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A Comparisou of the Efizcts of Formal Similarity Among Trigrams and
Among Word Triads
. Benton J. Underwood and Joel Zimmerman

Abstract

The central question of this report concerned the role of formal

similarity in free recall of licsts of trigrams and lists of three-

letter word triads. Similarity was manipulated among trigrams by
duplicating ietters, and among triads by duplicafing words. An
initial study showed that lists of 16 letters were learned more
rapidly than a list of 16 three-letter words. Thercfore, in the
major experiment, the Ss were given all appropriate elements on test
trials so that only associative learning was requiréd. Increases in
forﬁal similarity caused decreases in rate of learning for both types
of lists and the mechanisms of the interference seemed to be the same
for both types of lists. However, the learning of the trigram lists
was more rapid than the learning of the triad lists, the difference

being maximal with low similarity.
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A Comparison of the Effects of Formal Similarity Among Trigrams and

. ' Among Word Triads

Benton J. Underwood and Joel Zimmerman

Northwestern_Universityl

Although formal siwmilarity pf verbal units may be defihed.by
rating proéedureé:(Runquist & Joinson; 1968), iglis more cbmmoﬁ]?
specified in_éerms of the number of different elements iqvolvéd in con-
structing a_list. f? the list consisté.of six trigrams, the use of 12
differeat léetters to censtruct the tfigréms results invhighef.formal
similarity than the use of 18 different létters.‘ No attempt will he

made here to review the vast literature on the relationshipé between

'formél similarity and learning. It is sufficient to say that, at
- least for items which are not words, the decrease in learning perfor-

mance as formal similarity increases is large, and this relafionship

holds for all of the commohly used }aboratofyllearning tasks. The
proslems of interpretation, wigh special emphasis on formal similarity
among the étimqlus terms in a paired-associate list, havE beén examined
by Runquist. (1972). His discusgion was basgd upon the lettér as the
basic unit of interference, since this has heen the unit most fronuently
used to manipulate formal gimilarity.‘.In the_preséﬁt rebéff,'the three-

tetter word was used a  the unit to manipulate formal similarity and a

- comparison was made with the letter as the unit in trigrams.

The most profound effects of similarity emerge from-studies-in-
which low meaningful consonant trigrams, such as GKW, have been used.

Such an item is very diffiéult to prohounce and is likely to- be pro-



cessed by a spelling response; G-K-W. Suppose, therefore, a word

Vo

triad is used which appears‘to have the same processing propertics, a

triad such as:GUNmKEY-WEB. This item, it would seewm, wust be pro-
: e SRR Ty .

ceoqed as thfee dlStlnLt elemunrs just as in the case of GRW" T

pronounce the thron words in order might requxrw °11ghtly more time

i

than to spcll W, but the diffcrcnce would ccrtainly not be greac. -

Assume that a free-vecall list is cons Lructed of trigrams and

another list of an cqual number of.word triads, with no- repetition

of letters among the .trigrams and no repetition of the words among,
o J . ‘

the triads, Whipﬁ list would béllearned most rabidij? In terms of

the analysis given ubove, the nhaober of elementary units to be pro- .
. . E . B I

cessed is the same in both cases If such processing is critical for

learning, nofdiffefence should be mticipated in learning the trigrams

and the triads. Such equivalence seems to have been supported by

Murdock (1961) in_his'demonstrdtipn that the short-term forgetting of

trigrams and word triadé did not differ. In a study of stimulus
' ' Lo B o BRI

selection, Berry and Cole (1973) reached the conclusion that the pro-

cessing of trigrams and triads was very similar, and that they may be

<

‘considered equivalent research models. Therefore, based upen a p:b-

chs-anaiysis ané_gpon:past work,_it‘wégld seem that the free-recall
learning of trigfaﬁs and triads'should beﬁeduiﬁalent.

The above expectatlon not thhstand1ng; it would appear that
trlgrams and word trlads would dlffer in che 11ke11hood that «emanflc

or meanlng responees would be evoked sponcaneouslv. These responses

:qhould be relatlvelv frequenL ‘or the tr:adu as compared wzth the

O
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trigrams. Insofar as such semnntic fesponses enter positively into
associative learning, it would seem chat a »rediction should favu;
the triads. Tu a more formal sense, the perceptual or processing
responses (the'represewtational responses) may be roughly eguivalent
for the triads and trigraws, but the possibilities of elaborative or
semantic responses would appear ro Se greater for the itriads.

Next, éonsidc; the influcece of formal similarity. In one case
the nu&bcr of repeatcd letters is increased among the trigrams in the
list and in the other the number of repeated words is increased. 1In
both cases the expectation would be an increase in learning difficulty
due *o the repeated representational responses (see Runquist, 1972
fof possible mechanisms). In addition, for the word triaas there
could be further interference from the semantic responses. That is,
if identical representational responses result in interference, it
would seem reasonable to cxpect that identical semantic responses
would also produce interference. Ii this occurs,iit leads to the
prediction that increases in  formal similarity woulé result in a

greater decrement in the !carning of word triads than in the learning

of trigrams. Let it be clear, however, that this study was under-

taken with the primary purpose being simply that of comparing the
effects of repcated elements in trigrams and triads with the beliefl
that any differences wﬂich emerged would be attributed to the dif-
ferences in semantic responses evoked by the two different kinds of

materials.
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‘The original intenf was te use free—recqii learning. VHowever,’
the interéééw;é$.in‘éSébciéti&e_leafning of the elements (letters and
words) within each item. The 1oafﬁing‘of,chc eléments per se might
well differ for free recall and certainly'sﬁchsléa;ning-will'diféer
as formal siﬁilarity-increases for both‘kinds of eleﬁeggs...rhu Fivst
eﬁperimént éimpiy démOnst?ated that thu.free>recu}1 of letrers and

‘ﬁbrds does differ, Thuroforéj.ih the second and major‘exﬁefimént;
all élements Weré:provided the subject so that learningrcnnsistéd
équ of acquiring.the ordering of the elémenﬁs'within each iteﬁ.

| "gxperiment‘l

Method . ’ S o . p
’ j

| ; : ‘
/16 items each. 'The letter list
i ;

w2s made up of the 16 Lowestéfréquenéy letters in the alphabet: b, c,

Lists. Thete were two lists of

. , _
o ds £, 8, 1 k; myop, g, u, v, W, X, ¥, 2. The 16 three-letter words

hadvTHOrndike-Lbfgé (1944) frequencies of from 1-6: yew, tab,’Bar; wry,

gym, que, fad, keg, imp, dun, ban, jot, rig, lax, vie, nob. Four
random orders of ﬁhe»léﬂtérs were determined, and with a word yoked
alphabetically to a lettér, the same four random orders were used for

the words. -

Procedure and éubjgcts.. Four_aiternating ;tudy aﬁd test Erials
wvere givenlb Each word or letter was exposed:on a‘memory drum for 3 .
‘sec each on the sfudy trials, and 60 sec were'a116Wed'for free fecall}.
The inspructions indicéted that the order ofirecail was uﬁimportaﬁt._
Strong instructibns Were‘given_againgé,guessing.
o There were 10 Ss. Kach § learned both lists, 15 having four
Qo ) . . o : ST : o
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study-test trials on the letter 1is£ followed-by the_four trials on
the word list, aqd'lS Ss had the reverse order.
Results
The mean number correct on zach trial for the two lists is shown
in Fig. 1. It is quite obvious that the list of letters &as_acquired
more rapidly than the list of wordé. Performance on the first trial
of the letter list waé identicai to that on the fourth trial for the
‘word list. The statis#ical analysis included trials and ofder in

which the two lists were learned. The only significant sources of
variance other than trials was type of list (F=87.62) and the typs of
list by triéls interaction, F (3,84) = 11.94; p €.01. This interaction
.ig attributed’to the near-asymptqtic performancé.on the letter-iiSt

for the third and fourth trials.

It is, perhaps, no surprise that the letter list was learned more
rapidly than the word list. The acquisitiqn qf thé letter 1is£ may
become a recognitionatask in the sense that the S need only select
the 16 correct letters from among the 26 possible. This would likely
lead to alphabetical organization in recall. Using.a technique |
suggested by‘Thompégn (1973), the albhabetical organization-was~
determined for both lists for the first and fourth trials. The.
technique yields values ranging from zero (no organization) to 1
(peffect organizatién). The mean values for the letters were .26
and .58 for trials 1 and 4, respectively. For the word list the

corresponding values were .09 and .12. Statistically the main effect
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of type of material (~=44.41) and trials (F="0.38) were reliable, as

‘was also their interaction (§=17.12),-with all Fs besed on df = 1, 28,
E<i.01.

Whether the entire difference between Qords and letters can be
accounted for by an alphabetical-recognition strategy for letters is
a moot issue. The degree of alphabetical otganization on the first
trial for the letterswas not great, but the Ss may not have been
systematic in their search initially. Analysis of first-trial

" recall as a function of serial position of occurrence cn the study

™
»

trial showed comparable primacy and recency effects for both‘iists,
'suggesting that factors in addition to search strategy influenced
performance. The diffgrences between the performances on the two.
lists cannot be attributed to gdessing difference§.>.It will be
remembered that the S had been instructed not to guess. Across all
Ss on all trials there was a total of 17 letter intrusions and-20
word intrusions. Thus, although the data indicate that the alphébe-
tical-recognition strategy was probably important in the better per-
formance on thé letter list than on the word list, there is ﬁo Way of
knowing whether or not it ié‘respbnsible for all of the observed
difference. -

The results leave no.doubt that a list of 16 letters is acquiced
more rapidly than a liﬁt of 16 three-letter wofdé. ‘It appeared, there-
fore, that to study the comparative associative 1earnipg‘of t;igrams
and word triads, element recall should be eliminated from the task.

Experiment II

The purpose of Experimeht I1 was to study the effepts on learning
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of formal similarity among letters in trigra~s and among wo;ds in word
triads.
Method

Materials. Eight lists were used, each consisting of eight
items. Four of these were trigram lists and four were word-triad
lists. The method of constructing the lists, shown in Table 1, will

be described in detail. The zero-similarity trigram list was devised

first. This list consisted of 24 different letters ( a and e were not

used) and each trigram in the list was constructed so as to have
minimal interletter-association values as determined from tﬁe Under-
wood and Schulz (1960) tables. None of the trigrams in any of the
lists occurs as a three-letter sequence in words according to Appendix
D in Underood and Schulz. The zero-similarity list will be designated
List T-O'. For the first ievel of similarity, four letters were re-
peated (List T-4). A repetition always occurred acroés trigrams and
the same letter never occupied the same position in two trigrams. In
List T-8, eight 1éttef§ were repeated, and in List‘T-12, 12 letters.
Since no letter occurred more than twice in a list, List T-12 con-
tained 12 letters, each occurring twice!

In order to censtruct List T-4, then.T-8 and finally, T-12, it
was necessary to drop out the high-fréquency letters in grder to keep
the interletter-association vglues constant a?réss the four lists.

The ietters i, n, o, and t, used in List T-0, were used in no other
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list. For List T-8, the letters h, 1, r, s, used in 1T-4, were dropped

and the remaining 16 letters were used in constructing List T-8.

Finally, for List T-12, ¢, d, m, and u were discarded and the trigrams

were constructed from the remaining 12 letters. As a consequence,
. R : ! -
the summed interletter associations for the four lists in order were

31, 28, 26, and 32. These sums consist of the values between e

first .letter and the s« rond, and between the first two letters and the

. third.

Thé fifét step in constricting the fuar word-triad lists (W-0,
Wfé; ﬁ48, w112) wés'to chgose 24 three-letter words, each begihniné_
with a different letter, and amoﬁg wﬂich thevfepetifidn of all letters
was relatively low. Tt was not possible, of course, to avoid some
letter repetition; but as may be seen in-Tablé 1;lall possible typeé
of cbnéonant_and.vowel combinationg were used,(fhis being;dqneﬁ
pafticularly to minimize repetitio; of middle letters. These words
varied in frequencies bétween 1—13 in Thorndike and Lorge (1944).' It

will be noted that there is some acoustic similarity among the'words,

'e.g.;vhue,.yew, mew, a deliberate inclusion to parallel grossly the

. acoustic similarity which exists among letters.

o

The 24 letters were yoked with the 24 words in terms of their
frequépcigs.- Thus, ale (f=13) was yoked with i, hhe»(£w12) with'g,f
and so on.. In forming the triads for List W-4, the four words .

omitted (which had occurred in List W-0) were those yoked with the

four high-frequency letters which, it will be remembered, were



in the first position of the'second trigram and in the third position

Ll

© dropped when constructing List T-4. The yoking of letters and words

also allowed the positions of the repetitions of letters ahdrwords to

be exactly the same. For example, in List T74, the letter 1 occurs

.

of the_eighth-trigram. It can be seen that in List W-4 the word ode,
yoked with 1, aiso occurs rn the first position of the second triad
and in tte third position of the eighth. Across the lists, positions
of répetitions were exattl&Ithe.same for the trigram and for the word
1ist§.

Procedure and subjects. There were eight s+tudy and test trials

given on each list. . The letters for both types of lists were printed.
in lower case. The letters in the tr.grams were separated by a space
as were the words in the triads. Each item was presented on a memory

drum for 3 sec for study. Immediately'after the presentation of the

last item,'g_was given a sheet on which he recorded his responses.

" At the top of this sheet the letters appropriaté for the trigrams,

or the words appropriaté for thé triads, were listed alphabeticallfr

Thus, for List T-O there were 24 letters listed, for T-12, there were

12 letters. Correspondingly, for W-0. there‘wére 24 words, for W-12,

12 words. The Ss were instructed to write in the blanks providéd all

pf the correct trigrams, or correct triads they could. They were
i
further instructed that the order in which they wrote the items was

'unimportant but that to be counted correct the three elements within

each item must be 1n the crder shown.on the study Lr1a1 A 90-sec

PSS,

Q nerlod was &! wwed for writing the'trigrams or triads_after each study

ERIC
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Each list was learned by a differeﬁt group of Ss, there being
24 Ss in each of the eight groups. The listAasSigned to a particular
S was determined_by a block-randoﬁized schedule of the eight lists.
Results .

The acquisition curves afe shown in the four panels of Fig. 2.
The most apparent finding from these data is that the trigram lists
are learned more rapiély than the triadAlists: This is trﬁe at all
levels of similarity on all trials. The differences appear laéger
with the lower levels of similarity (Lists 0 and 4) than with the
higher levels (Lists 8 and 12). Looking dowa the panels shows that
as formal similarity inCreased, perférmance decreased.

The resqlts are: condensed in fig. 3.in which is éhown the mean
number of correct responses across all eight trials for all eight
lists. Clearly, perfbrmance decreased és similarity increased, and

the trigrams were easier to learn than the triads. No reason has been

. -
’

discovered as to wh§ List W-8 was learned ﬁore rapidly than List W-4.
Statistically thé type of list (trigrams versus triads) was a signi-
ficant source of variance (F=70.08), as was similarity (F=20.52).

The interaction between thebtwo variables was also reliable, F ( 3,184 ) =
2.81, p¢.05. The meaning of the interaction is somewhat ambiguous '

because of the nonmonotonicity in the triad curve. However, a slope
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given in the introduction. As was pointed out, duplicating words

analysis showed that only the linear cdmponent of each curve was
significant stétistically, and the difference in the linear slopes was
reliéble, F (1, 184) = 6.50, pg.05. Actually, the interaction is
probably underestimated because of a ceiling effect for List T-0.
Nineteen of the’24 Ss had all items correct on at least one of the
eight trials and 11 had all items correct on the last two trials.

To avoid this restriction an ﬁéalysis was carried out on the first
four trials only, and revealed a highly reliable interaction_of-the
linear slopes (F=10.65). It seems appropriate to conclude that the
two variables interact, and that at some level of similarity higher
than those used here, the two types of materials might be learned at
the éame rate, albeit the rate would be very slow. Even in the
present experiment, for List W-12 the average S was getting only Ffour
correct responses after eight study trials.

The interaction noted above was not as expected by the analyses

should result in two sources of interference, interference from
representational responses and 1nterferénée_from semant ic responses.
Based upon the assﬁmption that interference from semantic responses
would be minimal with the trigrams, it would Seem. that as formal
similarity increased the difﬁerence in performance bn words and tri-
grams shouldbincreaSe. Instead, the data showed a decrease in thé
difference. This problem of interpretation is tied closely ﬁo the
unexpected finding that with zero similarity (Lists T-0 and W-0)

the triads proved a far more difficult task than did the trivrams.
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The difference which occurred on the first trial was a magnitude

of two items. To be sure, the words were of low frequency, but ercept

for f£wo or three of them (que, vie, wry) the meaning should have been

apparent to the college-student Ss. The summed frequency of the words

O
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in each triad did not correlate (-.17) with the learning of rhe items
although admittedly the frequency range was quite restricted.

A number of further analyses were ﬁndertaken to see if any clues
could be found to account for. the differences in leurning across all
levels of similarity,

1. There were strong recency effects in that the last item

presented on a study trial was likely to be given on tbe test trial.

These effects did not differ for trigramé and triads, and they did
not vary as a function of similarity.

2. Lists T-0 aﬁd W-0 were examined to determine the nature of
errors which were made. For this purpose three-element fosponSes
were examined in which any two of ghu clements were correctly éla;ud,
fhe questior concerned the third element which was an incorrect
element fof that particular item (as defiﬁed by two of the elements
being correct). What correct element did this incorrect element re-
place, was the quéstion asked. Since two elements were correct {and
S-would not repeat an e¢lement within an item), and since a particular
element could not replace itself, there were 441 cells in the error
matrix. For the letters, for all eight trials, thef5~§;re entries in

57 cells representing 93 errcneous responses. The maXimum number of
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-entries in any cell was five, this occurring for two cells. - In one,

2]

replaced r as the correct response, and ir tne other, ¢ replaced
%x. There were three cells with four entries, j replacing g, m re-
placing w, and £ =eplacing z. For cells with three entries, the let-

ters were b for g, b for p, n for m, v for g and v for j. An examina--

\

tion of the replacements indicates some evidernce fdr acoustic confusion
but it is by no means prominent in these data.
The corresponding analysis for List W-0 showed entries in 78
cells and a total of 113‘errors. Only three cells had as manv as
fiye errors; in these three cells hue replaced yew, lax replaced

tab, and sip replaced hue. There were no cells with four entries,

but five with three entries: ale for elf, ban for dun, ban for fad,

A

elf for jot, and gym for dun. is:wfth the letters, there is some
e§idence for acoustic confusion.

3. The correct placement af elements was examined as a function
of position (first, sgcond, third) within the trigrams and triads.
All correctly placed «lements were included régardless of the correct-
ness of the other elements given with it. TJTncomplete items wefe also
used if an elemént of the incomplete item was correctly positioned.
The first Ehree trials of the fourbextreme lists’LI:O, W-0,T-12,
W-12) were examined. The probability of correct placement was
equiya1qu_g¢;g§sfﬁhetehree—pos%tioné for all four lists on all three
trials, although,&;;—éourse, fhe absolute probabilitias differed across

levels of similarity and type of material.

4. 1In one way of viewing the data, the change in performance as

.-

RIC
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a function of similarity differs but little for the trigrams and
triads. Using List T-0 as a base, the decrease in performance he-
twenan this list and List T-12 was 437%; the decrease from List W-0

te List W-12 was 37%. This suggests that increasing similarity was

-accompanied by quite comparable changes in performance for both tvpes

of lists. This pussibility will be examined in another manner.

Lists T-0, W-0. 7-!2 and W-12 mav all be considered homopencous
lists. 1In the first two lists there were no duplicated element:, in
the last two all-were duplicated, The other lists were heterogeneous
in that there were varying amounts of duplication of elements. For
example, in Lists T-4 and W-4, two items had no duplicated clements,
four had one, and two had two. MHeterogeneous lists should show
greater variability in item difficulty than should homogencous
lists, hence the reiiability of the item difficulties should be
higher. Each group of 24 Ss was divided randomly into two subgroups
of 12 each, and the total correct responses for each item over ecight

trials was detrrmined for each subgroup independently. Product-

‘moment correlations were then calculated between the scores for the

subgroups to determine item reliability. For the trigram lists, from
List T;O to T-12, the wvalues were .59, .81, .79 and .45. T7The corre-
sponding values for the triad lists were .42,-.86, .73 and .46.
These data suggest that the interference is item specific for both
types of lists. The data for particular items indicated this

specificity directly in that those with the fewer duplicated letfters
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were learned more readi!y than were those with the greater number of
duplicated letters in Lists T-4, T-8, W-4 and W-8.
Discussion

A1l of the data indicated that formal similarity influenced
trigrams and word triads in much the same way. The interference
resulting from duplicated clements was quite element specific and
increased as the number of duplicated elements increased.

The puzzle of the current findings is why, with zero similarity,
the triads were so much more difficult Fo learn than were the tri-
grams. Writing time per unit would be greater for triads than for
tflgrams'but this difference was of no moment on the early trials
where few correct responses were produced. The time to read three
words may be slightly longer than the time to read three letters,
but this time difference should be inconsequential when the study
interval w.s 3 sec.

In the introduction it was pointed out that the two types of
material should differ in terms of the implicit semantic response
which they elicit. I this is an appropriate premise; it feollows
that a greater number of at:;}butes was contained in the memory for
the words than for the letters. if these additional attributes (or
the additional elements of information) are not differentially
gffective for associative learning (if they do not include more
effective associﬁtivn devices than is present in the memorv for the

letters), then the learning of the triads could be retarded. In
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effect, the S must sort through information, some of which is not
useful. A few Ss voluntarily reported that during learning of the
triad list they discovered that no letter was usad as the {irst
letter of a word more than once. They then created a single trigram
cut of the first letters of the three words within a trigram, usiug,
this first-letter information to identify the appropriate words on
the tests.ﬂ It is not known how frequently thié selection occurred,’
nor whether learning was facilitated thereby, but such reports do
suggest the possibility that the semantic information was not
particularly useful, and was; perhaps, even detrimental for this
associative-learning task. Learning as a result of contiguity of

representational responses may be a relatively efficient form

of associative learning in some situations.

1
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Tuble 1 -
Trigram Liéts {T-0 through T-12) of Increasing Similarity and Word-

Triad Lists ~' Comparable Similarity (W-0 through W-12)

T-0 T-4 T-8 T-12
cfy cfy cfy bfv
igw lgw qgw kaj
khj khq kug yew
dsu dsu dku xkf
x£n xbv xbv pvz
ozg pvj A wpX
tpm ypm ype jzg
rvl rzl jzm qby
w-é :W-A Ww-8 w-12

yew-dun-wry

ale-fad-tab

jot-mew-gym

imp-urn-par

yew-dun-wry
odu-fad-tab
jet~mew-lax

imp-urn-par

yew-dun-wry

lax~-fad-tab

jot-tab-lax

imp-jot-par

ban-dun-nob

jot-lax-gym

wry-fad-tab

vie-jot-dun

Qie-ban-god vie-ban-nob vie4ban-qob keg-nob-que
elf-que-lax keg-ngb-gym keg~-nob-gym tab-keg-vie
hue-keg-rig wry-keg-rig wry-keg-yew -gym-que-fad
siﬁ—nqb-ode sip-que-ode gym-queirig lax~-ban-wry
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Fig. 1. Free-recall learning of 16 letters and 16 three-letter words.
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Fig. 2. Associative learning for trigrams and word triads as a function

of formal similarity. List 0 represents zero similarity, List

12 high similafity.
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Fig. 3. Total correct responses over eight trials as a function of

formal similarity for trigram lists and ‘triad lists.
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