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ABSTRACT
It has been demonstrated in the laboratory that it is pos-
sible to structure practiée of to-be-rememberea material in such
a vay that the probability of retention 1is maximized.

Pistributed practice typically leads to superior performance in

most memory tasks compared to massed practice. Specifically,

distributed practice with inter-test intervals of an expanding

nature has been shown to be an optimal seguence. A series of

experiments was carried out in order to develop a practical

®

educational application of these research findings. The first
two experiments were aimed at discovering an appropriate

‘methodology .for wuse im a school. situation. The final study
2

- a ¢ .
consisted of a direct application of these findings. The

;ypotﬁesis @ested'ias thatematerials (multiplication tables and
épelling_lists) théh are presented in an expanded distributed
practice ‘series will 'iﬁdpce ;gregter retention than massed
;fepetitioés. Tﬁe subjects were ﬁurgrade ihree cstudents and ‘the
‘ study .consistéd of fwo partse. vin part one of the study
(&xperimenf II?L) £her§ubjéets were'seen on an -individual basis
‘.utilizing a siide;tape presentationagf material. The results of

-this part gf the siudy demonstrated a‘significant difference be-

" tueen the distributed  practice group and the massed practice

. -

groupe. In the‘math Fonaition the former remembered almost twice

~as much as the latter, both on an immediate oral test and'é,

A4 -
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subseqqent written test. In the spelling cog%k&ion the distribu-
ted practice grcup berfdrmed better' than ‘fﬁ; Vmassed practice
group, and while the differencé‘was not as great as in the math
condition, it was still statistically significant. Thev second
part .of the study (Experiment IIIB) involved a wholé class
experiment uvtilizing drill sheets for the distributed and massed
practice gJroups. After three consécutive days of uorking with
the drill sheets students received a test on day 4 and a finél
surprise test on day 7. An analysis of the data revealed that
there was no significant diff;rence‘betvéen groups on either of
the two tests. The results of this series of experiments are
discussed in relation to their inblications for futere research.
Certain appl}cations such as adaptation for remedial work and
learning centres are indicated. Refinements in procedure aimed .

at long term retention as welli as the development of,uhole units

based on expanding series are outlined.

iv
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I. Ingroduction

An important objective for educational research 1is to
facilitate the acguisition of knowledge and skills in an effi-
cient manner. Traditionally psychologists have been active in

contributing to .ways of achieving this goal, e.g., Thorndike

'(1913)5 Skinner (1968). Therdevelopmént of effective and effi-

cient instructional: methods and materials has béen aided by
p%ydholéqical research in areas such as" motivation,
developmental ésycholoqy, assessment, learning andléognition, to
néne only a feu; More specifically, psycholoéical research in
memory has impG?iant implications for eduéation. It is difficult
ioAthink of any educational objective‘for}uhich thev ability to

retain information is unidportant. If students can be aided in

fenenbering more effectively, educational -gains will follow. The

pu;ﬁose of this thesis was to extend recent findings in basic
lélorj research to a practical educational situation involving
tipicali cIassroom material, i.e., multiplication tables and
spelling lists.b x\\‘

One of the nost; powerful variables affécting REexory {s
repeéition.‘rhe tact that répetition improves retention has been

established empirically in numerous studies (Hintzman, 1976) <

Altjou&h r5pétitivé drill is less common in schools than it di%e

A1



\bqs,' it 'is still an impoftaﬁt component in learning certain
types of Qaterial €eGe, nultipl;cation tables, .speliing' lists.
It is noteworthy tﬁat c;ntinuous successiie repetifiqns (iassed
practice of MP) ;re iéss effective for nen;rizafionj than
repe@itions thch are épééed apart'id time (distributed,practiée
o;:DP). This phénonenon, commonly referred to as the §pécind or
AP-DP effect,‘-has beeﬁ demonstrated 1in laboratory ‘stﬁhies
involving'afyide vériety of memory tasks (Hintzman, 197#). }The
preégnt stud} applies the spacing effect resultsrobtAinediin khé
laboratofy to the learning of multiplication tables and spellfpg
lists by third grade ;tudents. This résearcht therefore, is gf
an applied nature vand fof this reason it 1is important _go

discuss, at the . outset,  the g@neral issue of applied ver é
: . .on ‘ |
basic or theoretical research in educatidbnal psychology. o



IX. Applied versus Basic Research

Educational ©psychology has been defined as a distinc;
discipline whose main focus is the Study,of human behaviorx;in

educational or learning settings, and which 1is primarly

concerned with understanding and improving the teaching/learning .

procesé - (Gage & VBerliner, 1975). Two strategies have been
‘eiployed in the application&of the science of psychology" to

education. The first involves deriving concepts and laws about

learning and human nature from basic experimental work in

psychological 1laboratories. The second is concerned uith»direq{\

experimentation with learning in school settings - (Anderson. &

Faust, 1973).

Navarick (1979) has suggested that dividing _research into

tuo’categoriesf basic and applied, is useful but misleading. For
®many psycholoéists interested in éducational phenoneﬁa,sthe
boundaries between the two have rbecome increasingly blurred
(Gia;er, 1978) . Sharp distinctions between projects ofte$ céhnot
be made. To take into account the complex rélation;hips involved
in educational’ research, Hilgard (1?6&) : suggested
conceptualization of the psychology of learning as a ' series of

six graded steps leading from basic research at one extreme to

political and industrial activity at the other.

®



Ausube; (1978) stated that educationallpsychology is an ap-
plied science and as such the disciéline is hot concerned with
general 1laws ‘in themselves. Rath;r; its focusk is on those
prdperties of learning that can te rela&ed to%effecfive ways of
deliberately bringing "about stable ébgnitife cﬁanqes; A major
problea, according to Ausﬁbel,_?as been that feseardh in learnj
ing theory has been undertaken by psychologists unconﬁected with
education,‘iniestigatiné pr&blems quite“témote from the type of

- learning that goes on in the classroom. The focus has been on
animal learnihg and rote or non-verbal learning father  than‘ on
the learning‘of organized bodies of meanihgful na;erial. Ausubel
notés that the emphasis on the extrapolation of rote 1learning

. theory to school learning has not been’productive.

On the other hand, Aﬁderson and Faust (1973) have cutlined
a number of problems associated uifh, research in classroonm
settings. They pointed out that edﬁcational inveskiqators have
been fryiﬂg to apply the methods of science to obtain dependable
Sansugrs to practical guestions about school learning,‘e.g.,
wvhether small classes are better than large classes; whether the
discovery method - is better- than the expository method;fuhether
televised lectnres‘ are better than live lectures, etc.
Unforfunately, thé'authors conclude that research atteampting to.
answer such 'pfactical guestions has beenx almost uniforely
inconclusive., Applied research 1in the classroom has - also

suffered as a result of such factors as lack of agreement over



vhat is meant by a given method, bias as a result of teachefs

‘ . . ,
being asked to teatﬁ according to two different methods, or
premature implementation of methods not fully developed.
{Anderson & Faust, 1973).

Ausubel's (1978) position is that the principles gpverning
the naﬁure’and pﬁnditions of learning can be discovered only
thfough an applied or enginegring type of research. However, the
inconclusiieness'of the results of applied research(Anderson &
Faust, 1973), as well as the brobleiwdf translating general
concepts about learning  discovered in 'the laboratory intb
workab1e4instructional techniques, poses serious,propleus.

A move toward resolving this issue has gained some impetus
in recent years. For instance Glaser, (1978) suégésted that
develbpnents in the field of instructional psychology ligh§
.serve as the bridging or intermediary activity required for
ongoing contact bet#eenltheofy and appiication. He pointed out
that there is an interact{on involved, with theory‘being changed
by application and attempts at application influehcing the shape
of psycholoqiéal knowledge and -theory. Thus, an approach
involving a search for basic .laws of learning in both the
.laboratory{and the classroom and which instigates the necessary
research to implement them in school settings would appear to be
mRost productive, Theor; _and research‘ can  contribute to the

development of optilalv ways for acquiring knoiledge and skill

and, as Giasér (1978) pointed out, much progress has ‘been made



toward the integration necessary for building a psychology of

instruction.
. Some areas where this trend is evident are task analysis,
pehavior modification, psyéhological assessment and’ text
comprehension. It is notable that the area of memory research
has not been <conspicuous in making major <contributions to

efforts aimed at educational improvements. Thisﬁissue will be

discussed next.



