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Traditional approaches to serial learning stem from the 

pioneer experimentation of bbbi nghaus ( 1885-1961+)* The 

materials and metliods used by liim have provided the paradigm 

for most subsequent experimentation, and the development of 

the memory drum lias allowed for standardization in the timing 

and methods of presentation of materials. Until very recently, 

most studies of serial verbal learning have been of the para­

metric type, concerned with the effects upon learning of vari­

ables such as the meaningfulness of materials (e.g., Noble, 

1 9 6 1 ), degree of familiarity with materials (e.g., Lindley, 

1U60; Noble, 1955)* rates of presentation (e.g., Jioviand,

14J8), the length of lists (e.g., Hovland, 1 9 +̂0 ; Kobinsori <4 

Hrown, 19^6), instructions (e.g., barason, 1957a, b; S a m s o n  

A Sarason, 1957) and metliods of learning such as active- 

passive or massed-distributed (e.g., Hovland, 1939, 19*+0),

Along similar lines, subject (S_) variables such as sex and 

anxiety level have been examined in some recent experimen­

tation (e.g., Sarason, 1957a; Sarason & Harmatz, 1965), and 

interest lias been shown in the effects of stress (e.g.,

Nalish, Uurmezy, Hodnick A iilake, Id 58),



Implicit in moat of those studies is h view of' sex'ial 

learning fostered in the writings of Lbbinghaus and strength­

ened by concepts from the work of Thorndike and Pavlov. This 

S-K corniertioniat view has explained serial phenomena using 

concepts such as stimulus generalization, stimulus-trace, 

response competition, inhibition of delay, and gradient of 

reinforcement. To express this view in general 5-K terms, it 

is assumed that serial learning consists of the formation of' 

connections between successive items in the list. Thus, 

each item in the serial list is considered to be the stimulus 

for the next item (which will provi.de the basis for the 

anticipatory response) so that a chain of direct associative 

links is formed. The stimulus for the response to eacli item 

in the serial list is the immediately preceding item, and a 

chain of b-h connections is the final outcome of the attain­

ment of the learning criterion. Evidence for indirect assoc­

iative connections was also presented by bbbi nghaus, and such 

remote associations have been analyzed using conditinned- 

response concepts such as trace-conditioning and inhibition 

of delay (e.g., hull, Id'15, 19^0; Lepley, 193J*)«

Decent developments in experimental psychology in general 

and in serial learning in particular have eflee ted a change 

in attitude toward the human subject in experimental situa­

tions. Sue ft a change is expressed in an article by Orne 

( loop) which looks upon the human in any experiment as a 

problem-solve i', w h o  attempts to figure out what the eiper 1 "enl
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is all about and to bring to bear the appropriate behavior.

Thi 9 view seems par ticularly pertinent in s tud ies of verbal 

learning that use S_s of college age. Such Ss bring to the 

experiment structured attitudes toward experiments in general 

and probalily rote memorization in particular. basically, 

they are thinkers and problem solvers, and they actively 

approach serial learning by recognizing it as a problem 

situation, not unique, but similar to other learning in their 

past experience. Presumably, they search in the elements of 

the present situation for some solution— i.e., a means of 

achieving a rapid learning of the materials.

t,xperitnerita 1 studies of serial rote learning undertaken 

in the 1 9 b O *s are beginning to approach this viewpoint of the 

S. Such studies have undertaken fresh analyses of the serial 

learning process and have turned up results that seriously 

challenge traditional assumptions about serial learning. They 

constitute a drastic reconsideration of serial learning and 

a sliarp departure from the viewpoints traditional to such 

s tud ies. (ieuera 11 y , thes e ex per iments have asked a baa i c , 

but only recently formulated, question! what is the effective 

stimulus for serial learning? This question might be reworded! 

what strategy or technique does tile use to "tie together” 

a list so that he is finally able to recall all items in the 

correct order? Or alternatively, to use Orne's ( 1 9 6 2 ) termin­

ology, one might question the specific hypotheses that S lias 

ad opted about how learning might best be accomplished.
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(Jf those participating in the recent resurgence of 

interest in serial learning, Underwood (1963) lias made the 

distinction between the nominal stimulus and the functional 

stimulus. both types of' stimuli are discriminative stimuli 

that might be tied to the correct verbal response. The nominal 

stimulus is tlie one that the experimenter (h) presents to the 

S and which lie believes will be used in the verbal learning 

task, while the functional stimulus is the one actually used, 

which is often something added to the learning task.. it is 

possible that facing a serial learning task, says to him­

self' (formulates a strategy or plan)i " 1 will try to learn 

the list by concentrating on the beginning syllables first, 

then on the middle ones, etc.", or "I will try to learn the 

list by making up a sentence connecting the syllables." 

Underlying any such strategy will be the choice of a functional 

stimulus-- the stimulus actually used to bring about learning, 

(or correct S-Jl relations).

While not traditionally viewed in this manner, it seems to 

this author that the theoretical formulations of Miller, 

Galanter, and Tribram (i960), and Hes tie (1962) are compatible 

with Underwood’s nominal-functional stimulus distinction, 

both of these treatments conceive of tiie learning process as 

composed of two basic stages— the selection of a plan or 

strategy for the solving of the problem and the execution of 

this plan. both theoretical formulations also hypothesize 

some sort of feedback mechanism whereby the strategy may tie



altered if it is found to tie incorrect. Hestle's qualitative 

model (liis quantitative model is a representation of the 

discrimination learning process and therefore does not apply 

to serial learning), since it is to apply to animals as well 

as humans, is considerably simplex' than tluit proposed by 

Miller, et. al. (19b0). In essence, Hestle states that the 

problem that the organism faces gives rise to a set of strat­

egies. Initially the organism chooses fine of these strategies 

in a random maruier and attempts to solve the problem by using 

it. If the strategy chosen is inappropriate or not helpful, 

the then replaces it wi tii another and this process continues 

until tlie task is successfully completed. Miller, et. al. (19^0), 

since they are dealing only witli human behavior, have formul­

ated a more complex modei which is divided into liierarchies 

of plans and subplans. A plan is defined as "any hiararchica1 

process in the organism that can control tile order in which 

a sequence of operations is to lie performed" (p. 1b). While

their system follows the cybernetic model quite closely, 

it can i>e seen as basically similar to Kes tie's model in that 

the person facing a learning task initially forms an intention 

to learn; tha t is, he executes a plan to form a plan to help 

him learn. This is followed by the formation of a plan to 

learn which is in turn executed by the ^  learning the task.

11 t l i e  plan for learning i n i t i a l l y  formulated by t h e  is 

I l i a d  e q u a t e ,  l i e  a b a n d o n s  i t a n d  f o r m u l a t e s  a n d  s u b s e q u e n t l y  

e x e c u t e s  a n o t h e r  plan. I b i s  p r o c e s s  i s  c o n t i n u e d  u t i t . i  1 t h e
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task is succesafully completed,

The formulation of' a plan could be viewed as 1 s choice 

of which functional stimulus to use as a basis for the 

required responses. In any verbal learning situation, as 

Underwood lias suggested, many stimuli are present that might 

serve as discriminative stimuli keyed to a particular response. 

Since most college-age Ŝ s are, in fact, quite sophi s ti cu ted in 

typical 1 aboratory- 1earning situations, they come to experi­

ments with a large body of knowledge and possibly some 

learned habits having to do with the effective cues for lcaru- 

ing. The plan, strategy, or effective stimulus used by any 

may often be consciously chosen by him, may be suggested 

by the particular experimental conditions, or may be dictated 

by the instructions employed in the experiment.

In tlie serial learning situation an S would initially 

form art intention to learn —  usually suggested by the 1C 1 s 

Instructlorifl, Then he would form a plan or strategy of how 

to go about the learning task (in Underwood's terminology 

he decides which functional stimulus to use while learning 

the list). Perhaps his plan would be to learn the list by 

connecting the syllables to make a sentence. Then executes 

ills plan by attempting to learn the list according to whatever 

strategy he has decided to use. if this strategy (functional 

stimulus) does not help him learn tlie list, he will discard 

i t and formulate and execute another plan. This process is 

continued until tin* list is Learned.
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A largo amount of literature has accumulated on exactly 

what strategies the S executes (or what functional stimuli 

ha concentrates on) while engaged in the serial learning 

task. Most of the literature has focused upon three possible 

functional stimuli. As initially stated by Young ( 1962 ) ,  

these aret (l) the immediately preceding stimulus in the 

list, (2 ) a combi na t ton of the procedi ng s t imu11, and ( 3 ) 

the position tlie item occupies in tlie list. This first 

hypothesis, that each item in a serial list is the stimulus 

for the next word and the response to the preceding word has 

been called the s pec 1f i c1 ty hypo thes1s by Young ( 19 6 1). As 

mentioned earlier, this hypothesis was originally formulated 

by Ebbinghaua ( 1885- 1 9 6 *̂) and until recently has been the 

accepted view of the way that serial lists are learned. The 

second hypothesis— that the 1X1 1 1 01101131 stimulus is a combin­

a t i o n  of the two preceding stimuli presented to the SS— is an 

elaboration of the specificity hypothesis. It is called the 

compound-atlmulus hypo thes is.

because of the way the serial list is constructed, it is 

al so possible for tlie S to learn the serial list by assoc­

iating tiie particular item with its spatial or temporal 

position on the serial list. That is, because tlie list is 

presented in a constant order— the first item is always first, 

the second always second, etc. —  it is possible for S to learn 

when an item is coming by learning its position in tlie aerial 

list. Although this source of cues has been recognized by
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experimenterfl in the past it has not been studied systemat­

ically until recently. This hypothesis is called the poaltlon 

hypo thea i s .

It must be recognized, of course, that there is a possib­

ility tliat not one, but a combination of strategies can be 

used to learn the list and that strategies other than these 

may be employed. Perhaps b, uses the as so c i a t io ns between tlie 

items to learn the ends of the list and uses tlie serial 

position of the items in tlie middle of the list. Or strate­

gies may be changed as experience in learning the list 

indicates the uselessness of one and tlie potential value of 

an alternative strategy.

Tlie Specificity Hypothesis

The specificity hypothesis, as stated, is tlie view that 

serial learning progresses as the immediately preceding word 

or syllable becomes the functional stimulus for the response 

of naming the next item in the list. One experimental 

paradigm to test the specificity hypothesis is the serial to 

paired-associate (P A ) transfer technique whereby 5̂ learns 

a serial list of words followed by a PA list in which the 

b-H pairs are composed of the .adjacent, items from the serial 

list. It is reasoned that if the specificity hypothesis has 

been at work in serial learning, positive transfer should 

result, since the associations between successive items on 

the serial list are maintained in the PA task. tin tlie other
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hand, if some other strategy was used during serial learning, 
either zero or negative transfer would be expected. Similar 
reasoning underlies the studies using PA to serial and serial 
to serial transfer.

