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Lists of 8, 9, or 10 digits were presented at the rate of 1 digit/sec. to subjects instructed
rehearse silently the digits in non-overlapping groups of 1, 2, 3, 4, or 5 digits, after
ng each digit. Subjects were instructed not to rehearse any digits outside the group
rently being presented. Rehearsing in 3’s was optimal, irrespective of list length.
e Roth recall of items and recall of the correct positions of items improved from 1’s to 2's
'®3's. Recall of items declined very little from 3’s to 4's to 5's, but recall of position
wined sharply. Errors in positioning digits tended, above chance, to be in the same
Ehoup or the same position in a different group. The results suggest that both item-to-
(M associations and serial position-to-item associations are formed in short-term
mory, that only two or three serial position cues are used, but that these serial position
can be hierarchically organized into a beginning, middle, and end group and a
ning, middle, and end position within a group.
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) 5 ‘What is learned by a subject who is presented with a list of items depends, in the
‘ewcastle upofi il fm] analysis, upon what he thinks about during presentation of the list, that is,
wpon what internal representatives are activated in what sequence. If the items in
list are highly intelligible, the list not too long, the subject co-operative, and
Btructed to attend to each item, it is reasonable to suppose that the internal
resentative of each item of the list is activated at about the time it is presented.
B the rate is fast enough (2 to 4 syllables a sec. or faster), this is very likely to be
to all that is activated, and in such cases the analysis of learning is vastly
lified (e.g. Wickelgren and Norman, 1966; Wickelgren, 1967), though we are
far from a complete understanding of acquisition, storage, and retrieval even in
fhese “simple”” situations.

-However, when the list is presented at slower rates (1 syllable a sec. or slower),
is introspectively clear that internal representatives are activated which do not
pond to items in the list (partly by association to the internal representatives
one or more items on the list) and, furthermore, the internal representatives of
evious items on the list are activated affer one or more subsequent items have been
nted (i.e. more than the present item is rehearsed). Under these circumstances,
B analysis of what is learned (what associations are strengthened) is a very
bcult problem.

e way to attack the problem is to attempt to control, by instruction, the active
EWearsal process. If the instructional manipulation is effective, there should be
fllerences in the rates and types of errors among groups instructed to rehearse in
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different ways. Furthermore, the exact nature of these performance differencd
should indicate some characteristics of man'’s active rehearsal and recoding capacitia
in list-learning tasks. :

The present study is directed to one dimension of rehearsal strategy, namely,
size of the groups in which the subject rehearses a list. The concern is not
determining what grouping methods subjects will choose, but rather with the
consequences for performance of adopting different grouping methods. The sy -
1s restricted to the rehearsal of non-overlapping groups of different size. This meay .
that a subject is instructed to rehearse, after each item is presented, all previougtfe Or
presented items of the group to which the present item belongs. Furthermore, bl
is explicitly instructed not to rehearse items from any other group. Thus, ifjj§
subject is rehearsing in 4’s, after hearing the eighth digit of a list of 10 digits, he
to rehearse the fifth through eighth items of the list in order and no other it of the
When the ninth item is presented, he is to rehearse only that item (because now j¢ group
is starting on the third group). 3

Under ordinary circumstances when one says that he is grouping in 4's, he dg
not mean that he follows this rigid method of rehearsal. He means that he “thj 3
of the list in groups of four items each (four, four, and two in the case of a listq i

10 items). Under ordinary circumstances subjects rehearsing in 4’s would mi . lt::g:g
refrain from rehearsing a previous group while being presented with the second gropl

nor is there any reason to think this would be desirable for memory performang

However, it is very desirable for ease of theoretical analysis to control as carefullf’

as possible the exact method of rehearsal, and this is the reason for doing itle Tt
Instructing a subject to rehearse in non-overlapping groups of four items induces 1 indivi
subject to “think” of the list in groups of four, whatever that might mean, and alnll appea
provides explicit instruction regarding what is to be rehearsed at each moment g criter;
The hope is that the analysis of performance under different rehearsal instructioll rate i
will suggest what it means to ““think” of a list in groups of four, criteri

The present study is a replication, under slightly different conditions, of {J§ recall
previous study (Wickelgren, 1964) which demonstrated the following: (a) thlE
probability of correct ordered recall is greater for grouping in 3’s than for groupig
in I's, 2's, 4’s, or 5's; (b) while the increase in correct performance from I’s or 2’s hfff
3’s is in both recall of items and recall of the correct position of the item in the liJf
the decrease from 3’s to 4’s and 5's is primarily in recall of the correct positiond
items, not the recall of items; and (c) errors in positioning items tend, beyond changJf
to be in the same group or in the same position of a different group. The resusff
were interpreted as indicating that subjects form associations from serial positinfl
cues (such as ‘“beginning,” “middle,” and “end”) to items and that these seridlf
position cues can be hierarchically organized into a beginning, middle and end gropfl§ .
and a beginning, middle and end position within a group. i