B. Chapter Two



I. Issues in memory research

The processes of memory and the results of memory reseafch
have important implications »for education and educational
psychology. "It is not clear, however, that whatever knouledge
about human memory we have, has been wutilized to achieve
educational goals. It is apparent from a review of the

-

literature that certain procedures do produce marked . °

g

improvements in remeabering over "others. It is also appiren{r
that very few of the tasks 1in which improvements have been
demonstrated can be regarded as educational. For example, Howe
and Ceci (1979) have noted a number df problems.related to this
issue. First, they éointed out that in the majority of memory
experiments there is a deliberate intention to remember on the
part of the participants. In many school situations, where in-
formation is 1learned and retained, this intention is not
emphasized. In other words the instructions given in the
c1aséroon in relation to materials to be learned are rarely the
same as the instruéiions given in an experiment. Although rea-
soning and comprehension require re;éntioi of i;formdtion,
students ‘ are iseldon expiﬁtitly told" to try to wmemorize.
Memorization would seem to occur as a result of other factors

and 1is accomplished in the context of additional activities.

These contextual factors are frequently missing in memory



experinénts and exactly vhat \ycontributions they make to the
learning process is not eleat. Second, the tasks involved in
memory experiments are not, 'in practical terms at 1least, thé
type of tasks that are normally encountered 1in school
élassroons,'nor.are the materials the same as "those that °are
typically used in thé schools. Third, the nature of
psychological experinments require that all variables are held
constant except for those of interest to the inﬁestigator. This
‘lethodology‘narrows the focus so that material, while ostensibly
educationally relevant, tends to be very restrictéd (Houé &
Ceci, 1979). |

pespite these consttaintf, research in memory still has a
ﬁorthuhile contribution to make tg education, since much of what
is learned in edu;aional settings involves memory processese.
Primary graders must memorize the alphabet and thousand of words
in the process pf learning to read; and nfabers and

rultiplication tables when they learn mathematics. Throughout

\

the average school career students continue to - memorize new
words, key terms, ideas, concepfs and to comamit hundreds of

facts to mewmory. Coiprehension, computation a reésoning all

depend dpon REROIYe. !

While this discussion 1is’ primarily cghcerned with the
i . . oo
educational implications of  wmemory rese€arch, there are
conceptual probleas in restricting discgssion to nmesmory.

Separating memory from other types of performance is arbitrary

10



inasmuch as memory sysgens are intricately 1involved 1in manj
processes and play a role in every ‘psychological.activity
(Jones, 1979)., Thué, uﬁiie it can Qy tru;hfully said that thére
isc no such thing as a non-ieiggy task, tasks do vary in the
degree of reliance placed on the mechanisms of storége -and
retrieval. i

In certain basic tasks such as remembering a name or

telephone number or learning a shopping list, the role of memory

is fairly obvious. Reasoning tasks, such as correctly performing-’w

the Luchin®s water jar brdble- also depend to a large éxtent, on
both temporary and long term retention of various %tens of'in-
e
formation (Atwéod & Polson, 197¢6) . Memory requirements méy be a
"major source of difficulty in many situations that contribute to
a person's education. As pointed out by Howe and Ceci (1979),
individual aqd developmental differences in renenbering are
influenced in large part by three factors: (1) metameaorial
processes, (2) the learner's state of knouledqe about the
materials £o be remembered, and (3) strategies that are adopted
bfv the 1learner. Hhile these three factors usﬁally combine to
influence memory, the last is more central to the present study.

The term metamesory is wused to describe the 1learner's

awareness of the processes and activities that lead to effective

remembering (Flavell, 1971). Use of rudimentary metamemorial-

processes begins in early>childhood at approxinaielyiage three.

These processes and their complexity continue to increase with

RE



age (Ereutzer, Leonard’a Flavell, 1975).

j when items pf information havé to Ee recalle&, the basic
store of knouledgé already possessed by the ihdividua; is an
important detérninant- of énccéss. Some researchers havec
suggested that increased knowledge and information Vabont
‘material to be remembered is the main factor involved in
age-related ‘ilbrovements in ﬁenory (es.g., Huttenlochner & Burke,
1976) . For‘instance some knowledge of the numbering system would
Se of obvious benefit to a child learning the nultiplic;tion
tables, Other researchers have suggésted that, in addition to
metamerory and kno;Ledge, use of gppropriate striﬁegies as
children get older is a determinant of = developmental increases
in memory (Flavell, Beach & Chingky, 1966; Howe, 1976).

Strategies are those control processes in which ipdividuals
engage when faced with a task that requires rétention of ihfor-
mation ({Morris, 1979).‘ Such activities as labelling, use of
visual imagery, organiz?tion of items, ﬁse of . mediators,
mneaonics, apd rehearsal are all examples of strategies .
Strategies can be involved. in retention of both rote and
-éaningful"nétenial én& may be used ‘éonSCiouslf or without
awvareness (Howe & Ceci, 1979).

Ordinarily, there are few probleis in remembering organized
meaningful Aaaterial. This is not surprising since to clainm that
something is meaningful and organized implies that it fits ui£h

past experiences and can be easily analysed by the cognitive

12



system (Porris, 1979)flneaniﬁgfulness is perhaps one of the ndst
overused words in education. This undoubtedly rgflects the im-
portance of this factor in relation to retention and understand-
ing of’mgterial encountered in the classrooﬁ. The highly desira-
ble ’emphasis on the inp6¥tance of children understanding what
they learn does not mean that everything that needs to be
learned can be automatically or naturally acgquired in a
leaningful‘way. It would therefore seem sensible, when warranted
by the nature of the maierial, to find ways of supplying
meaning, organization and cues. Mnemonic devices are strategies.
that can serve that functfon (Morris, 1979). Such mnemonics as
the phonic translation system, the peg or hook system, the
method of 1loci, use $f,vi§ua1 im%qes, and the link method are
all examples that have been demoﬁstrated to be effective. (see-
Bower, 1973; Morris & Reiq, 1971; Raugh & Atﬁinson, 19?5).

| One probles with mnemonics is ‘that the infofuation may
remain encapsulated in them and not become integrated into the
general store of knovledge (Morris, 1979). Another problea is
the asount of’effort required to master mnemonics in the Lf?rst‘
aplace. For the average person this expenditure of gperéy is
probably the major obstacle in the acquisition of these aemory
aids. Moreover, such evidence as there is squests that
mnemonics become unnecessary as knouledge‘ of the inforlagion
they convey increases.)}while they are u;eful in aiding the

initial acquisition -of material, with continued.use they ' become

13
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less necessary (Atkinson, 1975);

One of the strategies that has been studied extensively’ is
rehearsal. The fact that rehearsal can be consciously controlled
makes it relatively accessible for investigation. Rehearsal has
played a major role in ihe explanation of learning and memory
and has been controlled in nearly A311 experimental paradigms
(Johnson, )980). Rehearsal is of direct relevance to the preseﬁt

research and will be discussed next in some detail.

1u 4 “\



II. Rehearsal and Mesmory

Repetltion is a common stratecy used to resember informa-
_tlon and is one variety of rehearsal. Rehearsal and .repetition,
however, are not ‘equivalent concepts. In rehearsal the
repetition is’internally_generated by the learner rather than»
exteénally imposed. Jonnson (1980) acknowledged this in his def -
ipition bf rehearsai‘as Ythose preparatory leqrnfnq activities
that occur when re-exposures and/or new encodings are internally
'generated by the learner rather than by additional presentations
external to the learner" (p.265). This definition differentiates
rehearsal from outside reéxposures to the task and refers fo
pfep;;atory learning aciivitlr involving ;hé?‘cantents of the
rehearsét‘s own memory. As Johnson pdintéd out, an ;xternally
initiated repetition may induce rehearsal if ;he“learner imposes
knovledge from his/hef own memory on ihe repeatea iﬁfortation.
while the concept of rehearsal is theoretlcally straightforwvard,
its operationa} de%ffition and detection'are much less so.

Some researchers assune «that sub]ects rehearse whenever
there is an opportunity (e.g., Shaffer & Shiffrin, 1972). otgegs
have attempted to assess covert rehearsal throﬁgﬁ various means.
'Electronyograph potential§ anéd 1lip reading have proven ‘useful

put limited, (e.é. Locke & Ginsbérg, 1975). The use of pupillary
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size as an index of covert rehearsal is complicated because
these responées are  known to be influenced by other factors
(Kahneman & Hrigh;,»1971). The amount of time taken to study an
iten 'has leojbéen used to éssess rehearsal. ¥hen subjects are
alloved to. pace the presentation of material, the pauses =may be
taken as van indication that rehearsal is occurring (Belmont &
Buttefi}eld, 1971). A subject paced study byv Shaughnessy,
Zilne;nan and Underwood (1972) showed that better‘recall was
rélated ﬁo tiie spent studying the nate{ia}. Other studies, how-
gever, have found that duration of pauses were not closely
reiated to accuracy of recall (e.qg., Be;nont & Butterfield,
1971; Zi-me;nan, 1975) .