Serial to PA transfer.-- In Young's (1959) experiment, 
each of the items in the PA list was formed by making pairs 
out of adjacent items in the serial list with each item in 
the serial list serving both as a stimulus and a response 
in the PA task. This is called a double-function list. In 
the first part of the task the Se were required to learn a 
serial list of adjectives and then they were transferred to a 
PA list in wliich each pair of items was in the same sequential 
relationship as in the serial list. For example, if the first 
four words in the serial list were "awkward, unwell, reported, 
better" in the PA list the first two pairs would be "awkward- 
unwell, unwell-reported, etc." If associations in a serial 
list are formed between adjacent items, then positive trans­
fer should occur between such serial and PA lists. However, 
the results in terms of trials to successive criteria (com­
paring Melton curves for the experimental group and a control 
group which had had no previous learning) showed that although 
there was positive transfer occurring for the first half of the 
PA learning, no difference was obtained between the two groups in 
their total trials to one perfect recitation. Other experiments by 
Young have yielded similar findings when the degree of serial
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learning (Young 1961 , 1962 ) in the task varied. Realizing

that backward associations might interfere in the learning 

of a double-function list Young ( 1962) constructed a single 

function list in which each serial item appears only as a 

stimulus or a response, but not both, on the PA list. The 

s i ngl e-fiinc tion list produced a small but significant amount 

oi' positive transfer occurring early in learning, but 

disappearing as learning progressed.

A study by Jensen (1962) did produce a significant amount 

of positive transfer from serial to PA learning. The Lterns 

were nine colored geometric forms 011 the serial list and 

four pairs of forms on the PA list. An important difference 

between the method used by Jensen and by Young might account 

for the differences found by these two experimenters. Jensen 

provided instruction about the relationship between the two 

lists. Perhaps just as important, in Jensen's task the 

serial list was learned to three perfect trials and the PA 

task was unpaced. This unpaced task could give the time to 

go tlirough the list and thus to anticipate the response cor­

rectly without necessarily using adjacent associations to 

learn the list as the specificity hypothesis stipulates. 

Arguing against this possibi11 ty, it has been found that 

differential positive transfer did not occur when the antici­

pation interval was varied from 1 . 5  to U.O seconds (irickson, 

Ingram & Young, 196')).

11 o rn w i t /. and I z a w a ( ! 'H)'1 J ha v e to mi d that po s 1 t i vo
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transfer between a serial and PA list occurs if tlie adjacent 

items liave either high forward associative strength (with non- 

adjacent items having low associative strength), or if there 

is minimal associative strength between all the items cn the 

list. Phi s did not happen when tlie items have high backward 

associative strength or when there is high associative strength 

among remote associations. The implication of these findings 

is that associative interference (caused by associations 

among all the words in the list) leads to the use of some 

cue other than the utilization of the preceding item when 

learning the PA list. however, when there is no such inter­

ference (minimal associations among nonadjacent items in the 

li3t, but high association between adjacent items) the 

preceding item or combination of items will be used.

An experiment by Young and Casey (19b^) has cast serious 

doubt on these findings. They criticized the findings of 

liorowitz and Izawa by pointing out that the control condition 

of their experiment did not control for any non-specific 

practice effects. Using the same adjectives that had shown 

the greatest positive transfer for Horowitz and Izawa but 

controlling for practice effects, Young and Casey found only 

a non-significant difference in favor of tlie experimental 

group. Thus it was concluded that the lack of positive 

transfer indicates that the inter-item associative strength 

might not be a significant cause for either the production or 

prevention of positive transfer.
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A recent experiment by Brown and Kubin ( 1 9 6 7 ) indicates 

that tlie mere fact tliat tlie Ss iiad had experience with a 

serial learning list interferes witli PA learning. In their 

experiment Ss initially learned a 12-item serial list of 

e i ther low meaninghilness or hi gh mean!ng Pulneas by the serial 

method. Alter serial learning was completed tlie list was 

broken down into a s1ngle-functi011 PA list! with the odd 

items the stimuli and the even items the responses. Slower 

PA learning was found after the s«rial- 1 earning (BL,) task.

They concluded "...that previous failures to show significant 

positive transfer from BL. to PA learning may not necessarily 

reflect. . . tlie absence of sequential associations in SL, 

hut rather the cancellation of positive transfer by inter­

ference from paired adjacent-serial items. (brown and Hubin,

1bb 7 , p. 5 5 5 )."

Another- recent experiment by Postman and Stark (19^7) 

reopens the question of whether the specificity hypothesis 

may be par ti al 1 y adequa te to explain the learning of a serial

list. Three groups of Ŝ s were used. For Group B, the PA

list consisted of all the pairs of' the adjacent items of tlie 

serial list. In Group B the paired associates were composed

o 1‘ no nad j ac on t members o 1' tlie serial list. In addi t i 011 one -

half of the 5̂s were instructed about the relationship between 

the serial and PA lists while the other half were not.

Finally, each of these six groups learned three different 

sets of serial and PA lists. Bumpering the number o 1' correct 

[■** s po 11 s ** s on tin* first transfer trial, it was found that
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Group E s l g m  fleant ly pass ed Group C will 1* Group C and Group E^ 
ware not different front each other. Also, instructions aided
the a in G n  up E while they had no effect on the other two
groups. That positive transfer from serial to PA learning 
is not a result of response familiarization can be concluded 
from the significant differences between Group E and E ^ . If 
response familiarization were the cause of positive transfer 
these groups should not be different from each other since 
they had both learned the same serial lists. Thus, the posi­
tive transfer found in this experiment can be inferred to
result from associative transfer. A similar analysis was 
performed on the total number of correct responses for 10 
trials of PA learning. It was reasoned that whatever advantage 
Group E.j had from response familiarization would dissipate 
rapidly so that the effects of negative transfer would become 
apparent in later trials. This is Indeed what occurred since 
in this analysis Group E was significantly superior to Group C 
which was significantly superior to Group E^ .

The main feature that distinguishes tills work from prev­
ious experiments is ttie manipulation of the instructional 
variable and the method of evaluating transfer. It seems that 
if the scores of the earlier trials are considered alone in the 
analysis, then the serial t PA task can lead to positive 
transfer, and this effect can be further enhanced by instruc­
ting the Ss as to the relationship between the two lists. 
Instructing the control Group and Group E^ about the nature
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of the two lists does not aid than in learning the lists 
because it does not give them any cue as to how to learn the 
material. This experiment and one by Shuell and Keppelt 
( 1 9 6 7) which constitutes a replication of the above experi­
ment, provides evidence that Ss can use the specificity 
hypothesis as a method of learning a serial list.

PA to serial transfer.-- If Ss are initially trained 011 a 
PA list and then transferred to a serial list made up of PA 
pairs, significant positive transfer would be expected by the 
specificity hypothesis. These results were found by Young 
(1959) Horowitz and Izawa (>9^3) and Young, Milaukas, and 
Bryan (1963)* In the latter experiment the amount of positive 
transfer was small and only significant when a high degree of 
original PA learning was used. In summary, the use of this 
paradigm has demonstrated that tlie specific associations 
built up in PA learning can be utilized by Ss in serial 
learning. This is, at beat, only supportive but not definitive 
evidence for the specificity hypothesis. Because jia make use 
of a cue when it Is avai lab 1 e does not indicate that £>a will 
necessarily choose this cue when several are available.

Serial to serial transfer.-- Another typical method that 
lias been us ed is to have se lec ted i t ema f ron the first serial 
list maintain their same positions while the remainder are 
varied. In asliglit variation of this method, selected ltesm 
from the first list shift In absolute position but maintain 
the same relative position. I n  former case, the specificity
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hypo thesis would predict negative transfer since adjacent 

i tems have changed, and the fl pec i f i c as sDelations be tween 

items must first Vie unlearned from the first list before new 

ones are formed in learning the second list. Although the 

same items are used in the two serial lists, their orders are 

changed, thus altaring the specific assoc iations be tween ad­

jacent i tems. This is comparable to an A-II , A-U paradigm 

in FA learning, predictive of negative transfer.

Young (196^) had Ss learn two serial lists* On the 

second list alternate items were jumbled with respect to 

list-1 position, while the remaining items remained in the 

same serial position. The items which were in the same 

serial position were called S items while the jumbled ones 

were called D items. The specificity hypothesis predicts 

negative transfer f'or all items, since S-H sequences are not 

maintained. When the b and U items were compared by aerial 

posi tion, the b items were learned faster in the middle of 

the list with no differences at either end. Young concluded 

tliat the specificity hypothesis worked at tlie ends of tlie 

list, while tiie serial position hypothesis worked in the 

mi ddle of the list.

A similar experiment by Kbenholtz (lq63a) liad one group 

of Ss transfer to a second list on wliich alternate items 

maintained the same positions (Group l). A second group 

learned a second list in which lialf of the items were shifted 

a minimum of four positions from tiioir position on the first
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list* Group 1 showed positive transfer as opposed to Group 
2 and a control group who had learned lists of completely
different items* Contrary to Young's results, the Ehenholtz
results showed positive transfer at the middle and end of the 
list Cut not at the beginning. Thus, the specificity hypoth- 
es i s was no t supported.

Experiments dealing with transfer from specific sets of 

items within a serial list have presented a different picture. 

Hattig, brown and Schild (1964) compared the transfer of three 

Digrams located at either the beginning or tlie middle of a 

12 item list. Three different conditions were usedi (a) the 

tliree items remained in the same adjacent positions on the 

second list; (b ) they were in a changed but adjacent position 
on tlie second list; and (c) they were i n the same but non- 

adjacent positions on the second list. A consistent intra­

cluster improvement was found f< r the items in the middle of

tlie list but not for those in the beginning of tlie list,

and there was greater positive transfer for those items in 

the middle of the list, but not for those in the beginning. 
These results favored the specificity hypothesis but not 

conclusively so, because of certain inconsistencies in the 

da ta.

Another method for testing serial to serial transfer is 

to maintain the sequential order of the original list in 

the second list but shift the original position of each item.

I he specificity hypothesis predicts little decrement in this
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instance. Young, Patterson and Henson ( 1 9 6 3 ) performed an 

experiment in which the Ss learned one serial list followed 

by the same list in reversed a rder. The specificity hypo thes is 

would predict negative transfer on all items. ^ince positive 

transfer did occur on items 3, o and 10, tlie specificity

hypothesis was rejected. Thus, it can be concluded that 

experiments using this me tiiod do not favor the specificity 

hy po thes i s .

Doth hbenholtz ( 1963b) and Winnick and Dornbush ( 1 9 6 3 ) 

used a method of presenting a serial list which eliminates 

the possibility of associatifV' an item to a Constant serial 

position. Lbenholtz had Ss learn a list of 10-nonsense 

syllables wiii cli kept the same sequential relationship 011 each 

trial, but liad each trial start with a different item 011 the 

list. The specificity hypothesis would predict no difference 

between this procedure and the standard procedure in which 

each i tern maintains the same serial position from one trial 

to ttie next since the same sequential arrangement is maintained 

on each trial. iilnce the experimenta 1 group took about 3b 

trials to learn while the control group learned the list in 

about 2 3  trials, it appeared that the loss of a known beginning 

position was a disadvantage and the specificity hypothesis 

gained no support.

Winnick and Dornbush ( 1 9 6 3 ) used three different groups.