In the previous experiment, each subject was run in only two different rehearg .
conditions (first half of the session in one condition, second half in the other), ixl§
fear that subjects could not rapidly switch from one rehearsal strategy to anothuJ§
In the present study, each subject was run under all rehearsal instructions, with thjl
rehearsal method changing every five trials. To facilitate the shift, the boxes /.

which a subject wrote his answers were grouped in correspondence with the rehearg E
instruction. For example:

T T T 1 [T T T | |

In the previous experiment, subjects were run on a small number of trials wilJ§ Eff
alllist lengths from 6 to 10 digits. It was not possible to analyse the results separate)il . lists o

these
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> differend st length. In the present experiment, separate experiments were done
18 capacf : Tist lengths of 8, 9, and 10 digits to determine whether the conclusions of the
: Bous study held for each list length or whether there was an interaction between
namely, mal group size and list length. For example, it seems “‘natural” to group a
is not w B eight items into two groups of four, a list of nine items into three groups of
or with.g§ c.
The stu .
This me& - METHOD
1 previo B each trial a subject got a ready signal, followed in about half a sec. by a list of
h Yor 10 digits presented at the rate of 1 digit/sec., followed by 10 sec. in which to
ermore list in order by filling in boxes on an answer sheet. There were three experiments,

Thus, 18 ng lists of 8 digits, one using lists of 9 digits, and one using lists of 10 digits.
digits, h§ were no digits repeated in any list, so the lists of 10 are essentially permutations
other i o digits, 0-9. Within each experiment, subjects used each of the five different
g methods (rehearsing in 1’s, 2s, 3’s, 4’s, or 5's), changing the grouping method

wuse no N five trials. In every 25 trials subjects used each of the grouping methods once for
, & Brials in a block, with the order of the grouping methods randomized. ~Furthermore,
4’s, he g ects in each experiment were divided roughly in half and one half had the order
he “‘thinid rouping methods exactly reversed from the other half.
of a list: ects were M.I.T. undergraduates taking psychology courses, who participated in
would 28 eriment as part of their course requirements; 23 took the length-8 lists, 24 the

lists, and 30 the length-1o lists.

cond grouli 3

erformanid

as carefd ResuLts

r doing g s data were analysed for ordered recall, item recall, and position recall of

s inducesy BBl items in the list. An item is correct by an ordered recall criterion if it

wn, and o8 M3 in the correct box on the answer sheet. An item is correct by an item recall

fh TOMEE Wox if it appears in any box on the answer sheet. The correct position recall

instructicy obtained by dividing the number of items correct by an ordered-recall
. g by the number of items correct by an item-recall criterion. Thus, item

tions, d position recall are statistically independent, and ordered recall combines

g: (a) :
or grou
's or 2’
tin the

factors into an overall score. This analysis was done separately for each
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subject for each rehearsal grouping method to permit comparison of performaneg
under different grouping methods by the Wilcoxon Matched-Pairs Signed-Ra:
test.

The average probabilities of correct ordered, item, and position recall for ead
rehearsal grouping method for each list length are shown in Figure 1. The resul
agree in almost every detail with the previous study (Wickelgren, 1964). Furth
more, the efficacy of different grouping methods is remarkably invariant over differe
list lengths. Rehearsing in 3’s is optimal regardless of list length, although it is m

, Condi
better than 4’s for length-1o lists. Accuracy in both item and position recll |§
increases from I’s to 2’s to 3’s for all three list lengths. Accuracy in position reca] R:
then declines from 3’s to 4’s to 5’s for all list lengths, with one small reversal
length-r0. However, item recall remains roughly constant from 3's to 4's to 5's f R-
lengths 8 and 10, and declines slightly for length q. \

By the Wilcoxon test, R1 < Rz in ordered recall (p < o-o1 for all three li
lengths), in item recall (correct direction but insignificant for all three lengths), and R4
in position recall (p < o-01r for all three lengths). Rz << R3 in ordered reca]
(p < o-o1 for all three lengths), in item recall (p < oo1 for all three list lengths Rs
and in position recall ( < o-01, 0-01, and 0-05 for lengths 8, 9, and 10, respectively
R3 > R4 in ordered recall (0-05, o-01, and n.s.), item recall (n.s., 0-05, n.s.), and
position recall (0-01, 0:01, n.s.). R4 > Rj5 in ordered recall (0-01, 0-05, 0-05), item
recall (n.s., n.s,, n.s.), and position recall (0-01, 0-01, 0-05). e Note.
To obtain more information about the curvilinear relationship between size o rati
rehearsal group and position recall, every item that was recalled correctly by u
item-recall criterion, but recalled in the wrong position, was classified into one of
three position-error categories. Within-group errors refer to items recalled in the 2
correct group, but at the wrong position within the group. Within-position erron
refer to items recalled in the wrong group, but in the correct position within the 4 If it
group. Other errors refer to items recalled in the wrong group and wrong positia € in imm
within the group. ,; increasi
To obtain an independent measure of the relative frequency of within-group and strength
within-position errors for Conditions Rz, R3, R4, and R3, the frequency of each tyn progress
of error was compared to the frequency of all other errors. In order to determine {l there is
the relative frequency of within-group or within-position errors was affected b ) item ass
rehearsal group size, it was necessary to compare the relative frequency of each tyn e Thus
of error in any rehearsal condition to the same relative frequency computed fory contribu
standard “ungrouped” condition, in this case RI. Computation of the comparabl necessar
relative frequency in Rr1 involves breaking R1 into the same groups as in el into a “
condition with which it is being compared. “end”
Table I presents the relative frequency of within-group and within-positie explanar
errors in each condition for each list length and the comparable relative frequency iy as follov
Rz, . . groups
For all list lengths and for all rehearsal conditions, there is clearly a tendengy ambiguc
for errors to be in the same group or in the same position within a group. Asin the concepts
previous study, the tendency to make within-group errors increases with the numbe Beca
of positions in a group and the tendency to make within-position errors increass the indic
with the number of groups. % three.
The findings of the previous study are completely replicated. Subjects appea] by exclu
to have little difficulty in rapidly changing rehearsal set. Furthermore, then] the avai
appears to be no significance for memory performance of the greater ‘“‘naturalnes’ are only
of dividing a list of eight items into two groups of four or of dividing a list of 10 itengll& and “‘er

