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%DIES OF DISTRIBUTED PRACTICE: VIII, LEARNING
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AS. A FUNCTION OF INTRALIET SIMILARITY
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The rate of lsarning paired-adjec-
tive lista ‘is unrelated to intertrial
intervals up to 2 min. when lists are
presented at a 2:2-eec. Fate, i.e, 2 sec.
for the stimulus alcae sand 2 eec. for
the stimulus and reaponse appearing
together (8). With materiale of low
meaningfulness the data ave somewhat
contradictory. Inonestudy Hoviand
(4) found that & 2-min. rest after each
tria! resulted in no faster learning than
did & 6-3ec. rest for paired nonsense
eyllables. In s subesquent etudy (5)
however, the same conditions did pro-
duce more rapid learaing with spaced
practice than with massed. Further-
more, the differences were magnified
if pairs were presented at a 1:l-sec.
rate. No resolution of these conflict-
ing data is available,

Early studies by Hoviand {e.g., §)
have consistently shown that in sevial
leaming distributed practice facilitates
acquisition. . Previously in his wrie-
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inge, thereiore, Hoviand had theo-
retically tied the phenomeson of
facilitation by distribution ¢ remote
sssocistions which are formed in serial
learnicg. Bet, baving found that
facilitation will oceur with speced
practice of paired nonsense syliables,
hio lest theoretical position removes
the iie to e2nial associations and pos-
tulater what scems 5 be a work-inhi-
bition theory. This theory {8) ap-
pears to be cne which simply staves
thattheweworkdonepernmtcf
time the greater the Lkelihcod that
distribution will Zscilitate learning.
Considerable evidence could be mar-
shalled in support of this positioa. If
one is to hold to such & theory, bow-
ever, specificatioe of the relationship
between work and other wvariables
should be suggested. Omne such vari-
able is meanin;him. That mean-
ingfriness is in vome way a variabie i in
Antarmivine ‘”I"-‘uls? 5 @oh '?im

gl i -—w Rl

practice facilitates ic shown by the
fact thet learning of serial adjectives
is not influenced ‘as much by spaced
practice as is learning of sarial aon.
sense lista (0,12). Also, the learning
of short verbal-discrimination lists of
adjectives presented 2t 2 1:1-s0c. rate
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is aot influenced by spaced practice
(13). Of course, to handle such find-
ings, one could merely postulate that
the greater the meaningfulness, the
lese the work required.

Another varizble which may have
to be related to work theory, or at
least incorporated into some theory of
distribution, is intratagk similarity.
In the &g place, Hoviand’s discard of
the need for remote associations in
Tearning before distribution will facili-
tste leurning is not easy to accept.
One must first inquire into the basic
processes which produce remote asso-
cisticns. One ¢ "zasible position is
that remote associztions represent
generalization tendencies. If this is
go, and if gencralization tendencies
exist in paired-associste learning (as
sezms likely, e.g., 8), the quantitative
continuity between serial und paired-
associste learpiag csn be maintained
on the basio of the srgument that no
esscntially differen: processes are rep-
resented by the two forms of learning.
It iz thus st rlauxble that the key
to 2 theory of distributed practice lies
in nuinber of gensralization teadencies
{produced by istratask similarity) end
rot in the amount of work. -Again,
bowever; work theory could. simply
state that the greater the genersliza-

Accamulsting ° evidence suggests
that no simple theory of werk inhibi-
tioe will be entirely sutisfactory for
nomenn astociated with epaced prac-
tice. It has been shown that while
disiribution “of - practice . of -paired-
adjective lists does no afiect acquisi-
tion . rates, differences in retention
opsir-ge & fnoction of the imtertrial
resty during learning (8)-  In another
study  (18) intralist - similarity was
vared in ‘serial nonsestse lists. The
resuits showed:that facilitatior oc-
ctrved - with distribused practice -but
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this focilitation was po grearer with
lists of high sismilanity than wila Uicee
of low similarity. If cne did wisk to
postulate that work and intraiist sigo.
ilarity are directly related, such evi-
dence is difficult to handic. And in
this sarme sxperiment, although intra-
list similarity produced wide differ-
ences in rate of learning, errors did
rot increase systematically with intra.
list similarity ss one would expect by
generalization theory. In brief, we

