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Traditional approaches to serial learning stem from the
pioneer experimentation of Ebbinghaua (1885-1964). The
materials and methods used by him have provided the paradigm
for most subsequent experimentation, and the development of
the memory drum has allowed for standardization in the timing
and methods of presentation of materials. Until very recently,
moat studies of serial verbal learning have been of the para-
metric type, concerned with the effacta upon learning of vari-
ables auch as the meaningtfulness of materials (e.g., Noble,
1961), degree of fumiliarity with materials (e.g., Lindley,
1960; Noble, 1955), rates of presentation (e.g., liovland,
1938}, the length of lista (e.g., Hovliand, 1940; Hobinson &
Hrown, 1926), instructions (e.g., Sarason, 1957a, bj Sarason
& Sarason, [1957) and methods of learning such as active-
passive or massed-distributed (e.g., lovland, 1939, 1940),
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 has heen sahown in the effects of stress (e.g.,

Kalish, Garmezy, Hodnick & llake, 1958},
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Implicit in moat of these studies is a view of serial
learning foastered in the writings of Lbbinghaus and strength-
eited by concepts trom the work of Thorndike and Pavlov. This
S~-H connectioniat view has explained serial phenomena using
concapts such as stimulus pgensralization, stimulus-trace,
response competition, inhibition of delay, and gradient of
reinforcement., To express thia view in general 3-R terms, it
is assumed that serial learning consists of the formation ot
connections between successive items in the liat. Thus,
each item in the serial list is considered to be the stimulus
tor the next item (which will provide the hasis for the
anticipatory reaponse) so that a chain of direct associative
links is tormed, The stimulus tor the response to each item
in the mserial list is the immediately preceding item, and a
chiain of 5-1! connections is the final outcome of the attain-
ment of the learning criterion. hkvidence ftor indirect assoc-
iative comnectiona was also presented by Lhbinghaus, and such
reamote associations have been analyzed using conditioned-
response concepts such as trace-conditioning and inhibition
of delay {(e.g., ilull, 1935, 1940; Lepley, 1934},

Recent davelopmsenta in experimental psychology 1in general
and in serial learning in particular have effected a change
1n attitude toward the human subject in expourimental situa-
tions. Such a change 1s expressed in an article by Urne
(1962 ) which looks upon the human 3 in any experiment as a

problem-golver, who attempts to figure out what the experinent
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iz all about and to bring to bear the appropriate behavior,.
This view seems particularly pertinent in studies of verhal
learning that use 5a of college age. such 58 bring to the
experiment structured attjtudes toward experiments in general
and probably rote memorization in particular. Hlasically,
they are thinkers and provblem solvers, and they actively
approach serial learning by recognizing it as a problem
situation, not unigque, 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.

Lxperimental studies of serial rote learning undertaken
in the 1960's are beginning to approach this viewpolnt of the
o. such studies have undertaken freshh analyses of the serial
learning proceas and have turned up results that seriously
challenge traditional assumptions about serial learning. They
conastitute a drastic reconsideration of serial learning and
a sharp departure from the viewpoints traditional to such
studies. Genierally, these experiments have asked a basic,
but only recently formulated, guestion: what is the effective
stimulus for serial learning? This question might be reworded:
what strategy or technique does the 3 use to "tie together"”
a liat so that he is finally able to recall all items in the
correct order? Or alternatively, to use Orne's (1962) termin-
ology, one might queation the specific hypotheses that S5 has

adopted abiout how learning might beat be accomplished.
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Of those participating in the recent resurgetice of
intereat in serial learning, Underwood (1967) has made the
distinction between the nominal stimulus and the functional
stimilus, lloth types of stimuli are discriminative stimuli
that might be tied to the correct verhal response. The nominal
atimulus ias the one that the experimenter (E) presents to the
S and which he believes will be used in the verhbal learning
task, while the functional stimulus 18 the one actually used,
whiich is often something added to the learning task. It isa
possible that 5, facing a serial learning task, saya to him-
self (formulates a strategy or plan): "I will try to learn
the list by concentrating on the bheginning syllables first,
then on the middle ones, etc.", or "I will try to learn the
list by making up a sentence connecting the ayllables.”
Underlying any such strategy will be the cholice of a functional
stimulus~~the stimulus actually used to bring about learning,
{or correct 5-R relations).

While not traditionally viewed in this manner, it seems to
this author that the theoretical formulations of Miller,
Galanter, and Pribram {(1960), and Hestle (1902) are compatible
with Underwood's nominal-functional stimulus distinction.

Both of these treatments conceive o0f the Jlearning process as
composed of two basic stages~-the selection of a plan or
strategy for the solving ol the problem and the execution of
this plan. toth theoretical formulationsa also hypothesize

some sort of feedback mechanism whereby the strategy may be



altered if it is found to bhe incorrect. Hestle's qualitative
model (his yuantitative model is a representation of the
discrimination learning procesas and therefore does not apply
to serial learning), since it is to apply to animals as woll
aa human:s, is considerably simpler than that proposed by
Miller, et. al. {1960). In essence, Restle states that the
problem that the organism faces gives rise to a set of strat-
eriea, Ilnittally the organism chooses one ol thesa strategies
inn a random manner and attempts to solve the problem by using
it. it the strategy chosen is inappropriate or not helpful,

the 5 then replaces i1t with anotiier and this process continues

until the task is successfully completed. Miller, et. al. (1900),

aince they are dealing only with human behavior, have formul-
ated a more complex model which is divided into hierarchies

of plans and subplans, A plan is defined as "any hierarchical
process i the organism that can control the order in which

a sequonce of operations is to be performed" (p. 16)., While
thieir aystem 1olluows the cyhernetic model quite closely,

it can be seen as basically similar to Restle's model 1in that
the person ftacing a learning task initially forms an intention
to learn; that is, he executes a plan to form a1 plan to help
him learn. This is tollowed by the formation of a plan to
learn which is in turn executed by the 5 Iearning the task.

it the plan for learning initially formulated by the > is
tnadequate, e abandons 0t and formalates and aubsequently

execntes another plan, IMis process 1s continued untyr ]l the
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task 1is successafully completed.

The formulation of a plan could be viewed as S's choice
of which funictional 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 atimuli keyed to a particular response.
Since most college-age S8 are, in fact, yuite sophisticuted in
typical laboratory-learning situationa, they come to experi-
mernts with a4 large body of knowledge and poessibly some
learned liabiits having to do with the effective cues for learn-
ing. The plan, strategy, or effective stimulus used by any
3 may often he consciocusly chosen by him, may be auggested
by the particular experimental conditions, or may be dictated
by the instructions employed in the experiment,

Inn the gerial learning situation an 53 would initially
form an intention to learn--usually suggested by the E's
instructionas, Then he would form a plan or atrategy of how
to go about the learning task (in Underwood's terminology
he decides which functional satimulus to use while learning
the list). Perhaps his plan would he to learn the list by
connecting the syllables to make a sentence. Then 5 executes
his 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 the list, lhe will discard
it and formulate and execute ancther plan. This proceas is

continued until the list 18 learned.
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A large amount ot literature has accumulated on exactly
what strategies the S5 executes (or what functional stimuli
he concentrates on) while engaged in the serial learning
tamk., Most of the literature has focused upon three possible
functional stimuli. As initially stated by Young (1962},
these arei (1) the immediately preceding stimulus in the
list, (2) a combination of the preceding stimuli, and (3)
the position the item occupies in the list. This first
hypothesis, that each item in a serial liat is the stimulus
for the next word and the response to the preceding word has

heen called the specificity hypothesis by Young (1961). As

mentioned earlier, this hypothesis was uriginally fermulated
by Ebbinghaus (1885-1%64) and until recently has been the

accepted view of the way that serial lista are learned. The
second hypothesias--that the functional stimulus is a combin-
ation of the two preceding stimuli presented to the S--1is an
elaboration of the specificity hypothesis. It is called the

compound-stimulus hypotheasis.

jecause of the way the serial 1ist is constructed, it is
also poasihle for the 5 to learn the smerial list by assoc-
iating the particular itwm with its spatial or temporal
position on the sertal list. That i1s, bescause the liast is
presented in a constant order--the firat item is alwayms first,
the mecond always second, etc.--it is poasible for S to lsarn
whaen an item is coming by lesarning its position in the serial

liat. Al thiough this source of cues hus been recognized by
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experimentera in the past it has not been smtudied systemat-
ically until recently. This hypothesis is called the position

hypothesis.

It mast bLe recognized, of course, that there is a possib-
ility that not one, but a combination ot strategies can he
used to learn the list and that astrategievs other than these
may be employved. Perhaps 5 uses the assuvciations between the
items to learn the enda of the list and uses the serial
position of the items in the middle of the list, OUr astrate-
gies may be changed as experieice in learning the list
indicates the uselessness of one and the potential value of

an alternative strategy.

The Specificity Hypothesis

The specificity hypothesis, as stated, is the view that
serial learning progresses as the immediately preceding word
or ayllable becomes the functional stimulus for the response
of naming the next item in the list. Une experimental
paradigm to test the specificity hypothesis is the serial to
paired-associate (PA)} transfer technique wherehy 35 learns
a serial list of words followed by a A list in which the
s=-H pairs are composed of the adjacent items from the serial
list. [t i8 reasovned that if the specificity hypothesis has
been at work in serial learning, positive transfer should

result, since the associations hetween successive jitems on

the setrial list are maintained in the A task. Un the other
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hand, if some other atrategy was used during serial learning,
dither zero or negative transfer would be expected. Similar
reasoning underlies the studies using PA to serial and serial
to serial tranafer.

Serial to PA transfer.-- In Young's (1959) sxperiment,

each of the items in the PA list was formed by making pairs

out of adjacent itema in the serial 1list 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 58 were required to learn a

serial list of adjectives and then they were transferred to a

PA liast in which each pair of items was in the same sequential
relationship as in the serial list. For example, 1if the firat
four words in the serial list were "awkward, unwell, reported,
better” in the PA liat the first two pairs would be "awkward-
unwell, unwell-reported, etc." If assmociations in a serial

list are formed between adjacent items, then positive trans-

fer should occur between such serial and PA lista. However,

ths 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 tranafer cccurring 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 sxperiments 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 amsociations might interfere in the learning
of a double-function list Young (1962} constructed a single
function list in which each serial item appears ovnly 2s a
stimulus or a responae, but not both, on the PA list., The
single~function list produced a small but significant amount
of pusitive transfer occurring early in learning, but
disappearing as learning progressed.

A atudy by Jenaseaen (1962) did produce a significant amount
of positive transfer from serial to PA learning. The 1(tems
were nine colored geometric tforms on the serial list and
four pairs of forms on the PA list., An important difference
hetween the method used by Jensen and by Young might account
for the differences found by these two experimenters. Jensen
provided instruction about the relationship beiwsen the two
liats. Perhaps just as important, in Jensen's task the
serial list was learned tu three perfect trials and the PA
task was unpaced. This unpaced task could give the 5 time to
go through the liat and thus to anticipate the response cor-
rectly without necessarily using adjacent associations to
learn the list as the specificity hypothesis stipulateasa.
Arguing against this possibility, it has been found that
differential positive transfer did not occur when the antici-
pation interval was varied from 1.5 to 4.0 seconda (Erickson,
Ingram & Young, 19613).

Hlorowi tz and Izawa (19673) have tound that positive
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transfer between a serial and PA list occurs if the adjacent
items have either high forward associative strength {(with non-
adjacent i{items having low associative strength), or if there
is minimal associative strength bhetween all the items con the
list. This did not happen when the items have high backward
associative strength or when there is high asasociative strength
among remote associations. The implication of these findings
is that associative interference (causad 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 liat. However, when there is no such inter-
ference (minimal associations among nonadjacent itema in the
list, but high asasocciation between adjacent items) the
preceding item or combination ot items will be used.

An experiment by Young and Casey (1964) hus cast serious
doubt on these findings. They criticized the findings of
liorowitz and lzawa by pointing out that the controel condition
of their experiment did not control for any non-specific
practice effecta. Using the same adjectives that had shown
the greatest positive transfer for liorowitz and Izawa but
controlling for practice effecta, Young and Casey found only
a non-significant difference in favor of the 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 Urown and Rubin (1967) indicates
that the mere fact that the 5s had had experience with a
serial learning list interferes with PA learning. In their
experiment 58 initially learned a 12-item serial list of
either low meaningfulnesas or high meaningfulneas by the serial
method. After serial learning was completed the list was
broken down into a single-function PA list: with the odd
items the stimuli and the even items the reaponses, Slower
PA learning was fourd after the sarial-learning (SL) task.
They concluded "..,.that previous failures to show significant
positive transfer from 3L to PA learning may not necessarily
reflect... the abaence of sequential associations in 5i.,
but rather the cancellation of positive transfer by inter-
tference from paired adjacent-serial itema. (Urown and Hubin,
1967, p. 555)."

Another recent experiment by Postman and Stark (1967)
reopens the question of whether the aspecificity hypothesis
may be partially adequate to explain the learning of a serial
list. Three grups of 58 were used. For Group Lk, the PA
list conaisted of all the pairs of the adjacent items of the

serial liat. In Group L, the paired associates were composed

R
ot nonadjacent members ol the serial list., Ln addition one-
half of the 5s were instructed about the relationship between
the serial and PA lists while the other half were not.
Finally, each of these s8ix groups learned three different

sets of serial and PA lists, Comparing the number ot correct

tesdpoen=ed on the Pirst trangsfer trial, it was found that
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Group E significantly passed Group C while Group C and Group EH
were not diffarent from each other. Also, instructions aided
the Ss in Grcup E while they had no effect on the other two
groups. That positive tranafer from serial to PA learning

is not a result of response familiarization can be concluded
from the significant differences between Group E and ER. If
responae familiarization were the caumse of positive transfer
theae groupa should not be different from esach other since

they had both learned the same serial lists. Thua, the posi-
tive transfer found in this experiment can he inferred to
result from asrociative transfer. A similar analysis was
performed on the total number of correct responses for 10
tvrials of PA learning. It was reasoned that whatever advantage

Group E.. had from response familiarization would dissipate

R
rapidly so that the effects of negative transfer would become
apparent in later trials. Thias is indeed what occurred since
in this analysis Group E was significantly superior to Group C
which waa significantly superior to Group EH.

The main feature that distinguishes this work from prev-
ious experiments isa the manipulation of the instructional
variable and the method of evaluating transfer. It seema 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.

[Inatructing the control Group and Group EH about the nature
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of the two lista does not aid them in learning the lista
because it does not give them any cue as to how to learn the
material. Thia experiment and one by Shuell and Keppel,
(1967 ) 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 1list.

PA to serial transfer.-- If Ss are initially trained on a

PA list and then tranaferred to a aerial list made up of PA
pairs, significant positive tranafer would he expected by the
specificity hypothesis. These results were found by Young
(1959) Horowitz and Izawa (1963) and Young, Milaukaa, and
Bryan (963). 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 the apecific associations
built up in PA learning can be utilized by Ss in serial
learning. This ims, at beasat, only supportive but not definitive
svidence for the apecificity hypothesis. Because 58 make use
of a cue when it is available does not indicate that 5s will
necessarily choose this cue when several are available.

Serial to serial transfer.-- Another typical method that

has been used is to have selected items from the firat serial
list maintain their same positions while the remainder are
varied. In aslight variation of this method, selected items
from the first lisat shift {in abasoliute poajition but maintain

the same relative poasition, In former case, the specificity
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hypotheais would predict negative transfer since adjacent
items have changed, and the specific associations between
items must first be unlearned from the firat list before new
ones are formed in learning the second liat. Although the
same items are used in the two serial lists, their orders are
changed, thus altering the specific associations between ad-
jacent items., This is comparable to an A-I3, A-B_ paradigm
in PA learning, predictive of negatitve tranafer.

Young (1962) had $s learn two serial lists. On the
second 1list alternate items were jumbled with respect to
list-1 position, whiile the remaining items remained in the
same sSerial position, The items which were in the same
serial position were called 5 items while the jumbled ones
wore called D items. The specificlty hypothesis predicts
negative tranafer for all 1tems, since 5-H sequences are not
maintained, When the > and D items were compared by serial
posi tion, the 5 items were learned faster in the middle of
the list with no differences at either end. Young concluded
that the specificity hypothesia worked at the ends of the
list, while the serial position hypothesis worked in the
middle of the liat.

A similar experiment by Ebeuholtz (1963a) had one group
of Ss transfer to a second list on which alternate items
maintained the same positione (Group 1). A second group
learned a second list in which half of the items were shifted

a minimum of four positions from their 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 Ebenholtz
results showed positive transfer at the middle and end of the
liat but not at the heginning. Thus, the specificity hypoth-
esis was not supported,

kExperiments dealing with tranasfer from apecific sets of
items within a serial liat have presented a different picture,
Battig, Brown and Schild (1964) compared the transfer of three
vigrams located at either the beginning or the middle ot a
12 item 1iat, Three different conditions were used: {a) the
three items remained in the same adjacent positions on the
second list; (h) they were in a changed but adjacent poaition
on tie second list; and (c) they were in the same but non-
ad jacent positions on the second list, A consistent intra-
cluster improvement was found frr the itema in the middle of
the liat but not for those in the beginning of the list,
and there was greater positive tranafer for those itema in
the middle of the list, but not for those in the heginning.
These results favored the speciticity hypothesis but not
conclusively so, because of certaln inconsistencies in the
data,

Another method for testing serial to serial tranafer is
to maintain the sequential order of the original list in
the second list tbut ahift the orig.:nal position ot each item.

I'he apecificity hypothesia predicts little decrement in this
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instance. Young, Patterson and Benson (1963) performed an
experiment in which the Sas learned one serial list followed
by the same list in reversed order. The specificity hypotheasais
would predict negative transfer on all items. DbSince pousitive
transfer did occur on items 4, 5, o and 10, the specificity
hypothesis was rejected. Thus, it can be concluded that
experiments using this method do not favor the specificity
hypothesis,

Both kbenholtz (1963L) and Winnick and Dornbush (19673)
used a method of presenting a serial list which eliminates
the pousgibility of asaociating an item to a constant serial
position. Lbenholtz had 38 learn a list of lU-nonsense
ayllabiles which kept the same sequential relationship on each
trial, but had each trial start with a different item on the
list., The specificity hypothesis would predict no difference
betweeinr this procedure and the standard procedure in which
each item maintains the same serial position from one trial
to the next since the same sequential arrangement is maintailned
on each trial, Since the experimental group took ahout 3G
trials to learn while the control group learned the list in
about 23 trialses, it appeared that the loas of a known beginning
position was a disadvantage and the specificity hypothesia
gained no support.

Winnick and Dornbush (1963) used three different groups.
One group had the same serial posaition from one trial to the
itext; the second group had the serial position changed by onae

in wach trial; the third group had the starting serial position
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varied randomly from one trial to the next. The mean numbers
of trials to criterion were about 12, 16, and 20 for the
three groups respectively. These experiments, while mhowing
that the lists are learned more slowly when the formation of
segquential associations is the only possible method and
favoring the position hypotheajis, demonstrate at the asame
time that it is posaible to learn the lists by using the
specificity hypothesis alone.

In summary, the serial to PA transfer method haa produced
mixed evidence favorable to the specificity hypothesis while
the PA to serial tranafer 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 tov mserial
tranafer methods has beesn unfavorable toc the specificity

hypotheals as an efficient serial learning atrategy.

The Compound-Stimulus Hypothesias

1t will be recalled that the compound-stimulus hypothesies
states that it is possible that a combination of preceding
itema might merve as the cue for the succeeding item. OUnly
a few experiments have been performed to test this hypothesis.
An experiment by Young (1962) utilized the serial tu PA
lJearning paradigm in which the PA list atimuli were composed
of pairs of preceding items from the serial list. Theae
pairs were arranged one on top of the other for simultanecus
presentation., This experiment found negative transfer from

serial to PA learning and it was concluded that the compound-
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stimulus hypothesis was untenable. The procedure of this
experiment was criticized by Horowitz and Izawa (19673)
because the temporal order of serial presentation was not
maintained when the two preceding stimuli appeared asimultan-
eously. To remedy this criticism Young and Clark (1964)
presented the two preceding stimuli sequentially in the PA
task. Using this method aignificant positive tranafer between
the sertal and PA liats was found. Thus, it seems that not
only the preceding item but also the two preceding itema can
serve as cues in serial learning.
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 position of the item
in the list as the basils for an effective strategy for
learning a serial list.

Serial to PA transfer.-- An experiment by Jensen and Rohwer

(1965) supports neither the specificity nor the position
hypothesis, Two experimental conditions were used. In one
condition of PA learning the aserial 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 "...conaisted 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 met of 12

frames was considered the stimulus to which a particular word
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had to be associated (Jensen & Rohwer, 1965, p.70)." The
position hypothesis would predict positive tranafer for Group
1 while the apecificity hypothesis would hypothesize positive
tranafer tor Group 2, Since there was no overall transfer for
oither group it was concluded that neither the speacificity
hypothesis nor the position hypothesis was tenabhle,

Young, Hakes, and Hicks (1967} tested the serial position
hypothesis in the serial to PA-transfer model by using the
ordinal position of the item in the serial task as the stimulus
item in the PA task., In bxperiment 1A the number-item pair-
ings were consistent with those in the serial task while in
bxperiment 1B they were not. No overall transter effect wuas
found in either task but items at the end of the list tended
to vield positive transfer and items in the middle of the
list resulted in negative transfer in kxperiment 1A, In
Lxperiment 10 negative transter resulted for items in the
ends of the list. Some of the 5s in kxperiment 2 were instruc-
ted about the relationship between serial and PA tasks. Such
instruction increased the positive transfer from the euds of
the msertal list and increased negative transfer from the
middle items when the serial position waas the appropriate
stimulus item on the FPA 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 1tem in
the list.

Ih moat of the other experiments, utilizing the serial to
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PA transfer 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 5s must have used the
position of the words in the serial list as the cue for
learning the serial list. However, Postman and Stark's (1967)
demonatration that positive transfer can take place between
serial and PA learning, i1f the measure used is the total
numbier of 1items correct, makes doubtful the validity of this
assumption.

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

the position hypothesis have used the serial to serial transfer
task. The experiments by Young (1962} and ibenholtz (1963},
which have already been discussed, are pertinent at this
point. It will be recalled that Young's experiment supported
the pousition hypothesis for ltems on the ends of the list,
while Lhenholtz found slightly different results; namely
that positive tranasfer occurred in the middle and end of the
list but not at the beginning {(thus not supporting the
specificity hypothesis at all). It must be mentioned at
thia point that any kind of transfer in the beginning of the
list is highly unlikely since very few (if any) errors occur
in the bhbeginning of a serial list.

Although the 3 items were learned significantly faster on
the second serial list, it seema possible that they may have
benefited from mediation between alternate items in the second

l1ist, with the previously learned intermediate item acting aa
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the mediator. This is exactly the 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 occuplied in the first list. More

rapid learning of 5 items would occur if mediation was
involved. In the second group, one=-third of the adjectives
were chosen to remain in the same position while the remainder
changed. Thus, there was a lon-~systematic arrangement of 5
items under this condition, which would make mediation improb-
able; hence, any beneficial effect of these > items could be
attributed to their position. Since the 5 itema were superior
to the D items, one can conclude that the mediational chains
did not occur and position was the cue involved.

Young, Patterson, and itenson (1963) 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 pusition would be learned faster
than those changing their serial position., Thus, the |tems
in the middle of the second list should be learned faster
than those at the ends., The specificity hypothesis would
predict negative transfer on all items, Using an 11-item
list they found that items in position 4,5,6, and 10 were
learned faster than control group adjectives which were
completely changed from list 1 to list 2, Thia 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
hypothesia.

Different Me thiods of sSerial Presentation.-- If the serial

position is a cue for serial learning, then the identifi-
cation of the ordinal position of the item in the 1list should
make the list easier to learn. Jensen and Blank (1962) per-
forimed such an experiment using geometric forms as items
identifying the original position for the S. Since learning
was not wmade easier, they concluded that ordinal position was
not a cus in their experiment.

If the ordinal position of the item is neot a cue then it
might be that the spatial position acts as a cue. Asch, Hlay,
and Diamond (1960) varied different aspects of the spatial
array using onsense ayllables as atimuli, and found that
when the syllables were presented in positions which followed
the contour of a triangle, then there were fewer errors than
when they were presented in the customary way. 'hus, it was
demonstrated that spatial array can act aas a cue tor serial
learning, but can it be a sufficient source of cues for
learning to occur? To anaswer this queastion Ebenholtz (19633)
presented one group with a4 list of nonmense syllables in
varying temporal orders but in the same spatial position in
a vertical arrangement, Since the itema were presented in
varied teuiporal orders, it would he difficult for one item

to act as a stimulus for the next, so the 5 would have to
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depend upon position cues. OSince it was possible for lists
to be 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 Dornbush (1963), which varied the starting
poaition of the list, favored the serial position hypothesis.
Saufley (1967) fullowed a similar procedure in which he
varied the starting position for one group learning an 11-
item liat of adjectivea, and kept the merial position constant
for another group learning the same liast. Once again, 1t was
found that varyvying the serial position of the items retarded
learning. While these experiments do not rule out the
possibility that sequential associationas may develop using
standard serial learning procedures, they do demonstrate
the fact that the difficulty in SL ia substantially increased
by eliminating position as a cue. Thus, it can be concluded
that these experiments tend to show that the serial-position
hypothesis is tenuble.

The Present Study.-- The experiments reported here attempted

to gain further insight into the relative effectivensss of the
atrategies that might be used. The first experiment explored

the rejlative efficlency of the poaitiuvon and specificity strategies
a® induced by instructions for the learning of high and low assoc-
fation trigrama. Reaction time tests were used following learn-
ing to determine whether S had followed the insatructions as well

as to attempt to infer the atrategies that the non-instructed
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control group utilized., It was predicted that the position
instructiona would lead tu faster learning with low assoc-
iantion trigrams, while the specificity itnstructions would be
most efficient with high association trigrams.

The second experiment attempted to determine whether >
could learn a serial list ot 12 or 20 trigrams faster by
torming two and tour unit "chunks" than by learning one
trigram at a time. Thus the list was presented to various
groups of 58 one, two, or four trigramsa at a time. It was
hypothesized that, it grouping was an aid to learning, the
chunking groups would learn the list faster than the group
viewing ovne trigram at a time and that this would be eapec~

ially true for the groups seeing the long list,
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Experiment 1

Tnis experiment undertook to vary the strategies employed
in serial rote learning through the experimental manipulation
of instructiona. Although a few studies have introduced
variations in instructions (e.g., Jensen, 1962; Postman & Stark,
1967; Winnick & Dornbush, 1963; Young, Hakes & Hicks, 1967),
this means of influencing the choice of strategy has been rel-
atively neglected.

In this experiment, the instructions directed one group of
Ss 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 the next. The perform-
ance of these groups was compared with that of a control group,
given standard serial learning instructions. The instructional
stimulus is viewed, in the present study, as having a two-fold
sffect:t it causes S5, 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 inatructiona, then, can both encourage rehearsal and make
suggestions about learning strategies. Un both counta, it was
predicted that, 1f instructions were followed, these groups
should learn more rapidly than controls.

In order to test whether the inatructions were effective
in influencing the strategies employed, associative reaction
time (RT) measures were employed, following the aserial
learning. Subjects were asked: (1) to respond with the first

syltable that came to mind when Kk pronounced a asyllable
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from the list: (test of associational strategy) and (2) to
respond with the appropriate syllable when E pronounced an
ordinal position (test of positional atratagy). It was
reasoned that in the group given the position instructiona the
P-RTs mshould be faster, while with associational instructions,
the A-RTs should he faster.

It was further hypothesized that the effectiveness of
elther strategy would be influenced by the materials to be
learned; to wit, 1if the items themselves are suggestive of
links (1.e., are high in associative value), inastructions to
carry out such linkage should be more effective than where
the items are devoid of such potential. Un the other hand,
low association syllables, lacking the posaibility of easy
associational linkages, might be easier to learn by tying them
to their numerical position on the list., To svaluate these
hypotheses, the three inatructional groups were subdivided
into groups learning lists made up of either high association
or low aasociation items. A significant interaction effect
was predicted between instructions and the association value
of materials.

Me thod

Subjects.-- Ninety volunteer Ss from introductory psych-
ology courses during the summer 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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Experimental Design.-- Six independent groups of S5a were

tested individually. One group was instructed to learn the
list by aascciating each nonsense syllable with the following
one (Group S). The second group was told to learn the list
Ly associating each nonsense syllahble with the number ol 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 S8 in each group were preselited a list com=-
posed ot high association nonsense syllables (HA), and halt
were presented a list of low association nonsense syllables
(LA ). Thus a JIx2 factorial design was employed, withh three
levels of instructions and two levels of associative value,
The six groups were designated as S-HA, 5-LA, P-HA, P-LA,
C-HA, and C-LA.

Apparatus and Materials.-- The stimulus items consisted

ot twe sets ot 122 CVC trigrams selected from Archer's list
{Archer, 1960), The LA sayllaubles were between Y and 41%
association value, while the HA were hetween 773 aund 95%
association value, These jtems were arranged into six lists
(three ilA, three LA} according to the rules set forth by
Hilgard (1951). To control for any possible effects due to
item ordering within the list, three orders ot these syllables
at each level of assuvciation value were formed. The lists
are shown in Table 1. The 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 hetween movements
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of the memory drum to pace recall.

Procedure.-- All Ss served individually, learning the
list by the serial-recall method in accord with a recent
recommendation by battig and lLawrence (1967). 1In this method,
learning trials which exposed the items alternated with blank
exposures during which Se were to attempt recall. DBefore the
first learning trial, each S was given the following modified
standard learning instructiona: "This is a memory test. You
are to learn the nonsense syllables that appear in the window
of this 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 lesarn
them as they appear.”

Then after the 12th syllable was shown and before the
first recall trial, the following instructions were given:
"Now, right after an asterisk has appeared in the window you
are to say what the first avllable ims. Then a blank line
will appear in the window. While that line is there, you are
to say what the second syllable ias; you are to continue in
this manner until 12 lines have appeared in the window. Guess
even if you are not sure."

After the firat recall trial 5 was told: "Now the 12
syllables will he shown to you again for you to learn. This
will agaln be followed by twelve blank lines, The procedure
will continue in this way unttl you have learned all 12

syllables.”
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In addition Group 5 was told: "It has been shown that
people learn this list faster if they form asscciations
hetween the syllables, Il other wordas they associate the
first ayllable with the second, the second with the third,
and so on. rFor example, 1f the first syllable is Z0P, and
the second KlP try to make an association between Z0OP and
Klp., It the third syllable is HUF also try to make an
association hetween KIP and BUL. Hememher, try to form
associations between the syllables."

Group P was told: "It has been shown that people learn
this list faster if they remember the numher of the syllable
on the liat. In other worda, it ZUP is the first syllable,
hlP the secouond and iUt the third, say to yourself 'first is
ZOP, second is KI1P, third is HUF', and learn the entire list
in this manner. RHemember, learn the entire list Ly remember-
ing the number of the poaition that the syllable occupies on
the list.,"

The 38 in Group C were given only the revision of the
standard serial iustructions. I'n addition, every few trials,
during the inter-trial interval, the S5s were reminded of the
methiod that they were to use to learn the list.

After the list was learned, each experimental S was given
two kinds of reaction time tests to determine whether he
had followed the instructionsa while learning the liat. Each
control 5 was also given bLoth reaction time tests in an

attempt to infer the strataegy that he used. The equipment

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

thhe nearest hundredth of a second, When kL read the approp-
riate instructions, he depressed the key and held it down until
> gave a response at which time he removed his finger and
recorded the reaction time, The two sets of instructions

that were given to each 5 were as follows:

A) "Now | am going to test you on how well you have
learned the list, Would vou please tell me which sylilable is
number _?7"

[hese instructions were repeated for each serial position
withi three different orders of numbers randomly chosen,.

1) "Now I am going to test you on how well vyou have
learned the liat, Would vyou please tell me which syllable
comas atter _7"

The instructiona were repeated for each trigram. Three
different vrders o! trigrams randomly chosen were used as
stimuli. All »8 were given both sets of reaction time
instructions., The order of presenting the instructions was
alternated within wvach group to contreol for any order effect.

It would be expected that 38 given P instructions would
make a atronger association hetween the number ot the trigram
on the list and the trigram than between successive trigrams.
This stronger association should be manifested by a faster
reaction time for the reaction time inatructions A than for
reaction time instructions B and Group P should therefore

reapordl to instruction A more rapidly than to instruction s,
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Conversely it would be expected that Group S would make

atronger 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 3 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 S answers incorrectly
to either set of reaction time inatructions there is no way of
knowing how strong the association is. Therefors, only trigrams
which were responded to correctly after both instructions A and
B 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 inatructions were followed,
strong assoclations would be built up bestwesn successive tri-
grams for the 5-Groups and between the number denoting posi-
tion of the trigram on the list and the trigrams for the
P-Groups. Such strong associations should result in faster
reaction times after learning when the "appropriate” reaction
time instructions were glven 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 dats are broken down into type of learning instructions
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{aspecificity or positiun), the type ot reaction times, and
the order of recall for A and LA trigrams. Uf the HA
experimental 5a, 3 out of 30 had faster reaction times
when reaction time instructions were appropriate for the ex-
perimental instructions than when they were inappropriate.
The probability ot this occurring by chance according to the
sign test is leass than 004, When reaction time instructlons
were appropriate for the experimental instructions, 22 out
of 30 LA experimental 5s had faster reaction times than
when the reaction time instructions were inappropriate. The
sign test indicated that the probahility of this occurrence
was less than .00H. 1t would appear that experimental
instructions were followed by most 3s8.

1t was also argued that it would be possible to infer the
Aatratepy that control ss used hy comparing their reaction times
for positiovon and speciticity recall inatructions. Ten of the
15 LA control 3s had faster reaction times when position re-
action time instructionas were used. The probability of this
occurrence is equal to .15, Light ot the 15 HA control 5s had
taster reaction times when specificity reaction times in-
structions were used. The probability ol' this occurrence
1y .50, Theretora, no assumptions regarding the preference
of strategies for the control 5s are warrented,

finally, it can be seen that the second time the S5s were
asked to recall the syliahles their reaction times were faster

than the tirst time they were asked to recall the syllables.
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TAuLe 2

Mean reaction {(in seconds) to position numeral and to preceding item for the
six experimental groups in btxperiment l. JNumbers in parenthesis
(1 or 2) indicate order of testing. Prop indicates

Proportion of syllables correct.

Low Assocliation High Association
specificity Position Specificity Position
Prop RT Prop RT Prop RT Prop RT
Specificity 69/99 4.68(1) 69/99 3.89(2) 30/66 2.69{(1)} 30/66 2.98(2)
lnstructions 37760 F.11(2) 37/66  L.77(1) 06/949  2,59(2) 66/99 3.901(1)
Position 73/99 T.74(2) T3/99  4.13(1) 4a/ve 2.42(2) Ly /66 2,8001)
Instructions 47/66 3.58(1} 37706 1.850.2) o8,/99 3,04{1) 68/99 1.95.2]
Control 48/99 $,1611) 48/99 2,91(2) 30/66  3.13(1)} 39/66 B.2502)
Instructions 42/66 3.5012) 42/0606  3.74(1) 61/99 13,78(2) 61/99 3.52¢1)
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It seems as 1f the Ss did not expect to be teated on their
recall of the syllables and it took some time before they
hecame 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 inastructions,
the effect of differential instructions and assoclation
values may be evaluated by analyzing the trials to criterion,
errora, and number of correct choices on the first quarter
trials by separate 3 x 2 analyses of variance and Newman-Keuls
teasts. To determine whether there were any differences among
lista, two one-way analysea of variance were undertaken, one
for LA and one for liA syllables; no significant differences
ware found to exist among the lista,

Trials to Criterion.-- Mean trials to criterion and

standard deviations tor the six groups are shown in Table 3.
A 3 x 2 analysia of variance, with three types of instruc-
tions and two association values found significance in the
main effect of association valus, F (1,4) = 6.15, p { -025.
(See Table 1 of Appendix for detailed summary of analysis of
variance). This indicates that, as expected, the HA trigrams
were learned more rapidly (X = 8.24 trials) than were the LA
trigrams (X = 10.31 trials). The main effect of instructions
approached significance, F (2, 84) « 2.54, p { .10 > .05,
This suggests that there 1s a tendency for P-instructions to
induce the most effective lewarning strategy and the fastest

learning (E = 8.10 trials), while the control instructions,
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where the S must find his own strategy, resulted in the
sloweat learning (i a 10.40 trials).

In order to determine specifically which of the experi-
mental groups were asignificantly different from each other,
an internal comparison of the cell means was made by the
Newman-Keuls studentized range test. (See Table 2 of Appen-
dix). Group C-LA took significantly more trials to lsarn the
list (X = 11.93 trials) than Group P-LA (X = 7.87 trials),

3 <'.O5. Thus the main reason for the borderline signifi-
cance of instructions is the difference hetween groups C-LA
and P-LA.

Errors.-- Errors {intrusions and omisaiuns), mean errora
and standard deviationa for the three typesm of inatructions
and two association levels are presented in Table 4. The
results of the 3 x 2 analysia of wvariance of the error data
with Instructions as one variabhle and association value,
as the second (mee Table 3 of the Appendix), found signif-
icance in the main effect of instructions, & (2, 84) = 3.80,
p €< -05, the main effect of association value, ¥ (1, 84) «
6.10, p ¢ .025, and the interaction between instructions and
association value ¥ (2, 84) a 3.65, p{ .05. The significant
main effect of association value indicates that, as expected,
more errors were made while learning LA trigrame (X = 55.82
errors) than while learning HA trigramse (i = 44,00 errors).
That the main effect of instructions is significant indicates

that the P-Groups made the fewesat errors (i 2 41.60 errors),
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TABLE 3
Mean trials to criterion (and standard deviationa)

for the six experimental groups ot kExperiment 1.

INSTRUCTIONS
specificity Position Contro}
Low Association 11.19) 787 11.97%3
(4.12) (2.05) (5.80)
High Association 7.53 8.33 #8.87

(3.62) (3.56) (2.67)
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TABLE 4

Mean errors (and standard deviations) for the

Bix experimental groups of kxperiment 1.

INSTRUCTIONS
Specificisy Position Control
l.ow Amsociation 63.20 34,87 65.40
(22.25) (L2.232) (30.44)
High Association 37.60 hi .33 50.07

(18.43) (23.82) (20.14)
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while the C-Groups made the most (i = 57.74 errors). Again
S-Groups are intermediate (X = 50.40 errors) between P-and
C-Groups, Overall, the P-instructions have induced the most
efficient strategy (in terms of errors) while the control
instructions, leaving S to search for a atrategy by himself
weors least efficient. The significant inatructiona by assoc-
iation value interaction indicates that this waa especially
true for the LA trigrams, whereas for the HA trigrams the S-
instructions induced a more effective atrategy resulting in
fewer errors than either of the other instructions., A Newman-
Keuls studentized range teast was performed to determine the
exact locus of the experimental effects (See Tables 4 of the
Appendix). This analysis indicates that the significant
instructions by assoclation value interaction was due to the
fact that in the LA-Groups the P~inatructions resulted in
fewer oerrors (X = 38.87 errors)} than either S-instructions
(X = 63.20 errors) or C-instructions (X = 65.40 errors) B¢ .05,
while in the HA-Groupa there were no differential effects due
to instructions. Thus, it seema that for LA trigrams the
P-instructions induced the most efficlent strategy while for
HA trigrams the type of instructions had no effect.

Number correct on first quarter trials.-- An analysais 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 the number of correct responses
on the sntire list were analyzed. Mean number of trigrams
correct and standard deviations for the first quarter of
learning are found in Table 5. The results of an analysis
of variance (see Table 5 of Appendix) found no aignificant
differences among any of! the means. The most probable
reason for the discrepancy between these results and tliose
toeund by Poatman and Stark (1907) lies in the different
procedures used. Postman and Stark utilized a PA to serial
learning transfer procedure while thisa experiment used a
procedure which induced various learning atrategies by means
of different instructions, Apparently any strategy induced
bty a4 PA task can be tapped early in serial learning whereas
the differential effectivenesa of wvarious instructional
atrategies doesa not appear until later in lTearning,.

Melton curves.-- Melton curves were tormed by cenverting

data into trials taken to reach successive criteria (three
learned, six learned, etc). This permits a cuomparison of
the learning curves ot groups dJdiftering in numbers ot trials
to reach criterion; these curves, shown in lFigure 1, indicate
that the group learning LA trigrams by position instructions
wius constantly ahead ot all other groupas throughout the
course of learning except for the group learning the HA list
Ly specificity instructions. In all other cases HA-Qroups
learned the list more rapidly than Lia-Groups.

serial pusition curveg.-- sarial position curves for i{A-
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TAIILL §

Mean number correct (and standard deviations)} on

the tirat quarter trials for the 9ix

experimental groups ot bLaneriment 1.

INSTRUCTLIONS
Specificity Position
Low Associatiouin .02 2,89
(1.15) (1.137)
High Associatioun 3. 14 2.78
(1.18) {1.06)

Control

2.87
(0.91)

L.70
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Fig. l1l.-- Melton curves, showing triala to reach successive

criteria of learning, for the six groups of Experiment 1.



iz

——

ORREC
b

o~

WoRrDS,

OF

NumgeR

Fleure 1

- o e

-
-
-



~hb .
and LA=Groups are shown in rigures 2 and ) respectively. It
can be aeen from Figure 2 that the shape of the curve for
Group S-ila 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 if the 3s learned the list
by the specificity instructions; that is, it each 5 made a con-
nection between vach pair of syllables one would expect the
beginning ot the list to be learned most rapidly with more
and more difficulty occurring as the 5 gets [further and
tfurther into the list, The serial posiition curves for atll
low association syllables, on the other hand, are more like
the typical inverted U shaped 5 F curves the ends showing
lewer errors, the most errors occurring in the middle of
the list,

Discussion

Two tindings from thils experiment seem worthy »f further
note. Firat is the efftfertivanuwsas of instructions in influen-
cing 3's learning strategy. Most of the experimentation
performed up to the present has been concerned with determin-
ing the strategy that 58 prefer to use rather than comparing
the relative efficiency of various strategies (e.g., ULrown
& Rubin, 1967; Keppel & Saufley, 1964; Young, 1961). The
present experiment, on the other hand, is an attempt to com-

pare the effectiveness ot the apecificity and position hypoe-
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Fig. 2.-« Serial position curves showing the percentage of
errors for each serial position, for the three HA-Groupes of

txperiment 1.
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Fig: 3.~- Serial position curves showing the percentage of
errors for each serial position for the three LA-Groups of

Experiment 1.
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theses as induced by instructions. Although previous ex-
periments 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<instructed) learning (e.g., Dornbush & Winnick,
1967; Eagle & Leiter, 1964; McLaughlin, 1965; Mechanic &
D'andrea, 1966; Somners, 1967; Winnick & Lerner, 1963) to
provide a basis for differences in motivation (e.g. Baron,
1967) to provide information or misinformation about the
learning situation (e.g. Holden & Rotter, 1962; Miller &
Lakso, 1964; Taylor, 1966). The present experiment, by
contrast, has provided instructions about specific procedures
that are to be used to accomplish learning. 7That the inatruc-
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 FP-
Groups built up stronger associations between the number of
the trigram on the list and the trigram than betwaen successive
trigrams, Furthermore, the significance of the instructional
effect in the error data as well as the borderline aignificance
of the overall instructional effect on triala to criterion
indicates that the specific suggestion of a strategy provides
these Ss with something of an advantage over the control Ss.

One pcossible explanation for these findings is that

giving 5 instructions about how to learn the list allows him
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to start learning the liat without having to search for a
strategy. He would then learn the 1list more rapidly than if
he had searched for a strategy, as long as the inastructed
strategy is not one which would hinder learning. Thus, both
instructed groups in thia experiment learned the list equally
as well and more raplidly, with fewer errors,than the C-Groups.
On the other hand, 1f either of the induced strategies i=s
more efficient than the other in thia situation, this would
become evident by differences between P-and S~-Groups,

The Newman-Keuls analyses do not give svidence 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 differ from each other indic-
ating superiority of position inastructions for the LA 1liat.
The first interpretation, on the other hand, ias supported by
the Newman-Keuls analysis of the trials to criterion data
which show that Group C-ILLA took significantly more trials to
learn the 1list 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 inatructions) is function-
ally related to the characteristics of the materials to be
learned. That this was the case in the present experiment is
indicated by the significant interaction between inatructions
and materials for the error data. This significant inter-

action revealed first that position instructions were more
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effective than specificity inatructione with low association
trigrams, Secondly, neither strategy was found to be more
effective for high association trigrams. This finding is
quite understandable. Low sasociation trigrams, by their
very nature, provide little basis for the inter-item link-
agus demanded by the specificity atrategy. The existence of
numerical position in the list is therefore a feasible aid.
As trigrams increase in association value, it should become
easier to form inter-item linkages aso that when high assoc-
iation trigrams are used the advantage of the position strategy
is lost and the strategies are ol equal efficisency. It seems
reascnable to predict that inter-item linkages would he
easier to form with words than trigrama and therefore the
position strategy should have no advantage when words are

used.
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Experiment II

The second experiment explored a potenttial strategy that
has not as yet been accorded much recognition., This 1ie the
possibility that, although he is tnstructed to anticipate
individual items, S may gruup them together into larger
perceptual units such as have bheen found in experimental
studies of free recall. (e.g., Tulring, 1962).

Based on the experiments of Miller (e.g., 1956), it smeems
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 (Weingartner,
1963; Wright & Bernstein, 1965) have come close to this idea
Ly showing that when associated items are inserted in a serial
list as a cluster, these items are learned more rapidly than
unassuvciated items. A recent experiment by Diethorn and Voass
(1967) inserted a four-unit chain of normative associations
(e.g., cottage, cheese, 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 itema. Uased upon
his results, Kaufmann suggests a possible atrategy in which
"ee25 divides the liat into groupings, attempts to memorize

their order, but organizes the groupings themselves into
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subjectively meaningful units (p. 699)"., The second exper-
iment examined this strategy for spatial groupings of itemas
hy the procedure of presenting the experimental lists in
item-groupinga rather than one Ly one. It was expected that
the 58 wiio are presented trigrams two or four at a time might
have an advantage over those being presented one at a time.
Il addition thisa advantage should be greater with long liasts
than with short lists,
Me L hod

subjercts.-—- hinety volunteer 58 from introductory courses
duringe the summer session at wueerns Uollege participated in
the experiment, They were naive a8 to Serial rote learning
atd were individually assigned to one ot the six groups in

thhe order of their appearance,

Lxperimental Design.-- Six independent groups of b8 were test-
ed individuatly., Three sizes of proup cluster were used. In

Gtrouy !, the trigrams were presented one at a timei; tn Group
11, the trigrams were presented in twosm, in Group IV the
trrigrams were presepnted Pour at a time, Half of the 538 in each
proup were presented a short list composed of 12 trigrams
{Group ») wand hialt were presented a long list composed ot

20 trigrams {(Group 1), Mus, a 3 x ¢ lactoriral design was
employed, with grouping as one dimension and size o!f list as
the second, The six groups were designated as 1-5, TI-L, II-5,

11-1., IV-5, and V-1,

Apparatus and Materials,-- l'he stimulus items and lists
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were prepared as in the tirst experiment, except that syllables
of medium associative value (between 45 and 65%) were used.
Three lists of each size were formed to control for any poss-
ible effecta due to list order. The lists are siwown in Table
6, The materials were typed in capital letters on standard
memory drum tape and presented on a Lafayette memory drun.

The syllables for the control piroups ((ir‘uups l-5 and I—L)
were presented at an interstimulus tnterval of two seconds
for bothh learnity; and recall trialsa. For Groups 1l1-=3 and 11-L
each cluster was presented ftor four seconds and for Groups
[Vo5 and |V-L each cluster was presented for eight seconds
and there was a total exposure time of 24 seconds for the
short list and 40 seconds for the long list, hereby controlling
the amount of time each syllable was presented (2 meconds).
Procedure.-- The procedure was the same as in the firsat
experiment except that all groups were given the modification
of the standard serial learning instructions. When the
syllahlea were presented two or tfour at a time this was in-
dicated to them in the instructionst "I'his is & memory test.
You are to learn the nonsense syllables that appear in the
window ot thia machine in the right order as quickly as you
Caali, Whien « start the machine the sylluables will appear in
the window one after another (two at a time, four at a time)
until 12 (20) have heen shown. Try to learn them as they
appear."”

bhetore the ffirst recall trial the instructions were also



(1)
GLY

TUD

FAW
Lt
NUP
Jis
DAK

Hau b

VL

Wl

PAJ
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TABLE 6

The three short and three long lists used

short Lists

(2)
DAk
LLN
Lt
TULD
PA
wlC
GrY
NUP
FAW
J1s
Hi I3

VUL

(3)
w O
A
Ll k¢
TUD
41N
FAW
ik B3

VUL

[FARK
GiY

NUP

in Experiment

11.

(1)
CLP
QL
vuL
LAk
JIs
WOl
LEK
iAW
1IN
TUL
Gy
Joll
Qi
YAT
NUP
Hi i
VIib
TOF
PAJ

Wlis

long Lists

(2)
TUL
WO
Jis
CLp
YAT
Juli
LIN
VUL
GLREY
VALK
TN
NUP
LI}
FAW
Vib
UL
WUs
PAJ
wIC

Hi

(3)
JlIs
Hish
FAW
TOF
Vil
GrY

PAJ

glcC

LA

~NUP
YAT
JUH
Z1IN
VUL
DAR
CLP
WOl

T
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somewhat modified: "Now, right after an asterisk has appeared
in the window you are to say what the first ayllable is. Then
a blank line will appear in the window, While that line is
there you are to say what the second syllable is bhefore a
second line appears. You are to continue 1in this manner saving
the syllables one by one until lines have appeared for all 12
(20) syllables. Guess even if you are not sure."
Resulta

The effect of the three different sized chunks and liat
length on trials to criterion, errors, the probability of an
error and the number correct on the first guarter trials was
analysed by separate 3 x 2 analyses of variance and Newman-
Keuls 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 aize 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 deviationa for the
three chunk sizes and two list lengths can he 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 (1,84) = 161.28, p ¢ .005, the long list
showing more (X = 142.22) errors than the short list (X = 138.71)

Qrrors. In addition the main effect of chunk size approached
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TAILE

7

Mean trials to criterion {and standard

deviations) tor the six groups

of kxperime

Liat short
Length

Long

nt 11,

(1)
8.00
(2.59)

15.737

(4.82)

Chunk Size

(2)

7.23
(1.47)
14,00

(4.473)

7.45
(2.85)
15.60

(4.29)
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significance, F (2, 84) £ 2, 72, p <.107 .05. A Newman-
Keuls studentized range test waa performed to determine
specifically which ot the six groups were significantly
different from each other (see Table 9 of Appendix). It can
bhe seevn 'rom this table that each of the short lista resulted
in fewer errors, p ( 31, than each of the long lista,. In
addition it appears that Group ll-L made fewer erroras

(I = 119.573 errors) than Group LV-L (I = 161.87 errors)

p ¢ <05, Thus, it appears that the borderline significance
ot chunk atze in the attalysis af variance was caused hy a
more efficient strategy heing induced when > suw two syllables
At a time than when he saw four ayllables at a time.

Probability of error.-- »sSince a large proportion ot the

total variance in the analysis of errors was attributable to
the main effect of list length it was believed thiat i§{ the
effect waa controlled, a more sensitive test might result,
[t is possible to control for the numbher of syllables on the
list by calculating the probability of 5 making an error with

the follouowing tormula:

Total number of errors

Total number of Trigrams

The total number of trigrams is found for each S by multiplying
the number of trigrams on the list (12 or 20) by the trials

to criterion for that 5. The mean probability of an sarror



List

Length

-b]=

TAbBLE

e}

Mean errors {and standard deviations)

for the six groups in

Lxperiment 11L.

Short

Lorngr

(1)
41,20
(15.81)

1h5,27

(47.25)

Chunk Size

(2)
15.87
(10.68)

L9, 57

{(hu.79)

(&)
39,07
(18.34)

161 .87

(54.,138)
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and standard deviation for each of the six groups can he found
in Table 9, The 3 x 2 analysis of variance of these data
(Table 10 of Appendix) found the main effect of 1list length
to be significant £ (1, 84)= 6.78,p ¢ .025. 7This indicates
that more errors are made per syllable on long lists than on
short lists (mean probability of an error is 464 and ,422
tor the long and short lists respectively). The main ettect
of chunk size angain approached significance, I (2, B4) =
2.60, p < LlO > L,05. As can be seen from the hNewman-Keuls
analysis (see Table 11 of Appendix) this i3 once again
attributable to the significant difference between Group [V-L
(:'E = .500) and Group I1-L (X = .417), p  -05.

Number correct on first gquarter trials.-- Mean number

correct on the first quarter trials and standard deviations
tfor each of the six groups are found in Table 10, Analysis
0! variance ot these data can be found in Table 12 of the
Appendix. From this table i1t can be seen, once again, that
the main effect of list length is signif‘icant,_ﬁ*_‘(l, B4} =
7.7099, p < 01, Thus, it can e concluded that by the first
quarter trials the long list already results in significantly
more correct resporses (; = 3.52 correct) than th. short list
(X = 2.62 correct).

Another consistent result is the main effect for chunk
size, which again approaches significance r (2, 84) = 2.8833,
p ¢ .10 > ,05. The consistency of this result across the

various measures strongly sugpgeatas that future researcihh be
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TAYULE 9

Mean probability of error (and standard deviations)

for the six groups in hxperiment IL.

(1)
Liast short 04273

Length (0.068)

Long Qb7

{(0.057)

Chunk S5ize

(2)
0.419

(0.074)

0.417

(0.075)

(4)
0.423

{(0.084)

0.500

(0.075)



~60-

TABLE 10

Meant number correct (and standard deviations)

on the tirst quarter trials for the

aix groups ot bkxperiment ll,.

(1)
lList short 2.0
Length (t.olb)
Long J.H5
(1.39)

Chunk Size

{2)
2,27
(I.L’(J)

b3

(L.88)

(4)

. UH

e

(1.473)

e

. 3o

(1.19)
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performed analyzing and controlling additional aocurces of
variance. From Table 10 it can be smeen that those groups who
saw one trigram at a time had the most correct on the first
quarter trials (} = 3.37 correct) while those who saw four
at a time had the fewest correct (i 2 2.52 correct). For the
first time a significant interaction occurred, F (2, 84) =
4.6047, p < .025. That this results from Group I11-S getting
the fewesat trigrams correct (i s 2.27 currect) and Group I1-L
getting the most correct (X = 4.34% correct) can be seen from
Tablea 12 and 13 of the Appendix. The latter Table shows the
Newman-Keuls 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 L, It
call be seen that as early as the first criterion (trials to
get 1/4 of the trigrams correct) there is a separation hetween
the two list lengths and that the L-liast 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 that this superiority was maintained (although
not to a significant degree) throughout the learning taak. It
appears that showing the S two trigrams at a time allowed him
to use the atrategy of chunking the L-list trigrams intoc two-
syllable trigrams, which functionally reduced the size of the
list. Why this did not occur in the S-liat is not known.

Serial position curves.-- Curves showing the percerntage

of errors at each serial position for each ovf the six groups



¥ig. b.-- Trials to successive criteria for the six groups

of Experiment I,
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are shown for the L-liast and the >-1ist in rigures 5 and 6
respectively, It will be noticed that for Groups II and 1V
the curves are drawn in suchli 4 way as tov indicate the number
of trigrams that were presented to 5 at one time. The searial
position curves for Uroups 1-3 and l-L appear tuv be typical
curves which have the area of greatest difticulty in the middle
ol the list, Whnile this is 8till basically true for the other
groups, in Groups 1V-L and IV-8 smaller four-~unit sertal pos-
ition curves have ovccurred within the larger serial position
curves, That is, for almust every four-syllable perceptual
unit, the first and last trigrams are learned more rapidly
than the second and third trigramas. The result of this is a
rather irregular overall curve with low peoints corresponding
to the end syllabhles of the smaller curves and high pointa
corresponding to the middle ot the smaller curves.

Discussion

The objective of this experiment was to determine whether
chunking syllables into two-or four-unit aggregates would he
more eflicient than learning them individually, and whether the
chunking advantage would be greater for lists of 20 syllables
thhan lista of 12 syllables,. The chunking strategy was induced
by the particular method of presentation rather than by
instructions, as was the case in bkxperiment [, The technique
of presenting groups of syllables appears to have been
eftoctive in inducing 38 to group items and to attempt to

learn by cimnkitryr, I'tis is indicated by tihoe serial position
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Fig. 5.-- Serial position curves for the long liats of

Experiment IIL.
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Fig. 6.-- Serial poaition curves for the short liats of

Lxperiment I,



F(GURE 6A

Brcent Erre RS

T T T T I M Ml i IRg
1 2z 2 4 5 3 7 ‘2 2 o I b I

SEF? 1AL i%s;.l 1ION

CHUNK Size: 1



FiGure 6B

EBrcent Errops

T L] I LB L] N L T L
! z 3 3 = . T B8 9 lo "

SeriaL  Féorfion

CHUNK Size : 2.



EREQQS

FE)EFZCENT'

Feure ©OC

T 3 1T 3 < 5 & 5 o
2 [ S R P2

SERlAL %SlﬁoN

ChuNk Size : 4



~68-

curves. lHowever, although chunking was attempted, it did not
prove to be an effective aid to learning.

Al though tihe main effect of chunk size never reached an
acceptable level of significance, the conaistency of the
findingas necessitates that it he diascussed. GUrouping 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 hasia of previous re-
search which fuund that highly associated itema inserted into
a serial list are learned more rapidly than uilassociated items
(e.g. Diethorn & Voss, 1967; Weingartner, 19673; Wright &
Bernstein, 1965). OUn the other hand, grouping the syllables
into four unit-chunks resulted in the most errors with the
greatest probability of error. Hoth the significant inter-
action occurring in the analysis of the number correct on the
first yuarter trials and the Melton curves indicate that
this was especially evident for 38 learning the long list,
Why should a chunk aize of four cause the moust errors and the
greatest probability of error? 5ince a search of literature
failed to reveal any explanation for this phenuvmenon, experi-
menter observations and introspective remarka of various 3Se
are the only source of information avallable. 1t meema that
58 shown four trigrams at a time bhecame very confused about
what they were supposed to do. Lk had to repeat the instruc-
tiona more often to these Ss than to Ss in other groups, and

even then many 5s atill appeared to be confused about what
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the task required, It is proposed that future research be
performed to help clarify the source of confusion, An ex-
periment including groups learning three-syllaible chunks of
varying association value would help clarify the situation.
There may be a functional relationship bhetween the ability
of 33 to learn lists by forming chunks ot various sizes and
thie type of list presented tothem. Findings from Experiment I
suggest that chunking (which is what 38 instructed to learn
the list by the speciticity method may be doing:) may he more
ettective for HA than tor LA trigrams. uture research
having 5s learn lists of varying association levels and
various chunk sizes would help 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 ftact he considered to be a variant
ot part learuniny; and possibly subject to aome o! its dis-
advantages, In part learning the entire liat is divided
into smaller sections and 5 learns one section hefore proceed-
ing to learn the next section and so on until the entire liat
is learned. This is quite similar to what is required of Ss
learning by the chunking method.

Une digsadvantage of the part method is the difficulty in
connecting the separate parts (McGeoch & Irion, 1952). 1f
this were a factor in the present experiment, the beginning
tripgrams of the chunks for Group [V should have a greater

proportion ot erroras than tihe middle trigrams. Since the
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heginning trigrams were, in fact, generally easier to learn
than the middle trigrams, this caniiet be the reason for the
lack of effectiveness of the chiwnking strategy. The present
experiment is in agreement with the results ot Postman and
Goggin (1966) who tound no differences between part and whole
methods with P-4 lista. 1t 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
(Goggin & Stokea, 1Y69; Postman & Goggin, 1964).

A experiment which paralleled the present one even more
closely was performed by McLean and Gregg (1967) in which os
had to learn 24 letter lists in serial order, Lxperimentzl 35s
were presented with either 3, 4, 6, or B letter chunks while
control 5s saw one letter at a time. All experimental groups
learned the list faster tiwan the control group. The major
difference hetween Mclean and Gregg's experiment and the
present one is that they presented the stimuli in a horizontal
array while this experiment presented the Stimuli in a vertical
array. it is helieved that presenting 5 the stimuli in a
vertical array is somewhat confusing to him since this is not
thie customary way that he learns materials and thus chunking
material presented in this way becomes more difficult. This
extra difficulty in chunking, it is proposed, compensates
for the advantage that usually accruesa to learning a serial
list by the part-method so that in the experiment no major

drtterences occurred betweoen the experimental proups,
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{reneral Diacussion

The general assumption underlyving this research is that an
2, when required to learn a serial list will attempt to
complete the task as rapidly as possitbile and hence will
searcit for a method or stratepy which will extricate him
from the situation witih 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 new strategy. This process will continue until an
efficient strategy is found and 3 completes the task. This
information is in agresment with the general theories of Miller,
Galanter, and Pribram (1960}, and Hestle (1vo2) al thiough it
may not agree with these formulations on specific points.

In line with the above, the strategy fouormulation stage was
ahort-circuited tor the experimental groups in the two experi-
ments reported here in an attempt to determine the efti1ciency
aof various strategies on the learning of' a serial list, In
the first experiment, strategies were initiated by the learning
instructions, while in the second the arrangement of materials
encouraged the use of a "chunking" strategy.

Comparison ot the two experiments, to the extent that such
is possible, suggeasts that the positional and associational
strategies may he more appropriate {at least with most materials)
than is the clustering strategy. Instructions were found to
be effective in inducing the first two astrategies, and the

instructed groups learned somewhit more rapidly than did the
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control groups., Whether, in bxperiment 11, instructions to
learn the items in pgroups or chunks could have had any effect
was not determined; rather, the experimental manipulation of
presenting: the items In groups was used a8 a more certain way
ot inducing chunking, Induced by this means, little advantage
wias apparent in the learning of groups using two-item and four-
item chunks on long and short lists over the learning ot approp-
riate controla, The only obhserved trend was some tLendency for
the groups exposeaed to two-trigram chunks to learn the liat
with tewer errors and a lower probability of error than did the
tour-tripgram chunking group.

1t remains to be determined, however, whether a three-
trigram group might be even more effective and whether the
chunking strategy may be functionally related to character-
1stics ot the material, The f'ew previous studies of chunking
in serial rote learning have introduced associated materials
le.g. Diethorn & Vosa, 1967; Weingartner, 1963; Wright «
Bernstein, 1965) into a list composed of otherwise unrelated
items and found more rapid learning for these moure easily
grouped items than for the rest of the list, This suggests
thhat the chunking strategy may he dictated by the character-
istics ol the materiuals and may be impervious to the kind of
perceptual grouping inhtroduced in this study, It may, there-
fore, be a specialized stratepry called up by unusual circum-

atances of tist construction, but one not likely to be used
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where the arrangement of itemsa on thez list follows the usual
standardized rules, such as those laid down by Hilgard (1951).

1, on the other hand, the lack of effectiveness ot the
clustering technique is in part due to the unfortunate choice
of cluster size used here, then future experiments varying the
aize of the spatial grouping might {ind the clustering of itLems
into three-unit chunks to he a more effecltive technique than
chunk sizes ot two or four, Another pussibility is that the
mogt efficient chunk size is one which is subjectively imposed
on the list and that any L imposed technique might only retard
the learning ol a4 serial list.

It seems likely that the spatial grouping ot items is
related to the specificity hypothesis investigated in the
firat experiment. It this is so, the relative ineffectiveneas
of pgrouping; the syllablea into two-or four-unit aggregates is
somewhat understandable, since the formation of inter-item
linkages on the medium association level syllables used heare
wolltld he rather difticult, Future research varying the assoc-
iation level of the spatial grouping would aid i a4 turther
understanding of this problem,

This possibility, that it may be the materials themselves
thhat induce the chunking strategy, i8 given credence by the
finding from the first experiment of a significant interaction
Letween the instructional variable and the association value

of tlie nonsenge avilables in the listsa, Snch an outcome
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siyprpesta that an important consideration, as 5 attempts to
formulate a learning strategy for himself, may be the attri-
butes of the materials to he learned. Sub jects, such as those
comprising the control group in bxperiment I, mav spend the
first few trials examining the materials to determine what wmipght
be an effective plan of attack, Where the items are high assoc-
intion syltlables or meaningtul terms, the associational strategy
mity sugegeat itselt or may come into play even without 5'8s awara-
Nedgs, A list composed ol Jow association syllables may require
moere scrutiny and some, but not necessaritly all, 58 may seize
upon the positional stratepy as o possible aild. Wihoere the
list tia o group of 1tems implanted together that are inter-
related in some manner (e.g., being associated where words
are used, as "barn", "farm", "cow", "milk"; or rhyming in
nonsense syllables, as "VAI", "Lall", "DAR") the clustering
stratepy, so common in free recall, will come into play.

This finding is reasonabile since LA trigrams, by their very
nature, provide little bhasis for inter-item linkages, as
demanded by the sapecificity instructions,. Un the other hand,
as the trigrams increase in asgociation level, the formation
ol inter-item linkapges should hecome easieoer, When liA syllablea
are used, the advantage of the position strategy is lost aad
the strategies become equally efficient, [t seemas a reasovnable
extension to predict that inter-item associations are easier

to form with words and therefore, the specificity strategy
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should have an advainitage with words. It is possible that some
of the discrepancies in the literature may be explained by
this interpretation. some experiments tinding evidence ftor
the specificity hypothesis have used words (e.g., Postman «
stark, 1967; Shuell « Keppel, 1967; Young, Milaukas & bryan,
1963} . Gtihers using A trigrams have not found evidence
unequivocally supporting this view (e.g., Lkbenholtz, 19673).
Strangely onough very few, if any, ot the studies investigating
this problem have used low association value nonsense syllables.
That this cannot be the vntire reason for the reported dis-
crepanciaes ta demonstrated by experiments usiiy: words that
find evidence for neither hypothesis (e.g., .Jensen & Hohwer,
1965; Young, 1962) or the position hypothesis (e.g., Keppel &
Saufley, 196h; Young, Patterson « llenson, 1963). It i=s
possible that certain procedures necessitate the uso ot a
particular strategy to tacilitate efficient learning, regard-
lesa ot the stimuli used.

In the irst experiment 39 were given 8pecific experimental
ingtructions about how to learn the list, While a f'ew other
studies haves manipulated the instructional variable {(e.g.,
Jensen, 1962; Winnick 4« LDornbush, 1964} this variable has been
relatively neglected. The reaction time duta demonstrate
that it is possible to influence 5a learning strategy by
instructions. That this was so for the 5-Groups is not at
all surprising since most people have had practice learning

gqerially presented material (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 inatructed 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 technique was further shown

by the reaction of P-Group S8 when instructions were given.
Many were surprised when they were told that they would learn
the liat 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 atrategy
and learning the liat by some other technique. 3Since the
effectiveness of instructionally induced strategies has been
demonstrated, this technique could prove valuable in future
research dealing with atrategies not only in serial learning
but other areas of human learning such as paired aassociate

learning, concept formation, free recall, etc.
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TABLE 1

Analysis of variance of the mean trials to

criterion of Experiment I.

Degreen

Sum of of Mean
Source Squares Freedom Square F P
Total 1562.06 89
A 79.49 2 39.74 2.54 ,10¢<.05
(Instructiona)
B 96.11 1 96.11 6.15 {.o025
(Association)

Leval

A X B 73.28 2 36.54 2.34 N.S.
Error 1313.18 84 15.63



Newman-Keuls analysis:

Order (1) (2)

Group S-HA  P-LA

TJ 113 118

*2(.05

Truncated range [}

5
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TABLE 2

Trials to criterion of Experiment I.

(3) (4) (5)
P-HA C-HA S-LA

125 133 167

12 20 54
7 15 ho
- 8 L2

- g1
(2) (3)

q.95 (/T +84) Yn M S error 43.30 52.02

Q.99 (fT , 84 Yn M S error 57.53 65.48

(6)
C-LA
179
66%
61%
54
46

12

(L) (s)
57.22 60,89

70.38 73.75

(6)
62.73
74.51



Analysis of variance of the mean errors of
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TABLE 1

Experiment I.
Degrees

Sum of of Mean
Source Squares Freedom sSquare F P
Total 54115.29 89
A 3915.02 2 1957.51 3.80 .05
(Instructiouns)
B 3144.71 )} 3144.71 6.10 <.025
(Association)

Level

A X B 3757.91 2 1878.96 3.65 (.05
Error 43297.59 84 515.45
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TABLE 4

Newman-Keuls analysia: Errors of Experiment I.

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

Group S-HA  P-LA P-HA C-HA S-LA C-LaA

TJ 564 583 665 751 948 981

S -HA - 19 101 187 84%  L21*

P-LA - 82 168 J65* 398#%

P-HA - Bo6 283 316

C-HA - 197 230

S-LA - 33

C-LA -

» p £ .05
Truncated range n (2) (3) (&) (5) (6)

4.95 ({1 .84) {NMS error 248.84 298.96 328.86 349.96 360.51
q.-99 (M .84) JNMS error 330.62 1376.34 L4o4 .48 423,82 428,22
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TABLE 5

Analysis of variance of the mean number correct

on the first quartsr trials

of Experiment 1,

Degrees

Sum of of Mean
Sgurce Sguares Freedom Square
Total 14,5512 89
A 1.0414 2 0.5207 {1 N.s.
(Instructions)
b 1.9184 1 1.9184 1.2028 N.S.
(Association

Level)

A X B 7.6140 2 3.8070 2.3870 N.S,
Error 133.9774 84 1.5949
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TABLE 6

Analysis of variance of the mean trials to

criterion of bkxperiment 11,

Degrees

Sum of of Mean
Source Squares Freedom Square ¥
Total 2h25.12 89
A 21.61 2 10,51 0,76
(chunk size)
B 1246.94 1 1246.94 91.02
(list length)
A X B 6.18 2 3.09 0.23

Error 1150.39 84 13.70
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TABLE 7

Newman-Keuls analysis: Trials to criterion of Experiment II,

Order (1) (2) (3) (4) (5) (6)

Group II-$ IV-S 1-S II-L I-L  IV-L
T 107 112 120 210 230 234
11-$ - 5 13 1O3%% 2388 127%%
IV-S - 8 9B## 1]18%% 122%w
I~S - 9O%**  110%% 11lhwe
II-L - 20 24
I-L - s
IV-L -
«» p { ,01
Truncated range /] (2) (3) (&) (5) (6)
Q.95 (/1 ,84) VNMS error 40.55 48.72 53.59 57.03 58.73

q.99 (M ,84) {NMS error 53.88 61.33 65.92 69.07 69.79
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TABLE 8

Analysis of variance of errors in

Experiment II.

Degrees

Sum of of Mean
Source Sguares Freedom Square ¥ i 4
Total 380500. 40 89
A 8119.26 2 40%9.63 2.72 (.107.05
(chunk size)
B 241077.38 1 241077.38 161.28 {.00%
(list length)
A X B 5746.31 2 2873.16 1.92 N. S,

Error 125557.45 Bh 1494 .79
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TABLE 9

Newman-Keuls analysia: errors of Experiment II.

Order (1) (2) (3) (4) (s) (6)

Group 1I-S  IV-S 1-§ II-L 1-L  1v-L
Tj 538 %86 618 1793 2179 2428
1I-5 - 48 80 1255%%  1641##]1829%w
1V-5 - 32 1207%%  1593%#1842%*
1-5 - 1175%% 1561%%#1810%+
11-L - 386  635*
I-L - 249
1v-L -
+ p< .05

#+ p( ,01

Truncated range /7 (2) (3) (&) (5) (6)
Q.95 (/1 ,84) VNMZ error 424.5 510 561 597 615
q.99 (r ,84) JRMS error 564 642 690 723 730.5



-87-

TALLE 10

Analysis of the probability of an

error in Experiment II.

Degrees

Sum of of Mean
Source Sgquares Freedom Squgre F iy 2N
Total 0.5777 89
A 0.0303 2 0.0151 2.60 .10<C)D.e8
(chunk size)
B 0.0393 1 0.0393 6.78 {.on3
(list length)
A X B 0.0240 2 0.120 2.07 K.8.
Error 0.4841 Bl 0.0058
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TABLE 11

Newman-Keuls analysis: Probability of an error of Experiment II.

Order (1) (2) (3) (4) (5) (6)

Group II-L II-S 1-5  IVe$ I-L  Iv-L

Tj 6.25 6.28 P U 6.35 7.10 7 .50

I1-L - 0.03 0.09 0.10 0.85 1.25%

11-S - 0.06 0.07 0.82 1,22%

I-5 - 0.01 0.76 1.16*%

IV-S -  0.75 1.15

1-L -  0.40

IV-L -

« p { .05

Truncated range /1 (2) (4) (s) (6)
Q.95 (/7 ,84) {NMS error 0.82 0.99 1.08 1.15 1.19
.99 (r ,84)YNMS 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.,

Degrees

Sum of of Mean
Sgurce Squaxes == Fxepedam = Sqpers F B
Total 251,.1987 89
A 13.5776 2 6.7888 2.8833 .10¢).05
(chunk size)
B 18.1530 1 18.1530  7.7099 (.01
(1ist length)
A X B 21.68139 2 10.8419 4.6047 (.oas

Error 197.7842 84 2.3545



Newman-Keuls analysis:
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TABLE 13

Number correct on first quarter trials of Experiment I1I.

Order (1) (2) (3)
Group II-3 IV-L 1IV-S
TJ 34,04 35.33 4O0.25%
I1-5 - 1.29 6.21
IV-L - 4.92
IvVv-S -
1-S
I-L
II-L
« p< .05

=+ p .01
Truncated range /1
q. 95 (/1 840 error

a. 99 (N

,BQ)VN!S error

(4)
I-5
43.52

9.48

8.19

{(2)
16.81

22.39

(5) (6)
1-L 1I-L
57.77 65.13
23.73% 31.09%*
22.44% 29, 80%%
17.52 24.88*
14,25 21.61%
- 7.36
(3) (4) (5)
20.20 22.22 23.64
25.42 27.32 2B.63

(6)
24.35

28.9)
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