. x In order to avoid the methodological problems of covert

Y

rehearsal a number of researchers have atteapted to directly
observe rehearsal by asking subjects to verbalize aloud (Izawa,
1976;»Rundus, 1971; whitten & Bjork, 1977). This technigue does,

however, raise the issue of whether overt and covert rehearsal

v

can be eguated. Johnson (1980) reviewed a number of studies
whiéﬁm compared overt and covert rehearsal. Because of the com-
plexity of the different <conditionms involved (e.g., type of
rehearsal strategy, stilulus naterialé) the results of the
review wer2 eguivocal. Johpnson concluded Ythat it cannot be as-

sumed that overt rehearsal 1is a wmirror image of covert

rehearsal® {p.263).



j .

Kot only are there difficulties in measuring rehearsal, but
the converse experimental a@manipulation, that of',preventing
rehearsal, also presgﬁ%s methodological. problees. The effggtive—
ness of the vatipg§‘tethods employed is difficult  to assess.
Some research;réﬂhave used rapid presentation rates in order to
reducerrehearsal time (e.g., Wenger, 1979). However this method
doe§ not ’preclude the subject from rehearsing some part of the
rnagerial. A more common strateqy is‘to have subjects engage in
some Ccognitive oﬁération on an interpolated task. Petrusicband
Jamieson (1978) found that the most forgetting occurred as a re-
sult of shadowing as an interpolated task and that increasingly
less forgetting occurrgd as a result of such tasks as 1listening
to vocal music, listening to instrdiental music, or leaving the
interval blank. Thus, it would appear that in most s?thations

the difficulty of the interpolated task is directly related to

recall of previously® presented material. However, changes in thf//

level of recall may not accurately reflect the occurrence of
rehearsal. Poor recall does not necessarily mean a lack -weof
rehearsal, and elevated levels of retention need not be assumed
to be épe result of more rehearsel (Dark & Loﬁtus, 1976) . A
dilens{6i'”btier than difficulty m=may be involved. 1deally,
interpolated taskXs should be neutral with respect to the
material to Kbe remesbered.s Lack of neutrality =may cause

interference with memorization rather than merely Ereventing it

(Neimark, Greenhouse, Law £ Weinheimer, 1965). Thus, it is not
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always cleg} whether it is the difficulty of the interpolated
task or interference which cause changes in levels of retention
(Johnson, 1980).

Longer rehearsal periods usually result in higher levels of
perforaance (e.g., - Hockey, 1972; Penney, 1975; vBundus &
Atkinson, 1970), although sone instances . have been reported
where this is not the case (e.g., Glenberg, Smith & Green, }977;
Shaffer & Shiffrin, 1972). Increases in study time have been

shown to affect immediate recall but not delayed recall

(Modigliani & Seamon, 1974; Woodward, Bjork & Jongeward, 1973) .

e

Variables such as type of material and modality of presentatidn
appear to play an important role. For instance, the task of
remembering words was enhapced by 1longer rehearsal intervals,
but this was not the_case with remembering pictures (Hintzman &
Rogers, 1973; Ternes & Yuille, 1972).

Craik aed Lockhart (1972) in _thei: depth~-of-processing
eodel, postulate the existence of two ditferent types of
rehearsal. Type I or maintenance rehearsal maintains the
to-be-remembered itenm et a superficial level. Thus; increased
maintenance rehearsal does not inprpve' recall. Type II or
elaborative rehearsal involves the creation of more meaningful
associations at a deeper 1level of analysis amnd consequently
would benefit from 1longer rehearsal time. While there is
evidehce in support of the notion of two types of Trehearsal

(e.d., Craik &-Watkins, 1973) other researchers have argued to
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the contrary (e.g., Dark & Loftus, 1976; Evans, 1977).
Lack of eupiriéal support for the existence of Type 1
rehearsal may be due to problems in definition. .An important

point madel by Dark and Loftus (13976) was that Type 1 rehearsal

®

is not the same as rote repetition. The latter can produce

either Type 1 or Type 11 rehearsal effects. The issue of the ex-

istence of different types of rehearsal would appear to be
dnrésoived, In addition to the above factors, modality effects
have been investigated. Auditory presentation compared to visual
presentation was found to be consistently superior for short
term memory but only for recently presented itenms V(Penney,
1975). Listening comprehension has been shown- to be
substantiallj influenced by presentation variables. Hebstoné and
Friedlander (1974) found comprehension performance was lowest
for audio cassette and highest for videotape.

¥e do not yet have a complete understanding pf the effects
of reheatéal on retention, as 1its effectiveness varies as a
function of type of material, presentation mode and dﬁration.
However, there 1is little question that most forms of rehearsal
increase measory andvthat continued investigation of this process
is warranted. ‘

One of the variables that has attracted attenfion in recent
years is the length of the time interval between presentation
and rehearsai bf to-be-remeabered information. Contrary to

common intuition, it appears that 1longer 1intervals betveen
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. presentation and the first pppbrtunity to rehearse 1leads to
better performance than if there is no delay. This is the spac-

ing effect referred to earlier (e.g., ﬂélton,'1970).
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III. The Spacing Effect -~

. - e

Many of the variables studied in traditional REROry
research in p;ychology laboratoFies are not easily manipulated
by the teacher in a classroom situation. One exception to this
generalization may be reléted'to the spaging effect. This refers
to the finding that items are better recalled if rebetitions are
spaced apart in time (distributed practice or DP) rather than
massed (massed practice or MP) (Melton 1970; Underwood 1970).
This phenoaenon has been demonstrated in a wide variety . of
laboratory memory tasks and conditions (see hintznén, 1974) . The.
spacing effect ﬁhas_ been found 1im paired-associate 1learning
(esT., \schwartz, 1§75) free recall (e.g., Melton, Reicher, §&
Shulman, 1966), and recognition memory (e.g., Hintzman & Block,
1970). Materials have included words (e.g., Hnitten.a Bjork,
1977), sentences (e.g., Underwood, 1970), pictures (Hintzman ¢
Rogers, 1973), nonsense syllables (e.g., Kintsch, 1966), second
language vocabulary (Bloom & Shuell, 1981), spelling 1lists
(Reith, Axelrod, Anderson, Hathaway, Wood, & Fitzqergld, 1974)
and telephone numbers (Landauer & Ross, 1977). Some of the de-
pendent variables used have .been ftequency judgements (e.q.,
Proctor, 1980}, probability of recall (Shaughnessy, 1977),

recognition and recognition latency (Johnson & Uhl, 1976). The
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effect has been found in auditory and vis;al modalities as well
as mixed modalities in the same list (Hintzman, Block & Summers,
1973). The spacing effect 1is found 6ver various éresentation
rates (Whitten & Bjork, 1977) and occurs in within-list spacings
(Maskarinec & Thompson, 1976) as well as between list spacings
(Unde;uood, 1969), Although the spabing effect has been
demonstrated with 1long intervals beiueen repeéitions and/or
re-presegtations (up.to 24 hdurs, Bloom & Shuell,1981) and uitﬁ
more than two presentationms (lLandauer & Bjork, 1978), most
laboratory studies have employed a relatively restricted set of
conditions. For instance Hintzman (1974) excludes from his defi-
nition of the MP-DP effect intervals which exceed 15 seconds.
The wusual paradigm in iaboratory exberinents involves two
presentations and a test (Pi1, P2, and T). Performance typically
improves as the P1-P2 interval increases froe zero to
approximately fifteen seconds, and then asymptotes. Tﬁe length
of the P2 to test (T) interval is usually held constant, and
only the P1—P2Kinterva1 is wvaried (Hintzman, 1974). Crowder
(1976), 1in his discussion of  the Spacing effect, noted that
performance i§ better when at least some other 1items  intervene
betveen two repetitions. He pointed out that performance
steadily improves as a function’of the' number of intervening
itemss, not simply the length ofvthe interval. The spacing effect
obtained with interv;ls over 15 seconds which involve

intervening items has been referred to as the lag effect or
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Hélton Lag (Hintzman, 1974). D'Aqoétino and De Remer (1972,
1973) have shown that the Melton lag (intervals over 15 seconds)
is unigue to free recall, Aand in addition pfovided some
empirical support for the view that the effects of short ’and
long (Melton 1lag ) P1 - P2 intervals may be a result of
different processes.