‘are short on acceptable theory to

account for the few well-eatablished
facts we have and we are short on
cmpirical laws of some generslity
describing relaticnships between inter-

experiments is to provide additional
facts on the effect of intertrial rest in
learning paired-associa
lists. Aer pointed out above, Hov-
isnd’s data are costradictory on this
matter. The se. ad purpose is to
get mformation on the relaticnship
between intraliot similarity and inter-

i medien o similarity {
Ia Egp. 1ils. intradint __,ﬂ:“&éo;&@



DISTRIBUTION OF PRACTICE

former responses now became stimuli. To
suzrInarise:

Stimslus Resposse
Experiment  Simiderisy Simileriy
I Low Low
1i: Medium fow
His High Low
ilr Low Mediom
1ils Low High

Lirts,—All Bisis were constructed of acnsense
syhables of 45679, w 35.33% Mﬁm value

mdmma:'nmmymdamamnmm
tm as&eﬁmkﬁcdaqﬂa&
oz five dsﬁemt letters was med twics ©

sonante were used w0 make up the 10 itens; for
mdimdmihﬁty 10 were used, and for bigh
similasity, 6. To svoid stimulus-reepouse gea-

ersiization similatity beweea sthach md re-
sponses wes kept os low 88 possible. Obvisnly
fome sspetition was yarvoidable Hut the basie
principle fullowed was that nyv letter usd to
etk & syliable on the stimaalus side wis used
0 start 3 e7lluble on the reaponse side. Repeti-
tioa did cvcar bevwoea tie st letters of stizules

betwees Fats wor kept s fow az poesible since
each axperiaent reguined thres lives, one for each
distriburion interval. Fiaslly, onc practice it
{of mediom similarity) wae used for olt five ezper-
heent. Aﬂ&mmmwﬁm:ﬂm&ww
dfam at 8 2} z-sx.r&iewithhumby!he
anticipation mothod, in whith § spelled the
syilatic. !hmetdmdpmwuhmmuwd
w avoid serial laming.

Specific cendizions—~Each experizent em-
r.."‘“}"-ﬂ -v“"nw“:“nd(mau\» Dach S nad
onepnmemudfaurmmmleeo—
sions, the last experimenta! session reguiring
oaly recalf and relearning of the lst learved the
previous diy. On the practice dey § lumed
th«lmmﬁmtoﬂammw

concurning the rest-izterval activity o be used

ing with a 30-eec. rest betwoen esck trial wanil
o porildocho g MG B
recall an ™

meatal days 3§ feamed throe lists, vae uader

S-

of the chree latertehi? roet coaditions 4, 30. &
sec.), but, of comre, orly one Bt csck day,
tation  proe-
tice) occurred after 34 he. A gives Het was
Mmﬂﬂmmm&
fist which i2 tern was recelied and the
followiag day.
mmmmmmm
piste coun ing of both Hats and eondi-
ticos is schieved with 36 5a. The o 8
were matched on the common prectice &
Resvirs

Pracsice list.—The mean number of
triale to learn the preetice lgt wae
29.75, 29.06, 19.41, 28.72, end 30.33
for Exp. I, 1ls, 11is, Hr, sad 11y,
mpactm:!y The vadance i howo-
geneous for the distributions 6o which
these means are based and Fis:leas
than 1. For all groups combined the
produci-moment correlation between
trials to learn the pructice list and
trizls to leara the chree cxpmmu!
lists comhined is 57 & 07. The
mean number of errors per trial on the
practice list was 1.13, 1.41, 1.07, 1.24,
and 1.33 for the iwcmptmorﬂer
The F is 1.5 and with 4 and 175 &f
anFoiZ.&wnmdadfwmiﬁm&
at the 5% level of confidence. -The
correlation Letween error froquency
on practice list 2nd on thres exper
mental lists combined was 65 & GF.
It may be coacluded thet the prodps
were initially compsrahle.

