
oping during the 1-hour preavoidance 
interval were maintained throughout 
the 2-hour avoidance interval for all 
five dogs, as shown in Fig. 1. Changes 
in heart rate during the avoidance in- 
terval, however, were typically char- 
acterized by immediate and marked 
average increases over the preceding 
preavoidance levels. In four of the 
five dogs, these average heart rate in- 
creases during the 2-hour avoidance 
interval were statistically significant 
(P < .01). The patterns of blood pres- 
sure and heart rate during the post- 
avoidance interval were more variable 
between dogs, however, and require 
more extensive experimental analysis. 

The results of this experiment show 
clearly that repeated exposure to be- 
havioral conditioning can produce di- 
vergent and sustained changes in con- 
currently measured levels of blood 
pressure and heart rate. Accounts of 
similar divergencies observed in classi- 
cally conditioned rabbits (6) and 
shock-exposed curarized dogs (11), 
limited to periods of only seconds, 
have called attention to homeostatic 
autonomic reflex mechanisms related to 
the maintenance of blood pressure. The 
extended circulatory changes persisting 
over the 1-hour preavoidance interval 
in the present study, however, suggest 
the participation of more enduring 
hormonal influences. Changes in blood 
catecholamine levels have been related 
to avoidance behavior in the monkey 
(12), for example, suggesting that in- 
creases in circulating norepinephrine 
levels, known to produce divergent ef- 
fects upon blood pressure and heart 
rate (13), may account, at least in 
part, for the preavoidance cardiovas- 
cular response pattern described in the 
present report. 

Although the relationship of these 
blood pressure elevations accompanied 
by heart rate decreases in the dog to 
the similarly divergent circulatory 
changes characteristic of essential hy- 
pertension in humans (14) is far from 
clear, chronic exposure to such behav- 
ioral conditioning has been reported to 
produce sustained hypertensive patterns. 
Herd et al. (15) and Forsyth (16) 
have described chronic blood pressure 
elevations developing in monkeys after 
prolonged, though intermittent, per- 
formance on similar shock-avoidance 
programs for periods up to and exceed- 
ing 1 year. Additionally, Forsyth (16) 
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range of behavioral and physiological 
factors, including temporal parameters, 
reinforcement contingencies, and hor- 
monal processes, would seem to require 
further scrutiny in the experimental 
analysis of this unique finding. 
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In order to examine the relation of 
abstractness of meaningful stimuli to 
the efficiency of their free recall, we 
have compared free-recall performance 
when the stimuli to be recalled were 
actual objects, full-scale black-and- 
white photographs of these same ob- 
jects, and their printed object names. 
The data indicate that ease of recall is 
inversely related to abstractness of 
stimuli. Recall for objects was best; for 
pictures, poorer; and for object names, 
poorest. Furthermore, adults performed 
the experimental task better than chil- 
dren except when the stimuli to be re- 
called were objects. 

Among more than a score of studies 
that constitute the literature on mem- 
ory as a function of stimulus abstract- 
ness, 17 have dealt with memory for 
pictures and words, 5 with objects and 
words, and 1 with objects and pic- 
tures. None has examined memory 
across the full dimension of stimulus 
abstractness under a single set of ex- 
perimental conditions. In 13 experi- 
ments, the subjects were adults, and in 
6 experiments they were children. 
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Only four of the studies have been com- 
parative: two involved normal adults 
and normal children; one, normal 
adults and adults with memory defects; 
and one, normal children and mental 
retardates. Brief discussions of these 
findings are found in recent reviews 
(1, 2). 

Subjects were 90 adults (students at 
the State University of New York at 
Albany with a mean of 19 years of 
age) and 90 were fourth-grade chil- 
dren (students with a mean of 9 years 
and 5 months of age, in two ,public 
school districts in the Albany -metro- 
politan area). Each sample of 90 sub- 
jects was randomly divided into three 
groups of 30 subjects each. Each group 
received a different counterbalanced 
sequence in which a third (that is, sev- 
en) of 'the stimuli were objects, a third 
were pictures, land a third were words. 
The three orders were constructed in 
such a manner that individual stimuli 
occurred in a different version (either 
object, picture, or word) in each order 
and with only one version in a particu- 
lar order. Each group was further ran- 
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Free Recall and Abstractness of Stimuli 

Abstract. The relation of abstractness of stimuli to efficiency of free recall was 
studied in college and fourth-grade students. Groups were shown a sequence of 
objects, pictures, and object names and were asked to recall what they had seen. 
Recall tests were conducted either immediately after presentation of the stimulus- 
sequence, after 24 hours, or after 1 week. Objects were recalled more frequently 
than pictures, and pictures more frequently than words. Adults performed better 
than children, except in the case of objects. 
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domly divided into three subgroups of 
ten subjects each. One subgroup was 
tested with an immediate-recall test; 
one was tested 24 hours after presenta- 
tion of the stimuli; and one was tested 
after 1 week. 

The stimuli were 21 small, common 
objects previously scaled for familiari- 
ty. Scale values were obtained through 
a ,multiple-stage procedure. (i) Ap- 
proximately 200 college students were 
asked to list the names of 200 common, 
small objects (none larger than 25 by 
25 by 15 cm) with which they fre- 
quently had come into contact. (ii) 
From these responses, the 50 object 
names most frequently listed were cho- 
sen. (iii) These object names were pre- 
sented to an additional 50 students for 
:rating. An 11-category scale varying 
from very frequently contacted (cate- 
gory 1) to very infrequently contacted 
(category 11) was used for this pur- 
pose. (iv) The 27 stimuli with the 
highest rated frequency of ,contact 
(average 4.74 out of 11 ) were selected. 
Finally, this list was reduced to 21 ob- 
ject names because 6 of the object 
names could not reliably be recognized 
by a group of children comparable to 
those chosen for the experiment. The 
stimulus list consisted of the following 
items: apple, book, bottle, coin, cup, 
eraser, flower, fork, key, light bulb, 
match, matchbook, pencil, radio, ring, 
safety razor, scissors, shoe, soap, tooth- 
brush, and wallet. 

As indicated above, each stimulus 
was prepared in three versions. The 
full-scale photographs of the objects on 
a white background were black-and- 
white glossy prints (19 by 25 cm). The 
object names were printed in black 
lower-case letters on 20 white cards 
(20 by 27 cm). Stimuli were presented 
in alternate sections of an eight-section 
platform that rotated behind a screen 
with a viewing aperture. The arrange- 
ment for presentation was such that 
only one stimulus could be seen at a 
time. The rotating platform and screen 
were painted neutral gray. 

The subjects were tested in groups 
in the classroom setting. They were 
told only that they were to watch the 
window in the screen {before them. 
After announcing that he was about to 
start, the experimenter presented stimu- 
li one at a time in random order. Each 
was presented only once for 5 seconds 
with 5 seconds between presentations. 
Groups under the immediate-recall 
condition were then given a sheet of 
paper and asked to list the names of 
all the stimuli they had seen. The same 
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*ADULTS tion tests invariably bore out this con- 

o CHILDREN clusion. In contrast, children's recall 
for words was not reliably poorer than 
for pictures: difference = .31; least sig- 
nificant difference at .05 level = .32. 
However, this failure at statistical sig- 
nificance reflects, as noted above, the 
atypical behavior of one of the nine 
subgroups. For the remaining eight 
subgroups, behavior was consistent 
with the conclusion. Furthermore, the 
superiority of recall for pictures over 
that for words under these same con- 
ditions was confirmed by data more 
recently obtained in the laboratory of 

OBJECTS PICTURES WORDS one of us(W.B.) 
This superiority .of recall for objects 

Free recall as a function of level over that for pictures over that for 
:actness of stimuli in university and words may be interpreted in several 
;rade students. 

ways. We may think, for example, in 
terms of the amount of information en- 

ure was also followed in the 24- coded in the memory trace. Memory is 
nd the 1-week recall groups. for the individual event, not for the gen- 
tatistically evaluating the data, eral case. And ease of recall, as both 
re assumed that all effects were Helson and Gibson have emphasized 
ffects. A series of analyses of (4), depends upon the distinctiveness 
:e were first performed; then a of the individual event, that is, the ex- 
eparation test with the least sig- tent to which it is differentiated from 

difference set at P = .05 was the general or normative case. Distinc- 
evaluate paired means (3). tiveness, in turn, depends not only on 

data on the time of recall are the extent to which the individual event 
illy uncomplicated. For both departs from the norm on some rele- 
and children, performance was vant dimension (5) or dimensions 'but 
as time between exposure to the also on the number of relevant dimen- 
and administration of the free- sions involved (6). Objects may be re- 
Dst was increased. For the adults, me.mbered better 'than pictures because 
the level of abstractness repre- they are, in this latter sense, more dis- 
by the individual stimuli nor the tinctive. Similarly, pictures are more 
s sequence used had any differ- distinctive than object names (7). 
.ffect upon this temporal vari- Paivio has recently advanced an en- 
Among the children's groups, coding hypothesis to account for out- 
'as a significant interaction in- comes of the kind reported here (1). 

recall period, sequence, and In a series of experiments he observed 
produced by the unexplained that pictures are recalled better than 

lance of one of the nine sub- object names and that concrete words 
In this group, which trained are recalled better than abstract nouns, 

ie of the three sequences and results he attributes to multiple as con- 
ted 24 hours after presentation trasted to single memory codes. Pic- 
stimuli, recall for pictures and tures, for example, can be stored both 
)roved to be equally poor when as images and in coded verbal form 
ed with recall for objects. In all whereas object names are more likely 
,roups, recall for words was to be stored only in verbal form. Posner 

for pictures next poorest, and (8) has expressed a similar view. The 
,cts best. encoding hypothesis, however, does not 
e 1 indicates that there is a readily accommodate the present differ- 
nic relation between abstract- ence in recall for objects and pictures 
i success in free recall. This is since, presumably, multiple-coded 
ed by significant F ratios be- storage would be involved in both in- 
evels of abstractness for both stances unless we assume that the trace 
nd children [adults: F(2, 243) = for images of objects stores more in- 
' < .001; children: F(2, 243) = formation than that for pictures. Two 
P < .001]. Performance was properties present in the objects but not 

objects, somewhat poorer for in the pictures are color and three-di- 

. and poorest for words. In the mensionality. Paivio, Rogers, and 
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Smythe (9) report that color is not a 
variable that is significant for the recall 
of either pictures or words. Meanwhile, 
it has been demonstrated, with both 
human subjects and monkeys (10), that 
discrimination learning is more efficient 
for three-dimensional objects as com- 
pared to flat patterns. 

The assumption that stimulus ab- 
stractness is inversely related to the 
amount of information in the stimulus 

display suggests that subjects should re- 
call objects with the greatest frequency, 
pictures with the next greatest fre- 

quency, and words with the least fre- 

quency throughout the period of free 
recall. A random selection was made 
of the response sheets of 30 of our sub- 
jects: 5 adults and 5 children from the 

subgroups tested immediately after the 
initial presentation of the stimulus re- 

sponse, 5 adults and 5 children from 
the 24-hour subgroups, and 5 adults 
and 5 children from the 1-week sub- 
groups. A tabulation was made of the 
kind of stimuli identified on successive 

responses. As their initial response, 12 
of the 30 subjects mentioned an object, 
11 a picture, and 7 a word. This rank 
order of object-picture-word tended to 
manifest itself with occasional variation 
throughout the entire series of re- 
sponses. For example, on the sixth re- 
sponse, 12 subjects responded with ob- 
jects, 5 with pictures, and 4 with an 
object name. The subjects not only 
tended to respond with objects but 
these responses also tended to persist as 
other forms of response dropped out. 
Thus by the 12th response, two sub- 
jects responded with objects, one with 
a picture, and all other responses were 
exhausted. Only one subject gave as 
many as 14 responses, and his last re- 
sponse identified an object. In other 
words, the relative strength of respon- 
sive modes tended to display itself 
early and to persist throughout the re- 
sponse period. This pattern evidenced 
itself with equal clarity in the immedi- 
ate, 24-hour, and 1-week recall data. 

Although the stimulus encoding hy- 
pothesis is attractive, we cannot, at this 
point, eliminate the possibility that ob- 
jects, and to lesser extent pictures, have 
greater motivating properties than 
words as stimuli for recall. At the same 
time that they are more distinct they 
are also more interesting and vivid. 

The superiority of adult performance 
over that of children (Fig. 1) was con- 
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groups to the several versions of stim- 

7 MAY 1971 

firmed 'by statistical test [between age 
groups: F(1, 513) = 28.52, P <-.001]. 
However, the responses of the two age 
groups to the several versions of stim- 

7 MAY 1971 

uli differed with time of recall [time of 
test: F(26, 513) = 14.91, P < .001]. 
Further analysis indicated that there 
were initially only slight differences 'be- 
tween adults and children in the recall 
of objects and these had disappeared by 
the time of the 1-week recall test (dif- 
ference between age groups at 1 week 
= .20, least significant difference at .05 
level = .25). In contrast, adults were 
clearly superior to children in their re- 
call of pictures throughout all test peri- 
ods. Finally, the anticipated superiority 
of adults in the recall of words did 
not assert itself until there had been 
a 1-week delay in recall (difference 
between age groups at 1 week = 1.51, 
least significant difference at .05 level 
= .25). 

Bruner (11) has described the repre- 
sentation of past experience in memory 
as involving different modes, depending 
on the individual's level of cognitive 
development. Memory at the earliest 
stage of life is characterized by the en- 
active mode, that is, by the retrieval of 
past events through appropriate motor 
responses. Later on, the child is capable 
of the iconic mode, that is, the ability 
to organize and use images as the vehi- 
cle of retrieval. The last mode to appear 
is the symbolic mode in which language 
or some similarly abstract coding sys- 
tem is used to represent experience. 
Psychologists have been aware of these 
modes for some time and in describing 
them have been inclined to view one 
or the other as dominant at a particular 
age with the further important assump- 
tion that the others were undeveloped, 
unused, or alternatively deteriorated. 
Thus, whereas children use images, 
adults use language, and these different 
modes represent characteristically dif- 
ferent cognitive styles. 

Our results suggest a rather different 
interpretation. Adult behavior is more 
versatile than that of the child not 
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simply because the adult has a more 
versatile cognitive style in his well- 
developed language skills but because 
he has a richer, and probably more 
thoroughly integrated, repertory of 
multiple cognitive modes. Indeed, he 
appears to do as well as the child in 
handling the iconic mode, that is, his 
recall of objects appears to be as good 
as, if not better than, that of the child. 
The adult's clear superiority in the re- 
call of pictures is consistent with 
Paivio's hypothesis that he has inte- 
grated iconic and symbolic modes. 
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Differential Cerebral Processing of Noise and Verbal Stimuli 

Abstract. Psychophysiological measurements have indicated that the right 
cerebral hemisphere processes noises and other nonverbal data and that the left 
cerebral hemisphere processes verbal material. Direct physiological measurements, 
as expressed in summated auditory evoked cortical responses, unequivocally 
demonstrate that click noises show a greater amplitude of initial output over the 
right brain, and that verbal stimuli produce either equal or higher amplitudes of 
output over the left cerebral hemisphere. 
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of simultaneous application of differ- 
ent auditory stimuli to the two ears, 
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had a predilection for processing verbal 
symbols and that melodic or nonverbal 
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by the right cerebral hemisphere (2). 
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