into two groups of five.
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formance .
ed-Ranks TABLE 1
ERRORS IN POSITIONING ITEMS
for each
1€ results : Within-Group /Other Within-Position/Other
Furth
- diff - : Comparable Comparable
% gren » List Evvor vatios ervor vatio Evror ratios ervor vatio
h it is noj it length in R2 to R5 in R1 in Rz to R5 in R1
onr : <
ion recall 33 8 0-66* 047 1-19** 053
.versal 9 0°49 049 55+ 0-65
10 0'51 0:46 2:11 0-81
tos 8 071 0-80 062 022
1 : 9 1-18** 093 1-04** 037
three list 10 1-30% 0-88 1-28%* 039
ths 8 2-19 1-58 0-21 012
9 1-99** 1:40 0:33** 0-20
ed recan 10 1-57* 111 0:33** 019
lel’?gthS),' 1 8 2.99** 1.54 0.12* 0.03
ectively), 9 2-02* 174 0 IQ** 0-05
1,5_), and 10 2-96** 1-96 0-25% 015
05), item

Error ratios in Rz to R5 that are significantly greater than the comparable error

n size of . ratios in R1 are indicated by asterisks (Wilcoxon Matched-Pairs Signed-Ranks test).
ly by an *p <005
o one af "5 < oot
«d in the
on errors DiscuUssION
ithin. Fhe 1 item-to-item associations were the only memory traces mediating performance
; position S W immediate memory tasks, one would expect performance to improve with
: Elcreasing size of rehearsal group. This is because the ratio of the number of
roup N\d S Mrencthened item-to-item associations to the number of rehearsed items becomes
3ach.t essively more favourable with increasing size of rehearsal group. Furthermore,
ermine if : is no reason to expect significant numbers of within-position errors, if item-to-
ected by SERan associations are the only associations mediating immediate memory performance.
‘ach type Thus, there is reason to believe that serial position-to-item associations are also
ted for a fmtributing to correct memory performance in this situation. In addition, it is
mparable Woessary to assume that these serial position cues can be hierarchically organized
s in the;§ 0 a “beginning,” “middle,” and “‘end” group and a “beginning,” “middle,” and
: " position within a group. Such a theory gives a satisfactory intuitive
l'POSitiqn,; planation of why there is an optimum size of rehearsal group. The explanation is
[uency n  follows: when either the number of positions within a group or the number of
oups gets too high, the mapping from serial position cues to items becotnes too
tendency, EWbiguous, assuming that humans possess only a finite number of serial position
As in the; epts.
number; Because the optimum rehearsal group size was three in the present experiments,
Increases. indicated number of different serial position concepts is in the neighbourhood of
Because of the possibility of defining one serial position concept (e.g. “middle”)
S appear exclusion, the possibility of using remote serial position-to-item associations, and
re, there availability of item-to-item associations, it is at least equally likely that there
1ralpess 4 only two serial position concepts used by humans in this situation (““beginning”’
10 items M “end”), as that there are three serial position concepts. A more precise

nilation of the theory is needed to settle such a question.
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The present results should not be interpreted as indicating that serial position:
cues are the only cues mediating short-term serial list-learning. The “associative;
intrusions” found in other studies (Wickelgren, 1965, and 1966) argue strongly for
the existence of item-to-item associations. Furthermore, the relatively negligible
decline in item recall from 3’s to 4’s and 5’s suggests the existence of a compensat
factor which is improving with increasing group size, namely, item-to-item associa
tions. Available evidence indicates that both serial position-to-item associations an

From th.

item-to-item associations are strengthened by presentation of a list and that both Using
used in retrieval from short-term memory. recogniti
Finally, it is worth noting that the associative-memory conception of seri ggzpiﬁ;z
position information is completely compatible with the simultaneous use of item-t : ﬁndi%lgs ,
item information. Non-associative memories, in which serial position is easily @ and “‘rec
represented by an ordered set of locations, are not very easily adapted to make .
simultaneous use of item-to-item information. 5
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