiar object was then
measured in a choice test in which the
novel object was a red patterned cyl-
inder rotating around a light (7). The
mean preferences of the four groups
are shown in Fig. 1. The strength of
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their preference for the familiar object
was clearly correlated with the length
of exposure (Spearman p =.325, P<
.01).

On the second day after hatching,
all the chicks were given an injection
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Fig. 1. Means and standard errors for
total counts of chicks’ approach activity
toward a flashing rotatmg light and for
their preferences for it in a choice test.
The chicks were trained with the light
for 20, 60, 120, or 240 minutes on the
first day after hatching, given a choice
test immediately afterward, and then re-
trained for 60 minutes on the second day.
A chick obtained four approach counts for
each revolution of an activity wheel 30
cm in diameter. A chick’s preference was
the maximum distance traveled (in cen-
timeters) from the midpoint between the
familiar light and a novel one. Each
chick was placed in a specially geared
wheel in which the bird’s movements
carried it away from the object that it
tried to approach. When a chick had been
carried sufficiently close to the less pre-
ferred light, it usually turned around and
attempted to approach that one (7). A
negative score means that a chick at-
tempted to approach the novel stimulus.

into the heart region of 20 uc of
[*H]uracil (1000 mc/mmole) and placed
in a dark incubator maintained at
30°C; 47 minutes later they were
trained for a further, uninterrupted
60 minutes with the familiar flashing
orange light. The approach activity of
the chicks during this second period of
training is shown in Fig. 1. The birds
trained for longer periods on the pre-
vious day tended to be more active, but
the trend was not statistically signifi-
cant. The chicks were killed 150 min-
utes after injection, and the brains were
dissected as in previous studies (I, 2)
except that the forebrain roof was fur-
ther subdivided into anterior and
posterior regions at the widest part.
of the section (8). The brain and liver
samples were frozen, coded, and ana-
lyzed for acid-insoluble radioactivity

Fig. 2. Mean and standard error for
specific activity of [*H]uracil incorpo-
rated into macromolecules of the an-
terior forebrain roofs of 2-day-old do-
mestic chicks. The experimental birds
were trained with an imprinting stimulus
for varying amounts of time on the first
day after hatching, and were all retrained
for 60 minutes on the second day. The
control birds received the same treatment
on the first day but were left in the dark
on the second. The data have been stan-
dardized by expressing each value as a
percentage of the mean for all brain
samples from the set with which it was
analyzed (9). The decline in the experi-
mentals as training on day 1 increased
from 20 to 240 minutes is statistically
significant (Spearman p — —.311 corrected
for ties; ¢ = 2.56; P < .02), whereas no
such relation can be detected in the con-
trols (Spearman p = +4.106).
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Table 1. Mean standardized specific activities and standard errors for samples from liver,
midbrain, base of forebrain, and posterior roof of forebrain of experimental and control
chicks. The correlations between these values and the length of training on the first day
after hatching are also given and are corrected for ties; N, number of animals.

Traini .
on day 1 N Liver Midbrain Base Posterior
(minutes) roof
Experimental groups
20 16 106.5 = 11.0 117.5 = 3.7 1124+ 15 81.9+4.0
60 16 965+ 7.7 1129 = 6.3 109.8 5.5 878 =45
120 16 96.5 + 12.3 112.5 £ 6.2 108.6 = 5.3 86.3 = 3.2
240 15 107.7 = 109 110.5 = 4.4 103.0 = 4.6 81.7+34
Spearman p —.003 —.173 —.106 —.030
Control groups
20 12 838+ 6.4 1169 = 5.8 103.6 = 4.9 85247
60 12 778+ 7.6 119.3 = 5.6 107.8 = 6.2 87.6 5.7
120 12 93.0 = 104 1220 +5.3 116.3 = 5.0 82.6 =47
240 12 89.3 +10.3 113.1 = 4.7 108.6 = 6.1 785 %135
Spearman p +.077 —.058 +.120 —.145

(expressed as disintegrations per min-
ute per milligram of protein in the
sample) by the techniques described
elsewhere (2). To eliminate variability
between sets of samples analyzed at
different times, each value has been
expressed as standardized specific ac-
tivity, that is, as a percentage of the
mean for all the brain samples in
the set with which the sample was
analyzed (9).

In the anterior part of the forebrain
roof, the incorporation of [3H]uracil
into presumed RNA (Fig. 2) was
negatively correlated with the length
of training on the previous day
(P <.02). The difference in the an-
terior roof region between the group
trained for 60 minutes and the group
trained for 240 minutes is also statis-
tically significant (¢t =2.31, P <.05).
None of the other differences in the
other brain regions or the liver were
statistically significant, nor were any
of the other trends (Table 1).

The effect of training on day 1 on
uracil incorporation into the anterior
roof on day 2 could have occurred
regardless of whether or not the birds
had been trained on day 2, as a result
of long-lasting depression in regions
that were active the previous day (/0).
We therefore repeated the first part of
the experiment with a further 48 Ross
chicks from three batches. These con-
trol chicks were exposed to a constant
overhead light shortly after hatching,
and were trained for 20, 60, 120, or
240 minutes on the first day after
hatching. However, on the second day,
when incorporation of [3H]uracil was
measured, they were kept in the dark
at 30°C from the time of precursor
injection until they were killed. In
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every other respect, the birds were
treated in the same way as the experi-
mentals. The approach and preference
scores during training and testing did
not differ from the experimentals. In
the control chicks, no significant differ-
ences were found between any of the
groups in any of the brain regions or
in the liver (Fig. 2 and Table 1). Thus,
the duration of training on day 1 had
no effect on incorporation into macro-
molecules on day 2 if the birds re-
ceived no further training. This con-
trasted markedly with the incorpora-
tion in the anterior roof when birds
were trained for 60 minutes on the
second day after hatching.

We infer that those chicks trained
for longer periods had learned more
than those trained for shorter periods,
because preference for the familiar
object continued to be strengthened
over the first 4 hours of training. If
this is correct, it is reasonable to as-
sume that the experimental birds
trained for longer periods on day 1
would have had less to learn on day 2
about the object to which they were
becoming attached than would those
trained for shorter periods on day 1.
Is this the explanation for the inverse
relation between rate of incorporation
of wuracil into the anterior roof and
the length of training on the preceding
day? It is possible that the well-trained
chicks were less attentive and therefore
received less stimulation than the birds
which had been trained for shorter
periods on day 1. However, we think
such a possibility is implausible be-
cause, if anything, the birds trained for
longer periods on day 1 approached
the familiar object more on day 2
than did the birds trained for shorter

periods. When these new data are
taken together with the results of our
previous experiments, particularly those
from split-brain chicks, they suggest
that biochemical changes occurring in
the anterior part of the forebrain roof
are linked with acquisition processes
involved in imprinting rather than with
more general side effects of training

~(11). It remains possible, however, that

general neuronal differentiation in the
anterior roof is affected by the imprint-
ing procedure—the further that devel-
opment of the region had proceeded on
the first day, the less that might have
needed to occur on the second day
when the experimental birds were once
again trained.
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