One group had the same serial position from one trial to the 

next; the second group had tlie serial position changed by one 

in each trial; the third group had the starting serial position
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varied randomly from on* trial to the next. The mean numbers 
of trials to criterion were about 12, I6t and 20 for the
three groups respectively. These experiments, while showing
that the lists are learned more slowly when the formation of 
sequential associations is the only possible method and 
favoring tlie position hypothesis, demonstrate at the same
time that it is possible to learn the lists by using the
specificity hypothesis alone.

In summary, the serial to PA transfer method has produced 
mixed evidence favorable to the specificity hypothesis while 
the PA to serial transfer paradigm has shown the facilitating 
effect of previously learned S-H associations in the learning 
of a serial list. Most of the evidence in serial to serial 
transfer methods has been unfavorable to the specificity 
hypothesis as an efficient serial learning strategy.

The Compound-Stlmulus Hypothesis
It will be recalled that tlie compound-s t imul us hypothesis 

states that it is possible that a combination of preceding 
items might serve as the cue for the succeeding item. Only 
a few experiments liave been performed to test this hypothesis. 
An experiment by Young (1q62) utilized the serial to PA 
learning paradigm in which the PA list stimuli were composed 
of pairs of preceding items from the serial list. These 
pairs were arranged one on top of the other for simultaneous 
presentation. This experiment found negative transfer from 
serial to PA learning and i t was coneluded that the compound-
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stiMUlus hypothesis was untenable. The procedure of tills 
experiment was criticized by Horowitz and Izawa (1963) 
because the temporal order of serial presentation was not 
maintained when the two preceding stimuli appeared simultan­
eously. To remedy this criticism Young and Clark (196U) 
presented the two preceding stimuli sequentially in the PA 
task. Using this method significant positive transfer between 
the serial and PA lists was found. Thus, it seems that not 
only the preceding item but also the two preceding items can 
serve as cues in serial learnlng.

The Position Hypothesis
A great many experimental studies of the position 

hypothesis have been performed, and most of them seem to
indicate that Ss can use the serial posi tion of the item
in the list as the basis for an effective strategy for 
learning a serial list.

Serial to PA transfer.-- An experiment by Jensen and Rohwer 
(1 9 6 5 ) supports neither the specificity nor the position 
hypothes is. Two experimental condi tions were used. 1n one 
condition of PA learning the serial position alone was the 
stimulus item of the pair. The !Ss had to associate each
response pair with a particular serial position. The other
experimental group "... consisted of a horizontal row of 12 
frames ("boxes"), one of which contained a bright red dot.
The particular position Indicated by the dot in the set of 12 
frames was considered the stimulus to which a particular word
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had to bo associated (-Jensen A Koliwer, 19b5» p.70)*" The 

position hypothesis would predict positive transfer for Group 

i while the specificity hypothesis would hypothesize positive 

transfer for Group 2. Since there was no overall transfer for 

either group it was concluded that neither the specificity 

hy po thes i s nor tlie position hypothesis was tenable.

You nf', Hakes, and Hicks (lcH>7) tested the serial position 

by po t lies i h in the serial to 1JA- trans for mode 1 by us i ng the 

ordinal position of the item in the serial task as the stimulus 

item in t he PA task. In hxperi me nt 1A the number-item pa i r- 

i iif's were consistent with those in the serial task while in 

hxporiment 1M they were not. No overall transfer effect was

found in either task but items at the end of the list tended 

to yield positive transfer and Items In the middle of the 

list resulted in nugati ve transfer in Experiment 1 A. In 

Experiment In negative transfer resulted for items in the 

ends of the list. borne of the bs in Experiment 2 were instruc­

ted about the relationship between serial and PA tasks. Such 

instruction increased the positive transfer from the ends of 

the serial list and increased negative transfer from the 

middle items when the serial position was the appropriate 

stimulus item on tlie PA list. The authors conclude that 

there are a number of cues functioning throughout the serial 

list, one of which is the absolute position of the item in 

tlie list.

In most of the other experiments, utilizing tlie serial to
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PA trarsfer tasks in which no or negative transfer was found 

between the two tasks it was concluded that since the specif­

icity hypothesis was not tenable, the Ss must liave used tlie 

position of the words in the serial list as the cue for 

learning tlie serial list. However, Postman and Stark's (I9t>7) 

demonstration that positive transfer can talce place between 

serial and PA learning, if the measure used is the total 

number of items correct, makes doubtful the validity of this 

assumpt ion.

Serial to Serial Transfer.-- A number of studies testing 

the position by pot lies is have used tlie serial to serial transfer 

task. The experiments by Young (l°62) and bbenholtz (1963), 

which have already been discussed, are pertinent at this 

point. It will be recalled that Young's experiment supported 

tlie position hypothesis for items on tlie ends of the list, 

while hbenholtz found slightly different results; namely 

that positive transfer occurred in the middle and end of the 

list but not at tlie beginning (thus not supporting the 

specificity hypothesis at ail). it must be mentioned at 

this po in t that any ki nd of transfer in the beginning of the 

list is highly unlikely since very few (if any) errors occur 

in the beginning of a serial list.

Although the S items were learned significantly faster on 

the second serial list, it seems possible that tiiey may liave 

benefited from mediation between alternate items in the second 

list, with the previously learned intermediate item acting as
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the mediator. This is exactly tlie problem that Keppel and 

Saufley (1964) investigated. They replicated Young's basic 

conditions and included two other groups to study the effect 

of such mediation. In one group the alternate items shifted 

one position from that occupied in the first list. More 

rapid learning of 5 items would occur if mediation was 

involved. In the second group, one-third of tlie adjectives 

were chosen to remain in the same position while the remainder 

changed. Thus, there was a non-systeraatic arrangement of S 

items under this condition, which would make mediation improb­

able; hence, any beneficial effect of these i items could lie 

attributed to their position. -Since the S items were superior 

to the L> items, one can conclude that the mediational chains 

did not occur and position was the cue involved.

Young, Patterson, and benson ( 196")) had _Ss learn two serial 

lists, the second of which was in the reverse order of the 

first. The position hypothesis would predict that those 

items in constant serial position would be learned faster 

than those changing their serial position. Thus, the items 

in the middle of the second list should be learned faster 

than thos e a t the ends . Tlie specificity hypo thes i a wou Id 

predict negative transfer on all items. Using an 11-item 

list they found tiiat items in position 4,5,6, and 1 0 were 

learned faster than control group adjectives which were 

completely changed from list 1 to list 2. This tends to 

support the position hypothesis.
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In conclusion it can be said that experiments using the 

serial to serial transfer paradigm support the position 

hypo thes is.

Different Methods of Serial Presentation.-- If the serial 

position is a cue for serial learning, then the identifi­

cation of the ordinal position of the item in the list should 

make tlie list easier to learn. Jensen and Blank ( 1 9 6 2 ) per­

formed sucli an experiment using geometric forms as items 

identifying the original position for tho S. Since learning 

was not made easier, they concluded that ordinal position was 

not a cue in their experiment.

I f tlie ordi na 1 pos i t i o 11 of tlie i t em is no t a cue then i t 

might be that the spatial position acts as a cue. Asch, Hay, 

and Diamond ( i 9 6 0 ) varied different aspects of the spatial 

array using nonsense syllables as stimuli, and found that 

when tlie syllables were presented in positions which followed 

tlie contour of a triangle, then there were fewer errors than 

when they were presented in the customary way. thus, it was 

demonstrated that spatial array can act as a cue for serial 

learning, but can it be a sufficient source of cues for 

learning to occur? To answer this question Ebenholtz (1963*0 

presented one group with a list of nonsense syllables in 

varying temporal orders but in the same spatial position in 

a vertical arrangement. Since the items were presented in 

varied temporal orders, it would be difficult for one item 

to act as a stimulus for the next, so the bi would have to
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depend upon position cuts. bine* it was possible for lists 
to bo learned in this manner, spatial position was indicated 
to act as the functional stimulus.

As mentioned earlier the experiments of Ebenholtz (1963b) 
and Winnick and Dornbuah (1963)» which varied the starting 
position of the list, favored the serial position hypothesis. 
Saufley ( 1967) followed a similar procedure in which he 
varied the starting; position for one group learning an 11- 
item list of adjectives, and kept the serial position constant 
for another group learning the same list. Once again, it was 
found tha t vary i ng the serial pos i t i on of the i tems re tarded 
learning. While these experiments do not rule out the 
possibility tiiat sequential associations may develop using 
standard serial learning procedures, they do demonstrate 
the fact that the difficulty in SL is substantially increased 
by e 1iminating position as a cue. Thus, it can be concluded 
that these experiments tend to show that the serial-position 
hypothesis is tenable.

The Present Study.-- The experiments reported here attempted 
to gain further insight into the relative effectiveness of the 
strategies that might be used. The fi rs t experiment explored 
the relative efficiency of the position and specificity strategies 
as induced by instructions for the learning of high and low assoc­
iation trigrams. Reaction time tests were used following learn­
ing to determine whether had followed the Instructions as well 
as to attempt to infer the strategies that the non-ins true ted
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control group utilized. It was predicted that the position 

instructions would lead to faster learning wi tii low assoc­

iation trigrams, while the apecificity instructions would be 

mos t efficient with high association trigrama.

The second experiment attempted to determine whether 5 

could learn a aerial list of 1 2 or 2 0  trigrams faster by 

forming two and four unit "chunks" than by learning one 

trigrain at a time. Thus the list was presented to various 

groups of Ss one, two, or lour trigrams at a time. It was 

hypo tiies i zed that, i f grouping was an aid to learning, tlie 

chunking groups would learn the list faster than the group 

viewing one trigram at a time and that this would tie espec­

ially true for the groups seeing the long list.



- 26-  

Experiment I
This experiment undertook to vary the strategies employed 

in serial rote learning through the experimental manipulation 
oT instructions. Although a few studies liave introduced 
variations in instructions (e.g., denser], 19 6ii( I'oa tman A Stark, 
19671 Winnick & Dornbush, 1963* Young, Hakes 4 Hicks, 1967)* 
this means of influencing the choice of strategy has been rel­
atively neglected.

In this experiment, the instructions directed one group of 
Ŝ s to learn by associating syllables with the position on the 
list and directed a second group to learn by trying to form 
associative links from one syllable to tlie next. The perform­
ance of these groups was compared with that of a control group, 
given standard serial learning instructions. The initructional 
stimulus is viewed, in the present study, as having a two-fold 
effect 1 it causes first of all, to initiate rehearsal of
the materials and, secondly, to search for a strategy by which 
he can accomplish the learning of the materials as requested.
The ins truetions, then, can both encourage rehearsal and make 
suggestions about learning strategies. On both counts, it was 
predicted tliat, if instructions were followed, these groups 
should learn more rapidly than controls.

In order to test whether the instructions were effective 
in influencing the strategies employed, associative reaction 
time (HT) measures were employed, following the aerial 
learning. Subjects were askedt ( l) to respond with the first 
syllable that came to mind when E pronounced a syllable
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from the listt (test of asaociational strategy) and (2 ) to 
respond with the appropriate syllable when E pronounced an 
ordinal position (test of positional strategy). It was 
reasoned that in the group given the position instructions the 
P-RTs should be faster, while with asaociational instructions, 
the A-RTs should be faster.