Hintzman (1974) noted that the spacing effect is a real and
omnipresent phenomenon and that in experiments where it is not
demonstrated the possibility of sampling error, ceiling effects
or some flaw in experimental design should be suspected. The
research interest iﬂ this phenomenon stems from the fact that it

appears to be a theoretical anomaly. Undervwoocd (1970) pointed

cut that the MP-DP affe violates the Total Time Law. This law
postulates that retention is a function of total study {ine and
not how time is distrjbuted. Conseguently it does not account
for superior memory performance for DP jtems, over MP items,
vhere the amount of study time is the same regardless of spacing
(Underwood, 1970). The law of recency would predict that the
more recent items would be remembered better. In both MP and DP
the time interval between P2 and T 1is held constant.
Consequently, P1 1is mwmore recent with respect' to T in MP
schedules, where it occurs next to P2, than it 4is in DP
schedules where it is separated by an interval. But, in

contradiction to the lawv of recency, massed practice typically

results in lower retention levels.
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Although it is still unclear ihy distributed practice
facilitates ameamory, several, theoreticél interpretations ‘have
béen formulated (Blo;; & sShuell, 1981). Although the present
research i; not concerned with testing theory, per se, a brief
discussién of the variocus hypotheses will follow. Hintzman
(1976) provided a usefal organizational scheme for discussing
these explanatibns., He suggested that they be classified undér

two heading; encoding variability theories and deficient pro-

cessing theories.

Semantic Yariability: Tvo versions  of the encoding

variability theory have been identified: semantic variability
and contextual variability. The former focuses on the fact that
verbal iteas are to some extent ambiquous and can be’interpreted
in more than one way. Further, the more different meanings an
encoded item has, the easier it is to retrieve. This hypothesis
assumes that the semantic meaning given an item at P2 will be -
the same as that assigned at P1 if the repetitidné are massed.
When the interval is long as in distributed practice there is a
greater likeiihood that the P2 interpretation ;ill change. Thus,
DP is assumed to produce greater retention tﬁan BP because there
are more ways to retrieve iteas encoded in distributed practice

(Belton, 1970). Hintzman (1976) pointed out that there is very
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little empirical support for this hypothesis and a consiﬂefeble
body of evidence against it. For example, if P1 and P2 encodings
are different then recognition pf F2 as having been seen
~previously should lead to poorer retention (Martian, 1972). The .
available data suggests that the opposite is true (Crowder,
1976). Bellezza, Winkler & Andrasik (1975) reported that words
recognized as "old“ on P2 (and thus assumed to be encoded in the
same way) led to better recall on the final test than those ﬁot
recqgnized on P2, a direct cOntradiction of the hypothesis. A
recent study (McFarland, Rhodes, & Frey, 1979) offered seue Sup-
port for a modification of the semantic variability hypothesis
which stressed variations in features within a single semantic
concept rather than independent semantic interpretations; Their
results, however, were not conclusive enough to rule out other
'interpretations of the spacing effect, such as the inattentieg
hypothesis (see below). >

Contextual Yariability: A second version of the encoding
variability hypothesis follows from Anderson and Bower's (1972)
theory of retrieval. TheA,contextual variability hypothesis
proposes that encoding and storing items involves associations
established between the meaning and attributes of
to-be-remeabered items and a conglomeration of contextuei
elements such as adjacent list words, the subject's conscious
thoughts and environmental factors (Hintzman, 1976). The aore

contextual information that is available at retrieval the more
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likely it is that an item was presented ppeviousli, Thus the
spacing effect is exp{gingdbqhy the assdmption ‘that two
presentations of an item that afe gpaced' apart in time Aﬁill
involve a differentAset of contextual elements than if they are
presentéd successively (Crowder, 1976).

¢ * The most convincing evidence foivthis hypoihesis would Dbe
data that would <clearly show that the spacing effect coula be
attenuated or eliminated by induced variatiphlin context of P1
and P2 during massed practice. Experimentslmanipulating this
variable have not sqpported the hypoihesis; (HcFarland et al.,
1979) . For example, Wells aﬁd Kirsﬂer (1974) found that
suitthing the input lodality between P1 and P2 does not reduce
the effect. Hinfznan, Sunuers; Eki andlnore (1975) varied two

conditions in the spacing of presentations of pictures. In one

condition, -an effective incentive tone occurred along with P2

while P; was accompanied by silence; in the second condition
both P1 and P2 were presented without the tone. Again, the MP-DP
effect was not altered. Similarily, Shaughnessy (1976) found
that the MP-DP effect was not influenced ;hen an orfentinq task
was different with P1 and P2. These and similar findings (e.q.,
¥askarinec & Thonpson, 1976; Schwartz, 1975) pose serious prob-

leas for the contextual variability hypothesis.
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Deficient Processing Theories:

Unoe; this . general heading it is possible to categorize
four different hypotheses: (1) consolidation (2) habituatiomn (3)
rehearsal, and (4) attention. Hintnnan (19?6) noted that the
processes involved in rehearsal and attention can be assnned to
be under voluntary control vhile habituation and consolidation

are involuntary processes.

Consolidation: The essence of this hypothesis is that
consolidation of w@emory traces takes place over time and
uninterfupted consolidation uiilﬁfesult in bette; recall than
consolidationnihich is incomplete (Crowder, 1976). During nassed
practice,‘uhen‘Pz occurs immediately after F1, the consolidation

)

processing of P1 is interupted by P2. In distributed practice,
on the other hand, the consolidation of P1 is assumed to bé com-"
plete by «the time P2 OCCUrs. Thus, the superior recall
aséociated with DP is a result of more complete consolidation
(Landauer,,,i969, 1974) . The usual assumption is that the short
ters trace is the source of consolidation .and that information
is continually transferred from the short ternm stato to the more
pernanen£ long term state (Hintzman, 1974). It follows that if
the -sane consolidation nechanisl!is involved in processing both
occurrences of an iter, then dnring massed practice there would

be competition for its use and consequently a weaker long term

trace. Given this assumption, manipulations that interfere with
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the short'tern retention of P1 should interrupt consoliagiion
and create pobrer long term retention. ; study by Tzend ({9i3)
presented evidence which argued against the consolidation
hypothesis., ‘By Qarying the diffiéulty of the task &tﬁat
intervened between P1 and P2 bui keeping the difficulty  of the
P2 - T task constant, Tzeng (1973) fo&nd'fhat recall wvas direct-
1y related to task: difficulty. Vin other. words, recall was
superior when qthé intervening task was difficult as épposed'to
shen it was easy. These results add suppgg;)to earlier and simi-
lar findings which provided evidence against consolidation as an
adequate explanation of the spacing effect (é.g., Bjork & Allen,
1970) . Evidencev’presented which deronstrates that tﬁe locus of
the spacing‘effect is at P2 (es.g., Hintzman, Block & Snllers,

1973) rather than at P1 as the consolidation hypothesis would

suggest, is not necessarily evidence against ther hyéothesis.i

Rather, as Hintzman ,(1976) suggested, the hyéotheéis'can be
altered to its converse, i.e., the continuing consolidation of
P71 interferes with consolidation of PZ.

A slighfly altered version of tbe_consolidation hypothesis
proposes that differences in learning are due to two or amore
activity traces Seing consolidated into one single structural
qncodinq during massed practice, whereas during spaced practice
there arg‘several separate structural encodings (Tarpy & Beyer,
1978). A serious probles for this theory is that the time taken

for consolf¥dation to occur has not been conclusively determined.

~d

~.
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ks’ a result of electrocoﬁvp;éive shock studies with ani-alg,
Baddeley (1976);has‘suggested that the time may range from 15
seconds to more than an hour. Honger, learning §£udies h;ve
typically ptoducéd the spacing effect for pericds of iess tﬁan
15 seconds betweeﬁ P1 and FP2.

It =may be ‘the case that consolidat%on is involved in the
spacing effect but formulations and testings to delineate the
underlying process or processes have hot been very productive.
It would appéar that it 1is lack of supportive rather- thin
presence o0f contradictory evidence that-poses difficultieé for
the consdlidation hypothesis (Hintzman, 1976). Another reasoﬁ
that the hypothesis hasr not been favored bty most researchers
concerned uithbthe spacing effect may be due to the 1lack of
success in confirming the existance of a consolidation process
in animal research {e.g., Miller ¢ Springer; 1973).

Habituation: Like the consolidation hypothesis this is an
involuntary processing ®model but with the locus of the spacing
effect occurring during P2. The poor perforlaqée of MP czgpared
toc DP 1is assumed to be a result of insufficiént procegsinq of
the second occurrence of an ites (Crowder, 1976). As long as the
subject is devoting attention to P1, the process responsible for
encoding coatinues to habituate or adapt, and only begins to
recover when /the sutbject stops. During .DP, recovery froms
habituation ts>co ete by the tiame PZ occurs, whereas with np,

P2 occurs before recovery is complete, thus impairing retention
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(Hintzman, 1974). In an experiment by Hintzman, Summers and

Block (1975), dedree of habituation was manipulated by varying

the exposure time of Pl1. It was felt that the greater the

habituation, the slower the recovery pfocess, and that some pre-
dictable evidence of the spacing effect could be obtained. The
results, however, indicated that neither increasing the duration
of P1 beyond 2.2 seconds (Experiment 1), nor presenting pictureé
several times ‘in close ,succession (Experirent 2) had théb
predicted effect on the spacing curve (Hintzéan et al., 1975).
The results of this study sug ;st thagxﬁﬁpétuation would have to
asysaptote in less than 2.2 segonds for this hypothesis to be
suppo%%ed.

