
liable differences appear in order 1 and 
2 dendrites. 

The data provide evidence for regu- 
lation of neuronal growth, at least dur- 
ing maturation, by "use," that is, by the 
degree of stimulation involved in the 
environmental situation in which the 
animal is reared. A possible explanation 
of the differences in synaptic size which 
have been reported to follow this dif- 
ferential rearing procedure (7) is that 
the additional synapses formed on high- 
er-order branches may be larger than 
those more central in the neuron. 

The failure to find such clear dif- 
ferences in dendritic branching in the 
Holloway study (8) may be related to 
several factors, such as the relatively 
small number of neurons examined and 
the particular neuronal population 
studied ("layer II stellate" neurons). 
Holloway's scoring technique-simple 
totals of intersections of dendrites with 
concentric rings-may have been in- 
sensitive to selective effects on higher- 
order branching, and the apparent vari- 
ability in staining from animal to 
animal may have resulted in differences 
in the staining of higher-order dendrites. 
Finally, the longer treatment period in 
his study has been found to produce 
smaller cortical weight differences (5, 6). 

Our results are compatible with pre- 
viously reported differences in cortical 
depth, perikaryon size, and acetylchol- 
inesterase activity, and suggest that the 
larger cell bodies may be involved in the 
support of the more extensive dendritic 
trees. It is possible that the differences 
in branching patterns are generated 
entirely or in part by some indirect 
effect of the environments through 
hormonal or general metabolic inter- 
mediates. However, most of the re- 
ported gross differences (5) are con- 
fined to selected brain regions; this 
suggests selective effects of environ- 
mental stimulation. In any case, the 
increased branching presumably pro- 
vides increased surface for synaptic 
contacts, and this greater potential for 
interneuronal interaction suggests a 
greater capacity for information proc- 
essing, loosely defined, in the brain of 
the animal reared in a more stimulating 
environment. One can also conceive 
that such processes, combined with the 
reported alterations in the size of in- 
dividual synapses (7), might underlie 
some forms of information storage in 
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target set increased in size from one to 

In the most commonly used para- 
digm for the study of character classifi- 
cation, subjects are presented with a 
single stimulus, such as a letter or a 
digit, and must indicate whether or not 
it matches any of the stimuli contained 
in a previously memorized target set. 
Typically, results obtained with this ex- 
perimental task indicate that the time 
taken to determine that a stimulus is 
indeed a member of the target set in- 
creases linearly with the size of the 
target set, at a rate of about 35 msec 
for each additional character. This re- 
sult has been taken to mean that the 
characters in the target set are rep- 
resented individually in memory, and 
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that these memorial representations are 
searched serially at about 30 characters 
per second to determine if a match 
exists (1). 

The target sets used in character 
classification experiments usually vary 
randomly in composition from trial to 
trial. Even when the same set is used 
for a block of trials, however, there 
is seldom any logical connection among 
the characters in the set. Thus, it is 
possible that the conclusions drawn 
about the process of character classi- 
fication are limited to situations in 
which subjects may have difficulty deal- 
ing with a set of characters that are 
unfamiliar as a set (2). The initial pur- 
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Abstract. In binary character-classification tasks, reaction time generally has 
been reported to increase substantially with the number of target elements. How- 
ever, when the targets formed a familiar set and subjects were not required to 
make explicit "no" responses, reaction time did not increase significantly as the 

Target-Set and Response-Set Interaction: 

Implications for Models of Human Information Processing 

Abstract. In binary character-classification tasks, reaction time generally has 
been reported to increase substantially with the number of target elements. How- 
ever, when the targets formed a familiar set and subjects were not required to 
make explicit "no" responses, reaction time did not increase significantly as the 

One-response condition Two-response condition 

_?..,?- ^ / 

/ 
/ / , 

(1,4,7) - 

(I) 

(i). ~ (1,2,3) _ (1) 

One-response condition Two-response condition 

_?..,?- ^ / 

/ 
/ / , 

(1,4,7) - 

(I) 

(i). ~ (1,2,3) _ (1) 

/(1,4,7) 

/,(1,2,3) 
/ (1,4,7) 

,(1,2,3) 

/(1,4,7) 

/,(1,2,3) 
/ (1,4,7) 

,(1,2,3) 

--- No 
---- Yes 

1. 

--- No 
---- Yes 

1. 
1 1 



pose of the present research was to 
compare processing when the size of 
the target set was increased in either 
a "natural" or an "unnatural" fashion. 
To this end, a baseline condition was 
defined in which the target set con- 
sisted of the single digit 1. A natural 
extension to set size three consisted of 
the digits 1, 2, and 3, while an unnat- 
ural extension to set size three consisted 
of the digits 1, 4, and 7, In all of these 
conditions, the nontarget set was simply 
the complement of the target set (3). 

So that the task would be as easy 
as possible, each subject served in only 
one experimental condition. Moreover, 
each subject was instructed to indicate 
that the presented stimulus was in the 
target set by depressing a key with 
the index finger of his right hand. He 
was not to respond at all if a nontarget 
was shown. 

The stimuli were 30-point copper- 
plate Gothic numerals presented for 
150 msec at a viewing distance of 84 
cm in a two-channel tachistoscope. Re- 
action time (RT) was measured from 
the onset of the stimulus to the depres- 
sion of the response key. Following the 
description of the task there were 144 
test trials, on half of which the stimulus 
was a randomly selected target and on 
the other half a randomly selected non- 
target. Six subjects were assigned at 
random to each of the three test condi- 
tions. 

The results are shown in the left 
panel of Fig. 1. For the unnatural con- 
dition there was a 48-msec difference 
in mean RT between set size one and 
set size three (t(1(,,=4.55, P<.01), 
but in the natural condition there was 
an insignificant difference of only 4 
msec. These differences may be trans- 
lated into slopes of 24 msec per charac- 
ter and 2 msec per character, respec- 
tively. 

At this point we discovered that 
Marcel (4) had obtained data under 
conditions very similar to our natural 
condition, but with totally different re- 
sults. As successive elements (1; 1, 2; 
1, 2, 3, 4) were added to the target 
set, the mean RT increased by about 
26 msec per character, which is similar 
to the rate found in previous research 
(1) with unrelated elements and also 
above in our unnatural condition. Mar- 
cel's study differed from ours in several 
details, one of them being that he re- 
quired his subjects to make an explicit 
"no" response to nontargets. Although 
Marcel had measured RT's for vocal 
reactions, we attempted to study the 
difference between one- and two-re- 
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sponse tasks in the context of our key- 
pressing paradigm. Three additional 
groups of four subjects each were used 
in the conditions described earlier, but 
now each subject was instructed to in- 
dicate that a stimulus was in the target 
set by depressing a key with the index 
finger of his right hand, and to indicate 
that it was a nontarget by depressing 
another key with the index finger of 
his left hand. 

The results for the two-response con- 
ditions appear in the right panel of 
Fig. 1. For the natural conditions, with 
two responses, the difference in "yes" 
RT between set sizes one and three 
was 70 msec (tX;, = 9.14, P <.001). 
Thus, simply requiring an explicit "no" 
response increased the slope for "yes" 
RT's under natural conditions from 2 
to 35 msec per character. The slope in 
the unnatural condition was also in- 
creased, from 24 to 45 msec per char- 
acter, by the addition of an explicit 
"no" response (5). The error rate did 
not exceed 1.5 percent in any experi- 
mental condition. 

Mean RT was analyzed for each 
digit individually in the two natural 
conditions. For "yes" responses there 
were no systematic differences among 
the digits 1, 2, and 3. Moreover, "no" 
RT did not decrease systematically as 
a function of the remoteness of a digit 
from the end of the target set (6). 
This suggests that digits were not rep- 
resented in analog fashion in memory. 

There are several ways to interpret 
these findings. We might conclude that 
parallel processing, as indicated by the 
virtual invariance of RT with set size, 
can occur only when the elements in 
the target set are related in a well- 
learned way and when the response 
is a simple one. Serial processing, as 
indicated by sharply increasing RT as 
a function of set size, may occur when 
the target elements are unrelated or 
when the response is relatively difficult. 
However, it is also possible to conclude 
that processing of the elements in 
memory was parallel throughout, with 
differences in slopes reflecting differ- 
ences in processing capacity available 
for character classification under the 
various experimental conditions (7). 
For example, if it was more difficult 
to remember the stimulus-response as- 
signment in the two-response task than 
in the one-response task, and if some 
processing capacity was required to 
retain the association, then less capacity 
would have been available for character 
classification, which may consequently 
have been slowed (8). Similarly, the 

greater slope for the unnatural condi- 
tions might represent some diversion 
of processing capacity from character 
classification to the task of holding 
the set in memory. 

Apart from the theoretical distinc- 
tion between parallel and serial proc- 
essing, our results have a methodologi- 
cal implication. Around the turn of the 
century, Donders' subtractive analysis 
of reaction time was criticized by 
Killpe (9) 'and Lange (10), among 
others. The essence of their argument, 
in modern terms, was that later stages 
in information processing (such as re- 
sponse selection) could affect the proc- 
essing carried out during earlier, sup- 
posedly independent stages (such as 
stimulus discrimination). The lack of 
independence of stages in the present 
experiment supports this critical view 
and serves as a reminder that subtrac- 
tive reaction experiments must be inter- 
preted with care. 
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