It was further hypothesized that the effectiveness of 
either strategy would be influenced by the materials to be 
learned} to wit, if the items themselves are suggestive of 
links (i.e., are high in associative value), instructions to 
carry out such linkage should be more effective than where 
the items are devoid of such potential. On the other hand, 
low association syllables, lacking the possibility of easy 
asaociational linkages, might be easier to learn by tying them 
to their numerical position on the list. To evaluate these 
hypotheses, the three instructional groups were subdivided 
into groups learning lists made up of either high association 
or low association items. A significant interaction effect 
was predicted between instructions and the association value 
of materials.
Me thod

bubj sets.-- Ninety volunteer Ss from introductory psych- 
ology courses during the ituear session at Queens College 
participated in the experiment. They were individually 
assigned to one of the six groups in the order of their 
appearance.
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Lxpar Linen tal Design. —  Six i nde pendent groups of Ss wore 

tested individually. One group was instructed to learn tlie 

list by associating each nonsense syllable with the following 

one ((iroup S). Tlie second group was told to learn the list 

by associating each nonsense syllable with the number of its 

position in the list (Group P), The third control group was 

not given any strategy about the way to learn the list (Group 

C). half of the 8 s in each group were presented a list com­

posed o 1' high association nonsense syllables (iii) , and tialf 

were presented a list of low association nonsense syllables 

(L A ). Thus a 1x2 factorial design was employed, with three 

levels of instructions and two levels of associative value.

The six groups were designated as S-HA, S-LA, P-HA, P-LA,
C-llA, and C-LA.

A ppara tus and Ma terials.-- The stimulus items consisted 

of two sets of If CVC trigrams selected from Archer's list 

(Archer, 19b0). The LA syllables were between ■> and k I'fr 

association value, while the HA were between 7 1 and 91% 

association value. These items were arranged into six lists 

(three H A ,  three L A ) according to the rules set forth by 

liilgard (ld*jl). To control for any possible effects due to 

item ordering within the list, three orders of these syllables 

at each level of association value were formed. The lists 

are shown in Table 1. Tlie materials were typed in capital 

letters on standard memory drum tape and presented for 

learning on a Lafayette memory drum, at a two second presen­

tation rate. The same interval was used between movements
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of the memory drum to pace recall.
Procedure.-- All Ss served Individually, learning the 

list by the serla1-recal1 method in accord with a recent 
recommendation by battig and Lawrence ( 1 9 6 7). In tills method, 
learning trials which exposed the items alternated with blank 
exposures during which Se were to attempt recall. before the 
first learning trial, each S was given the following modified 
standard learning instructions* "This is a memory test. You 
are to learn the nonsense syllables that appear in the window 
of thi s machine in the right order as quickly as you can. When 
I start the machine the syllables will appear in the window 
one after another until 12 have been shown. Try to learn 
them as they appear."

Then after the 12th syllable was shown and before the 
first recall trial, the following instructions were giveni 
"Now, right after an asterisk has appeared in the window you 
are to say what the f i rs t syllable is. Then a blank 1i ne 
will appear in the window. While that line is there, you are 
to say what the second syllable is; you are to continue in 
this manner until 12 lines have appeared in the window. Guess 
even i f you are no t sure."

After the first recall trial was told* "Now the 12 
syllables will be shown to you again for you to learn. This 
will again be followed by twelve blank lines. The procedure 
will continue in this way until you have learned all 12 
ay 11 ab 1m ."
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I n addi 11 on Group S was to Ld i "It lias bean shown tha t 

people learn this list taster if they form associations 

between the syllables. In other words they associate tlie 

first syllable with the second, tlie second with the third, 

and so on, lor example, i 1' tlie first syllable is ZOP, and 

the second KIP try to make an association between ZOP and 

KIP. If the third syllable is HUP also try to make an 

association between KIP and HUP. Hemember, try to form 

associations between the syllables."

Group P was toldi "It has been shown that people learn 

tii is list I'astar if they remember tlie number of tlie syllable 

on tiie list. In other words, if ZGP is the first syllable,

KIP tlie second and tiUP tlie third, say to yourself ’first is 

ZUP, second is KIP, third is HUP*, and learn the entire list 

in this manner. Hemomber, learn the entire list by remember­

ing the number of the position that tlie syllable occupies on

the list. "

lhe jis in Group C were gi vun only the revision of the 

standard serial instructions. In addition, every few trials, 

duri ng the inter-trial in t erva 1 , the Ss were re mi tided o f the 

method that tliey were to use to learn tlie list.

Alter the list was learned, each experimental was given

two ki nds of reac t i on time tests to de t ermi ne wtie the r he

had followed the instructions while learning the list. Each

control was also given both reaction time tests in an 

attempt to infer the strategy that lie used. The equipment 

used was a standard reaction time key attached to a Hunter clock
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cODDtar. The reaction time for each trigram was measured to 

the nearest hundredth of’ a second. When h, read tlie approp­

riate instructions, lie depressed the key and held it down until 

S gave a response at which time he removed his finger and 

recorded the reaction time. The two sets ol' instructions 

that were given to each were as follows t

a ) "No w  1 am going to test you on how well you have 

learned the list. Would you please tell me which syllable is

riumbe r ? "

these instructions wort* repeated for each serial pos i tiou 

with three different orders of numbers randomly chosen.

it) "Now 1 am going to test you on how well you have 

learned the list. Would you please tell me which syllable

comes after __?"

The instructions were repeated for each trigram. Three 

different orders ol Lrigrams randomly chosen were used as 

stimuli. All were given both sets of reaction time

instructions. The order of presenting the instructions was 

a 1 ternu ted wl tlii n each group to c on t ro 1 for any order effect.

It wouId be expected that ̂ b given P ins true t ions wouId

make a stronger association between the number of the trigram 

on tlie list and the trigram than between successive trigrams. 

This stronger association should be manifested by a faster 

reaction time for the reaction time Instructions A than for 

reaction time instructions 11 and firoup P should therefore 

respond to Instruction A more rapidly than to instruction b.
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Conversely it would be expected that Group S would make 
stronger associations between successive trigrams than between 
the number of the trigram on the list and the trigram* This 
stronger association should result in more rapid responding 
to reaction time instructions M than to reaction time instruc­
tions A. The same reasoning should help infer which strategy 
the control Ss had used. The above should hold true for 
trigrams that are recalled correctly, when answers incorrectly 
to either set of reaction time instructions there is no way of 
knowing how strong the association is. Therefore, only trigrams 
which were responded to correctly after both instructions A and 
H were used in this analysis.
Results

Reaction Times.-- The first step in the analysis of data 
was a comparison of the reaction times obtained from the six 
groups. It was reasoned that if the instructions were followed, 
strong associations would be built up between successive tri- 
grams for the S-Groups and between the number denoting posi­
tion of the trigram on the list and the trigraras for the 
P-Groups. Such strong associations should result in faster 
reaction times after learning when the "appropriate" reaction 
time instructions were given than with Inappropriate instruc­
tions .

Table 2 shows the mean reaction times for the six groups 
for the preceding stimulus items and the position numerals.
The data are broken down into type of learning instructions
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(specificity or position), tlie type ol' reaction times, and 

tlie order of recall tor liA and LA trigrams. Of tlie JLA 

experimental Ss , i* 3 out of 3 0  had faster reaction times 

when reaction time instructions were appropriate for the ex­

perimental instructions than when they were inappropriate.

The probability of this occurring by chance according to the 

sign test is less than . OtHt . When reaction time instructions 

were appropriate for tlie experimental instructions, 112 out 

of 30 LA experimental Ss had faster reaction times than 

when the reaction time instructions were inappropriate. The 

sign test indicated that the probability of this occurrence 

was less than .OOH. It would appear that experimental 

instructions were followed by most S s .

1 t was also argued that it would be possible to infer tlie 

strategy that control -as used by comparing their reaction times 

for position and specificity reca11 instructions. Ten of the 

13 LA control ds had faster reaction times when position re­

action time instructions were used. ihe probability of this 

occurrence is equal to .I1). Light of the 13 HA control Ss had 

faster reaction times when specificity reaction times in­

structions were used. The probability uf this occurrence 

is .30. Therefore, no assumptions regarding the preference 

of strategies for the control Ss are warrented.

Finally, it can be seen that the second time the Ss were 

asked to recall tlie syllables their reaction times were faster 

than the first time they were asked to recall the syllables.
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Mean reaction (in seconds) to position numeral and to preceding item for the 

six experimental groups in Lxperiment 1. Numbers in parenthesis 

(1 or 2) indicats order of testing. Prop indicates 

Proportion of syllables correct.

Low Association High Association

i
r \i

Specificity 

Instruet ions

Position 

Ins true t i oiis

Contro1 

Ins true t i ons

Prop
Spec i f ici ty 

RT

6 9 / 9 9  9 . 6 8 ( 1 )

3 7 / 6 6  3 . 1 1 ( 2 )

7 3 / 9 9  

9 7/66
3 * 7 9 ( 2 )

3 - 5 8 ( 1 )

9 8 / 9 9  9 . 1 6 ( 1 )

9 2 / 6 6  3 • 50 ( 2 )

Posi ti on 
Prop_______RT

Specificity Position
Prop_______RT_______Prop_______RT

6 9 / 9 9  3 . 8 9 ( 2 )

3 7 / 6 6  9 . 7 7 ( 1 )

7 3 / 9 9  9 . 1 3 ( 1 )

9 7 / o 6  1 . 8 5 ( 2 )

9 8 / 9 9  2 . 9 1 ( 2 )

42/00 3 . 7 9 ( 1 )

30/00  2 . 0 9 ( 1 )

0 6 / O b  2 . 5 9 ( 2 )

9 9 / o b  2 . 9 2 ( 2 )

08/09 3 . 0 9 ( 1 )

30/66
6 6 / 9 9

2.98(2) 
3 * Q1 ( l )

9 9 / 6 6  2.80(1)

68/99 1.05(2;

30/66  3 . 1 3 ( 1 )  39/66  9 . 2 5 ( 2 )

0 1 / 9 9  3 - 7 6 ( 2 )  6 1 / 9 9  3 . 5 2 ( 1 )
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11 seems as if the Ss did not expect to be tea ted on their 
recall of the ayllablea and it took some time before they 
became adapted to the reaction time task. The finding that 
it takes S some time to adapt a set to respond rapidly is 
quite common in reaction time studies.

Since these data Indicate that Ss followed instructions, 
the effect of differential instructions and association 
values may be evaluated by analyzing the trials to criterion, 
errors, and number of correct choices on the first quarter 
trials by separate 3 x 2  analyses of variance and Newman-Keuls 
tests. To determine whether there were any differences among 
lists, two one-way analyses of variance were undertaken, one 
for La and one for HA syllables! no significant differences 
were found to exist among the lists.

Trials to Criterion.-- Mean trials to criterion and 
standard deviations f<>r the six groups are shown in Table 3<
A 3 x *£ analysis of variance, with three types of instruc­
tions and two association values found significance in the 
main effect of association value, F (l,U) » 6.15* £ ^  .0 2 5 . 
(bee Table 1 of Appendix for detailed summary of analysis of 
variance). This indicates that, as expected, the 11A trigrams 
were learned more rapidly (X * 8.2^ trials) than were the LA 
trigrams (X ■ 10.31 trials). The main effect of instructions 
approached significance, F (2, 8*1 ) *« 2. 5**» £ (  • 10 ^  .0 5 .
This suggests that there is a tendency for P-instruetione to 
induce the most effective learning strategy and the fastest 
learning (X ■ 8.10 trials), while the control instructions,
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where the must find his own strategy, resulted in the
slowest learning (X ■ 10.40 trials).

In order to determine specifically which of tlie experi­
mental groups were significantly different from each other, 
an internal comparison of tlie cell means was made by tlie 
Newman-Keuls studentized range test. (See Table 2 of Appen­
dix). Group C-LA took significantly more trials to learn the
list (X a 11.93 trials) tlian Group P-LA (X ■ 7*87 trials),
^ ^  .05* Thus the main reason for the borderline signifi­
cance of instructions is the difference between groups C-LA 
and P-LA.

Errors * -- Errors (intrusions and omissions), mean errors 
and standard deviations for the three types of instructions 
and two association levels are presented in Table 4. The 
results of the J x 2 analysis of variance of the error data 
with instructions as one variable and association value, 
as the second (see Table 3 of the Appendix), found signif­
icance in the main effect of instructions, (2, 84) « 3*80,

^ -0 5 , the main effect of association value, K (l, 84) * 

6.10, ^  .025, and the interaction between instructions and
association value K (2, 84) ■ 3*65, H  ^ .05. The significant 
main effect of association value indicates that, as expected, 
more errors were made while learning LA trlgrams (X * 55*82 
errors) than while learning HA trigrams (X « 44.00 errors). 
That the main effect of instructions is significant Indicates 
that tlie P-Groups made the fewest errors (X = 41.60 errors),
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TABLE 3

Mean trials to criterion (and standard deviations) 

for the six experimental groups of Experiment 1 .

INSTRUCTIONS

Speci f ic i ty Pos i ti on Control
Low As s oc t a t i on 11.13 7.87 11.93

(**. 12) (2.05) (5.80)
High Association 7.53 8. 33 8.8?

(3.62) (3.56) (2.67)
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TABLE k

Moan errors (and standard deviations) for the 
six experimenta 1 groups o f Ex per i merit 1 .

INSTRUCTIONS 
Specificity Pos1 ti on Contro1

Low Association 63*20 36.87 65*^0
(22.23) (L2.32) (30.4U)

High Association 37*60 M .33 50.07
(I8.i*3) (23*82) (20.1U)
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while tlie C-Groups Made the most (X = 57*7^ errors). Again 
S-Groups are 1 n t e m e d i a t e  (X ■ 50 • ̂ 0 errors ) be tween P-and 
C-Groups. Overall, the P-lnstruetions have induced the most 
efficient strategy (in terms of errors) while the control 
instructions, leaving to search for a strategy by himself 
were least efficient. The significant instructions by assoc­
iation value Interaction indicates that this was especially 
true for the LA trigrans, whereas for the 1LA trigrams the S- 
instructions induced a more effective strategy resulting in 
fewer errors than either of the other instruction*, A Newman- 
Keuls s tudenti zed range test was performed to de termine the 
exact locus of the experimental effects (See Table 4 of the 
Appendix). This analysis indicates that the significant 
instructions by association value interaction was due to the 
fact that in the LA-Groups the P-instruetions resulted in 
fewer errors (X = 38*87 errors) than either S-instructions 
(X m 6 3.20 errors) or C-instruetions (X » 65*40 errors) £  ^ .05, 
while in the HA-Groups there were no differential effects due 
to ins truetions. Thus, it seems that for LA trigrams the 
P-instruetions induced the most efficient strategy while for 
HA trigrams the type of Instructions had no effect.

Number correct on first quarter trials.-- An analysis of 
the number of correct responses on trials during the first 
quarter of learning was suggested by results of an experi­
ment by Postman and Stark. (1967) in which evidence supporting 
the specificity hypothesis was found when the first few trials
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were analyzed, but not when tlie number of correct responses 

on the entire list were analyzed. Mean number of trigrams 

correct and standard deviations for the first quarter of 

learning are found in Table r). The results of an analysis 

of variance (see Table 5 of Appendix) found no significant 

differences among any of the means. The most probable 

reason for the discrepancy between these results and tiiose 

found by 1'os tm.iii and btark (ldb?) lies in the different 

procedures used. Postman and Stark utilized a PA to serial 

learning transfer procedure while this experiment used a 

procedure which induced various learning strategies by means 

of different instructions. Apparently any strategy induced 

by a PA task can be tapped early in serial learning whereas 

the differential effectiveness of various instructional 

strategies does not appear until later in learning.

Mel tun curves.—  Mel ton curves ware formed by converting 

data into trials taken to reach successive criteria (three 

learned, six learned, etc). This pe rmi t s a c ompar i. s o n of 

the learning curves of groups differing in numbers of trials 

to reach criterion; these curves, shown in figure 1 , indicate 

that the group learning LA trigrams by position instructions 

was constantly ahead of all other groups throughout the 

course of learning except for the group learning the HA list 

by specificity instructions. In all other cases llA-Qroups 

learned the list more rapidly than LA-t*roups.

aerial position curves.—  serial position curves for liA -
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Eig* 1.-- Melton curves, shoving trials to reach succes 
criteria of learning, for the six groups of Experiment

s i ve 
i .
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and LA-Groups are shown in Figures 2 and _) respectively. It 

can he seen from Figure 2 that the shape of the curve for 

Group S-llA is somewhat different from that normally encountered 

in that, there is no major drop in the percentage of errors 

at the end of the curve. While this is a rather sharp 

departure from the typical serial position curve it is 

exactly what would be expected i 1' the ds learned the list 

by tiie spec i lie ity instructions) that is, if each is made a con­

nection lietween eacii pa i r of syllables one would expect the 

beginning of the list to he learned most rapidly with more 

and more difficulty occurring as the gets i'urther and 

further into the list. The serial position curves for all 

low association syllables, on the other hand, are more like 

the typical inverted U shaped S P curves the ends showing 

1 ewer errors, the most errors occurring in the middle of 

the list.

L>1 a cuss i on

Two findings from this experiment seem worthy >f further 

note. First is the e f fe c t i ve ties s of instructions in influen- 

c i ^ 1 a learning strategy. Most of the experimentation 

performed up to the present lias been concerned with determin­

i n g  the strategy that iis prefer to use rather than compar ing 

the relative efficiency of various strategies (e.g., Urown 

* Kubin, 1967; Keppel 4 Saufley, 196**) Young, 196l). The 

present experiment, on the other hand, is an attempt to com- 

jiare the e f'f ec t i venes s oi the specificity and position hypo-
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Fig. 2.-- Serial position curves showing the percentage of 
errors for each serial position, for the three HA-Groups of 
bxperisent 1.
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Fig. 3*'- Serial position curves showing tha parcantaga of 
arrors for each serial position For tha three LA-Groups oF 
Expertnent 1.
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theses as induced by instructions. Although previous ex> 
p«ris«nts have employed variations in instructions as an 
experimental variable, most have done so for other purposes-- 
e.g., to contrast intentional (i.e., instructed) and incid­
ental (non-instrue ted) learning (e.g., Dornbush & Winnick,
1 9 6 7 ( Eagle * Lei ter, 1964; McLaughlin, 1965) Mechanic A 
D'andrea, 1966; Somners, 1967) Winnick A Lerner, 1 9 6 3 ) to
provide a basis for differences in motivation (e.g. Baron,
1967) to provide information or misinformation about the 
learning situation (e.g. Holden A Hotter, 1962) Miller A 
Lakso, 196^) Taylor, 1966). The present experiment, by 
contrast, has provided Instructions about specific procedures 
that are to be used to accomplish learning. That the instruc­
tions were acted upon by Ss in this experiment is indicated 
by the reaction time data, which showed that groups given 
specificity instructions built up stronger associations 
between one trigram and the next one on the list and that P- 
Groups built up stronger associations between the number of 
the trigram on the list and the trigram than between successive 
trigrams. Furthermore, the significance of the ins truetional 
effect in the error data as well as the borderline significance 
of the overall instructional effect on trials to criterion 
Indicates that the specific suggestion of a strategy provides 
these Ss with something of an advantage over the control ^3s.

One possible explanation for these findings is that 
givit\g S instructions about how to learn the list allows him
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to start learning the list without having to search for a 
strategy. He would then learn the list sore rapidly than if 
he had searched for a strategy, as long as the instructed 
strategy is not one which would hinder learning. Thus, both 
Instructed groups in this experiment learned the list equally 
as well and more rapidly, with fewer errors,than the C-Groups. 
On the other hand, if either of the induced strategies is 
more efficient than the other in this situation, this would 
become evident by differences between P-and S-Groups.

The Newman-Keuls analyses do not g1 va evidence unequiv­
ocally supporting either view. Group P-LA made significantly 
fewer errors than either Group S -LA or Group C-LA. The latter 
two groups did not significantly di ffer from each other indic- 
ating superiority of position instructions for the LA list.
The first interpretation, on the other hand, is supported by 
the Newman-Keuls analysis of the trials to criterion data 
which show that Group C-JLA took significantly more trials to 
learn the list than Group P-LA. However, there was no sig­
nificant difference between Group P-LA and Group S-LA.

The second finding of note is that the effectiveness of a 
learning strategy (as induced by instructions) is function­
ally related to the charac teris tics of the materials to be 
learned. That this was the case in the present experiment is 
indicated by the significant interaction between instructions 
and materials for the error data. This significant lnter- 
ac t i on revealed firs t tha t position ins true ti one were more
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e f f e c t i v e  than a p e c l f i c i t y  i n s t r u c t i o n s  w i t h  low a s s o c i a t i o n  

t r i g r a m s  , a e c o n d L y  f nei ttier s t r a t e g y  was f o u n d  to be m o r e  

e f f e c t i v e  for h i g h  a s s o c i a t i o n  t r i g r a m s .  Thi s f i n d i n g  is 

qui te u n d e r s t a n d a b l e .  L o w  a s s o c i a t i o n  t r i g r a m s ,  by th e i r  

v e r y  n ature, p r o v i d e  li t t l e  basis f'or the i n t e r - i t e m  l i n k ­

ages d e m a n d e d  by the s p e c i f i c i t y  s t r a t e g y .  The e x i s t e n c e  of  

n u m e r i c a l  p o s i t i o n  in the list is t h e r e f o r e  a f e a s i b l e  aid.

As trigrams increase in association value, it should become 

easier to form inter-item linkages so that when high assoc­

iation trigrams are used the advantage of the position strategy 

is lost and the strategies are of equal efficiency. It seems 

reasonable to pred i c t tha t inter-item li nkages would be 

easier to form with words than trigrams and therefore the 

position strategy should have no advantage when words are 

used .
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Experimant II
Tha second experiment explored a potential strategy that 

has not as yet been accorded much recognition. This is the 
possibility that, although he is instructed to anticipate 
individual items, £  may gruup them together into larger 
perceptual units such as have been found in experimental 
studies of free recall, (e.g., Tulring, 1962).

Based on the experiments of Miller (e.g., 1956), it seems
possible that If, in learning a serial list, S Is able to 
combine a number of items into one "chunk", his learning of 
the list will be enhanced. Other experiments (Welngartner,
19631 Wright <fe Bernstein, 1965) have come close to this idea 
by showing that when associated items are inserted in a serial 
list as a cluster, these items are learned more rapidly than 
unassociated items. A recent experiment by Diethorn and Voss 
( 1 9 6 7) Inserted a four-unit cliain of normative associations 
(e.g., cottage, cheesa, bread, eat) ocean, blue, white, dark) 
into various positions of a serial list. It was found that 
learning was facilitated at those positions where the chain 
was inserted. More directly relevant to the proposed study 
is an experiment by Kaufmann ( 1967) which studied learning of 
temporal groupings of three, four and six iterns. Based upon 
his results, Kaufmann suggests a possible strategy in which 
"...^ divides the list into groupings, attempts to memorize 
their order, but organizes the groupings themselves into



-51-
subjectively meaningful units (p. 699)", The second exper­

iment examined this strategy for spatial groupings o f items 

by t he procedure of presenting the experimental lists in 

i tem-groupings rather than one by one. I t was expected tliat 

the ria who are presented trigrams two or four at a time might 

have an udvuntage over those being presented one at a time.

In addition this advantage s Inm 1 d be greater wi tli long lists 

t ha n w i td i short lists.

Mo thod

on b.j ec is .—  Ninety volunteer 5 s from introductory courses 

during the s utnine r session at queens College participated in 

the experiment. They were naive as to serial rote learning 

and were individually assigned to one of the six groups in 

tlie order of tiie i r appearance.

experimental Design.—  nix independent groups of 5s were test­

ed individually. Three sizes of group cluster were used. In 

Group 1, the trigrams were presented one at a time} in Croup 

11, the trigrams were presented in twos, in Group IV the 

trigrams were presented four at a time. Half of the _5s in each 

group were presented a snort, list composed of 1 2 tri grains 

(Group o) and half were presented a long list composed of 

d() tri grams (Group 1.). thus, a ) x 2 factorial design was 

employed, with grouping as one dimension and size of list as 

the second. Tire six groups ware designated as 1-5, I-L, II-S, 

11-1., I V-S, and I V-],.

Apparatus and Materials . —  The s t i mu 1 us i tems and lists
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were prepared as in the first experiment, except that syllables 

of medium associative value (between and 65^) were used.

Three lists of each size were formed to control for any poss­

ible effects due to List order. The lists are shown in fable 

( j  . The materials were typed in capital letters on standard 

memory drum tape and presented on a Lal'ayette memory drum.

The syllables for the control groups (tiroiips 1-S and I-L) 

were presented at an interstimulus interval of two seconds 

for bo th learning and recall trials. Kor Clroups I 1-b and 1 1-L 

each cluster was presented for four seconds and for (iroups 

IV-S and 1V-L each cluster' was presented for ei^ht seconds 

and there was a to Lai exposure time of JU seconds for the 

short list and ^+0 seconds for the long list, hereby controlling 

the amount of' time each syllable was presented (2 seconds).

Procedure. —  The procedure was tfie s ame as in the f i rs t 

experiment except that all groups were given the modification 

of the standard serial learning instructions. When the 

syl lables were presented two or f'our at a time this was in­

dicated to them in the instructions) "This is a memory test. 

You are to learn tfie nonsense syllables that appear* in the 

window of this machine in the right order as (prickly as you 

can. When . start the machine the syllables will appear in 

tfie window one after another (two at a time, four at a time) 

until 1.1 (l!0 ) have been shown. Try to learn them as they

a ppea r . "

before the first recall trial the instructions were also
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somewhat modified! "Now, right after an asterisk has appeared 
in tha window you are to say what the first syllable is. Then 
a blank line will appear in the window. While that line is 
there you are to say what the second syllable is before a 
second line appears. You are to continue in this manner saying 
the syllables one by one until lines have appeared for all 12 

(20) syllables. Guess even if you are not sure."
Hesults

The effect of the three different sized chunks and list 
length on trials to criterion, errors, the probability of an 
error and the number correct on the first quarter trials was 
analysed by separate J x 2 analyses of variance and N*wman­
ti eu 1s studentized range tests* To further analyze the data 
Melton curves and serial position curves were drawn.

Trials to criterion.-- Table 7 shows the mean trials to 
criterion of the six groups, where only small differences as 
a function of chunk size can be observed. The analysis of 
variance and Newman-Keuls tests (see Table 6 and 7 of Appendix) 
found only list length to be significant.

Errors.—  Mean errors and standard deviations for the 
three chunk sizes and two list lengths can tie found in Table 
8, The 3 x 2  analysis of variance of these data (see Table 8 
of Appendix) indicates that the main effect of the list length 
is significant f (l,84) ■ l6l*28, £  ̂  *0 0 5 , the long list 
showing more (X * 142.22) errors than the short list (X ■ 3®*7l) 
errors. In addition the main effect of chunk size approached
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TAilLE 7

Mean trials to criterion (and standard 

deviations) lor the six groups 

of" Lxporimcnt II.

Chunk S ize

(1) U O U )

List Short 8.00 7. 13 7.^5

Le ng tli U*. 59) (l.*7) ( ^ . B 5 )

Lo i *>. j :j L *4 ,t)D I r> . h O

^ . H ^ ) ( k . i n ) ('4 . 2V)
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s igni fi cance, P (2 , 8 *̂) * 2 , 7 ^» £ ^  m  ^  -A Newman-

Keula a tudentized range test was performed to determine 

specifically wliicti of the six groups were significantly 

different from each other (see Table 9 of Appendix). It can 

he seen from thia table that each of the short lists resulted 

in fewer errors, £ .0 1 , than eacli of the long lists. In

addition it appears tiiat Group 1 I-L made fewer errors

(X = 119. V} errors) than Group 1V-L (X = lb 1.87 errors)

{  ,Oc), Thus , it appears that the borderline significance 

of chunk size in the analysis of variance was caused by a 

more efficient strategy being induced when S saw two syllables 

at a time than when he saw four syllables at a time.

Probability of error.—  Since a larga proportion of tiie 

total variance in the analysis of errors was attri butable to 

the main effect of list length it was believed that if the 

effect was controlled, a more sensitive test might result.

It is possible to control for the number of syllables on the 

list by calculating the probability of m.iking an error with 

the f bllowing formulai

Total number of errors 

P = ______________________________

To ta1 number o1 Tr Lgrams

The total number of trigrams is found for each S by multiplying 

the number of trigrams on the list ( 1 2  or 2 0 ) by the trials 

to criterion for that Hie mean probability of an error
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M e a n  e r r o r s  (and s t a n d a r d  lieviations j 

f'or the si x  g r o u p s  in 

b xper iment 1 L .

Chunk Size

(1) (a) U)
81u>rt 1*1.20 3 5.87 39.07

th (15.81) (10.88) (18.3*0

L o u r  1 / 4 5 . 2 7  1 1 0 . 5 3  I 8 I . 8 7

( 1 * 7 . 2 5 )  ( / t o .  7 0 )  ( 5 / 4 . 3 8 )
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and standard deviation for each of the six groups can be found 

in Table 9. The J x 2 analysis of variance of these data 

(Table 10 of Appendix) found the main effect of list length 

to be significant _F (l, 84) = b.7 8 ,^ ^ .029. This indicates

that more errors are made per syllable on long lists than on 

short lists (mean probability o f an error is .464 and .422 

lor the long and short lists respectively). The main effect 

of chunk size again approached significance, F (2, 84) =

2.60, ^ .10 ^  .05* As c a n  be s e e n  fr o m  the N e w m a n - K e u l s

a n a l y s i s  (see T a b l e  11 of  A p p e n d i x )  this is o n c e  a g a i n  

a t t r i b u t a b l e  to the s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  G r o u p  i V - L  

(X = .500) a n d  G r o u p  i l - L  (X = .*417), U *C * ° 5 *

Number correct on first quarter trials.—  Mean number 

correct on the first quarter trials and standard deviations 

for each of the six groups are found in Table IO. Analysis 

of variance of these data can be found in Table 12 of the 

Appendix. From this table it can be seen, (nice again, that 

the main effect of list length is significant,jF(l, 8 *4 ) =

7. 7 G 9 ‘J, 12 ^  .Ol. Thus, it can b e  c o n c l u d e d  that by the fi r s t

q u a r t e r  trials the long list a l r e a d y  r e s u l t s  in s i g n i f i c a n t l y  

m o r e  c o r r e c t  r e s p o n s e s  (X = 3*52 c o r r e c t )  tha n tin- s h o r t  list

(X = 2,62 c o r r e c t ) .

Another consistent result is the main effect for chunk 

size, which again approaches significance F (2 , 84) « 2.8833* 

jj C . 10 .0 5. The consistency of this result across the

various measures strongly suggest? that future research be
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List 

Leng tli

TABLE 9

Mean probability of error (and standard deviations) 

for tile six groups in Experiment IL.

Cliunk Size

(i) U )  ( M

Bhort 0.423 0.4 19 0.423

(0,068) (0 .0 7 J*) (0.084)

Long; 0 . 4 7 3  0.417 0 . 5 0 0

(0.057) (0.075) (0.075)
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performed analyzing and controlling additional sources of 
variance. From Table 10 it can be seen tliat those groups who 
saw one trigram at a time had the most correct on the first 
quarter trials (X = 3*37 correct) while those who saw four 
at a time had the fewest correct (X a 2.52 correct). For the 
first time a significant interaction occurred, (2, 81+) a 
1+ .601+7, jj .025. That this results from Group II-S getting 
the fewest trigrams correct (X a 2.27 correct) and Group II-L 
getting the most correct (X - 1+.3^ correct) can be seen from 
Tables 12 and 13 of the Appendix. The latter Table shows the 
Newman-KeuIs analysis of the means found on Table 12,

Melton curves.-- Melton curves plotting trials to successive 
criteria for each of the six groups are shown in Figure 1+. It 
can be seen that as early as the first criterion (trials to 
get 1/1+ of the trigrams correct) there is a separation between 
the two list lengths and tliat the L-1 i s t takes more trials to 
achieve each succeeding criterion than the S-list, It can 
also be seen that Group II-L is initially superior to the other 
L-groups and tliat this superiority was maintained (although 
not to a significant degree) throughout the learning task. It 
appears that showing the iS two trigrams at a time allowed him 
to use the strategy of chunking the L-1ist trigrams into two- 
syllable trigrams, which functionally reduced the size of the 
list. Why this did not occur in the 3-liat is not known.

Serial position curves.-- Curves showing the percentage 
of errors at each serial position for each of the six groups
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Kig. ^1.-- Trials to successive criteria for the six groups 
o t K xperi men t I I .
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are shown for the L-liat and the 6 -list in figures 5 and h 

respectively. It will he noticed that for Groups II and IV 

the curves are drawn in auch a way as to indicute the number 

of tri grains that were presented to 6 at one Lime. The serial 

position curves for Groups 1-6 and 1-L appear to tie typical 

curves wlii cii have the area of greatest difficulty in t lie midd 1 e 

o 1' Liie list. While this is still basically true for the other 

groups, in Groups 1V-L and IV-S smaller’ four-uni t serLal pos­

ition curves have occurred within the larger serial position 

curves. That is, for almost every four-syllable perceptual 

unit, the first and last trigrams are learned more rapidly 

than the second and tin rd trigrams. The result of this is a 

rather irregular overall curve with low points corresponding 

t.o the end syllables of the smaller curves and high points 

corresponding to the middle of the s mallei' curves.

Discussion

Die objective of this experiment was to determine whether 

chunking syllables into two-or four-unit aggregates would be 

more efficient than learning them individually, and whether the 

chunking advantage would be greater for lists of HO syllables 

than 1ists of 1H syllables. Die chunking strategy was induced 

by the particular met! tod of presentation rather than by 

instructions, as was the case in Experiment 1, The tecluiique 

of presenting groups of syllables appears to have been 

effective in inducing 6 s to group items and to attempt to 

learn by chunking. I'his is indicated by t. ho serial position
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fig. 5*-- Serial position curves for the long lists of 
Experiment II.
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Kig. 6.-- Serial posi tion curves for the short lists of 

h jt pe r 1 men t II.
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curves . However, al though chunk! rig waa a t tempted , it did no t 

prove to be an effective aid to learning.

Although the main effect of chunk size never reached an 

acceptable level of significance, the consistency of the 

findings necessitates that it tie discussed. Grouping trigrams 

into two-syllable chunks was the most efficient method in 

terms of errors and probability of error especially for the 

long list. This was expected on the basis of previous re­

sea rc h which f i m id that hi glil y ass oc iated items inserted into 

a serial list are learned more rapidly than unassociated items 

(e.g. Oiethorn A Voss, 1967; Weingartner, 1963; Wright A 

Hernstein, 1965). On the other hand, grouping the syllables 

into four unit-chunks resulted in the mos t errors wi th the 

greatest probability of error. both the significant inter­

action occurring in the analys is of the number correct on the 

first quarter trials and the Melton curves indicate tiiat 

this waa especially evident lor :5s learning the long list.

Why should a chunk size of four cause the most errors and the 

greatest probability of error? Since a search of literature 

failed to reveal any explanation for this phenomenon, experi­

menter observations and introspective remarks of various j5e 

are the only source of information available. It seems that 

6 s shown four trigrams at a time became very confused about 

what they were supposed to do. t. had to repeat the instruc- 

t i o ns more often to these _Ss than to S s in utlier groups , and 

oven then many Ss still appeared to be confused about what
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the task required. It is proposed that future researcii lie 

performed to help clarify the source of confusion. An ex­

periment including groups learning three-sy1 1 able chunks of 

varying association value would help clarify the situation. 

There may be a functional relationship between the ability 

of is to learn lists by forming chunks of various sizes and 

the type of list presented totltem. findings from Experiment I 

suggest tha t c hunki ng (which is what os i nstrue ted to learn 

the list by the specificity method may be doing) may lie more 

effective* for HA than for LA trigrams. fixture research 

havi ng ^s learn lists of varying association levels and 

various chunk sizes would lie 1 p to clarify this relationship.

The lack of effectiveness of the chunking strategy may he 

related to findings from part-whole learning comparisons. The 

chunking strategy may in fact he considered to be a variant 

of part learning and possibly subject to some of its dis­

advantages. In part learning the entire list is divided

into smaller sections and i> learns one section before proceed­

ing to learn the next section anil so on until the entire list

is learned. Thi s is quite similar to wiiat is required of S s

learning by the chunking method.

une disadvantage of the part method is the difficulty in 

connecting the separate parts (McGeoch A Irion, 1952). If 

this were a factor in the present experiment, the beginning 

trigrams of the c hunks for Group IV should have a greater 

proportion of errors than t. lie middle tri grams. Since the
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beginning trigrama were, in Tact, generally easier to learn 

than the middle trigrams, this cannot be the reason for the 

lack of effectiveness of the chunking strategy. The present 

experiment is in agreement with the results of Postman and 

hoggin ( 1 bh<>) who found no differences between part and whole 

methods witii P-A lists. It is, however, in disagreement with 

recent part-whole experiments using serial lists which have 

found a small but consistent difference favoring the pure-part 

method over the whole method with low and high meaningful lists 

(hoggin <t Stokes, lhh‘>; Postman A hoggin, I ‘)6h) .

An experiment which paralleled the present one even more 

closely was performed by McLean and tiregg (l‘Jt>7) in which Ss 

had to learn P4 letter lists in serial order. Lxperimenta 1 Ss 

were presented with either '3 , b, or 8 letter chunks while

control bs saw one letter at a time. All experimental groups 

learned the list faster than the control group. The major 

difference between McLean and (Jregg 1 s experiment and the 

present one ls that they presented the stimuli in a horizontal 

array wli i 1 e Liiis experiment- presented the stimuli i 11 a vertical 

arra y. it is believed tha t presenti ng S the s timuli i n a 

vertical array is somewhat confusing to him since this is not 

the customary way that he learns materials and thus chunking 

maLerial presented in this way becomes more difficult. This 

extra difficulty in chunking, it is proposed, compensates 

for the advantage that usually accrues to learning a serial 

list by the part-method so that in the experiment no major 

differences occurred between the experimental groups.
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(ieneral Discussion 

The I'etieral assumption underlying this research is that an 

when required to learn a serial list will attempt to 

complete the task as rapidly as possible and lie nee will 
search for a method or strategy which will extricate him 

from the si tuation with the minimum passage of time and energy.

If the initial strategy attempted is not efficient in meeting 

this condition, he wiLl discard it and formulate and test 

out a now s trategy. This process w i 11 continue unti1 an 

efficient strategy is found and completes the task. This 

information is in agreement with the general theories of Miller, 

halaiiter, and IV i hr arti (ldgo), and lies tie ( 1 dpi') although it 

may not agree with these formulations on specific points.

In line with the altove, the strategy formulation stage was 

short-circuited for the experimental groups in the two experi­

ments reported here in an attempt to determine the efficiency 

of various strategies on the learning of a serial list. In 

the first experiment, strategies were initiated hy the learning 

instructions, while in the second the arrangement of materials 

enc ouraged the use of a "chunk i n g " strategy.

Comparison o 1' the two experiments, to the extent that such 

is poss i hie, suggests that the pos i tlonal and associatioual 

s tra tegi es may he more appropriate (at least wi th mos t ma teri als) 

than is the clustering strategy. Instructions were found to 

he effective in inducing the first two strategies, and the 

instructed groups learned somewhat more rapidly tluin did the



c o n t r o l  g r o u p s *  W h e t J t e r f i n  E x p e r i m e n t  I I  , i n s t r u c t i o n s  t o  

l e a r n  t h e  i t e r n s  i n  g r o u p s  o r  ( h u n k s  c o u l d  i i u v e  h a d  a n y  e f f e c t  

wa.s not .  d e t e r m i n e d ;  r a t h e r ,  t h e  e x p e r i m e n t a l  m a n i p u l a t i o n  o f '  

p r e s e n t i n g  t h e  i t e m s  i n  g r o u p s  w a s  u s e d  a  a a  m o r e  c e r t a i n  w a y  

o f  i n d u c i n g  c h u n k i n g .  I n d u c e d  h y  t l i i s  m e a n s ,  l i t t l e  a d v a n t a g e  

w a s  r t p p a r e n t  i n  t h e  l e a r n i n g  o f  g r o u p s  u s i n g  t w o - i t e m  a n d  f o u r — 

i t * ; m c h u n k s  o n  l o n g  a n d  s h o r t  l i s t s  o v e r  t h e  l e a r n i n g  o f  a p p r o p ­

r i a t e  c o n t r o l s .  T h e  o n l y  o b s e r v e d  t r e n d  w a s  s o m e  t e n d e n c y  f o r  

t h e  g r o u p s  e x p o s e d  t o  t w o - t r i g r a m  c h u n k s  t o  l e a r n  t h e  l i s t  

w i t h  f e w e r  e r r o r s  a n d  a  l o w e r  p r o b a b i l i t y  o f  e r r o r  t h a n  d i d  t h e  

f o u r - t r i g r a m  c h u n k i  n g  g r o u p .

It remains to be determined, however, whether a three- 

trigrarn group might be even more effective and whether the 

c hunk i ng s t ra tegy may be functionally related to character- 

isties of the material. The lew previous studies of chunking 

in serial rote learning have introduced associated materials 

^e.g. Die thorn & Voss, 1U67, Weingartner, 11163} Wright A 

herns tein, 1‘lbS) into a list composed of otherwise unrelated 

items and found more rapid learning for these more easily 

grouped i terns than f'or the res t of the list. This sugges ts 

that the chunking strategy may be dictated by the character­

istics of the materials and may be impervious to the kind of 

perceptual grouping introduced in this study. It may, there­

fore , be a s peci a 1i zed s tra tegy called up by unusual c ircum- 

s tan (' es of 1 i s t <'< > us t rue t i on , hu t one no t likely to be used
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where the arrangement of items on the list follows the usual 

standardized rules, such as those laid down by Millard (l9*>l).

IT, on the other hand, the lack of effectiveness of the 

clustering technique is in part due to the unfortunate choice 

of cluster size used here, then fixture experiments varying the 

size of the spatial grouping might find the clustering of items 

into three-unit chunks to lie a more effective technique than 

chunk sizes of two or' four. Another possibility is that the 

most efficient chunk size is one which is subjectively imposed 

on the list and that any L imposed technique night only retard 

the 1 e a m l  ng of a serial list.

It scrams likely that the spatial grouping of items is 

related to the specificity hypothesis investigated in the 

first experiment. If this is so, the relative ineffectiveness 

of grouping the syllables into two-or four-unit aggregates is 

somewhat understandable, since the formation of in ter-item 

linkages on the medium association level syllables used here 

would fie rather difficult. future research varying the assoc­

iation level of the spatial grouping would aid in a further 

understanding of this problem.

Ih is possibility, tliat it may be the materials themselves 

that induce the chunking strategy, is given credence by the 

finding from the first experiment of a significant interaction 

between the instructional variable and the association value 

of tin* nonsense syllables in the lists. ouch an outcome
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^'HTgos1 s that an important consideration, as b̂ attempts to 

formulate u learning strategy Tor himself, may be the attri­

butes of tile materials to be learned. Subjects, such as those 

comprising the control ('roup in Experiment I, may spend the 

first few trials examining the materials to determine what, might 

bo an effective plan of attack. Where the items are high assoc­

iation syl 1 allies or inouni uptiil terms, the assoc i at i ona I strategy 

mav suggest itself or may come into play even without ia 1 s aware­

ness. A list composed of low association syllables may require 

more scrutiny and some, but not necessarily all, may seize

upon the positional strategy as a possible aid. Where the 

list has a f;n.mp of items implanted together that are inter- 

re la ted in some manner (e.g. , he i as so c iatod where wo rds 

are used, as "burn", "farm", "cow", "milk” ; or rhy*i ng in 

nonsense syllables, as " VAli", "LAH", "DAJt") the clustering 

strategy, so common in free recul1, will come into play.

fh is finding is reasonable since LA tri grama, by the i r very 

nature, provide little basis for inter-item linkages, as 

demanded by tiie specificity instructions. bn the other hand, 

as the trigrams increase in association level, the formation 

of inter-item linkages should become easier, When HA syllables 

are used, the advantage of the position sirategy is lost a id 

the strategies become equally efficient. it seems a reasonable 

extension to predict that inter-item associations are easier 

to form with words and therefore, the specificity strategy
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si iou 1 d have an ad van tage w i t h  words . I t i s puss i t>l e ilia t some 

of the discrepancies in the literature may he explained by 

this interpretation. dome experiments finding evidence for 

tiie specificity hypothesis have used words (e.g., Postman A 

Stark, 19<>7 ; Shuell A Keppel, 19t>7{ Voung, Milaukus A bryan,

1 9 6  j). ut iiers uai ng 1IA trigrains have not found evidence 

unequivocally supporting this view (e.g., hbenhol tz, 19h'j). 

Strange ly enough very few, if' any, of tiie studies investigating 

this problem have used low association value nonsense syllables. 

That this cannot be the entire reason for the reported dis­

crepancies is demonstrated bv experiments using words that 

find evidence for neither hypothesis (e . g . , Jensen A Hohwer,

Young, ld62) or the position hypothesis (e.g., Keppel A 

daufley, 19h^ ; loung, Patterson A bens 0 11, Idb'))* it is

possible that certain procedures necessitate the use of a 

particular strategy to facilitate efficient learning, regard­

less of tiie stimuli used.

In tiie first experiment ds were given specific' experimental 

instructions about how to learn the list. While a few other 

studies have manipulated tiie instructional variable (e.g., 

Jensen, 1 df>2 ; Winnick A Dornbush, 1. db'j) tiiis variable lias been 

relatively neglected. The reaction time data demonstrate 

that it is possible to Influence Ŝ s learning strategy by 

instructions. That this was so for the S—Groups is not at 

all surprising since most people have had practice learning 

s e n  a 1 1 y presented ma t *> r i a 1 (e.g., poems ) by connecting each
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item with the subsequent one. Therefore, it seemed natural 
to S-Group Ss that they should be instructed to learn a non­
sense syllable list this way. That P-Groups followed instruc­
tions is more surprising, since the technique of remembering 
the ordinal position of the syllable on the list is different 
from the way Ss have previously learned serially presented 
material. The novelty of this tecluiique was further shown 
by the reaction of P-Group Ss when instructions were given. 
Many were surprised when they were told that they would learn 
the list more rapidly if they learned the numbers of the 
syllables on the list. A few even remarked, during the course 
of learning, that they were abandoning the instructed strategy 
and learning the list by some other technique. Since the 
effectiveness of instruetionally induced strategies has been 
demonstrated, this technique could prove valuable in future 
research dealing with strategies not only in serial learning 
but other areas of human learning such as paired associate 
learning, coneept formation, free recall, etc.
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TAULE 1

Sourct

Analysis of variance of the mean trials to 
criterion of Experiment I.

Degrees
Sum of of Mean

_________Sauares freedom Square_____ £.
Total
A
(Instructions)
U

(Association) 
Leva 1

A X B
Error

1 5 6 2 .06 

79.49

96.11

73.28
1313.18

89
2

2
84

39.74 2.54

96.11 6.15

36.54
15.63

2 . 34

P

. io<.05 

< . 0 2 5

N. S.
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t a b l e 2
Newman-Keuls analysisi Trials to criterion of Experiment I.

Order (i) (2 ) 13) (4) (5) (6 )
Group s -HA P-LA P-HA C-HA S-LA C-LA

TJ 113 118 125 133 167 179
S-HA - 5 12 20 54 66*
P-LA - 7 15 49 61*
P-HA - 8 42 54
C-HA - 34 46
S —LA - 12
C - LA -

* p ( . 05

Trunc a ted ran^ • n (2) (3) (4)

q * 95 </T ,84) 'In M S error Zi3. 30 52.02 57.22

q.99 (n ,84 \Jn M S error 57.53 65.48 70. 38

(5) (6)
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TABLK 3

Analysis of variance of the mean errors of
Experiment I .

S ourc e
Sum o f 
Squares

Degrees
of

i'reedom
Mean

Square F
To tal 
A
( Ins true t i oiis )
1)

(Assoc ia t ion) 
Leve 1

A X B
Error

5*1115 . 2 9  

3915-02

31*+*l .71

89
2

3757-91 2

43297.59 84

1957.51 3 -80

3144.71 6.10

I8 7 8 . 96 

515.45
3.65

<•05

<•025

<".05
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TABLE 4

Nevman-Keuls analysist Errors of Experiment 1.

Order (1) (2) (3) (4) (5) (6)
Group S-HA P-LA P-HA C-HA S-LA C-LA

TJ 564 583 665 751 948 981

S-HA - 19 101 187 384* 421*

P-LA - 82 168 365* 398*

P-HA - 86 283 316

C-HA - 197 230

S-LA - 33
C-LA -

* P A • 0

Truncated r a n g e ^  (2 ) (3 ) (4) (5) (6)
q.95 (ft *84) /«MS error 248.84 298.96 328.86 349.96 36O.5 I
q . 99 ( r\ *84) JNMS error 330.62 376.3** 4o4.48 1*23.82 428.22



Analysis

Soure a_________
To ta 1 
A
(Ins true tions)

b

(Assoc la t i on 
I,ev« 1 )

A X 13
Error

- 82 -

TABLE 5

of varlancs of ths mean nusibar corrsct 
on tiie first quarter trials 

of Experiment 1 .

bum o f 
Squares

Degrees
of

freedom

144.5512 

l.okik

89
2

Mean
Square

0.5207 N.S

1 .918** 1.918U 1.2028 N.S.

7.61*30

133.977**

2

8k

3.8070 2.3870 N.S.

1.59**9



-83-

Source 
To ta 1 
A
(chunk
B
(list 

A X B 
Error

TABLE 6

Analysis of variance of the mean trials to 
criterion of Experiment I I .

Degrees
Sum of of Mean

__________ Squares______ Freedom_______Square F______
2 ^ 2 5 - 1 2  89

21.61 2 10.31 0.76 N.S.
a ize )

12^6.9^ 1 12^6.9^ 91.02 <\00S
leng tii)

6.18 2 3-09 0.23 N.S.

1150.39 8^ 13-70
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TABLE 7

Newman-Keuls analysis! Trials to criterion of Experiment 11.

Order ( 1 ) ( 2 ) ( 3 ) (<0 ( 5 ) ( 6 )

Group II-S IV-S I-S II-L I-L IV-L

TJ 107 112 120 210 230 2 34

Il-S 5 13 103** 1 2 3 * * 127**

IV-S - 6 9 8 * * 118* * 122* *

I-S - 9 0 * * 110** 1 1 4 * *

II-L - 20 24

I - L - 4

i> -

** P <  . 0 1

Truncated range ( 2 ) ( 3 ) ( * ) ( 5 ) W

q . 9 5  ( A t 8U ) )jhHS error 1*0.55 4 8 . 7 2 5 3 * 5 9 5 7 . 0 3 5 « . 7 3

q . 9 9  ( n , 8 4 )  ^NMS error 5 3 . 8 8 6 1 . 3 3 6 5 . 9 2 6 9 . 0 7 6 9 . 79
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TAHLE 8

bourcg

To ta 1 
A
(chunk
a

(list 

A X b 
Error

Analysis of variance of errors In 
Experiment I I .

Sum o f 
Squares

380500. *40 
8119* 26

size)

2 *41077.38 
lerig th )

57*46. 31 
125557.^5

Degrees
of

freedom
Mean

Square F

89
2 *4059.63 2.72 <.10> .05

2^1077.38 161.28 <-005

2

8*4

2873-16 1.92 
1*49*1.73

N. 9.
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TABLE 9

N«wman-K«uls analysis) errors of Experiment II.

Order (1 ) (2) (3) ( M (5) (6)
Group II-S IV-S I-S II-L 1-L IV-L

Tj 538 586 618 1793 2179 2428
II-S 48 80 1255** 1641**1829**
IV-S - 32 1207** 1593**1842**

I-S - 1175** 1 5 6 1**1 8 1 0**

II-L - 386 635*
I - L 249
IV-L -

* p <  .05

** P < .01

Truncated rang* /X (2) (3) (4) (5 ) (6)

q.95 ( A  »8i0  'JMiS' error 424.5 510 561 597 615
q.99 ( r\ ,84) \|NMS error 564 642 69O 723 730.5
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TABLE 10

Analysis of the probability of an 
error in £xperiment IX.

Source
Sum of 
Squares

Degrees
o f 

Freedom
Me an 

Square_____F_

Total 0.5777
A 0.0303
(chunk size)
B 0.0393
(list length)
A X B 0.0240
Error 0.4841

89
2

2
84

0.0151 2.60

0.0393 6.78

0.120 2.07 
0.0058

 *-----

.i«<>.#5

<••*3

>.a.
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TAbLE 1 1

Nevman-Keuls analysisi Probability of an error of Experiment II.

Order (1) (2) (3) (4) (5) (6)
Group II-L II-S 1-S IV-S 1-L IV-L
TJ 6 .25 6.28 6.34 6.35 7.10 7.50
II-L 0 . 0 3 0.09 0.10 0.85 1 .25*
II-S - 0.06 0.07 0.82 1.22*
I-S 0.01 0.76 1.16*
IV-S - 0.75 1.15
I -L - 0.40
IV-L -

* P < -05

Truncated range AT (2) (3) (4) (5) (6)

q.95 ( n ,84) /nMS error 0.82 0 .99 1 .0® 1.15 1.19
q *99 (r\ ,84)Vn MS error 1.09 1 .24 1.33 1.40 1.41
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TABLE 12

Analysis of the number correct on 
the first quarter trials 

of Experiment II*

Source
Sum of
smu>rw«

Degrees
of

-££U
Mean

Sonars

Total 251.1987
A 13.5776
(c hunk size)
B 18.1530

(list length)
A X B 21.68 39
Error 197*7842

6.7M B  2.8833 .10O.05

l 18.1530 7.7099 ^.01

2
84

10.8419 4.6047
2.3545

<".085
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TABLE 13

Ncwnan-Keula armlysL s 1

Number correct on first quarter trials of Experiment II.

Order (1 ) (2 ) (3) (4) (5) (6 )
Group II-S IV-L IV-S I-S I- L II-L

TJ 34.04 35. 33 40.25 43.52 57.77 65-13
II-S - 1 .29 6.21 9.48 23.73* 31.09**
IV-L - 4.92 8 .19 2 2 .44* 29»8 0 **

IV-S - 3.27 17.52 24.88*

I-S - 14.25 2 1 .6 1 *

I -L - 7-36
II-L -

* P < .05
** P < .01

Truncated range f~[ (2 ) (3 ) ( 4) (5) (6)
q. 95 t A  f84)\Jl$MB error 16.BX 20.20 22.22 23.64 24.35
q. 99 { r\ fS4)^N»S error 22.33 25-42 27-32 28.63 28.93
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