Yhen materials that the subject cannot rehearse are used,
the recovery process should be a temporal fugction and not de-
pendent on the nature of the interpresentation task. It has been
ﬂenonstrateg that co-plex visual scenes are not rehearsed
(Shaffer.& Shiffrin, 1972). Thus, the results of a study by
Hintzman & Rogers (1973) demonstrated that the effects of spac-
ing on picture memory were a functioz;of time and:independent of

X
vhether tne P! - P2 interval involvel other items or was blank,

supporting the habituation hypothesis.

.
P

when saterials that a subject~c¢k&n rehearse apé uséd;
rehearsq}) shouléd act to maintain habituation and inhibit full
recovery, rhe habituation hypothesis would predict that the more

2ifficult the intervening task between P! and P2, the less
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rehearsal there would be, which would result in more complete
recovery by the second presentation. In other words, a difficult
task intervening between P! and P2 should produce dJreater

retention than if the interval is blank or filled with an easy

task. Contrary to this prediction, Prbctqr (1580; Experiaent 5)

found that the spacing effect was eliminated when a difficult
task intervened between P1 and P2. Earlier studies by Bjork and

Allen (1970) which obtained contrary "results, have .been

%Eritisized by Pollatsek and Bettoncourt (1976) as having little

—
\‘_/

applicability to the spacing effec:f except in those ‘studies
using "the Broun-feterson task. Overall, it woulad appear that
there 1is 1little 4lpirica1 support for the habitaation
hypothesis. The jgf;olidation and habituation hypotheses imply
processes of an involuntary nature. The next two hypotheses deal
with voluntary process.

Rehearsal: The rehearsal hypothesis states that subjects

—— - o———

will rehearse P? information and that the 1longer
interval, the &wmore rehearsal time is available (A%kinson &
Shiffrin, 1968). As in the consolidation hypothesis, the
locus of the spacing effect is assumed to be at Pi '
P2 and the emphasis is on the relation between tota
and 1long term storage strehgth (Crowder, 1976). Unlike the
consolidation hypothesis, however, the rehearsal hypothesis

assumes that the «critical processing is under the subject's

voluntary control. An experiment by Rundus (1971) which _

3
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investigated the overt rehearsal patterns 6f subjects tendgd to
support the hypothesis. Sinilarly; Glenberg (1977) has provided

evidence fof voluntary rehearsal strategies as an explanation
for the lag effect. He assumes that massed repetitions tend to
be grouped together duging rehearsal, while spaced ones are not,
anh that the probability of recall, in a freeirecall éituation,
is a function of the number of different groups in which the
item 1is stored. DP produces superior recall because the subject
has created noré groups for these items thaﬁ for MP items.
Glenberg's (1977) resultg provide support for differential
rehearsal strategies being involved in the lag effect (i.e.,
long P1 - P2 intervals with wup to U0 intervening items).
‘However, as Hintzman (1974) has arqued, the lag effect in free
recall may be the result of different processes than the spacing
effect (short P1 - P2 intervals). Proctor (1986) supported this
notion and suggested that while the lag effect may be due to
voluntary rehearsal strategies, the spacing effect may be dﬂe té
involuntary organizational processes. In a series of experiments
he demonstrated that the spacing effect is not simply a resuvlt
- of differential rehearsal patterngﬂx Earlier studies which
involved nanipulation51?ffecting rehearéal did not influence the
spacing effect in the way the hypothesis would predict (e.g.}
Elmes, Greener & Wilkinson, 1972; Hintzman & Roqers; 1973). It
has also been shown that in studies involving incidental

learning, where the subject has no reason to rehearse, there is
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just as great an effect as when intentional learning is involved
(é«gs, Rowe & HRose, 1974; Shaughnessy, 1976). Finally, in
contradiciion to the notion implicit in the rehearsal
hypothesis, that the 1locus of the spacing effect is at P1,
studies by Hintzman et al. (1973) have demonstraied that the
critical processing’is at P2. |

In summary, it would appear that there is a considerable’
body of evidence against the rehearsal hypothesis as an explana-
tion of the spacing effect, but some support inm its favor in
f{elation to the lag effecf.

!

Inattention: This hypothesis proposes that subjects éhoose
to pay. less attention to P2 when it occurs adjacent to P1 than
when they are spaced apart in time (Underwood, 1969; 1970).
Thus, there is assumed to be less functional study time in
massed practice than distributed pr;ctiée and a resulting
decrement in probability of recall. A number of assuamptions
underlie this hypothesis. The first assumption is that there |is
a central limited capacity .mechanism which is responsible for
encoding, and that successive presentations must compete for its
use. The second is” that the amount of processing given P2 is
r_under voluntary control (Hintz;an & Stern, 1977). A third
assumption 1is that the total time law (i.e., that effective
study time determines the amount learned) is correct., Because DP

items are better recalled than MP items, even though they are

equivalent in exposure time, there must be less effective study
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tiﬂe\in MP schedules. Further, information is more redundant for
MP items than for DFP items, because the infornat;::\kfing
Presented is still available in memory. This could account for
the at{enuation of attention for MP iters (Shaughnessy,
Zimmerman & Underwood, 197&). Evidence in favor of this
hypothesis accrues from studies where subjects are allowed con-
trol of the presentation of items (e.g., Zimmerman, 1975). When
time spent studying each item was measured it was found that
subjects spent less time on P2 when it folloued P1 without a
delay than when there was one. Similar findings havé been
reported. in other studies using 'subject-paced procedures (e.g.,
Shaughnessy, Zimmerman €& Underwood, 1972). A recent stu?)\py'
Wenger (1979). adds further support for the  inattention /
hypothesis and extends the dgenerality of earlier findiangs by
¥augh (1970). Using a paired-associate memory task and comparing
twb rates of preseﬁtation, fast (1.3 seconds) and slowv (4
seconds) , Hengér demonstrated that while there was a clear MP -
DP effect at the slower rate, the spacing effect was elilinated
at the fast rate. The ismplication is that because subjects had'
difficulty encoding words sufficiently for recall ét the fast
rate, they were more 1likely to/ pay attention fo bpth
presentations in the MP conditiqn. These data support the
prediction of fhe inattention hypothesis that when subjeéts are
forced to pay attention to both occurrences of a massed

repetition, there would be no attenuation of attention and
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lcoﬁsequently the MP - DP effect ;ould be eliminated.

Studies which tésted the> idea that a 1limited-capacity
central processing mechanism is involved in the spacing effect
have produced results supporting this notion. Elmes, Greenér and
Wilkinson, (1972) examined recall of the words which occurred
immediately following P2. Those 1in the MF repetitions were
recalled better than those in the DP repetitions. This finding
suggests that because less effort is expended inm processing ﬁP
items there is more capacity availablevfor the next item in the
list and conseguently better recall of those items. éinilarly
Johnston and Uhl (1976) reported that when auditory signals
accompany P2 there is less likelihood that subjects will detect
the signal as the P1 - P2 interval increasés. The implication of
this finding is that subjects have @=®more capacity available
during MP when less effort is being made to encode P2, than they
do during éncoding of P2 in DP.

While the above findings favor an attenuation of attention
explanation, a «critical test for the hypothesis would clearly
.delonstrate the existence of voluntary processes underlying the
spacing effect. Hintzman, ySu-nérs, Eki and Moore (1975),
attespted to manipulate the degree of attention that subjects
paid presentations, but vwere dnsuqcessful in elininatiﬁq the
spacing effect. Their <conclusion was that the underlying
mechanism 1is not under ,voluntary control. Likewvise, Elmes,

Sanders and Dovei (1973), in a free recall experiment, tried to
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allocate subjects' attention to the second occurrence of 'itels
regardless of spacing, through use of the isolation or von
Restorff effect. The critically selected items were in either a
higﬁly distinctive voice (auditory list) or distinctive typeface
(vi;ual list). Elmes et al. (1972) showed a facilitative effect
of isolation on the recall of spaced items compared to nasséd
items. This clearly demonstrated that the spacing effect was not
diminished by isolation, a contradiction to thg hypothesis fhat
voluntary processes underlie the MP - DF effect.

A similar finding was reported by Hintzman (1976) where
monetary incentives were used in order to manipulate subjects’
attention. RAgain the spacing effect was not attenuated. While
these studies are not conclusive, they fail ¢to ébnfiru an
obvious prediction of the inattention hypothesis.

Other studies have presentéd additional problems for the
inattention hypothesis (e.g., D'Agostino & DeRenér, 1973,
Experiment I; Hintznan & Stern, 1977;viaaskarinec & Thompson,
1976) . For exaample Underwood, FKapelak, and malmi (1976)
attempted, in a number of experiments, to discover situations in
which the size of the MP - DP effect varied as a function of
other factors. Four different situations vere examined: (1),
recognition of letters, (2) verbal discrilination, (3) short
free recall lists, and (4) recall of twice presented MP itenms
with intervening items inserted +to promote forgetting. The

spacing effect was dewonstrated in all studies and_Underwood et
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ale (1976) poigted out that iheir data cannot be accounted fpr
by any of the -current MP-DP theories. In particular, their
Experiment IV poses serious problems for the attenuation of
attention hypothesis. Attenuation results when the nateriai
being presented becomes redundant i% it is stillr available in
REemory. Undérwood et al. (1976) attenpted to produce an eguiva-
lent recall levei for both DP and MP iteas by inducing forget-
ting for PV under both schedules.brheir results showed that this
manupulation did not influence the spacing effect as the
attention hypothesis would predict. Theif Experiment III pro-
duced similar results utilizing multiple presentations of an
item (Underwood et al., 1976).

The above discussion makes it evident that there is no one
adeguate explanation for the spacing effect; it. remains a
thecoretically elusive phenorenon. The reasons why distributed

practice facilitates memory are not clear and while several

theoretical accounts have been proffered none appears to be
totally satisfactory. Despite its theoretical elusiveness, how-
ever, the spacing effect is one of the most robust phenomena
discovered 1n memory research. It could be expecfed, therefore,
that - there ‘uould be a considerable body of research
investigating the spacing of repetitions or rehearsals of
to-be-remeabered information in ?pplied settings. This is not

SO,
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IV. Applied Studies

The current trend in educational practice is to deemphasise
REemOry (possibl; because of its rote memorization connotation).
It 1is obvious, houevzr,t that memory plays an important role.
Since the spacing effect has been de;qnstrated in a large
variety of laboratory tasks it séens that the 1spacing of
to-be-remerbered information in a classroon setting would help
children rememaber it better. & reviéu of the literature,
however ,has produced very few stﬁdies in Hhicﬁi the MP -~ DP
phenomenon has been utilized effectively to pronotg learning in
educational or real 1life settings (Bloom & Shuell, 1981;
Landaver & Ross, 1977; Reith, Axelrod, Anderson, Hathaway, Hood‘
& Fitzgerald, 1974). It may be that, because massed practice is
a frequently used rehéafsal strateqy, its effectiveness is
overestimated. wWhile it is ﬁot very effective, massed practice
is probably used because it keeps the target item in mind while
'it is beingy rehearsed, and the procedure logically follows . froms
the correct assumption that increased frequency of repetitions
improves retention. Alsc, use of MP, while producing poorer
recall, may nevertheless result in greater confidence in being
able to remember (Landauer & Ross, 1977). Repetitions, hovever,

should be distributed to be most effective.
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In one séudy vhere teachers were 5sked 'to judqé the
instructidnql effectiveness ofﬁﬁ;ose passages they gave higher
ratings to texts in Hhich*cfitical information uas_‘nassed' than
to those where it wvas spaéed, cohtrary to actual effectiveness
(Rothkopf, 1963; Rothkopf & Coke, i966).

A more Qirect application involved the use- bf distributed
practiéél in learning spelliﬂg lists in grade school (Reith et
al.; 1974)., Their results demonstrated that DP (teceiving a
portion of tﬁe words each day) produced superior performance on
a weekly spelling test conpéred to the normal method of
presenting all Ehe wordsbat the beginning of the‘weehl A similar
réstz was obtained with foreign language vocabuiary lists
(Fé&ge, 1976) .

}m a study investigating the acguisition of basic sight
words, Gargagliano (1974) found that five one-minute segsions
fDP) »3ere more effective forh overall 1learning than one
five-minute session (MP). | ‘ |

A more recént study (Bloom & Shuell, 1981) proyided further
support for the efficacy of distrjbuted practice in;practical
sitnations; Hig% school students 1learning French vocasulaty
lists were assigned to either a DP condition or an MP condition.
The former involved three ten-aminute units on each‘of three days
while the latter consisted of all three units being completed in

one thirty-sinute period on a single day. A test qiveh four déys

later showed that the DP group recalled 35% more than the HMP
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group, a dramatic difference.

An interésting finding in ﬁhis study was that, on a test
given to both groups ét the end of thé.third unit, there was no
significant difference between the groups, ihdicating tﬁat
lggggigﬁ was equivélent for both groups. Thué, it would appear
that DP and MP during the acgquisition phase have eguivalent
effects on the learning of vbcabulary words. Bloom §& S;uell
(1981) reasoned that because the two groups were comparable at
the start of the tetention interval the difference on the final
test vas a function ;f storage processes rather thanmn acquisition
processes. Bécause a decrement in retention occurred, they
suggested that the differential foigettinq in the two groups was
due to the massed or distributed conditions of 1learning. It
iould_ appear that distributed practice affected learning and
‘memory in different ways, indicating that sepaf?té and distinct
process qqy‘be involved.

It has " also been demonstrated that spacing of the reviews
of previously learned\laterial can be helpful. Reynolds and
Glaser (1964) found that spaced revievs of information learned
by programmed instruction improved retention of the material,
whereas successive repetitions were not as effective.

While laboratory studies 5a6e typically employed
interpresentation intervals of very brief duration (i.ef, 15

seconds) the feu 'studies discussed above involved much longer

intervals (up to 24 hours). Nevertheless, the spacing effect was
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still obtained. As indicateﬁ' earlier, there is a wmass pf'
evidence in support of the omnipresence of the phenomenon in
conttolled’laboratory settings. However, the paucity of studies
providing empirical support for direct practical'apblication
points to the need for research in this area, if the goal of
improving edgcational expérience is to Bbe achieved. As Blooa and
Shuell (198i) pointed .out, virfually no research has Dbeen
carried out to determine 1if distributed -practice works under

normal classroom conditions.
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Hosf of the literature on the spacing effect is concerned
with the spacing between two presentations of to-be-remembered
material followed by a test. g'sililar, though much snailer body
of literature, deals with the effect of the spacing of tests,
following the initial presentation, on retention,mgypically the
paradigm includég a presentation (P) of an item foglowed' by a
first test (T1) and then a second test (T2). Additional tests
v léy follow T2, although this is not common. The ,questioné of

interest are (1) does T1 affect performance on T2, and {(2) do

the intervals between P and T1 and bétueen T1 and T2 affe;t

‘_ recall on a later test of retention?. First, it has been clearly

demonstrated that test trials increase memory as measured in
later trials (Landauer & Eldridge, 1967; Izawa, 1971, 1978,
1981; Modigliani, 1978, 1980; Wenger, Thompson, & Bartling,
19805 whitten & Bjork, 1977; Whitten & Leonard, 1980). This
phenomenon has been referred to as the potentiaiinq effect of
test trials (Izawa, 1971). Second, lLandauer and Bjd}k (1978)
have provided <compelling evidence for not only for the
potentiating effect of recall tests, but also for increased ef-
fectiveness with spaced schedules of testing (in which several
tests follow presentation) compared to other schedules. Their
study has provided the lodei for the present appliéatioh to the
learning of gulfiplication tables and spelling lists by thirad

grade pupils, and will therefore be examined in some detail.

a
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A

Landauer & Bjork (1978) conducted two experiments concerned.

with optimal scheduling of recall tests following a single
presentation of latetialf In the first experiment, the initial
presenzation (P) waé followed by three tests (T1, T2, T3), and a
final retention test (T4} thirty minutes after T3. The material
presenied vas the first and last pames of fictitious persons. A
test was comprised of the presentation of the first name and a
reguest to recall the last nanme that had accompanied it on the
initial presentation. The distraction intervals (D1, D2, and D3)
betveen P, T1, T2, and T3 were filled with Jintervening itens
consisting of other pteiggtations and tests. ‘Thus, the sequence
was P, D1, T, D2, T2, D3, T3, with the value of D1, D2 amnd D3
varving according to a number of diffeéené patterns and with T4
always following . thirty minutes after T3. The number of
interveningy items in the three intervals were arranged in three
different patterns.

The uniform series had intervals with an egqual number of
intervening itews in D1, D2, and D3. The expanding series had an
increasing number of items in each interval. That 1is, D1=0,
p2=3, and D3=10. The contracting series had the same values but
in the reverse order , i.e. D1=10, D2=3, and D3=0 intervening
iteas. These last two patterns therefore differed in the
scheduling of distraction periocds between F and T3,'>bnt' the
toctal elapsed time between ihese two events vwas kept constant.

In addition to these three patterns of tests, a P only condition

Ly
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P
uasﬁinclndéﬁ which involved the initial presentation, but no
tests prior to TH4. In this condition sﬁbjects were allowed to
determine their own rehear§a1 strategies betgeen P and T4.

The results showed that the probability gf recall at T3 was
-4 for the 10, 3, O sequence, but .6 for,the 0, 3, 10 seguence.
Thus, the latter resulted in S5S0% greater recall than the former.
The losf relevant finding was that the expanding pattern (6, 3,
10) produced alaost 100X more correct responses on’Tu than the P
only condition. In z2ddition, the expanding series waérsignifif
cantly superior to the uniform and contracting patierns in all
phases of the study.

The reason for the greater effectiveness of the expanding
series seeas fairly obvious. If the initial distracting interval
(D1) is‘very short, then the first recall at T1 is likelf to be
sﬁccessful. Since a successful recall has a potentiating effect,
it is probable that after D2, the second recall wil} also be
correct, even though D2 is longer tham D1. The second recall
will likewise have a potentiating effect, increasing the:
likelihood of a successful third recall even though D3 was
longer than 02, and so on. The main feature of an expanding test
series is .that the subject is very likely to experience success
at every step due to this particular scheduling of distracting
periods and tests. ‘

The second experilént by landauver and Bjork also

demonstrated the effectiveness of an expanding series of tests,
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using sililar materials. As a result of the first experiment,
two schedules of tests were used. 1In eachg schedule a single
presentation was followed by U4 tests an!!L‘final delayed test
(TS) 30 minutes after Td4. In the uniform series the distracting
period was as follows, D1=D2=D3=DU=3 intervening items. In the
expanded series the distfaction period was, D1=0, D2=1, D3=3,
D4=8 intervening 1items. Note that the mean value of D in the
expanding series was 3, which meant that the total nuibet of
itenms interyening between P and T4 was the same in thé tvwo
series. As vwas the case in experiment one, a P only condition
wvas 1included where 'snbjects were allowed to choose their own
rehearsal strategies and were tested at T5 only.

Again, the expanding series produced superior recall in all
phases of the study compared to the uniform series and to the P
only condition. On TS5, the expandéﬁ pattern, with the sasme aver-
age spacing, produced significantly superior recall conpar;d
with the unifora series, with 66 and 56 percent recall respec-
tively. Also, the largest difference between the expanded (0, 1,
3, 8) series and the uniform series occurred at T1, supporting
the hypothesis that the length of the first distracting period
(following P) is most important in determining éhe success of
later recall. A third point is that there was very little loss
of retention between T4 and TS (in either the  uniform or
expanded series) indicating that the first four tests engendered

a StIong memory of the material. Finally, both the wuniform and

4é



the expanded series produced vastly superio; recall on the final
test compared with the P only group. The uniform series produced
150% greéter recall, and the expanded series 200% greater recall
than the é only group, a very substantial improvement. (

In-addition to the above, Landauer and Bjork also looked at
de effect of repetitions of the items rather than of test
trials. In other words, T1, T2, T3, and TU became P1, P2, P3,
and P4 and a test followed thirty minutes after P4. Again, the
series compared were hniforl (3, 3, 3, 8), expanded (0, 1, 3, 8)
and P only. The results indicated that the level of recall -on TS
bwas impressively high in both uniform and expanded conditions;
58 and 62 percent respectively, but the difference was not sig-
nificant. However, the interaction between testQtype and pattern
was significant. This led to the conclusion that an expanded
distribution of practice is hbetter thanm a unifornm dis;ribuiion
of practice for test trials, but that they are egqually éffective
for re-presentations of material. It may be, as Landauer and .
Bjork have assumed, that with the expahded series, suqcessfnl
trials are better than repetitions because they induce a greater
effort at encoding, and additionally shape the response behavior
regquired for the final test performance.

In summary, Landauer and Bjork's results provide a
compelling demonstration that (a) test trials have a
potentiating effect; i.e. they engender strong memory of

to-be-remembered material; (b) the scheduling of tests has a
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significant effect on how much will be remembered; and (c¢)
expanded series of tests are optimal.

An important aspect of Landauer and Bjork®*s procedure is
that, since it entails only a singlé presentation followed by a
number of tests, it would seem ideally suited to teaching ﬂasic
natefials such as muoltiplication facts and spelling 1lists to
pupils in elementary grades. Furthermore, the procedure Can be
used with individuals or groups. Thus, it would be possible to
adapt fhis procedure to teach 7 basic 'fabts in " either
individualized programs (e.g. remedial math, learning centres,
etc.) or as a group instructiopal method in a regular classroonm
situvation. ' : é’ |

The main purpose of this thesis was to use an expénded test
series to teach grade three pupils multiplication facts and
spelling lists. The hypothesis was that presentation of material

in khis way would induce greater retention than other currently
used instructional le;hods which typically involve sassed-
repetitions. Three studies were conducted. Study 1 was a direct
application of the procedure developed by Landauver and Bjork
(1978) . Grade 3 students were taught (on an individual basis) &
multiplication facts in either an expanded series or the more
COERON unexpanded method, using an audio cassette and a
pre-recorded tape. The lack of learning which was evident in

either <condition suggested the ﬁeed for further refinement in

the methodology. Thus, Study II was conducted in the laboratory
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with college stﬁdents, in order to éxplore various broégdures
with the Ain of finding one or more that would be adaptable to
the classroom situation. As a result of the information obtained
from both these sthdies, Study III vas carried out in a school
situation with grade 3 students using an improved methodology
compared to Study I. This final expefiuentrinvﬁlved two parts;
an individual study and a whole class study. The materials
tanght 1in both parts vere nultiplication facts and'spelling

lists.

-4
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I. Study I

: In this study, an attempt was made to teach four'
nﬁltiplicétion facts to third grade pupils using the methodology
developed by Lahdauer Qnd Bjork (1978). The hypothesis was that
the stﬁdents taught'the facts using an expanded test series
would remember ibré’ than those taught using the more common

massed practice series.

Bethod

Twenty four grade three students (from

§g!zi§g.§ .eg. design
one classfoon) at ller Park Elementary School, Coguitlam, B.C.
vere rand011§ assigned to one of the two groups. Group one was
presented with the material in a manner which reflected a
typical classroom method of presentation, i.e. massed practice,
and group two received the same natérial but in an expanded-test

series (distributed practice).

Materials and procedure:The material used for the study was

seven facts froam the seven times multiplication tables. The four
target facts were 7 x 3, 7 x 4, 7 x 5, and 7 x 6, and the three
additional facts used as distractors were 7 x 1, 7 x 2, and 7 x

7. A pre-test determined that the only facts the majority of
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students could answer cortectly vere 7 x1 and 7 x 2. Group one

vas presented with the facts in the following nann%f:5~_J

Presentation of fact one (PIF1) 7 x 1 = 7
fest one of fact one (TTIF1) 7.x 1 = 7?2
Test two of fact one (T2F1) 7T x 1 = 7
Test three of fact one (T3F1) 7 x 1 = 2
Test four of fact one (T4F1) 7 x 1 = ?
Test five of fact one (TS5F1) 7 x 1 =7

After a seven second pause, fact two (7 x 2) was similarly
presented and tested, and so on for the remaining facts (7 x 3
through 7 x 7, in that order). Sixty seconds after the
conclusion of this seguence, a fiﬁai test of all seven facts was
given. The whole sequence, including the test, was presented
using a pre-recorded tape on an audio-cassette player.
Presentation of each fact and the test of each fact took 2
seconds and response time alloweé was 4 seconds. Thus thg total
time for the legrning sequence was U minutes 26 seconds. The
test guestions on the final test took 2 seconds eéch, and the
response time allowed for each was 6 seconds, for a total of 56
seconds.

For group two, the expanded series was presented as fol-

lows:
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Presentation of fact one

Test

one of fact one

Presentation of fact two

Test one of fact two

Pres

i

Test

Test

¢

Test

Pres

R4

Test

> Test

Test

4

Test

‘Test

S Test

= Test

Pres

Test

3t

{and so

entation of fact three
one of fact three
~two of fact one

two of fact three
entation of fact four
one of fact four
- three of fact three
two of fact four

two of fact two
three of fact one
three of fact fdur
four of fact three
entation of fact five

one of fact five

on, for all seven facts)

. (PF1)

(T1F1)
(PF2)

(T1F2)
(PF3)

(T1F3)
(T2F1)
(T2F3)
(PFU4)

(T1F4)
(T3F3)

(T2F4)

(T2F2)

(T3F1)

(T3F4)

(T4Fr3)

(PFS)

(T1F5S)

(see Appendix A for complete sequence)

As can be seen from the above,

tested in

the target

t
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= 14
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= 21
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28

"
-~

'
~

"
-

"
-

]
-

1
-~

= 35

n
-~

(*) Were

an expanded manner. The number of intervening items

betveen successive tests were 0, 1, 2, 4 and 8, and consisted of

both familiar facts and target facts. Again, presentation and

test time were 2 seconds each, and response time allowed was 4

52



seconds. As with group one, the total sequence took 4 minuotes 26
seconds. This group was given the same final test as §roup one,
60 seconds after completion of the learning seguence.
Presentation of all the material and tests was auditory,
using a pre-recorded tape (female voice), and played on a
cassette player. The studgnts"responses Were recorded for later
analysis. Students were seen individnally in a small fooi and
vere seated at a table beside the experimenter. They were
vérbally given a standard set of instructions (see Appendix B)
and vere then played a brief practice tape of known facts (i.e.,
2 x 2 = 4; what is 2 x 2 7, etc.)\to familiarize them with the
procedure. Next they were played the learning sequence. During
the 60 second distraction period following this, they were asked
a few conversational questiong, e.g. YDo you like school?“; and
¥YWghat issyour favorite subject?%, and were then given the final
test. Students vere thanked for assisting with the test, and for
attempting to memorize a difficult sequenée of facts. Subjects

for each group were run using an AB,BA seguence. The experiment

was conducted over four days during the normal math period.

Results and discussion

——— ————— — ———

The results were not as expected; there was an average
recall of only .66 facts for both groups. The only correct

recalls, however, were due to responses given by subjects run
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toward the end of the .study. Thus, even this small level of

r

retention may have been due to prior knowlédge of the nature of

/

the expetinent on the part of the last fe& subjects run in both

groupé. If these subjects are excluded, the mean retention level

falls to nearly zero. This floor effect may have been due to a
number of procedural factors. Perhaps too many facts were
presented 1in a series; speed of hresentation may have been too

rapid, or the overall length of the 1earniqg segquence may have

been too long. Perhaps thé strictly aunditory mode of

presentation was inédequate, given that the children usually see
the material to be memorized. The vocaliiation'on the tﬁpevlay
not have been varied or lively enough fo induce the necessary
attention for 1learning to take Vplace. The students had been
informed that some testing would be taking place and that they
would be working individually with the experimenter. Thus, test
anxiety may have created a stressful situation which interfered
with performance.

It 1is also possible that in spite of the expectation, the
procedure was too difficult to follow. The essentially nil ge-
sults of this study indicated that application of laboratory
findings to the classrobl situation was not as straightfornird
as had been imagined. Consequently, a second study was planned,
to be carried put in the laboratory, in an effort to discover

procedures that would be more effective when used with children.
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II. Study II

In an attempt to clarify some of the issues raised in the

.

initial study and to refine the methodology, a second experiment

¥

was conducted in the laboratory using college students.

Practical comstraints precluded using children in. this study.\It'

was felt, hovever, that sufficient valuable information could be

_obtained using a college pqpulpéioﬁ, which would allow a tetbrn
to the classrooer with a nmore- re}iﬁéd and workable syste;.
Therefore, of prime interest in -;his 'stqu vere procedural
matters. Fifst,ﬁan examination of teaching machines (g.g. Speak
Hn Hath! Speak 'n Ségll) and computer assiste&‘learning progg;ns
{e+g. Apple) iﬁdicatei that an audio visual mode of presentation
uould  probab1y be most effective. This would encoﬁrage the
transfer of leéfqing acr;ss ,sensoiy modalities, possibiy
inducing ove;éll superior. retent;on (Wetstone & Priedlander}

1974). It was Ehérefqre decided to use auqio visual presentation

of material for this study. Second, three conditions were used

-~

in an attg‘bt to diséo&ér the optimal type of sequence for effi-

cient and effective 1earning. The to-be-remembered material was
fifteen facts, the éqnare roots of four digit random nusbers.

~ 8’ -
Condition A was essentially the? same pattern as the

expanded test series in the first stqéy. By using the tests of

-
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the target facts as distractors (D), this seguence took half as
much time to ﬁresent as either of the other two conditions
described next. Condition B was also an expanded test series,
but each fact was preseﬁted singly, and expanded. with familiar
square roots as distractor items. This series was expected to be
easier to learn than & Condifion C wvas equivaient in length- to
B, and had -  the sané number of distractﬁrs {D), but the

repetiiion of tests was massed. Each of therab§ve conditions was
giveﬁ to one of two groups, a pre-timed group and‘a self-paced
gréup. The pre-timed group received.the laferial according to a
predetermined schedule of presentations and tests (automatically
controlled by electrbnic pulse cues on the tape). The self-timed
group received the same =material, but was allowed to conmtrol
presentat{on and response rates. This latter group uas included
in order to gather time related information such as the length
of time students took to spontaneously rehearse an item after
its initial presentation, the amount of time taken to respbnd,
as well as any data which might aid in developing an appropriaté

methodology for a practical educational application.

Bethod

Subjects: Thirty six male and female undergraduates at
Simon Fraser Uﬁiversity vere randomly assigned to one of the two

between-subjects groups. The subjects were paid $4.00 each for
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their participation in the study.
Design: The design was a 3 x 2 factorial. Condition (A, B,
C) was a within-subject factor, and time (pre-timed VSe.

han N

self-timed) was a between subject factor. In the pretimed gro@p,

presentation, test rate and responsé time were predetermined,

-

while 1in the self timed group these factors were under the con-

.trol of the’subject.'ro avoiad any—effect-‘of order, the three

conditions were counterbalanced across éubject$ uithfn both
grOups.

Baterials and procedure: Each of the three within-subject
conditions (contained five target facts. These facts were the
sqguare roots of four digit random numbers (e.g. the square t;ot
of 5794 = 76.12). It was felt that this material wvas in sﬁle
sense of eguivalent difficulty for collége students to wmemorize
as unfamiliar lultiplication facts would be for grade three
students. The distracting task material vas the square root of
familiar numbers (e.g. the square root of 36 = €). A description
follows. .

Condition A: This was an expanded series, and was eguiva-
lent to the experimental condition used in Study I. This se-
guence was an exttapolation of Landauer and Bjork's procedure
and provided 2 time-efficient manner of presentation of

material. The segquence was as follows:
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,Presena\tion of fact one (PF1) M.seconds

Test one of fact'one . (T1F1) 6 seconds
Presentation of fact two (PF2) 4 seconds
Test one of fact two (T1F2) 6 seconds
Test two of fact one (T2F1) 6 seconds
Distraction one (D1) 4 seconds
Test two of fact tvo {T2F2) 6 seconds’
Presentation of-fact three (PF3) 4 seconds
Test one of fact three (f1F3) 6 seconds

(and so onrﬁor all five facts)

{see Apgéﬁﬁix C for conélete sequence)

The number of intervening items between tests wvas 0, 1, 2,
4 and 8. That is, between T1 and T2 there was one intervening‘
iten: between T2 and T3 there were two intervening items, be-
tveen T3 and T4, four intervening items, and between T4 and TS,
eight intervening items. As can be seé§ above, the 1intervening
items uWere the presentation of new facts, tests of these facts
and soné tamiliar distractors. Thus, in Condition A there{fyete;
two kinds of itemg used to expand the series;tests of the fé}EZi
facts and tests of known facts (e.g., what is the square root of
81 ?) The preséntation of each fact took 4 seconds, the test. of

a fact 2 'seconds, anl the response time allowed was U4 seconds.

The distraction tasks (familiar items) took 4 seconds each, i.e.
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1T 172 secauds for the question and 2 1/2 seconds for the
response. The total 1learning time for this sequence ‘was 4
linules 20 éeconds. A test (T6) of all five facts (in the sanme
order as presehted) was given TO seconds after T5F5. This lasf
test took 45 seconds total f3 seconds for each test guestion and
6 seconds for éach response); Thus the total time for Condition

L]

A was 5 minutes 20 seconds. Immediately after test 6, subjects
were given the same sequence a second time (A2). Congequently,
tondition A (31' plus ~ 42) took approximately 10 minutes d0
seconds to administer, making it just slightly 1longer than
Conditions B and C (9 minutes 25 seconds each) .

Condition B: This was also an expanded series, but the five

facts were presented singly and expanded with only familiar

distractors. The material was presented and tested as follows:

- - Exposure ang ”
<
Response time
Presentation of fact one (PF1) ’ 4 seconds R
Test one of fact one (T1F1) 6 seconds P
Distractor one {D1) 4 seconds
Test two of fact one (T2F1) 6 seconds
Distractors 2 ~- 3 ' (D2-D3) 8 Seconds
Test three of fact one (T3F1i 6 seconds
D@stractors 4 - 17 {b4-D7) 16 seconds
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Test four of fact one (TUF1) 6 seconds

Distractors 8-15 (D8-D15) 32 seconds

Test five of fact one (T5F1) . 6 seconds

There was a 5 §econd delay following response to TS5F1 and
then fact . two . was ