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NOTES 
1. Supported by NSF Grant GB-8013 to Dr. 

Paul Rozin. We are grateful to Dr. Burton Rosner 
and Dr. Paul Rozin for advice, (''Titicism, and 
support. 

2. Happily, the ambidextrous 55 did not show 
a visual field bias with respect to the number or 
nature of the errors they committed. Like the 
righthanded group, however, the confusion errors 
the ambidextrous Ss made were primarily visual: 
eight visual confusions to only one auditory 
confusion. 

Structure and short-term memoryl 

WILL/AM A, STOCK. Iowa State 
University. Ames, Iowa 50010 

Fifty-six undergraduates participated in 
a probe experiment investigating the 
effeets of list strneture and rate o{ 
presentation on reeaU. Very strong 
serial-position effeets were found, with 
structured lists exhibiting higher recaU and 
a von Restorff effeet, Rate ofpresentation 
did not result in signijieant differenees. 

A theory of immediate memory has 
been proposed (Waugh & Norman, 1965; 
Norman, 1966). This is a two-store theory, 
composed of a Iimited-capacity short-term 
memory (STM) and a long-term memory 
(LTM). "Rehearsal," i.e., attending to an 
item in order to increase its strength, 
preserves items in STM and makes it 
possible for an item to make the transition 
to LTM. All items in STM have the same 
probability of making the transition to 
LTM; therefore, if rehearsal is restrieted to 
only the most recently presented item, the 
longer an item is in STM, the less its 
chances are for transition. The Waugh and 
Norman model accounts for serial-position 
(SP) effects in a method of their invention, 
the probe method. This technique 
generates a monotonie SP curve, with 
probability of correct recall a function of 
the nu mb er of items intervening between 
the to-be-recalled (critical) item and the 
occurrence of the probe at the end of the 
list. The critical item is the item following 
the first occurrence of the probe. Items 
furthest from the end of the list are 
recalled poorest. 

Another theory, Feigenbaum & Simon's 
(1962), is based on the supposition that 
persons act as information-processing 
systems. The most relevant aspect of their 
theory to the present study is the 
anchor-point hypothesis. That is, a 
memory processor locates anchor points in 
the stimuli stream and processes the stimuli 
items by "tying them" to these anchor 
points. In homogeneous Iists, it is most 
Iikely that the two ends of the list provide 
the anchor points. 

In the probe paradigm, with "rehearsal" 
held constant, these two theories predict 
different results when lists are composed of 
two successive sets of stimulus items (half 
digits, half colors). The Feigenbaum and 
Simon theory would predict a von Restorff 
effect (a scallop effect at the point of 
bifurcation), while the Waugh and Noeman 
theory would prediet a monotonie curve. 
Several predictions were made in the 
present study. It was hypothesized that 
(1) unstructured lists would generate SP 
curves identical in nature to those reported 
by Norman (1966), (2) that overall recall 
for structured Iists would be higher than 
for unstructured lists, (3) that the effects 
of rate of presentation would not differ, 
and finally, (4) structured lists were 
expected to produce a von Restorff effect 
at the point of bifurcation of the lists. 

SUBJEeTS 
The Ss were 56 undergraduate 

volunteers, who received course credit for 
their partieipation. 

LISTS 
A 2 by 2 by 11 factorial design was 

formulated. Usts were presented in either a 
structured or unstructured manner and at 
one of two rates of presentation. The 
probe occurred at I I SPs. 

The stimulus populations consisted of 
digit words (1, 2, 3, 4, 5, 6, 7,8,9,0, 12) 
and color words (black, white, pink, 
brown, blue, tan, beige, red, green, gold, 
gray, orange). Zero was pronounced "oh" 
and orange was pronounced "oroge." 

The experimental task involved listening 
to a stimulus list and then recalling the 
critical digit. Ss were able to recognize the 
probe only by realizing that the final item; 
had been said. It had been explained that 
al! lists had an equal number of items. Half 
the time the probe was a digit and half the 
time it was a color. The probe occurred at 
Positions I through 11 in the lists; the 
critical item could thus occur in Positions 2 
through 12. 

Structured lists were constructed by 
drawing, approximately at random, six 
digits and six colors from the populations. 
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SERIAL POSITION OF PROBE 

No word was allowed to occur twice in the 
same list. The probe, by definition, 
occurred twice. On half the trials the six 
digits preceded the six colors, and on the 
other half of the trials the colors preceded 
the digits. 

F or the unstructured Iists, the same 
restrietions held, with the exception that 
the six digits and six colors were randomly 
ordered within each list. List i of the set of 
unstructured Iists used the exact same 
items as structured List i. Similarly, the 
probe was the same word and in the same 
position in each corresponding list. The I I 
SPs were tested 10 limes randomly across 
the set of trials. 

Each set of 1 IO lists was tape-recorded 
twice for each rate of presentation, a slow 
rate of one item per second and a fast rate 
of four items per second. List items for the 
sI ow-ra te-of-p resentation tapes were 
pronounced in a c1ipped fashion so that 
duration of items at both rates was 
approximately equal. Thus, there were four 
tapes, each of which contained 220 trials. 
Ten practice trials were also recorded on 
each tape. 

PROCEDURE 
A Wollensak 5730 tape recorder was 

used for stimulus presentation to an entire 
experimental group. Waugh & Norman's 
(1965) method of restricting rehearsal was 
followed, accomplished by instructing S to 
"think only of the most recently presented 
item in each list." Ss received rest intervals 
of 2 min after 35, 25, 25, and 25 trials of 
the first half of the session, a 5-min break 
between halves of the session, and 2-min 
breaks in the second half, as in the first. 
During the 5-min break, the instructions 
were briefly reviewed. Ss were required to 
give a response for each list. They recorded 
their own responses on dittoed answer 
sheets. 
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RESULTS AND DISCUSSION 
Figure 1 presents the SP curves for the 

struetured and unstructured Iists 
conditions eombined aeross rates of 
presentation. An analysis of varianee 
indieated 'that reeal! did not differ 
signifieantly for the two rates of 
presentation, a finding consistent with 
other investigations using the probe 
method (Waugh & Norman, 1965). 

As shown in Fig. I, the SP curve for the 
unstruetured Iists was as predieted, Le., a 
nearly monotonie curve, while the SP curve 
for struetured lists showed the anticipated 
von Restorff effeet. It can also be seen in 
Fig_ 1 that recal! for the structured lists 
was higher than it was for the unstruetured 
Iists. These conclusions were supported by 
the results of the analysis of variance; list 
strueture was shown to be signif1can t 
[F(I ,52) = 10.0 I, P < .0 I] , as was the List 
Strueture by Se rial Position interaction 
[F(l0,520) = 2.73, P < .01]. 

The serial-position main effeet was 
highly signifieant [F(I 0,520) = 225.00, 
p< _001]. It was an anticipated result 
sinee SP effects have been one of the most 
stable effeets in verbal learning. 
In t e r ferenee factors, retroactive and 
proaetive inhibition, have usually been 
used to explain SP effeets. These faetors 
ean aeeount for the unstruetured lists curve 
in Fig. 1, but explanation of the structured 
Iists eurves on the basis of these faetors is 
less dear. So me additional assumption 
would have to be made, e.g., that RI and PI 
factors are operating rather autonomously 
and separately in both halves of eaeh list. 

Some reeent research has indicated that 
an additional factor may be hypothesized 
as operating eoncomitantly with 
intereferenee faetors, i.e., release of 
inhibition (Loess, 1967; Wickens & Clark, 
1968; Wiekens, Clark, Hili, & Wittlinger, 

Fig. I. Probability of correct recall at 
each serial position of the probe for all 
trials of the structured (S) and 
unstructured (U) lists. 

1968). It seems appropriate to raise this 
point as a possible alternative explanation. 

Similarly, in the Norman model, 
modification of the funetion of the 
rehearsal mechanism may account for the 
present findings. One alternative, if ease of 
rehearsal was dependent upon stimulus 
strueture, then rehearsal, hence recal!, 
would be facilitated. For example, if the 
lists were divided into unequal spans, e.g., a 
two-thirds span and a one-third span, each 
eomposed of different c1asses of items, 
reeall would be very high for the 
one-third-span items. Extending this, if lists 
were broken up into equal multiple 
subspans, multiple von Restorff effeets, a 
scalloped SP eurve, would probably oeeuT. 
Here "ehunking" capacity of immediate 
memory would produce diminishing 
returns as eomplexity increased bcyond 
absolute ehannel eapaeity. Thc 
Feigenbaum and Simon theory is eapable 
of handling the effeets of structure with its 
anehor-point postulate. The postulate is 
simple and powerful, eapable of handling 
many types of stimulus-list structures. In 
the absence of identifiable strueture, 
classieal SP effeets are predicted. 

In eonclusion, a general imp1ieation is 
that memory models that do not 
investigate and account for the effeets of 
stimulus structure are Iimited in scope. If 
struetured lists significantly alter the 
pattern of response by S, then it can only 
be further assumed that some current 
theories have to be modified to include 
memory mechanisms acting upon the 
stimulus strueture. 
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