Learning of n?mmzsal ~The
mear number of trials o ‘eam the
experimental lists for the three i inter
trial vest intecvals for all five ris
ments is shown in Teble I and ;)lmd
in Fig. 1. The statistical. mlym
initially deals with Exp. 1, §ls, and
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TABLE 1

Mzan Triars to Lears Painzo Nowsmnsz
Lisvs a3 A Fuxcrion or Snuuvius axe
Rasrowse Stuszariry axp Lexcrr
or [iwrexmaar Resr®

T Sutortrial Rest
Exp.
4w, 30 sec. 0 sec.
i 2357 2.4 2333
il 2478 2344 .28
1l 29.86 3289 2939
ir 24.1¢ 21.42 11.50
i 8.2 2169 2427
* Entmate of eu io 130,

Iils independently, and then with
Exp. |, ilr, and Iilr. In this and all
other analyses to be presented, vari-
ance was sBown not to be hetero-
geneous.

The 2seential terms of analysis of
variance for Exp. I, Ils, and I1ls are
shown in Table 2. The rationale and
proof of this technique have been pre-
sented elsewhere (1). For evaluation
of significance of similarity the proper
error term is Ss/Similerity. The F
of 5.29 is beyond the value (4.82)
needed for significance at the 1%
level. For evaluating the effects of
other variabies the appropriate error
term is Pooled Ss X Practice/Similar-
ity. - Terms necessary for zvaluating
list differences within a given ievel of
similarity are not included. It will
be obeerved that intertrial rest Is not
s significant source of variance, F
being ieas than 1. In Fig. I the curves
for Exp. 1ls and HIs (medium and
high stimulus similarity) have quits
different ahnpeo “This is reflected in
the interaction term in Table 2 (lnter-
tﬂﬂ Rﬂt )( &ml'iﬂﬁw\ wh:ck = ;;5_,_
pificant ar about the 3% level of
confidence.. The rether bizarre shapes
for. these tw. curves argue agsinst
sccepting this interaction &3 being

psxchalogically meapingful.  From
the analysis, however, two conclusions
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are stmghziorward for these three
experimente in which interlist stim-
ulus similarity was manipulsted: {4)
as interlist stimulue eimilarity in-
creases, rate of learning decreasef, end
(b) intertrial rest produces no differ-
ences in learning for any level of
similarity.

Turning aext te results produced by
variation in response similarity (Exp.
I, IIr, and Iilr), we may firet note
that similarity is not an effective vari-
able as far as trizls to leara ic con-
cerned. The complete statistical anal-
ysit will not be presentad. It is
sufficient to report that F for similar-
ity is less than 1. Thus, varistion in
similarity which produces differences
in rate of acquisition when it obtains
among stimuli has little influence on
learning when present among fee
sponses. Aithough Fig. § mxght sug-
gest that learning was more rapid
under conditions with 30- and 60-sec.
intertrizl rests than for 4-sez. rest for
Exp. I, Ilr, and Iilr, the F for inter-
trial rest {2.10) falls considerably short
of the value (3.04) needed for the 5%
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DISTRIBUTION OF PRACTICE

level, Again, thea, we have no evi-
dence to support Hoviand’s (8) inding
thae distributed practice will facili-
tate acquisition of paired nonsense
tists.

Finaily, it muat be pointed out that
the liste in which response similariey
wio macipclated were learned more
rapidly than those in which stimulos
timilarity was manipulated. Disre-
garding intertrial rest, the mean num-
ber of trials to learn the medium
stimulus-timilarity lists (Exp. 1ls)
was 25.50. When these lists were
“turned over” so that similarity was
among responses the mean was 22.37
(Ezp. IIr). The corresponding val-
ues for the high-similarity lists (Exp.
IX¥Is and iIir) were 20.71 and 24.40.
F is highly significant {5.56). The
analysis of errors during learning, to
which we now turn, adds information
which will be useful in interpreting
these differences.

Errors during icerning.—The mesn
nembar of overt errors per trizl in
learning i suown for cach condition

TABLE 2

Aparyss or Vamiawcs por Meaw Nuueza
or Thass 1o Laanx 1w
Exr. I, Uis awn s

= ey
Source of Variatica | Mua |
Similarity 215860002 | 5.9
Sa/Bimilerity 105§ 299.5429
actice 2] 8840218 | 1454
Practiee X Similarity 4 06TT | ~-
Intertrial rest 2) 2872} ~
Iatertrial vest
xﬁ;/éi n.;it:’ (pooted) 3 b e e
i
Pocled 88 X P;ncﬁee/
Sty e S5
Total 323
0  Wud 2 exd 108 {163 wt 09 leval ' 200, and
sm.mt ot :IA}J;;?K&% ‘J :‘.s -a.é'
":«?m'mm ix: st ¢ y within

%i

o
i L
#mn “-‘“IW‘_“..—--‘"‘
g }
e PO ]
s [ it ™
- B Tmmy .
& T 1
gmr ""‘:::‘ ------ b
~vag
= 2 h“"‘".‘_ ‘. j
iTY \\\I
Ty o B> B

INTERTRIL MEST IRTERVAL

Fro. 2. Overt ervers per Wial in loatnieg us
a fesction of mteitzdal Wuihm.
simaflasity

in Fig. 2. The first fact demonsieaied
by Fig. 1 is that variation in respomse
similaricy (IIr end Ilir) resulted iin-
greater error frequency then did vari-
ation in stimulus similazrity -(IJs and
1ils). Theas, while leaming WhS IOfE -
rapid with variation is response simi-
farity thaa with variation in stimulys
ﬂmzhuty, more errors per trisl were:
made in the former instance.

A wecond fact in thatwmhnty wes
s sigaificant source of variance. for
Exp. I, r, and IlIr (F is 13.2) with
errar frequency varymg dns‘cctly with
simifarity. With variation in etin.-
ulus similarity F is 4.15, which falls
between the 1% and 3% fevels. '
there is no direct relation between
similarity and error fréguency since
the number of errors for the high-
similarity lists (IIIe) is alightly less
then for the lists of medium mmhmty
{ils).

A third fact 20 be noted in Fig. 2 is
that for Exp. X, IIs, and Illa,, error
frequency decreases with increasing
length of intertrisl rest. The Fie8.31
which is well beyond the 1% confi-
dence level. On the other hand, no.
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relation obtains between error fre-
quency and intertrial rest for variation
ia respons similarity.

Recall —All lists were recalled and
relearned 24 hr. following origizal
wastery. Ia analyxing the recall
scores for Exp. I, Is, and Ills, only
two significant sources of variance
werc found. One of these was stage
of practice, with poorer recal! asso-
cizted with later stages of practice.
This confirme previous findings wich
serial Bste (11). The accond signifi-
cant source of variance was similarity,
with recall better the higher the simi-
larity.- Iatertrial interval during
learning had neo influence on retention
23 measured by recsll. :

When Exp. I, Ilr, and [IIr were
subjected to analysis of variance, only
stage of practice was found to be sig-
nificeat. Unlike variation in stimulus
similerity, variation in respoase simi-
recall. It will be remembered that
varistion iz stimulus similarity pro-
dweed differences in rate of learning
It i¢ poscible, therefore, that differ-
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ences in recali as a function of stimulus
similarity may be due to differences in
number of ceinforcements (correct
respoaeec) during origingl leaming.
To examine this possibility an item
anaiysis of lesrping has been made in
which numver of red ts e
keld constant. When this is done,
differences in recall az a function of
stimulus similsrity disappear. The
results of this analysis for Exp. I, Ils,
and IIls are shown in Fig. 3. When
items having the saizs number of rein-
forcements are compared (ignoring
intertrial interval), there are no appre-
ciable differences in recall a2 2 fanction
of similarity. The raw recall scores
also showed better reteation for Exp.
IIs aad IlIs than for IIr and Illr.
Here again, however, whea compared
by item analysis 20 that frequency of

i t is equal, no differences
of aay consequence are a t. It
must be concluded thst in
similarity per se have little influence
on retention as measured by recall.
This confirms previous results with
psired adjectives (8).

It was pointed cut earlier that more
errors occurred in learning lists in
which response similarity varied then
g i ok g orged
varied. It might t
such differences would occur in overt
errors at recall and such i the case,
For Exp. IIs and I1ls the total errors
for all three conditions was 150 and
104 respectively; for Exp. IIr and I1Ir
;l;& corresponding values were 171 and

Relearniag.—Taken singly, none of
the major variables influeaces rate of
relearning. Howsver, for bosk salz.
ulus similarity and response similarity
the interaction between stage ~f prac-

- tice and similarity is highly eignifi

cant.
The F for stimulue similarity is 6.02
and for response similarity, 5.3, with
an F of .71 needed for the 1% level,
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With bigh similarity Zeither HIs or
Ilir), the mean number of trisle w0
relearn decrezses as a funciion of utage
of practice, the values being 9.33,
8.28, and 6.06 for Exp. I1Is and 8.02,
7.36, and 6.89 for IlIr, for the thyee
stages of practice in order. For iow
similarity (Exp. I}, on the other hand,
the meaa number of trials to relearn
increases 2o & function of stage of prac-
tice, these mesns being 5.33, 6.08, and
7.58. This interaction between simi-
larity and stage of practice may be
expected on the basis of differencss in
interlist similarity which resulted from
variation in isiralisi eimilarity. la
these experiments three experimentsl
liste were used for each level of simi-
lerity. Intralist similarity was varied
by manipulsting the number of re-
peated conecnante. Witk low intrs-
list similarity contonants became
repeated among lists 2 a result of
avoiding duplication within liste.
With high similarity repetition amoag
consonaats in different lists was
avoided because of high repetition
within lists. Therefore, we would
expect considerable interlist interiae.
ence for low sinilarity lists and amount
of interference should be directly
related to stage of practice, i.c., num-
ber of previous lists learned. Thus,
it would seem tirat with low-similarity
lists, interference smong lists more
then counteracted the effects of prac-
tice, while this was not true in the
high-similarity lists. Other meatures
{e.g., recall scores) are consistent with
this kypothesis but since this finding
in secondsry to the malor purpose of
the paper, such dets will not be
detatled here,

Finally, it may be mentioned that
the errcrs per trial during relearn-
ing followed & pattern alwcst identical
with that during original jearning.
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Discussion

In none of the five experiments has
say facﬁitétion resulted in Ecamiuby
spaced practice ss compared with
massed. Furthermore, the resulte
argae againet a simple work<inhibicion
type theory. In Hovland'’s (8) study
in whick fscilitation by distsibuted
practice did occur, the mean number
of trials to lara was 164 for the
massed coadition and 13.5 for the
spaced conliton. In the. present
esperimenats the mean number of trials
nﬁdimmnﬁo%, B work inhi-
bition iz involved, it would be sus-
pected that greater inhibition wnkl
have occurred with massed
cer cxpaviments than in WS
experiments. ow, it i3 true that
Hoviand’s distribut.ed conditios. con-
eisted of a 2-win. intertrial zest where-

8,
faster lesrning with distribeied prac-
tice shonld be present in our data even
with l-mie. rests if work ‘shibition
develops, Suck was not the case.
Another posibitity to accoant for the
may be ¢satsined fa the
fact that vhnd’l&mawly
well practiced. This is reflected in
the mean valaes given sbove. In a
revious study () we have shown that
Kwsemlleammgdiﬁm between
rate of learaing under massed and dic-
tributed practice do not chasge appre-
ciably as a fanction of stageof practice
but it is still remotely poesible that
;u;e of prachee coald be a verisble

ressits give mo genenalisttion. 18 &
st yd Loy~ gy
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rate of leaming otcurred but wo facilitation by
waced practice was observed for any ievel of
sallarity. There was, then, no interaction
betweea ddmilarity and interirial rest.  Similardy,
it learaing serial monscase lists (11) internction
between these (wo variables has bot been signifi-
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except thet sowe decroase fn errues (significant
nts%hd)mpmntw!t?sndaﬁoab

forgotiea
more repidly over o rest interval.  If this is the
case ia the present experiments, we would expec:
faster learning by distribuced practice (wniess
oms other piocess couaterscts). The theoey
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process i postulated. It must be repested again,
herwever, that 1o differences in learning, recall, or
relutiing wore fosnd eo that if the differenticl-
theory is eaid to be supparted by the
daw, it must be quickly added tha:
8o noticesbls effoct on correct responses was
cbeerved ‘ot any time. In experiments
with serlal fists (10) cod in the present experi-
etk e ¥ soemas to beao little rela-
tionskip to measured by correct

esRTanT,

Asother factor wiich might be relevaat o
error cles is the rest-iaterval activity.
Jt was demonstrated estier (10) that color
naming during the distribation iaterval produces

i

i
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quence lagely of & responding wet indeced by
evlor naming althoegh we were nasble to rule
out entirely a6 ermor-deprecseat effect of symbol
cancellation. In symbol canocllation very fow
erron are made; inetructions for accurecy are
given each day S cancels, it is possible that §
develops & tendency to make fewer arrors in
karmguuqumdlmslym;hag
very few erore in symbol ceseeliadion.

pmthusmﬂwﬂnhﬁbnhmﬂ
Mhumdmmmmﬁué
a tet is developing, Such en amalysia hae bees

ma@&ad&emlummmm'

support the eet hypothesis but the differences do
0ot attain ctatistical significence. Bloreover, if
uehncmwﬁadngmhhﬁtnp,h&ma
geners] finding eines ik hes wot Deen present in
serial learaing (51) nor kss it been evidest ia the
prosent experiments in which resposse similasity
was manipelated, ?ocdnmthm
tstes of the phanouseoon of fower ervors with
Songer invertricl rests must be left vacoecifiod,

Sommary
Five experiments were performed to

study the effect of () intertrial rest-

and (b) intraliet stimulus and intralist
response similarity on learning and
retention of lists of paired nonsense
syllzbles. The three intertriai inter-
vais in esch experiment were 4, 30,
and 50 ecec. In one experiment the
lists had low stimulus and iow responee
similarity; in two others the stimulius
similarity was medium and high,
respectively, with response similarity
fow; in the other two experiments the
rezponse timilarity was medium a2nd
high, respectively, with stimulus simi-
larity low. Similarity was maaipu-
lated by varying the frequency of
repeated letters making up the syl-
isbles of a given list. All learnicg
was carried to one perfect trial with
retention of each list measured after
22 kr, Bach exnsriment invoived 36
Ss. The reeults show:

1. There wes no influence of inter-
trial rest on rate of learning in any of
the five experimeats. Qvett error
frequency was inverseiy roiated i
intertrial rest for ezperiments in whick
stirnuius similarity was manipulated.
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2. Difficulty of learning incressed
with increses in stimulue similarity
but remained unchanged for variation
in response cmu!aﬂty Overt errors
incressed directly with respones ¢imi-
lzrity but not with stimulus similarity.

3. No differences in retention oc-
curred es 2 function of either mm‘m!
rest or similarity.

The reswits do not support Hov-
land’s latcst study in which learning
of paired-nonsense lists was flczhutad
by dsembmed praciice. The major
differences irf ‘procedure are that
Hoviand ueed a Z-min. intertrial rest
(mpared to the mazimum I-min.

rest in the present ezperimeats) and
his Ss¢ were much better prscticed
than those used here. The present
findings further support the conclasion
that intratask similarity is aot an
important variable in the study of the
influence of intertrial rests on learning.
The fact that varistion in stimulus
eimilarity produced differences in rate
of learning whereas response similarity
did not may be explained cn the basis
of the different roles played by simi-
iarity in the two cases. The finding
that fewer errors occurred with die-
tributed practice than with masced
practice when stimulus similarity is
varied i3 unaccounted for, but such
differences in errors app=ar to hzve no
relationship 1o rate of learning.

{Received August 18, 1952)
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