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CHAPTER I
THE PROBLEM

Statement of the Problem

Traditlonally, learning was assumed tc be a gradual acqui-

gition process. Thié accepted position naturally stems from
the utilization of the learning curve to express the
relation between response strength and practice.

~ Ebbinghaus (1913) in his classic work on memory suggested
the curve of his retention was roughly logarithmic in form. In
the thirties of the current century Thurstonel(l930) derived an
empirical curve that proved ﬁery successful in predicting maze
learning behavior in rats., Hull's (1943) hypothéticolaeductive
sysﬁem formalizes to a greater extent this incremental function
of the acguisition process;, initiated by Ebbinghaus and Thur-
stone. Hull's theory of response evocation states that the
parameter reflecting probability of response, reaction potential
(SER)9 increases as a function of the number of reinforced trials
and abssnce of the response on a given trial may be attributed
to the parameter of osclllation. While it is possible to advo-
cate a theory of single trial learning, acceptance of the
learning curve as an embodiment of the assumption that repeti;
tion and reinforcement increases associative strength in a

gradual manner prompted Kimble (1961) to take the position
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that the burden of proof must be assumed by the advocates of such
a théorya |

In general; associatlionlstic learning theorists have
endorged the incr&mental approach to lsarning while fisld and
cognitive ﬁhe@risﬁs have depreciated the role of practice,
repetition, and experience. The nonconbinuity approsch considers
the incremental nature of the learning curve to be a function
of the traditional analysis and experimentation in learning,
For instance, practice in CGuthriets gystem mefély provides more
opportunity for additional stimulus elements or cuss to be either
alieneted or assimilated while his central law of learming 1s,
"A combinatlion of stimuli which has sccompanied a movement will
on its recurrencs tend to be followsd by that movement" (Guthrie,
1952; p, 23). Estes {1960} in discussing the popularity and
wide acceptance in contemporary psychology of associative
strength's being dependent upon the number of reinforced trials
suggests that two rscent empirical investigations cast doubt
upon the incremental assumption: (1) Kimble'ls (1956) finding
with eyelid conditioning that the nature of the lesarning curve
was unaffected when the C8 was omitted during a substantial
bloeck of trials and (2) the finding by Rock (1957) of no
retardation in learning of paired assoclates when mlissed palrs
were replaced by new palrs, thus depriving Ss of the advantage
of practice.

Other theorists who have advocated a noncontinuity
approach to acquisition include Voeks (195h), Sheffield (1949),
and Krechevskyv(1932).



General Hypothesls

In general, it 1s suggested that though a learning of
paired associates may occur either incrementally or in a
single trlal, the probabiliﬁy that single trial or incremental
learning will occur 1s a function of the age of subject,
capaclty of subject, and nature of the stimulus matefial.

The role of practice or repetition may be masked in the
presence of increased levels of the btper factors and the
more this tends to happen the more learning appears to be of

the single trial variety.

- Implications

Although the tenor of the general hypothesis of this
research suggests that the phenomenon of single trial learn-
ing, as suggested by Rock, is artifactual, nevertheless, the
1ssue 1s a central one and the lmplications warrant exhaus-
tive examination 6f the single trial proposition. If‘the
results of the laboratory can support the propésition that
learning in its elemental assoclation is an all;or-none
connection, then the analogy of the digital computer as a
model of the human brain 1s certainly strengthened and the
implications for the neurology of learning are on a mbra
solid empirical ground., Though the educational curricular
implications of the validity of single trial learning are
more obscure, they certainly should not be overlooked.

There are implications for the independent varisbles of

age, achievement, and meaningfulness included in the present



research, In his review of the area of developmental
psychology, Stone (1961) alludes to the importance of investi=-
gating the posslibllity of single trlal learning over a
substantial age range. Inclusion of three levels of meaning-
fulness 1g an attempt to relate associative value scales to

learning performance measures,

(onventlonal terminology utilized in palred associate
learning wlll be observed in thils paper. When referring to
a partlicular palr, the stimulus.element 1s the left hang
member of the palr and the respdnse element 1s the right
hand member, In conventional pairéd agsoclate learning
methodology, the set or list of pairs ls presented sequen=
tlally during the learning trial and, followlng some
shuffling, 1s presented for testing recall by having only the
stlmulus element shown. The task of the 5 ls to antlelpate
the appropriate response element. Several measures of
pairéd.assooiato loarning performance are used: number of
trials requlired to reach some criterion of mastery, total
number of incorrect responses in reaching a criterion of
magbery, and mean number of correct reaponses per tfial.

T™e esgontisl modification made by Rock Lo support his
gingle trial learning hypothosiﬂ»is the delebtlon of the pair
misged on a btest Lrial and substitution of a new péir for
the missed palr, This experimental bLreatment has boen

referrad to by muerous terms in the lliterature: experimental



(Rock, 19573 Rock and Heimer, 1959; Clark, Lansford and
Dallenbach, 1960; Wogan and Waters, 1959), drop;out (Under -
wood, Rehula and Keppel, 1962), substitution (Carron, 1960),
replacement (Lockhead, 1961)., In this paper the main experi-
mental treatment will be called single trial learning |

condition (STL).,
Notation will follow the format prescribed by the Ameri-

can Psychological Association throughout this paper, The
convention of abhbreviating subject (S) and experimenter (E)

will be observed.



CHAPTER II

REVIEW OF THE LITERATURE

Introduction: Single Trial vs. Repetition Learning

Among the enduring questions in the history of psycho-
logy is the nature of the acquisition process in learning.
There are two aspects of this question:. (1) what is it that
becomes associated and under whet conditions of reinforce-
mant;‘and (2) does the connection occur in a single trial
or is it gradually acquired as a consequence of practice
(Spence, 1951)? This latter consideration, the focus of this
paper, has undergone an intersesting alteration over the past
few decades. In the literature contrasting slngle trial
léarhing with incremental learning, the animal learning a
maze has been replaced by the college sophomore's learning
verbal material, Underwood and Keppel (1962) consider this
a momentous event, observing,

Controversies are not new in interpretations of

learning phenomena, but it is a signal historical

event when the controversies are based primarlly on

the interpretation of data from the verbal

learning laboratory rather than on data from the

animal=-learning laboratory. The history of verbal

lesrning shows few instances in which the learning

of a list of nonsense syllables became the center of

affectively tinged and opposed conceptual assertions., (p.l)

In the summary of the same article, Underwood concludes,

Not since Thorndike has the human subject been used
consistently as a source of data to test basic

6



theoretical notions about learning. The memory

drum seems to have replaced the T-maze, at least

temporarily. This may or may not be an appropri-

ate trend zﬁ, 12) ., '

After a brief look at two recent methodological proce-
dures contraﬁting single trial learning with incremental
learning utillzing humen subjects, attention will be focused
on Rock's original experiments. ‘Estes (1960) found that if
the stimulus element is palred with two different response
elements the same number of times, performance on a series
of test trials more readily fits a single trlal hypothesis
than an incremental hypothesls because 5§ tend to favor the
recall of either one response element or the other rather
than yielding the expected pgobability of recalling both.

In a less well known experiment Murdock (1960) presented Ss
with numerous lists of words with only one of the words
repeated and found the probabillty of recall for the repeated
words exceeded, but not sigq;ficantly so, the probability of
recall for the words presented,bgt once. Murdock concluded
that since the probability of recall did not differ signifi-
cantly for repsated and nonrepeated words, repetition was to

no avail.

Rockis Paradigm

The experiments of Rock. (1957) and Rock and Heimer (1959)
were designed to support the hypothesls that, in learning
paired assoclates, the associations are formed on a single
trial, and previous experience with é pair, prior to the

trial on which it is learned, does not seem to be of any



value., In Rock's initial study the paired assoclate
material consigted of lists of twelve 1etter;number palrs,
the stimulus element being & letter or double letter and
the response elsment belng a number. A metronome was used
to time a three second exposure of esach palr and a five
gecond interval ssparated sucaesgive cards. Ss in the
repetition group were lnstructed to assoclate the letter or
double letters on each card with the number and were told
that the serial order would be changed randomly., The slingle
frial Ss wers also told that new palrs would appear from tlme
to time and 1t was thelr task to learn the pailrs shown. The
presentation of all twelve palrs constlituted the learning
trial and was followed immedlately by the test trial in which
the § was presented the stimulus letter or double letter
alone and required to give the_apprcpriate number, In his
initlal study Rock does not dlsclose the length of time
between the learning trial gnafthe test trlal, but states
that 1t followed the learning trial after shuffling. During
the test trial the stimulus elements were presented at the
rate of one every five seconds. During the thirty second
interval which intervened betweenﬁﬁest'trial and the subse-
quent learning trisl, E substltuted new palrs for the palrs
migsed by single trial Ss.

In summary, the single trial group differed from the
repetition group in that palrs missed on & given learning
trial were oliminated and a new palr substituted in the

subsequent learning trlal.



In all, there have been twentyéfour separate experi-
ments‘repurted in eleven different publicatiqns relevant
to the line of research initiated by Rock (1957). It is
possible to tally the outcome of these expérimeﬁts as
being favorable or unfavorable to Rock's éingle trial
hypothesis. This compilatign must be offered with reserva-
tlons. First, as Underwood points out (Underwood and
Keppel, 1960) to consider an experiment as supporting Rock's
hypothesis, one-must fall to reject the null hypothesis,
Therefore, whether a positive instance represent the single
trial phenomenon or E's using a small number of Ss who vary
widely from individual to ingividual, is highly specﬁlative.
Nevertheless, for an experiment to be considered as suppor;
tive of Rock's hypothesis, qorgignificant difference must
be found betwesen the singleftria; group and the repetition
group, or the single trial group?must exceed the repetition
group in performence, Seconq;y, gome investigators performed
many experiments, and the d;vision\of positive and negative
instances was not equal within publications, For example,
Rock ran six studies and supported hisrconclusions on five
of them {Rock, 1957 and Rock and Heimer, 1959), while Under-
wood p@rf@rmed five studieswwith‘four of thgm}failing to
support Rock, Third, sample size varied extensively, some
gtudiss utilizing several times as many:Ss as other studies
uwsed, Fourth, it 1ls hard to view each experiment as a
separate entity; each must be viewed within the context of

the gjs purpose. Some experiments replicated Rock's original
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study in order to show how Rock's results were artifactual
because the manipulation of a cruclal variable would change
the results from positive to negative (e.g., Lockhead, 1961).
Finally, although all experiments used a college population,
type of stimulus material and intertrlal intervals were not
constant over experiments. ‘Itwig of.interest, nevertheless,
to note that thirteen of‘the’twenty;four reported experiments
could be interpreted as supporting the single trial hypothesis,
while eleven found differences that favored the repetition
group, About half of the Eg,concluded that thelr studles
successfully replicated Rock.evgn though some are reluctant
to accept the single trial learning hypothesis (Roeck, 1957;
Rock and Heimer, 1959; Wogan and Wafers, 1959; Clark, Lans=-
ford and Dallenbach, 1960; Johnson and Meenes, 1959). The
other half report their findings_as.incompatible-with Rock's
single trial hypothesis (Reed and Rlach, 1960; Underwood and
Keppel, 1962; Carron, 1960; Lockhead, 1961; Postman, 1962;
Schwartz, 1963). Most of tgigilatter group do not feel that
their work negates the possibility‘that learning could occur
on & single trial, but, while‘recognizing the possibility of
single trial learning they feel that the work of Rock does

not eliminate an incremental interpretation of the resulss.

Methodology

All studies reported in the literature used a college
population, either graduate or undergraduate, Sex is not
regarded as a slgniflcant varlable; Es usually balanced the
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male=femaie ratio in the single trial group with that of the
repetition group. 7

Rock (1957) provided a cursory description of his appara~-
tus in the original study, mentioning only the type of stimu-
lus material and the use of a metronome to time the exposure
interval. In the later studies. (Rock and Heimer, 1959), the
Es describe a system of envelopes which cover part of the
3x5 eardé’and facilitate interchanging stimulus and
response elements in the fiqgt,experiment of this serles. The
mechanical card changer used in the experiments by Clark,
Lansford and Dallenbaoh (1959})has been described (Dallen:
bach, 1959). Underwood (l9é25}used a manuel card changer
for some of his studies. Wogénvand Waters (1959) used a
tachicron tachistoscope. Iq%gummary, Eﬁ either used card
holders, mechanical card changers or tachistoscopes to presat
the stimulus material, “Where manual presentation occurred,
timing of presentation waé accomplished by use of mekronomes.
Apparatus by itself seems an irrelevant factor in these
experiments. It becomes important only because length of
exposure and ihter;éxposurexintarval are mechanlcal prOper;‘
ties of the apparatus. _ L

Although details of apParatus may be largely ignored,
methodological procedure followed in Rock-like experiments
are most controversial, Thqurooedural criticisms leveled
against Rock are (1) item sé;ection provides the single trial
group with an easier list, (2) intralist competition makes
the task more difficult for the repetition group, (3) time
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interval between stimulus pair exposures permits rehearsal,
(y) Ss fail to differ because both groups utilize mnenomic
devices, (5) instructional set favors the single trial
learning §§ and (6) this procedure represents merely one
aspect of the associative learning process,
Underwood states the first two objections quite
suceinetly:
The obvious question to raise concerning the pro-
cedures followed throughout the above mentioned
studies in which letter-number palrs were used is-
whether the insertion of new pairs for the experi-
mental [Eingle tria%7 Ss may not have produced a
factor or factors which facilitated learning (Under-
wood, Rehula and Keppel, 19623 p. 355).
The item selection possibllity is recognized by most investi-
gators and, stated simply, suggests the items substituted
for the missed items are easier than the ones that are
eliminated.

Item selection: Rock himself was aware of the item

selection possibility and designed an experiment to meet this
objection (Rock and Heimer, 1959). Two digit number pairs
unlearned after one presentation were pitted against pairs
that were still unlearnsd after four presentations. Rock
reasoned that if Ss normally learn the easiest third of.a
seven item list on one trial and the easiest third of a twelve
item list on four trials; then if an additional test trial
is given with four of the unlearhed items on the short list
(seven pairs) mixed with four of the unlearned items on the
long 1list (twelve pairs), the Ss are attempting to recall
equally difficult material, It was further argued that
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i1tems from the long list should be more réadily recalled if
repetition works to the Ss advantage, since the Ss has
had previous experience with these palrs. The results
slightly favored the recall of the palrs from the long list,
The nonsignificance of this difference, however, was 1nter;
preted as confirming the single trial hypothesis and a
replication of this experiment showed no difference between
the mean number of pairs correct on the critical test trial,
According to Rock, eliminating the learned palrs constitutes
an operational definition‘of_"easiness“ and therefore the
unlearned items in beth the.;ong and the short list are
equated in difficulty:

This experiment ig partibularly important because it

does not contain any of the possible flaws mentioned

at the beginning of the paper . . . ; the technique is

a sensitive one and the objectlon concerning the

difficulty of unlearned palrs has been met %Rock

and Heimer, 19595 p. 1ll).

Clark, Lansford and Dallenbach (1959) found no communal-
1ty among Ss regarding the palrs that were easy or difficult
to learn, i.e., nelther early learning in the case of the
repetition Ss nor single presentation in the case of the
single trial §s clustered around certain pairs, and learning
or not learning was spread widely throughout the palrs in the
stimulus pool. Clark, Lansford and Dallenbach (1959) also
performed an experiment sim;lar to that of Rock and Heimer
(1959} in which difficulty ﬁas_ operationalized as failure
to learn onbany given trial for the single trlal learning

group. No significant differences were found upon relearning

the difficult pairs. "This means that there are no objective
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differences among our stimulus palrs in ease or difficulty
of learning but it does not eliminate the subjective or
idiosyncratic differences that may exist amongithem® (Clark,
Lansford end Dallsnbach, 19593 p. 26).

Postman (1962) objects to the use of the final experiment
in theiRotk and Heimer éeries (1959) as a critical and unequiv-
ocal proof of single trial learning on several grounds. First,
thé lengths of the lists differed and the rate of learning
varies inversely with the length of the 1ist: %One certainly
cannot compensate for the iengthédifficulty relétionship
by a difference in the number of trials and then treat this
same difference as the'indepgndent variable in assessing the
effects of repetition on items said to be of equal difficulty"
(Postman, 19623 p. 374). 1In other words, although you can
say that unlearned words are more difflcult than learned ones,
you cennot consider ones unlearned after only one trial
equally difficult with those stlll not learned after four
trials, The finding of no significant difference may equally
reflect the greater difficuity of those pairs stlll not
learned after thres trials just as readlly as the lack of
foect cf repetition. Second, lntraserial interference and
opportunity to rehearse differed for léng and short lists.
Third, the long list was learned after the short one, thus the
effects of proactive and retroactive inhibition are not known.
Finally, since large numbers of Ss were excluded because they
elither did not learn enough or they learned too many pairs,

the generality of the findings are greatly restricted.
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In a more recent publication, Postman (1963) states
that the resesrch of Underwood, Rehula, and Keppel (1962)
and Postman (1962) unequivocally demonstrates item selec-
tion as a methodological flaw in the work of Rock, basing
this conclusion on three findings. First, Underwood con;
structed 1ists containing both high assoclative valued
bigrams (go) and low associative valued bigrams (xv) and
found the final 1ist learned by the single trialnleérning
group contained more high associative bigrams than low
assoclative ones. Secondly, when a second control group
(repetition) which learned the final 1ist mastered by the
single trial group was introduced, differences were found
between this second control and the first control that
8imply lsarned a list randomly selected from the stimulus
pool by the repetition method. Finally, random selection
of lists produced lists of unequal difficulty, and ltem
gelection favored or handicapped the single trial learning
group, depending on list difficulty. The above objections
led Postman to conelude, "This apalysis leaves no doubt
but that the drop;out éﬁing}g trigl] procedure introduces =&
significant amount of item selectlon , . . . Our final
evaluation of Rock's studies brings us back to the status
quo snte. The facts are consistent with both interpretations”
(Postman, 19633 Do 30&). '

In summary, the findings regarding the exlstence and/or
bisging effect of item selection in Rock's paradlgm depends
upon method of attacks -
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1, Freguency &istributionS'of pairs learned by single
trial learning Ss and pairs learned on first trial by repe-
tition §§ fail to show clustering around particular pairs
(Clark, Lansford and Dallenbach, 1959).

2., Operationalizing difficulty as pairs not learmned
after any given number of trigls fails to show differences
in lesrning of items unlearned after one trial opposed to
items still unlearned after @any_trials (Rock and Heimer,
19595 Clark, Lansford and Dallenbach, 1959). h

3. .When”preselected pairs\of diverse assbciative value
are used, the list learned by the single trial learning
group contains more high associative value pairs (Underwood,
Rehula. and Keppel, 1962). |

L. An additional control group that learns the list
mastered by the single trial iearning group by the repetition
method often shows differences between the control groups
{(Underwood, Rehula and Keppel, 1962; Postman, 1962),

5. A ratlo of the number of times a palr appears on
lists learned by single trial learning Ss over the number
of times it was presented to single trial learning §§ pro=
duces an item selection ratic for each stimulus pair. The
item selection ratios for several experlments are found to
intercorrelate significantly (Underwood, Rehula and Keppel,
1962) .

6, Moderate correlations are found between selection
ratio and rated difficulty of palrs (Underwood, Rehula and
Keppel, 1962).
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Tﬁe findings clearly conflict. The heterogeneity of
stimulus difficulty appears to be a crucial factor. When
highly difficult material is contrasted wifh easy material,
gelection is apparent,

Task oifficulty: The second criticlsm of Rock's experi=

ment (1957) argues that fallure to find differences between
the single trial learning group and the repetition group may
be due to the more diffiocult task created for the repetition
group, The former criticism attributes the lack of diff-
srence to the method providing_an easler task for the single
trial learning group. Thils coriticism argues that when a Ss
forms an incorrect association, he forms a bond that competes
with his learning the correct assoclation and therefore any
lack of difference between single trial learning group Ss
end repstition Ss 1s not due to the absence of repetition
but to the presence of these partially formed assoclations
whish must be overcome.

Rock was aware of this possibillity and the flrst experi-
ment in the second series (Rock and Heimer, 1959) was designed
to mesat thls objection. Rock used lists of elght Syllable-
gyllable pairs but had material so arranged that palrs mlsged
by a S in the single trial group would appear in different
combinations, For example, a S may miss two palrs on one
given trial: TUP;NOZ and QUZ-FIM, The llst on a subsequent
learning trial may contain the recomblned pairs: TUP-FIM and
QUZ=NOZ., Thus if the S partlally forms an assoclation during
the previous trial, it would interfere with his learning the
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new pair in much the same way that it would for the repeti-
tion group because the wrong association would have to be
overcome. In Rock and Heimer's experliment the single trial
lsarning group learned in fewer trials than the repetition
group, although the difference was negligible. Thils finding
was interpreted as compatible with the single trial hypothesis.

Postman (1962) disagrégs_with Rook (1957) on the inter=-
pretation of this experiment, .Rock (1957) acéepts the resuls
as additional evidence of single. trial learning, although he
admits the single trial learning Ss had the advantage of
sasier items: "In some cases the pairs resulting from inter=-
changing for the experimentgl ZEingle trial learning7 group
were unquestionably easier to learn. . . . Such palrs were,
however, exceptional” (Rock and Helmer, 19595 p. 5). He
feels that this advantage i1s more than counterbalanced by the
advantage of the repetition\grﬁups a stringent response
measure such as a recall measure penallizes the single trial
learning group by requiring the elimination of missed pairs
even though they were learnedyearlier,.and thus assoclsations
formed at a subthreshold level would facllltate the subsequent
consolidation of the connection for the repetition group.

Postman (1962) rejects this point of view, claiming 1t
is insufficient and inappropriafe»to equate intultively the
biaging sffect of such factors as item selection and
rehearsal with subthreshold asscciations.

Clark, Lansfofd and Dallenbach (1959) after replicating

Rock's experiment, performed an experiment in which the
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unlearned pairs in the single triasl learning condition were
later relearned by the repetition method. A control group was
presented a list once to derive a 1list comparable to that of
the single trial learning groups. The Es felt the evidence
for associative interference was lmpressive: (1) though
there was no difference between the single trial learning
and the repetition group on the first test trlal, on
gubsequent trials the repetition group made alﬁost twice as
many errors; (2) onthe trial before complete mastery of the
1ist, repetitidn_gs made twice‘the errors made by single
trial learning Ss; (3) repetition Ss made twlce the reversals
(missing a pair that was previously correct) made by the
single trial learning S8s; (4) variance was almost twice as
large for the repetition group; (5) when single trisl learn;
ing S8 relearned by the reptition method ¥a1fficult" pairs
(pairs eliminated because they were missed'during the early
part of the experiment) were.learned as readily as control
Ss learned "easy" items (pairs randomly selected from the
item p@@l);A(é) interference was only present when the
repetiti@n condition was involved; (7) errors did not cluster
around specific pairs. These findings led Clark, Lansford
~ and Dallenbach (1959) te conclude that associative inter-
ference inhibits the‘learning of certaln pairs, and their
removal facilitates leerning and assoclative interference
is not equivalent to item difficulty;

Underwood, Rehula and Keppel (1962), on the other hand,

re jected the asscciative interference interpretation in
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favor of the item selectlon hypothesis. A control group
that learned the final lists mastered by the single trial
learning group learned it in significantly fewer trials when
learning was by the repetition method. Therefore, they
{Underwood, Rehula and Keppel, 1962) argue, 1t was not the
interference but the item selection that accounts for Rock's
(1957) results. |
Numerous studies report greater variance for the repe-
tition group when trials toxcriterion 13 used as a dependent
variable (Clark, Lansford and Dallenbach, 1959; Lockhead,
1961; Rock, 1957; Rock end Heimer, 1959), One possible expla-
nation for the greater variance of the repetitlon group is
to assume that assoclative interference 1s responsible.
Practice, 1t could be argued, reduces the mean trlals to
criterion though not influencing the variance, whlle assocla-
tive 1lnterference increases both the mean and the variance.
The result of the oppositional effect of practice and
associatlive interférence on the repetition group ls that the
mesn is increased sufficlently to be equlvalent to that of
the single trial learning gnoup‘while the varlance of the
repetition group remains larger than that of the single
trial learning group. Thls speculative analysls requires
three reservetions: (1) wlth one exception (Experiment
IV: Clerk, Lansford and Dallenbach, 1959) the difference
between the two variances are slight, comfortably within
the homogenelty of varliance assumption for statistlcal

comparison of means; (2) in many experiments the variances
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are not reported (Carron, 1960; Postman, 1962; Underwood,
Rehula and Keppel, 1962; Wogan and Waters, 1959) with the
safest assumption being differences are nonexistent or
negligible; and (3) this tendency exists only for the
'dependent variable of trials to criterion and there are two
exceptions even when using this measure (Experiment IIA:
Underwood, Rehula and Keppel, 1962; Reed and Riach, 1960).

Instructional set: The lack of difference between the

gingle trial group and the repetition group may be attri-
buted to the differential instruetions given. Since the
single trall group hed new palrs introduced, some Es (Rock,
1957; Clark, Lansford and Dallenbach, 1957) instructed these
Ss not only to anticipate the new palrs but also to Attempt
to learn them:

In view of the procedure used with the experimental

Z?ingle trial learnin group, S was told in advance

that new palrs might be shown from trial to trial,

although the total number would remain the same,

and that it would be his task to try to learn all

those shown at any time (Rock, 1957; p. 187).
In their followup study, Rock and Heimer (1959) did not men=-
tion whether or not they differentlially instructed their Ss.
Other investigators fall to mention the specific content
of their instructions or whether they instructed single trial
learning and repetition groups differentially (Lockhead,
1961; Wogan and Waters, 1959).

Reed and Riach (1960) are the only investigators suffi-
ciently convinced of the relevance of instructional set to

incorporate it into thelr experimental design. They argue

that the set to associate, rather than to learn acts as a
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hindrance on the performance of the repefition group. They
utilized a 2 x 2 factorial arrangement with single trial
learning vs. repetitibn learning and set to associate vs, set
to learn as the two experimental treatments, Instructions
to learn are probably more forclbly stated than in the other
- experiments of this paradigm: "Learn as many of the combinaé
tions as you can in each trial.{. o o. Remember, youf task
i to learn as many of the palrs as you can on any trial”

(Reed and Riach, 1960; p. 609)., The findings of this
experiment are ambiguous, since the main effect fbr differ-
ential instructional set was in the right direction but 4did
-not atteln significance when the dependent varlable was
total errors, though trials to criterion yielded a signi-
ficant F for instructional set. '

The only other investlgator reporting differential
instrucﬁion of single trial learning and repetition groups 1is
Clark, Lensford and Dallenbach (1959) but they told the repeti-
tion group that they would be tested after the learning trial,
The single trial learning group was told that new cards would
be introduced and that they should learn the cards shown,

3The.ﬁeight of evidence supporting thé instructional set
crliticism is inconclusive. Other than the limited, though
direct, support of Reed and Riach (1960), the only other
support is indirect. Such indirect support 1s found in the
fect that instructions to "assoclate” happen t6 coinecide with
| some successful tests _(Rock9 19573 Ciark,'Lansford and

Dallenbach, 1959) and instructions to "learn" coincide with
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some unsuccessful tests (Postman, 19623 Underwood, Rehula

and Keppel, 1962) of the hypothesis that single trial learn~-
ing is equivalent to repetitious learning. The fragmentary
and indirect evidence supporting instructional set as a criti-
cal variable suggests a negligible role for instructional set

in experiments investlgating single trial learning thus far,

Mnemonic devices: It has been suggested that mnemonic
deviceé, used by Ss in paired assoclate learning, render Rock's
(1957) paradigm an inappropriate test of the single trial
learning hypothesls since the use of mnemonlc devices 1s likely
to result in single trial learning, whether oﬁ the first trisl
or after a serles of trials} Clark, Lansford and Dallenbach
(1959), the main proponents of this eriticism, schematized the
use of mnemonic devices as involving an intermediary, ¢, to
facilitate the connection of a to b, thus a-»c-»b symbolizes
the prodess of palred assoclate learning. The process involves
two stages: (1) the development of a device, and (2) the reten~
tion of the device. S8 reported that 1ﬁtertrial intervals wers
spent rehearsing, not the pairs, but the connecting device
which 6bviously relates this critlcism to the amount of
rehearsal time. This relationship of exposure time to use of
mnemonics should manifest itself when tactliecs are used to
eliminate mnemonics, 1., e., shortening the exposure times
and the intertrial interval (Lockhead, 1961l; Clark, Lansford
and Dallenbach, 1959; Underwood, Rehulas and Keppel, 1962).
When Clark, Lansford and Dallenbach (1959) shortened

the interval, only a small fraction of the Ss reported
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using the devices., Nevertheless, single trial learning Ss
learned faster, The Es write,

The results of Experlment III take us back to where

we. were before Experiment II was undertaken, but

with this difference: we know that mnemonlcs are

not responsible for Rock'!s results (Clark, Lansford

and Dallenbach, 19593 p. 37).

Postman (1962) criticizes these studies because E does
not control what Ss do during the learning trials. It 1s
possib19 for the S to ignore most of the list, according to
Postman, and concentrate on a few palrs each trial, learning
them with or without mmemonics. Postman feels a more adequate
control ror both mnemonics and rehearsal is to have the S
regé eloud the peirs as they are presented in the lea:ning
phase. TUnder these‘conditions, Postman (1962) found signifi;
cantly more Ss reaching criterion of one perfect recitation
and more correct anticipations per trial in the repetition
groups. |

A bit of indirect evidence can be found in Underwood's
(1962) experiments. He had Ss recite the stimulus material
during the learning trials in some experiments but not in
other experiments., Underwooé performed an analyslis of
varlance with e:iperiments \as a factor and founda nonsigni-
ficent F. If recitation had had a marked effect on single
trial learning, it should have influenced the above mentioned
‘analysis of varlance.

Rock's (1957) methodology has been criticlized for the

liberal amount of rehearsal time assoclated with experimental

procedure. It 1s argued that no differences between the
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single trial and the repetition group are found because
there is sufficient time for both groups to practice and
therefore the single trial group is really another repetition
group.

In Rock's original study a new stimulus would appear
every elght seconds during the learning trials. The
stimulus:fesponse pair would be visible for three seconds
followed by a five second pause. During the testing trials
the S had five seconds in whieh‘to respond before the next
stimulus element was presented. A thirty second interval
separated the test trial and the next learning trieal. This
comparatively long period of time has been the subject of
criticism directly or indirectly (Clark, Lansford and
Dallenbach, 1959; Postman, 19623 Underwood, Rehula and Keppel,
1962; Lockhead, 1961; Carron, 1960).

 When Lockhead (1961) shortened the exposure time to, .75
seconds with 1,25 seconds inter-exposure interval, the single
trial group took almost twise as long to reach criterion.
Clark, Lansford and Dallembgeh (1959), on the other hand, .
found the single trial gr@up toék significantly less time to
learn when the exposure time was reduced to one second and
the 1nter;§xposure tnterval was aliminated, Underwood,
Rehula and Keppel (1962) eliminated the 1nter:exposure v
interval and found essentiéxly what had been found in his‘
vearlier experiments; the single trial learning group was
inferior to his two control groups. In the next experiment

he shortened the interval from three seconds to two seconds.
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The only change, other than increasing the number of trials
to reach criterie for all Ss, was a slight tendency to decrease
the difference betwesen the single trisl learning group and
the control groups. The difference between the single trisl
learning group and the repetition group did not quite reach
gignificance. In other words, shortening the interval had
the effect of tending to make the results more compatible
with Rock's "no difference” findings. Carron (1960) elimi-
nated the inter;exp@sure interval and had Ss do subtraction
problems betwesn learning and test trisls., He found that
the repetition group made significantly fewer errors.

To summarize, the results conflict. Reduclng the
available rehearsal time tended to improve performance in
the single trial group (Clark, Lansford and Dallenbach, 1959),
to improve performance in the repetition group (Lockhead, 1961)
end to make & negative finding less negative (Unéérwoed,
Rehula and Keppel, 1962). J

Asscoiative meaniné% The final procedural criticism

suggests that the work of Rock merely pertalns to part of
the paired assoclative learning pr@eess; Learning paired
agsvclates involves two stagesgﬁthe regponse learning stage
and the association or hook-up stage. Oritics (Underwood,
Rehula and Keppsl, 1962; Postman, 19623 Postman, 1963) point
out that Rock's foous is on the assoclative stage, This ls
not really a damaging oriticism énd Rock (1957) is aware of
the ascope of his research. In discuséing familiarity of

stirmlus material he asserts, "Since bthe does not have to
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leearn the items as such if they are familiar, ons can
concentrate on the assoclations to be formed” (p. 188),

Rock suggests a two stage model of mastering paired
associates: (1) & few pairs are learned in single triasl
faghion, and (2) formed asscolations are strengthened upon
subseguent rep@ﬁiti@n and additional opportunity is provided
for new assoclations to be formed. Postman (1963) feels

the distinetion, ". . . appears plausible but it greatly
somplicates the tﬁe©reti@alApieturé,“ This changes Roock's
hypothesis from an all-or-none to a some-or-none and Poste
man queried, "How much iz seme” (p, 297)%

One very’pf@mising mathematical syntﬁe&is of this dilemma
has been offered by Kintsch (1963) who theorizes that learn-
ing oscurs in a single trial in both the response learning
stage and the assoclation formation stage. His Markov
Model predicts impairment of learning under single trial
learning conditions sinoe responses learned ln one trial but
not used are not available for hooking up on the subsequent
trial, His data on twenty-three Ss conflirms nlecely the
predicted funcblons for both the single trial group and the
repetition group.

Summarys Concerning procedursal oriticism of Rook, the
following conslusions seem in orders

1, With quite heterogeneous stimulus material, the
gingle trial group does select items that are easier to
learn, With quite homogenecus stimulus matsrial, ltem

gelection 1s undetectable, Finally, the point along the
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heterogenelty-homogenelty continuum where the transition from
item gelection to no item selection becomes apparent is
unknown and shrouded in controversy.

2. It 1s possible that assoclative interference in-
flates the varlance of the repetition group, although this
distortion is not large enough:to violate the homogenelty
of varlance assumption and only applies when trials to
criterion 1s used as the depehdent variable,

3, Instructions, although always s potential source of
blas, have not been shown to be a critical varleble in the
research using Rock's paradignm.

. The use of mnemonics is dependent, at least in part,
upon thé avellable exposure time and length of lntervels be-
twoen exposures, Elimination of inter=-exposure interval
and roeduction of the amount of stimulus exposure time
minimizes the use of mnemonic devices,

5. Roek's concept of single trial learning deals with
the final or associative stageadf palred assoclate leafning
and largély ignores the response learning stage. It ls
further recognizedvthat singleAtrial learning, as viewed by
Rock, 18 not a molar conceptlonalization and any theoretical

oxtensions must incorporate addltlional varlables.
Independent Varlables

The independent variables of age, achlevement, and mean-
ingfulness, of central concern ln thls investigatlion, have

received little attention in previous experimentstion in



29

single trial lesarning.,

Ape: In general, age has not been used as & variable in
slngle trlal learning. The sbtudlies dealing directly with
single triel learning have used college students for S$s. Lately,
there has b?en a renewed interest ln the learning of pealred
asgociates at different age levels (Palermo and Lipsit, 1963;
Castaneda, 19613 MeCullers, 1961) though not directly related
to single trial learning. In thls study, grade level 19 umed
instead of age.

Achievement: In the (Rock, 1957) original experimont,

Rook found that the single trial group's average [llrst=-trial
porformance excecdod that of the repetitlon group after about
three=fourths of the 8s had been asslgned to experimontal
conditliona,  Subsequent 3 asslpgnment was made on the basls of
first trial performance resulting Iin almost ldentlcal average
first;brial performance fop poth groups, Thls ls the only
attempt Lo control for Sa learning ablllty in all of the exporis=
ments followlng Rook's pavadigm., Apparently the ocorrelation
betweon Inltial trlal performance and other responge moasuros
lg felt bto be negligihle. |

Meaningfulness: The research that has been done using
: Rock'szﬁéraaigm does not allow unedguivocal interpretation
of the role of meaningfulness of the stimulus material in
singles trial learning., One can rank the type of stlmulus
material utilized in previous research according to meaning=«
fulnegs by operationalizing meaningfulness as assooclative

value or familiarity (Noble, 1961). However, whon one attempts
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to relate thls hlerarchy of meaningfulness to whether or

not the E repllicated Rock's findings, no definitivé pettern
emerges, The most meaningful class would be the number-number
pairs with both the stimulus and response elements being
numbers. Rock and Heimer (1959) were the only ones to use
this material and to successfully replicate Rock's original
study. Rock and Heimer (1959) were the only Es to use first
name palrs which would rank next in meaningfulness.. The
first experiment falled to replicate but a second which
controlled for reminlscence reported successful replicatlon.
Third in the order of meaningfulness ls the letter=~-number
palrs, These palrs were the stimulus material used in Rock's
original study (1957) and were used in five experiments:

three positive (Clark, Lansford and Dallenbach, 19593 Roock,
1957; Wogan and Waters, 1959), and two negative (Reed andv
Riach, 1960; Underwood, Rehula and Keppel, 1962). Two nega-
tive studles are reported usling nonsense syllables as the
gtimulus, One used nongense syllable-number palrs (Kintsch,
1963) while the other used nonsense syllable«blgraph palrs
(Underwood, Rehula and Keppel, 1962). ¥inally, with the none
gense syllable-nonsense syllable palrs, the least meanlingful,
two studles report posltive results (Rock, 19573 Rock and Hei;
mar, L959) and two studies report nogatlve Iindings (Lockhead,
1961; Postman, 1962), II you discount the work of Rock (1957)
and Rook and Helmer (1959), as Postman does on wmothodologlcal
grounds, fallure to repllcate Rock tends to be assoclated

with less meaningful stimulus material,



CHAPTER III
SPECIFIC HYPOTHESES AND DESIGN

This chapter will include a statement of the specific
hypotheses derived Ifrom the general hypothesis, a discussion
of the experimental design used to evaluate the derived
hypotheses and an elaboration of methods utilized in imple-

menting the experimentasl design.

Hﬁpotheses

The general hypothesis of this research 1ls that the phenome=
"non ¢f single trial learning (Rock, 1957) may or may not emerge
depending upon various independent variables. It is hypothe-
sized that these other variables are more critical than the
methodological artifacts discussed in the review. The three
variasbles gselecled are age of the S, achievement level of the
S, end meaningfulness of the stimulus material. First, it is
argued that the older the S the more capable he will be and

the greater will be his apparent abllity to learn in one trisl,
Secondiy, the brighter the 5 the more capacity he has to
profit from experience; thus brighter Ss should show & greater
tendency to learn in one trial, And finally, the nature of

the stimulus material ttself should diffeventially affect

performance. The more meaningful the material the more readily

31
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1t should be learned because greater meaningfulness is assumed
to facilitate single trial learning more than low meaningful-
ness of material., This, this ressarch predicts main;effect
differences due to.age,.achievement9 and meaningfulness plus
significant interactions of these factors with the main effect
.of single trisl learning ve. repetition learning.

The experimental design in this research assumes a fixed
analysis of variance medel with repeated measures. The model
1s fixed because the levels of ssach factor were predetermined.
The age factor was operatienalized by selecting alternate
schOol‘grade levels from fourth grade through twelfth grade.
The achievement factor was operationalized by selecting Ss
from three achievement levels within each grade level. The
achievement levels were established by dividing all the
students in the grade into three groups, each conteining approxi-
mately one:ﬁhird.of the students. An attempt waS‘made to keep
Ss at each achievement level as homogeneocus as possible by
eliminating both extremely high achievers and extremely low
schievers, thus trying to select Ss closest in abllity to the
mid;point of each achievement.levéle Levels of meaningfulness
were established by selecting nonsense syllables which clus=-
tered around theﬁthree preselected assoclative value percentage
points, ’§§ were assigned randomly to the main experimental
condition of single trial learning vs. repetition learning
after the above menticned preselection,

In this experiment the single trial learning sample
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included 8s et every grade level and every achlevement level
within each grade, as did the sample that learned repetitious«
ly., Moeaningfulness 1s the repeated measure. That is,
there is not a dlstinet group of Ss for each meaningfulness
level; every S learned all three levels of meaningfulness.,
This type design has both advantages and disadvantages.

Where avallable S¢ are limited, as in this research where
average class size was 1in the thirties, E can investigste

the same number of factors with minimal number of Ss and

the inter;subject verlance ié reduced, On the other hand,
carryover and order in whicﬁ the different materiel 1s learned
affects porformance, thus ralsing conslderable statistloal

and interpretive problems (Galto, 1958),

Since there seem to be some dlsorepant findlngs asgoolated
with the partloular dependent veariable utilized (Reed and
Riech, 1960), it was deoclded to incorporate three response
meagures in this research: number of trials to crliterion
of one errorless trial, total errors acoumulated ln reaching
eriterion, and average errors per irlal, ‘

The experimental deslgn operatlonallzes the proposed
hypotheses by gonerating the following predictlions concern-
ing the analysls of varlances:

1, Mactor A (single trial learning ve. repetitious
learning) will show no significant difference (null hypothesis).

2. Levels of factor B (age) will yleld a significant
P ratlo and the nature of the incremental functilon assoclatbed

with age will be negatively acoelerated.
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3. Factors A and B will significantly interact. That
ls to say, at younger ages Ss in the repetition group will
exceed the single trial learning Ss in performence but with
increasing age single trial learning Ss will match or better
the performance of Ss learning repetitiously.

L+ Levels of factor C (achisvement) will significantly
affect Ss' ability to learn.paired associates and it is further
predicted that the nature of the incremental function will be
linear in form,

5. TFactors A and C will significently interact; thus low
achisvement §p will legrn more readlly by repetition while
higher achievement Ss will learn more under single trlal con-
ditions. _

6. The levels of D (meaningfulness) will affect learningv
significantly and the nature of the incremental function will
be linear,

T Finally, factors A and D will significantly interact.
When learning low meaningful material, repetition Sa wlll learn
more efflciently than single trial learning Ss, while the

reverse wlll be true when high meaningful material is used.

Population

The discussion of methodology shall describe the sub-
ject population and assignment of subjJects to experimental
conditions, the apparatus and stimulus material used, and the
procedure followed in having gub jects participate.

All Ss particlpating in thls research were enrolled in
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the fourth, sixth, eighth, tenth, and twelfth grades of the
leboratory schools on the campus of Kansas State College of
Pittsburg during the fall and spring of 1963:196h. The
laboratory schools draw students from the immediate environs
of the college which is largely a middle class residentlal
district. Children of faculty members represent a sizable
block of the student body. . . :

Students in the elemenggryxand secondary laboratory
schools were assigned to experimental conditlons via the
procedure outlined belows S ‘

l. In order to obtainﬁgp at threevigvela of achievement
students in the elementary grﬁdes were llsted according to
thelr composite grade placement level on the Iowa Test of
Basle Skills and secondary students were listed according
to their verbal intelligence quotient obtained on the LorgeF
Thorndike Test of Intelligence. Only atudentsmfprﬁwhoh goores
were avallable were‘oonsidepéd iélthe student population. One
exception had to be made toﬁyhis;sﬁipulation for a fourth
grade substitution. The California thieveiént Test scores
were avallable for this student who had been 1ll: when the
Iowa Test of Basic Skills was adminlstered. Since the corre-
lation between these two achievement tests was high .(Pearson
product moment correlation = ,89 for the 16 fourth grade
students) and the Celifornia scores of other Ss in the same
achievement group were compatible with those of the new §s for
whom no Iowa acores were avallable, the substitution was mads.

2. Within each grade, Ss were divided into three
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groups of approximately the same slze according to thelr
respective scores.

3. All elementary students in the sample pool were

alternately assigned to elther the single trlial learning
or the repetition group. In about half the grades the
highest achlevement score was assigned to the single trial
learning group and the second highest was then assigned to
the repetlition group, etc. .Secondary atudents were assigned
to experimentel conditlons in an analogous manner. Since
there were more students in the secondary grades, students
were llsted by achlevement score and sex before belng
assigned to one of three equally sized achlevement groups.
At all grade levels, four Ss were then selected from each
achievement group to satisfy the followlng conditions:

8, Within an achlevement group extremely deviant scores
elimineted and students whose scores tended to
cluster around the midpoint of each achlevement
group were selected as much as possible,

b, Mean achlevement score of gingle trial learning Ss
approximated that of the repetltion group of Ss.

e Whefever possible, half the partieclpating Ss in each
grade were male and the other half were femele., If
this was impossible (in sixth grade there were
twenty-one boys and seven girls) the same proportion
‘was obgserved for both the singlé trlal learning
group and the repetltion group.
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de When a 8 falled to reach the criterion of one error-
less test trlal on any of the three lists, a
substitute was selected from the achlevement score
listings so that the new §'s achlevement mcore wes
closest to that of the 8 faliling to reach criterion,
The substituted S automatliocally received all the
experimental condltlions of the 3 falling to reach
orlterlion, '

L, Since emch § was to learn all three lsvels of meaning-
fulness materlal, the order in which he learned the llst of
palirs was lmportant, One of the slx possible orders for
learning the three meaningfulness levels of nonsense syilablee
was asslgned to each § with the restrioction that all possible
orders ocourred twice ln both the single trial and the repeti;
tion conditions. In other words, randomizetion of order to
S8 within conditlions consiséédvef randomly assligning oné‘cf
the six orders to a 8 then randomly assigning one of the

remaining five other posaslble orders to the next §, ST

Haquipment

The equlpment used in this research included a viewling
soreen, the stimulus materlal, and the timing device. The
plywood soreen had & 21" by 36" hase snd was 28" tall, The
screen could be placed on & table end provided an acceptable
coverage for stimulus materlal not in use, scoring sheets,
sto, The middle of the screen had a 2.5" by L.5" viewing

window where the stimulus mabteriel was diéplayed.‘ The device
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used to time the exposure of the stimulus cards was a
controlled reader set between twenty and thirty exposures per
minute, At this setting, the device emltted an audible click
consistently every 2.9 seconds. The E used thils click as a
cue to change the stimulus card on the learning trials and
allowed a S the interval between two clicks or 5.8 seconds

to respond on testing trials. The timing device was elther
hidden or placed in some inconsplcuous place with only the
controlled reader attachment of the projector turned on.

Syllables for the stimulus elements of the palred agssocie
ates were selected from the Krueger List in Underwood!'s
"Agsoclative or Meaningfulness Values for 1,937 nonsense
syllables” Appendix (Underwood and Schulz, 1960). The
palred assoclate material was prepared in the followlng manner:

l, A continuum of assoclablveness was assumed and three.
equi;distant percentage polnts were selected at twenty-five
point intervals: low assoclative value at U5 per cent,
middle associative value at 70 per cent and high assocla-
tive value at 95 per cent.

2. It was inltlally planned to use syllable?syllable
pairs in such a fashion that a llst of 106 syllables at esmch
asgocliative value level were randomly selected wlth the
additional criterlon being that the mean and standard devia-
tlion of agsoclative percentages were equlivalent for all
levels. The percentage value of associativeness of seiectea
syllables ranged five percentage polnts above and below

the predetermined level of assoclativeness) e.g., ln the low
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aggsociative value list only syllables rated between O per
cent and 50 per cent in associative value were included.

3. Preliminary testing indicated that syllable-syllable
pairs would be too difficult for fourth grade students,
egpecially those of low achlevement, Therefore, syllable-
letter or double;letter'pairs were made for each associative
level by randomly assigning letters or double letters to
the syllables that clustered around the predetermined per-
centage polnts. Letters were not pailred with syllables
that contained the same 19tter. The experiment was over
half completed before E realized an exception to this restric-
tion had accidentally occurred with a high associatlve
value pair (PUDQU),

Ii. The paired associates selected in the above manner
were typed on three by five cards in capitallletters with
primary type. Prelimlnary testing of the experimental
procedures led to the discovery that Ss could see through
the white note cards so opaque colored cards were used,
Meaningfulness was color;coded: high meaningfiilness pairs
were typed on blue cards, middle meaningfulness palrs were
typed on green cards, and low meaningfulness pairs were

typed on red cards.
Procedure

The procedure for having Ss participate in the experi-
ment was similar for elementary and secondary students with

a few salient differences. Since the elementary and
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secondary schools were housed in separate plants; it was
declded to run the elementaryzgg firet to avold having %o
transport the experimental eéuipmenﬁ more than was neeégaary.
Preliminary conferences with the elementary principal and
laboratory faculty resulted in scheduling the hour from 8230
AM, to 9330 A.M, svery morning as the time when Ss would
participate individually, It was felt that this scheduls
would dlsrupt the instructional program lesat, Additional
hours were allocated as the experiment progressed, With one
exception (ﬁh@ fipalhsubaﬁitute in the fourth grade sample
partiecipated in an early morning session and again in an
gfﬁeyn@anvsesgien) 88 never paﬁﬁi@ipated more than onse &

day and as much as possible §s were run ln rotation. Elemen-
tary S8 W@?e:sgnﬁ to the experimental room upon the reéuest
of the Z, Subsequent 8s were ﬁ@tified by the returning §.

In eontrest to the recrultment prossdure followed in the
high @@h©©1; elemenbtary Ss had very little cholee about
partisipating. H@W@V@?é no pressure was exerted and they
seemsd eager to volunteer. One fourth grade hyperasctive
male constantly peered around the sorsen ab the stimulus
maﬁ@ﬁialg had diffioculty remaining in his seat and miscons
strued the task of the experiment. He sssumed the
performance measurs of the sxperiment was cumulative correct
responses and seemed to be saﬁigfied with the rate at
which he wae scoring "points," This fourth grader;r

lsarning under single trial conditions; wes eliminated as a
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S after thirty-four trials. During the last seven trials
hé responded "No" to each of the three pairs that were being
presented for the first time, _

Récruitment_of_sgcopdary»students was more indirect.
After Ss had been selected from tha'populgtioh,[persOnally
addressed letters (sée Appendix A) were sent to the students
requesting their cooperation. Students were to indicate
their willingnesg}or unwi;l1ngness to participate in the
experiment by checking the}appropriate blank on an attached
form and returning it to the main offiQe 9f the high\SchOOl.
Approximately two weeks after the dlstributlom of the letter:
form volunteered and eight refused. The E then personally
interviewed students who had not responded and students who
had indicated unwillingness to participate, The interview was
informal and persuasive but not coercive. Most students s;id
they(e;ther‘did ﬁo@nugéerstand the extent of_the cqpmitmpnt
or,weﬁe reluctant to give up the time so close to semester
finals (seni9rs>are parmitted tg take a limited smount of
college course work for credit). These Ss were given
additional explanation and their participation was scheduled
~ to.the }ndividug}_gﬁs convenlence, A4ll but two students
vqluntqeped to participate. Supstitufes;wgre drawn from
student achlevement lists in the manner used in elementary
student substitution for these two unwilling students and

subsequent-§§ who failed to reach criterion in a reasonable
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time limit. The mean experimentel time for the twelve 3s
who were eliminated was 19,67 minutes (SD = 10.6),
Conferences with the principal and the high aschool
faculby involved ylelded permiszsion to execuse atudents from
elghth grade vore slass in addition to having students
participate during their daily library period, Senlors had
to be scheduled individually since they are not reguired to
romain in the building when not in elass. Conslderable
liberty was taken with the sequence of running s since
geniors often falled to keep appolntments. When this ocourred,
E recrulted an avellable eighth or tenth grader who was pre%
selected to participate and was in the library at the time.
During the course of thls research, the sxperimental
equipment was used in five different settlngs. All fourth
grade 88 were run in a small room adjacent to thelr classroom.
Some of the sixth grade S8 learned the material in the small
f@@m adjacent to the sixth grade classroom but when committes
work needed more space the experimental sstting was moved to
the TV demonstration reom, About 70 per eent of the high
gchoeol students learned the stimulug material in the health
room of the school bullding. When the spring semester opensd
and the room wasg needed to teach educational metheods to
g tudent teachers, the experimental equipment waa moved to the
education bulldlng, The last 30 per cent of the high school
students partiocipated in a testing booth equipped with a
one=way viewing screen. The sxtent of any blasing effect of

the numercus experimental setbtings is purely conjestural but
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the E subjectlvely feels it was negligible, All settlngs
were relatlively free from distractions.

Prior to the running of the experiment, data sheets had
been prepared for each $ indicating the order in which the §
would learn the three levels of meaningful material, The
sequence of events during the experimental session was as
follows: - . -

1, 8 was excused to go to the experimental room.
2. ;E,chose eight pairs from the appropriate stimulus
pool after shuffling the cards.

3., S 1s seated and the following instructlons are read
by Es | |

You are going to be in an experiment concerned
with how students learn., I am golng to show you elght
cards like this (E shows sample card) with a syllable

oh one side (E points to the stimulus element) and a

letter or double letter on the other (E points to the

regsponse elemerit). After shuffling the cards, I will
show you the cards one at a time wlth only the syllable
showing and your Job will be to tell me what letter

or double letter belongs with the syllable (E reverses

sample c¢ard). "Had thls been one of the cards, you

would say . . . o? (If 8 glves correct response, E

gays, "Good.") Sometimes the cards may change but

you do the best you can to learn the cards I show you.

M.A Sipee the”experimgntal‘eqnditiona‘fpr each §,had been
predetermined tpemapprppfiape materiel was presented to the
S Dby exposing a palr at the viewlng window every 2.9
seconds. Exposure was accomplished by putting the set of
eight palrs in the box behind the vliewing window and
removing the}visible card at the prescribed rate. One learnu
ing trial was concluded when each palr of the set had been

exposed.
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5. Following the presentation of the elght palrs the
cards were shuffled and the reverse side with the stlmulus
sylleble alone typed on the card was presented to the S at
the viewing window. The S was allowed 5.8 seconds to respond
with the correct letter or double letter response. Timing
was acoomplished by removing a oard every second click of the
controlled reader. During the test trial the E piled the
correct and the incorrect responses separately. For Ss
receiving the single trial learnlng conditlon, E took from the
pool of stimulus pairs the same number of cards that the §
miqsgd and shuffled these with correct cards for the sub-
sequent learning trial. Repetition Ss had the original set
of eight pairs presented aga{n after shuffling. This
1earning7trial;fgst‘tri@l sequence was continued until one
errorless trial or until E felt the S was not golng to master
the material. The E recorded the number of palrs correct on
each test trial, thus 'providing the necessary data for the
three response measures, i.e.,\numberkof trials to the oriter-
ion of one errorless test trial,/aVerage number of palrs
enswered correctly on each trial, and total errors made in
reaching criterion. Ss were not routinely informed of the
corrggtgess or incorrectness of a response. Odogsionally
Ss requested to knqw if a particuler palr had been correct or
how many of the list had been;correct. In the interest of
rapport the E answered these querles.

6. For grades six through twelve, E also recorded the

list of syllebles learned by both the single trial and the
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repetition groups. The E cbnducted a brief interview after
the S had mastered the third list., The E initiated the lnter-
view with the statement, "Tell me how you went about learn=
ing the list you just learned.' The set of cards containing
the s&liéﬁléljust mastered by the S Was disp1ayed beforé the
S. Qomments, particularly relating to mnemonlcs, were recorded

by E.



CHAPTER IV
LIMITATIONS

Some limitations of thls research ere a result of metho-
dologloal factors. E was faced with the problem of selecting
learning material that wculd not be too easy for senlors in
high school yet not too hard for fourth graders., Prelimi-
nary testing of materlal led to the conclusions that llsts
longer than éight pairs and lists composed of syllable~
gyllable palrs would be extremely diffioultrfor_low achieve-
ment elementary school §s to learn. The adoption of syllable-
letter type palrs which were easier for fourth graders to
learn oliminated the problem of having Ss attempt to pronounce
tba syllables_butuhad the disédvantagg of a restricted ltem
pool of'fifty items which was exhausted numerous times in
the single trial condition. The experimental deslgn used was
balanced;'and migsing data would have so complicated
calculations that it was declded to substitute other Ss
from the student roll for 8s who falled to learn the material
in a reasonable amount of time, Scheduling difficulties
made 1t unfeasible to adhere to & rigld criterion for
elimihating 89 due to E'!'s own teaching commltments, lunch
hour; etec.; but in the maln students were eliminated 1f they

had not achieved fifty per cent mastery of the list in
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forty-five minutes, ‘Ss thus eliminated were replaced by
selecting a student of the same sex, where possible, whose
achievement score most nearly approximmted the eliminated S.
The ever present problem of sequence effect in repeated
measurés designs may have obscured some of the main effects.
The number of Ss available by grades negated the use of
complete factorial design; however, Gaitofs (1958) suggestion
for randomizing sequence in which S learned different
materlal was followed. The restricted number of available

Ss also prohibited the incorporation of a second control group
(Underwood, Rehula and Keppel, 1962; Postman, 1952) who would
have learned, by the repetition procedure, the list mastered
by single trial learning Ss.

The order in which Ss were run was mostly sequential,
‘but & great deal of liberty was taken by E in selecting Ss of
different achlievement classification and different meaninge=
ful material to be learned according to the amount of time
available. The result was that while the interval
between two sittings for one S may be five days, another S
might participate three successive days.

The question has been raised as to whether the method
used in this research is really critical to the issue of
continulty versus noncontinuity learning. Authorities differ
on this unsettled point and a more complete discussion of
this problem has been given in the review chapter,

Fina&iy, the method of this research is quite removed

from the applicabllity of human learning in classroom settings.



CHAPTER V
RESULTS

- Most experimepts 1nvestigating single trial learning
have some Ss who fail to reach criterion. It was declded

to maintain 'bhe balance of the experimental design by |
replacing Ss vfa'iling_._to reach criterion with substitutes match-
ing the original Ss as mich as possibls, Eight of the §s
failing to reach critérion learned by single tr‘iai while only
four learned by repetition, however, th:ls differenee was not
significant (chi square = 1,33, d.f. = P ,10), of the

twelve Ss who failed to refach critgvrion,‘-mten were malaé and
only twe were femalés; this difference was sig_ni’ficant (chi
square = 5, 33, | .f,'.. 1, p € .025), One of the female Ss -

who did not ‘reacﬁl‘n_qr;teriopvwas_ip mifourth-_grade‘;vthe- other

was in twelfth grade. Five ofrtlime, Q;I._ghy.mal_e‘_s falling to
J;_'eaghmerj.‘terion were in the fourth grade. S.é;_ was not'cénf |
sﬂi_cjezh-ed“:aw_ factor in the main aﬁalysis of this research; however,
the £ value of the difference betweén meles ‘ahd females in
number of trials required to reach criterion was not signi—'
ficant (& = .Uk, d £fo 2 58, p>.10). ° The number of Ss fail-
ing to reach criterion by grade ranged from ‘seven in fourth
grade to only one in. grades six, eight, and ten° 'I‘his differ-
‘ence 18 significant (chi ‘square = 11,17, gd. f, = Ll., p<.025).
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The analysls of varignce for total trials to criterion
of one perfect recltation, total errors in learning the
1ist to criterion andethg avergge errorsﬁperﬂtrial are
presented on Tables 1, 2, and 3. In general, the three
response measures ylelded the same results, The maln findQ
ings are: « . L
1, No significant difference between the single trial
and the repetition learning groups in learning palred
assoclates. The null hypothesls ls accepted (see Fig. 1).

| 2, A significant main effect assoclated with grade

level was found, which ranged from minimal significance with
the response measure of average errors to high signifloance
for the response measure of trialg to criterion: Tukey's
D statistic (D 6.4) for multiple comparisons of means
(Snedecor, 1956) showed that fourth graders required signifi~
cant;y>more.trialswto”cyitepiop thanwbgth twelfth and eighth
graders, The grade level ourve (Flg. L) conformed to the
ppedicted thapemwith thg gxcgption of‘thevunexpected inferior
performence of tenth graders., In general, the second speclific
hypothesls was supported, |
| ‘3. The F value‘for aohievément‘failgd to rgaohlsign;fiu
cance on all three response measures. The means, however,
are in the expected ordinal relationship (Fig. 3).

L. Meaningfulness was a highly significant factor in
learning paired associates‘with all three response moeasures,
Tukey's D indicated (D ='3.u)}that'it’took significantly more

trials to learn low meaningful material than medium or high
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Table 1

Analysis of Variance for Number of Trials to Criterlon

Source : arf MS w
Total 179 72,53
Between Groups 29 113.13 -

A (single trial- 1 31.25 -

repetition)

B (age) L 374.88 %.28 64t
Linear 1 716.8L (18
Quadratic 1 216,07 -
Cubic 1 139.38 -
Quartic 1 27.2L -

¢ (achievement) 2 119.84 -
Linear 1 232.41 -
Quadratic 1 7.22 -

AB I 66,31 -

A C 2 109,02 -

BC 8 8L..98 -

ABGC 8 93,130 -

Error (a) 30 87.57
Within Subjects 120 58.97

D (meaningfulness) 2 9L9., 32 18,2l s
Linear 1 Lﬂl? hl 34,92 s
Quadratic 1 -

AD 2 58 02 -

¢D % 50.92 -

ABD 25,62 -

ACD % 91,08 -

"ABCD 16 33.70 -

Error (b) 60 . 52,0l

#¥% pg Ol
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Table 2

Analysis of Variance for Total Number of Errors

Source ' gf Ms w

Total 179 i§08.75
Between Groups 29 2,38L.,84 -
A (single trial- 1 126l.,05 -
repetition)
B (age) L 6717.35 3,83 %
¢ (achiesvement 2 3231,10 -
A B L 310.59 -
A C 2 21114..82 =
ABG 8 1,702,086 -
Brror (a) 30 1,751 .90
Within Subjects 120 3,385,040
D (meaningfulness) 2 20088.09 16,0 %%
BD 8 729,16 -
G D % 993.36 -
40D 203750 :
BOD 18 T -
A B ¢D 16 .‘8‘614‘0 9 h
Breor (b) 60 3252, 08
# P .05

it Pz OL
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Table 3

Analysls of Varlance for Average Errors Made per Trial

Seurce ar | M3 P
Total 179 o137
Betweaen Groups 29 1,034 =
A (single trial= 1 A77 -
repetition)
B (age) L. 2.312 2,83 ww
¢ (achlevement) 2 1.8%9: -
A B h- 0630 =
AC 2 76 =
B O 8 +928 -
ABC 8 701 -
Brror (a) 30 817
Within Subjects 120 +6L5
D (meaningfulness) 2 5.781 12,05 s
AD - 512 =
BD 8 756 -
¢D % 551 =
ABD 691 w
AGD % 1,160 2.2
BOD 1 .52k, -
ABCD 16 573 -
Brror (b) 60 L
% p=,07
w4 p<,05

s pl 0L
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meaningful material, The difference between learnlng medium
and lesrning high meaningful materlal was not slgniflcant
(Fig. 2). The findings clearly confirmed the sixth hypothesls,

5. Not one of the twa;factar interactions was signié |
fleant, It was hypothesized that the factors of age, achleve-
ment, and meaningfulness would significantly interact with
the maln-sffect of slngle trlal vs, repetition learning,
However, the three factor inﬁe?aetien of single trial va.
repetition learning x achisvement x meaningfulness (ACD) was
always larger than the other lnteractlions and, ﬁhough i%
falled to reach significance at the conventlonal ,05 level of
confidence, 1t was gsignifleant at the .07 1evel for the
response measure of average errors (F = 2,42, d.f. . L and
60, p2.07). The nature of thils interactlon is plotbed in
Pig, 5.

6, The F ratics for trendes are presentsed in Table 1,
Grade level showed a highly significant linear trend. Achleve-
ment falled to yleld slgnlficant linearlty while meaning;
fuiness was significantly linser. The curves assoclated
with grade and meaningfulness tend toward negatbtive accelera-
tion (Flgs., 2 and L),

In addition to the analysls of varlance reported above,
mean number of errora made by both the slngle trial and the
repetltion group were plotted for the firvst twenty-four
trlials (Fig. 1), This figure indicates the general form of
both groupe! learning curves. Two limitatlions restrict

interpretations of thls datas (1) the plotted averages
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the Ss who had mastered the material, and (2) the number of
Ss was not constant. The number of Ss ranged from sixty Ss

on the first trial to elght Ss on the twenty:fourth trial.,

The single trial group was inferior to the repetition group
from trial three to trlal fifteen, though the differsnces
were slight and falled to reach significance on thertwo trials
where the differences are maximu@:-trials seven (t . 1.70,
d.f. ;56, p>.05) and eight (j:_é .98, d.f. QSS, p>.05).

An ad hoc analysis of the trials to criterion data was
made to get a general indication of the influence of order
which was not a controlled factor in the experiment. The six
possible orders of learning the three levels of meaningful;
ness material had been randomly assigned to Ss. Analysls of
varisnce (Table li) showed order as a nonsignificant factor.

The final 1list of eight palrs learned by both single
trial and repetition Ss were recorded., Analysis by chi square
disclosed that some palrs had a greater teondency to be learmed
by single trlal learning Ss than other pairs (Appendix B).‘
Assuming random sampling of palrs, each pair hgd the
expectancy of being learned by four Ss. Chl square values
are based on deviations from this expectancy. There 1s a
tendency for the magnitude of the chi aquare values to
increase when going from the high meaningfulness level to the
low for both the single trial learning and the repetition
groups. Whether the response element 1s a single or a double

lotter did not seem to make the palrs significantly easler
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Table L

Analyals of Varlanecs of Order Bffeot for Trials to Oriterion

Total 59 300,35

A (single trials 1 93.75 -

repetition) ) o ’
B (order of 5 , 219,87 =
~ pressntation) ‘

AB
',Résidual_

(ohi square € 1,17, d«fs 2 1, p > +10). When the number of
8s lsarning s particulsr palr was summed over levels of
méaningfulﬁagg,'thé palrs wlth & common responsse slement bud
different stimilus syllables ylelded & signifieant tendsney
for some palrs to be elther pf@fé??éﬁ or vejeeted fop the
single trial learning 8¢ (chl square = 133.15, d.f. . L9,

P « «005). A simller analysis for pairs learnsd by repsti=
tlon 88 (ehi sguare " 31:9, gﬁga e L9, p > .10) oonstitutes
& control group since these S8 had no opportunlty to sslect
items. Thlis finding suggests a contributory role of the

rogporise slement in iltem se¢lestlon,



CHAPTER VI
- DISOUSSION

Single Trial Learning

The first specific hypothesis of this research was that
of no difference (null hypothosis) between the single triel
and thevrepetition learning groups, The SIight:snperiority
ofnthe repetition groups in this study lies well within the
chance expeotancj range of statlistical probability. The
interpretation of this predicted nonsignificanoe is compli-
cated by the fallure of the following two factor interactions
to attain significance: single trial va, repetition-learning
x ege,.single trial vs. repetition learning x achie#ement;
and single trial vs. repetition learning‘x meaningfulnegs.

| The age variable conformed to expeotation by ylelding
a significant F ratio, Its plotted shape is one of.negative
acceleration assoclated withvincreased grsde'level.‘lﬂoﬁever,
tenth graders performed less well than eighﬁhl”gradefs'sna;
in general, one confidence interval would‘enconpéss sixth,
eighth, tenth, and twelfth graders, leaving only fourth
graders. significantly less apt. - ’

The interaction of grado 1evel with single trial loarning,
though not significant, conforms at least generally to the
general hypothesis of . this research gince single trial
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learning Ss are almost equal in performance to repetition

Ss at fourth grade, repetition Ss perform better then the
single trial Ss in sixth and eighth grades, and single trial
Ss perform better in tenth end twelfth grades,

Achievement as a main effect falls to reach significance
(Factor ¢)., This finding cannot be construed to mean that
1eve1 of achlevement does not influence paired assoclate
loarning since achlevement in this resesrch was relative
within grade 1eyel, different tests were used at elemen-
tary and secondary levels, and attempts to increase homo-
genelty within achievement groups eliminated deviantly bright
and dull students. The nonsignificant interaction of
achlevement with the single trial-repetition factor 1s hard
to interpret., As predicted, the low achievement Ss learn
slightly more efficaclously by the repetition method and the
high achievement Ss learn slightly better in the single
trial condltion, yet the greatest difference occurs wlth
repetlition learning medium achievers out-performing the
gingle trial medium achievers, Thls 1s clearly incompatible
with the fifth hypothesls of thls research,

Meaningfulness is the most signlficant factor influencing
paired assoclate learning. It 1s also significantly linesr
and negatively accelerated, which suggests the assoclative
value scale 1s not an equal interval one. Confldence
intervals for the levels of meaningfulness do not overlap,
indlicating great probability of a significant monotonile
reiafionship. A methodological limltatlion to be kept in mind
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1s that associatlve value norms were based on college Ss
and may be inappropriate for younger Ss.

Although the interaction of meaningfulness and single
trial-repetition factor is not significant, the arrangement
of means nicely conforms to expectations; 1., e., with low
meaningfulness pairs, single trial Ssare inferlor to repeti-
tion 8s but with high meaningfulness material repetition
Ss ere inferior,

The interaction of single trial-repetltion learning,
achievement, and meaningfulness (ACD) presents some interesting
though somewhat ambiguous results (Fig. 5)., Only the measure
of average errors per trial vielded an F ratio large enough
to be creditable (p>.07). The curves for achlievement levels
learning under two experimental conditlions are quite diverse
in shape, For high achlievers, single trial learning and
repetition learning cross once between medium and
high meaningfulness, for medium achievers they cross twice,
and for low achievers they never cross, High achievers
conform nicely to predicted relation but medium and low
achievers do not.

In short, the hypothesis that the single trial vs, repe-
tition learning factor would significantly interact with the
independent variables of age, achlevement, and meaningful-
ness has not received much support from this research but is
still tenable, Of the three independent variables studled,
meaningfulness probably influences single trial learning

mogt, elther directly or indirectly.
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Two theorstical interpretations of the role of meanihgful-
negs'in single trial learning are plausible. The fifst suggests
that»low meaningfulnass:necessitates feSponse leafnihg.ahd |
interferes wlith the association or hook-up stags of paibed
associate learning. This approach would extend the Kintsch
model (1963)’by asserting that not only do both‘stages:bccur
in one trial, but also that variations in meaningfulness will
have predictable outcomes on response measures‘of single frial
learning. A second theoretical alternative stresses the
permanence of the memoryrtraceo Meaningfulness simply reflects
the amount of formed and stored asscciations. Initial response
learning may occur on one trial but single trial learning, as
inveétigatéd_by Rock (1957), is not a learning phenomenon; it
is a recall phenomencn. In either cass, future research must
control the difficulty of nct only the stimulus and response
elements of pairs, but alsc the combination of stimulus and
responss.,

Two interpretive options are possible for the finding of no
significant difference betwesen the single trial and the repsti-
tion group: (1) accepting the results as support of Rock's
single trial learning phenomenon, and (2) rejecting.the single
trial learning interpretation on methodological grounds.

Using the former option, the absence of two factor inter-
actions may be interpreted as eliminating these variables
as important antecedent facteors, thus suggesting that single
trial learning is generalized across levels of age, achieve-

ment and meaningfulness.
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The primary basis of the latter interpretation is
hesitanéy to accept experimental phenomena on the basis of the
null hypothesis (Underwood and Keppel, 1962) since lack of
statistical differences may be a function of innumerable
factors associated with method (small number of §§; unreliable
experimental conditions, heterogeneity of Ss, etec.). The
presence of significant item selection also encourages the
more cautious interpretation.

Had single trial learning significantly interacted with
the independent variables investigated, it could have been
gald that singls trial learning depends upon those variables,
Since it did not, and taking the other factors discussed above
into consideration, the most defensible conclusion stemming
from thls investigation of single trial learning, as promul;
gated by Rock (1957)9 is that the phenomenon still has not
been verified ﬁnequivocallyo However, since the principle
basis for this conclusion is reluctance to accept confirma-
tion of a null thypothesis as proof of the theory, thus making
proof ofvthe theory impossible, it must be concluded that
these results, if they do not prove Rock's thesis, are supportive
of 1t, It 13 possible to suggest that by the time any child
is in school all verbal forms have acquired some assoclative
value with all other verbal forms and that the original
associative lsarning was of an incremental type. This specula-
tion suggests that all studies done so far in the area are not
étudies of original learning but are studies of the strengthen-

ing of more or less well formed associations.
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The broader issue of single trial vs, incremental
learning merits some discussion., The single trisl learning
topic was broached several times in the First Conference on
Verbal Learning and Verbal Behavior sponsored by the Unlted
States Offlce of Naval Research and New York University
(Cofer, 1961). Single trial learning was deemed of suffi-
clent import to incorporate a discussion of the status of
the lssue by Postman at the second conference of the same
name (Cofer and Musgrave, 1963). In his paper, Postman
attacks the contemporary approaches to human single trial
learning of Rock (1957) and BEstes (1960) for falling systemati-
cally to pelate single trial learning with the other lmportant
loarning variables of acquisition, retention, and forgetting.
Postman dismisses Rock's work as an artlfact of item selectlon
and agsserts that the accumulatea,evidence in support of the
incremental nature of learning cennot be placed in jeopardy
by the one experimental paradigm. He concludes the review by
saying, |

Theories dle hard, and crucial experiments are rarely

successful in psychology. To the extent that the -

current controversy has led to an increasingly care-
“ful exemination of the detalls of the learning
process, it has served a useful purpose (Cofer and

Musgrave, 19635 p. 320).

George Miller delivered the re Joinder to Postman's paper
{Cofer and Musgrave; 1963). He presents the following four
arguments for the contlnued relevency of single trial
learning:

1, He describes "junk box" theories of single trial
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learning. The analogy likens a response element tb the
miscellaneous nuts, bolts, and washers that are stored 1n a
contalner. The time to locate a particular item after 1t
has been placed in the box depends on how long ago it was
put 1n and how many items were llke it., Thus, the analogy
of the item eithep}being in the box or not belng 1n the box,
to single trial lsarning loses much of the discrete white
and black distinction suggested by Postman,

2. Nancy Waugh, in an unpublished experiment, reversed
Rock's conditions by eliminating the pairs learned after each
trial. She found that Ss could distinguish between the old
and the new pairs. Something has been learned during the
unsuccessful presentation as measured by a recognition,
whille, for a recall measure, every trial appears to be a
first trilal, This experiment’is offered in support of 2 more
pluralistiec approach to single trigl learning.

3. Newell, Shaw, and Simon use a computer to simulate
human cognitive processes. The computer either having or not
having the symbol presented for storage, likens the computer
operation to Single trial legrning, yet plotted latency of
locating symbols ylelds an incremental function assoclated
with order of storage and distinguishable characteristics of
the symbol, | -

. PFeigenbaum and Simonis EPAM (Elementary Perceiver.
and Memorizer) Theory replicates serial position curves with
computer simulation, again with the either;or agsumptlons

about the S-R connections.
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Miller would like to convert the single trial lssue
into a question "When the processing (whatever it'ié)‘is
<intérrﬁp£ed» can it later be resumed at the same point, or
mist it be started @Vér.afresh“-(@@fer,and Musgrave, 1963;
P. 327)? If it can resume where it was interrupted, then the
learning will appear incremental., If, on the other hand, acqui?
gition must begin anew, learning by single trial‘will,best
describe the acquisition, To Postman's comment that theories
die hard, Miller reacts with,

Sometimes.I'suspect‘that they never die. They

don't even fade away. They Jjust become uninhabited,

For the time being, however, both of the theories we

‘have bsen comparing hers seem weéll populated by

vigorous, opinionated exponents, The future looks

interesting indeed" (Cofer and Musgrave, 1963; p. 328),

Some concluding suégestidns and comments are in order
regerding the nature and future of single trial.leafning.
. Two definitional problems tend to render the issue obscure.
One is the lack of definition or agreement upon what is the
unit or element of learning. In general, as the definition
becomes more microscopic, the element or unit beéomes more
compatible with a single trial interpretation. The other
definitional problem has been the relation between the con-
struct of memory trace on the one hand and threshold on the
other., Clarification of the relation of single trial learn-
ing to both these constructs would do a great deal toward
clearing some of the ambiguity associated with single trial

learning. Some limitations and restrictions on the generality

of single trial learning may be necessary. Mandler, another
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conference participant, cautions that single trial learning
nay be inadequate as a general principle; however, under
some conditions it always occurs (Cofer and Musgrave, 1963).
Finally, it seems to this inVestigétor that the most
propitious Instrumentation for exhaustive explorstion is the
digltal computer., The exploration via simulation seems a
ready-made methodological approach to confirmation or
‘disconfirmabion of single trial learning, particularly 1if
Miller's question provides the theoretical rationale,

Rehearsal snd Mnemonics

During the course of this experiment the E had a unique
opportunity to observe the Ss while they were learning the
palrs. The § was visible to E for an instant every time
a stimilus card was changed during the test trlal and when
the experimental setting was moved to the Educatlon Bullding,
the equipment was so arranggq'thgt the viewing window acted as
a mirror, giving the g\a side view of the S at his task., 3s
were generally unaware of this scrutiny., One 8 who started
to copy the stimulus material on his hand had to be informed
that he was under surveillance. The E observed considerable
rehearsal of S3 even with the eliminated_inter;exposure
Interval, One little sixth grade girl would select a palr
to be mastered and during the test trial would mutter the
response over and over until the desired card was presented.
After the enticipated card had been presented, no overt lip

movement could be detected. During the short interview
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following the S's learning the last list some Ss stated that
they spent part of the time rehearsing. One sixth grader
remarked, "I kept saying it over and over in my head, so that
when you showed it I was saying it in my head,”'r

Although this rehearsal by the Ss may represent a source
of blas in investigation of single trial learning, Miller's
re joinder to Postman suggests a quite different role:

Postman refers to this rehearsal strategy as an

artifact, but 1f Feigenbaum and Simon are on the

right treck it may well bée the most important

fact of all (Cofer and Musgrave, 1963; p. 326).

The short intervlew also dlsclosed the use of mnemonle
devices similar to those reported in previous studies (Clark,
Lansford and Dallenbach, 1959). These devices are classi-
fied lnto seven types listed below with a few examples of
each type.

1, Abbreviations: this seldom reported device uses the
letters in the pairs to remind them of initials of friends,
relatives, etc., or other abbreviations (ZEH-Q; H. Q. 18 the
abbreviation for headquarters).

2., Similar sounds: the stimilus element contains
units phonetically similar to the response element (zyv-pr,
208-CC; £ and v; ¢ and s sound glike).

3+ Pronunciation: §.pronounces all the letters in the
pair (XOL-T = z8lt; WOR-BB = warb).

L. Word connection: § makes one word for the stimulus
element and another for the response element that share some
meaningfulness relationship (FAL;S = fall slow; VAS-F = vase

and flowers).
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5. Alphabeticel sequence: S selects a 1etﬁer from the
stimalus that is located alphabetically adjacent to the
response letter (VYQ;Z 2 y 1s before z; CIJ=B = ¢ 1s after
b) . |

6., Structural similerity: S assoclates similarity of
shape or alters some characteristic of the”stimulus element
to resemble the response elqmentﬂ(xaw:E = w looks like e on
its sides CUS=Z2Z = z 1s s turned backwerd).,

7. Word construction: thils most commonly reported
device derlives a word contalning all or part of the stimulus

element and the response element (DIS-T = districet; QIV-R =
quiveri FUS-H = fish or flush), |



CHAPTER VII
SUMMARY AND CONCLUSIONS
The Issue

One theoretical issue that has permeated leafning
theory’dufing the 1ast several:deeadeS‘has'been whethér
learning occurs in a single trial or requires repetition,
Irwin Rock (19575 1959);, in 2 series of experiments

1nvolvihg thé 1earning of paired associates, found that
| whennﬁniéérhed pairs wers Pémavéd’from a list after evéry
trial and replaced by new ones (single trial learning group)
the number of trials to criterion was not more than when
the tréditional procedure (repeﬁition group)) was used. Rock
has used the results of these experiments to conclude that
learning'occurs'on one trial rather than by a process of.
gradﬁél”stréﬁgthening.

In the controversy that»has'ensued, there has been some
support of Rock's results and consliderable criticism of his
methodology. The general hypothesis of this study was that
the Sihglé'ffiél learning effect obtained by Rock would be
altered by variations in age and achievement level of the Ss

and by'the meaningfulness of the stimulus material.
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Me thod
Students in the laboratory school at Kansas State

College of Plttsburg were selected from grades four, six,
elght, ten, and twelve according to three leVels,vaachiévement
and randomly assigned to either the single trial learhing
group or thé repetition group. .The palrs learned by the Ss
contained a nonsense syllable as the-stimnlﬁs.element and a
letter or double letter as the response element. Nonsense
syilables wefe selected from three ievels of an associative
value scale and each S learmed three lists of eight pairs to
the criterion of one errorless trial. Single trial learn-
ing §§ had palrs of a particular assoclative level mlssed on
a given trial removed from the list and new pairs from the
pool of pairs at the same assoclatlve level substituted, . Repe-
tition learning Ss continued learning the same elght pairs
until mastered. Order in which the thfee diffgrent meaningful
levels were learned was randomly assigned to §§. An analysis
of variance was performed on three measures of learning:
total trials to criterion of one errorless trilal, total

errors to criterion, and mean errors per trial.

Hypotheses and Findiﬁgs

Support of the general hypothesls necessitated that
differences between single trial learning and repetition
‘learning vary with the independent variables of age, achleve-

ment, and meaningfulness. Thus, younger Ss should learn
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more efficaclously via the repetition method while older 8s
should learn better via the single trial method. Low achlevers
should learn more readily via repetition method while high
achisvers should learn better vie single trial method.
Finally, Ss should learn pairs more readily by the repetition
method when the palrs are low in meaningfulness and more
readily by the single trial method when the palrs are high
in meaningfulness., In general, these predictions wers nob
confirmed, The maln-effect of single trial vs. repetition
learning was not significant; however, the interaction of
independent variebles with single trlal vs, repetition lesrn-
ing failed to reach slgnificance. The limited and incon-
clusive support of the general hypothesis lies in the marked
three factor inbteraction of the single trialérepetition
loarning factor, the achievement factor and the meaningful-
ness factor, when performance was measured by mean errors
por trial, The interpretation of this three factor intere
action is difficult because single trial performance, though
influenced by achlevement and meaningfulness, does not
conform to predlections of the general hypothesls,

In summary, the finding of no significant difference"
between the single trial learning group and the repetition
group, as was found by Rock (1957), was not interpreted as
proof for single trial learning by this writer because
thers was slgnificant ltem selection found fef single trial
learning Ss, desplte the fact that two factor interactions
falled to reaoh the pvedicted signiflcance, However,; the
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failure to find significant differences is compatible with
the results of Rock,

Itenm selection was detected by counting the number of
times each pair appeared on the final list of eight pairs learned
by the single triaml and the repetition Ss respectively, and com-
paring the observed with the expected frequency via chi square.
It was found that some palrs appearsd eilther more often or less
often than expected on the:mastered'list»of single trial Ss
but not lists of repetition subjects. The potentisl biasing
of item selection suggests that'future‘research-take into
consideration meaningfulness of the stimulus material,

Grade level and meaningfulness were the significant
faétors across the three responsefmeasures and also yielded
sigﬁificant linear trends for trials to criterion.. In other
words, age and meaningfulness were signifieant factors in
paired assoclate 1éarning but not in single trial learning

since they did not significantly interact with that factér.

_Suggestions for Future Research

Future‘inVestigation of salngle trial.learning should iheer-
poraté adequate control of the stimulus material's meaﬁing-
fulness. To insure homogenelty of the stimulus material it
1s suggested that pairs be scaled on a continuum of diffi;
culty and only palrs of similar scale value be. put in any one
- 1list. Scaling could be done by judges? ratings,or.some

learning criterion such as mean trials requlred to master a
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particular pair, The sample of Ss used to scale the palrs would,
of course, be a different sample'than the subjecté used in the
single trial learning experiment. Another control recommended
is the utilization of a secpnd repetition_group (Underwood,
Rehula, and Keppel, 1962; Postman, 1962) that learns the list
of pairs mastered by thevsingle trial.léarning group. Thus,
differences between the repetition group, whose pairs to be
learned have been randomly selected from the stimulus pool,
.and the second repetitlon grbup, whose palrs to be-leérned
have previously been learned by single trial’learning.sub;
jeects, would represent an estimate of the effegts of item
- selection associated with the single trial learninglcondition.
' It seems to this writer, that age investigated via crosa;
sectional deslgns hold little promise for resoivingnthe‘issue
of single trial léafning. -Attempts te subdivide éubjects of
different age levels into comparable abiiity gfoups is com~
plicated by the shortage of’tésts that span a sizable
portion of the age dimenslon. Although single trial learning
studied longitudinally would eliminate the difficulty of
sampling equivalent age groups, future research-might adopt a
more fruitfal strategy.

It is recommended that the general strategy for future
investigation ofvsingle triai,learning begin with an attempt -
at clear differentiation of single'tfial and incremental
léarning,m Definition of single trial and incremental learn-

- ing should 1ncludévspeeific statements concerning the conditions
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under which each typs of learning should ocecur. Conditions
which lead to predictions of performence diffefencss between
single trial and incremental learning should be explored with
experiments focusing on the predicted differences., If the
process of defining single trial and incremental learningz
suggests a two%btagevmodel of human verbal learﬁingg-thén :
predictions associated with a particular model should be
subjected to experimental verification., Four two-stage models
for paired assoclate learning'are,plausiblsa (1) The initial
or response 1earning stage ocecurs incrementall?.ana the
subsequent or associative stage also occurs incrementally.

(2) Though the response learning stage occurs incrementally,
subsequent associations srpe mads on one trial., (3) Where the
unit of learning is considered to be small, it is possible teo
suggest that responses are learned or not learned on any given
trial while the assocliative stage may occur by a process of
gradual strengthening. (I4) Finally, both the response learn=-
ing stage and the assoclation or hook-up stage may be viewed
as oceurring in a single trial.

. The establishment of single trial 1eafning as a verified
phenomenon would strengthen the computer simuilation approach
to cognitive activity (Newell, Shaw and Simon, 1958; Hovland,
19603 Féigenbaﬁm and Simon, 1962). One of the most heuristic
approaches to single trial lsarning has been the employment of
mathematical models (Bstes, 19503 1959; Kintsch, 1963; Bower,
1961), However, computer simulation will n@tgvaﬁa need not,

wait for the resolution of the single trial learning issus.
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It seems likely that these two eentemporary developments in
learning theory of computer simulation and mathematical

models cited,abQVe'will complement each other in pursuing a

" resolution of the single trial learning controversy.
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APPENDIX A
RECRULTMENT LETTER SENT TO HIGH SCHOOL STUDENTS

Room 106

Hughes Hall"

Kensas State College of Pltteburg
December 6, 1963

Dear

. I am engaged in & research project that will aid ws in
underestanding the process of human learning., I want to
help answeyr the question, "How do we Learn?” TYour name has

been selscted from the College Hlgh enrollment as one who

would help me., If your volunteer, your Job wlll conslst

of learning three sets of verbsl materlal at different

times., The total experimental time should be about one

hour and the experimental sessions would be scheduled during

your library peried 1f you are an 8th or 10th grader and
during your free period if you are a senlor. The results of
your performance will in no way influernce your class grades
and will be held in conflidence by me,

Please check the appropriate space below and return
the bottom part of thils letber to the principalts offlce,

Yours truly,

John J,., Rearden
Asst., Professor of Psychology

T will participate

T will not partlcipate

Slgn Here
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STIMULUS MATERIAL BY MEANINGFULNESS LEVELS

(HIGH)

Response Stimulus Single 8
Element Syllable -Trigla v ~ Repetitlon
A JOK 7 3
B JYN - 1 u
¢ GUL 2 H
D BAW 5 2
E JYM 6 L
F DAS n g
G WEK .2 6
H FUS 3 g
g MEL 3 L
K BAL I 5
L KAN 5 3
M RUS [ 5
N Jus ) g

0 WIC T B
P RAC 1 3
Q LIC 3 1
R WUN 3 g
S FAL 7 3
T DS b f
U PUD 9 % 3
v LOs 3 . >
W MES 2 L
X NIL 2 L
Y CIG 5 1
Z FYR 5 6
AA GOR 10 s 2
BB WOR 3 g
CC WIF 1 2
DD VOoT 2 5
EE GIL 2 g
PR COK 2 3
GG TUF 2 I
HH JEF 3 5
JJ BIL 9 % i
KK RAD 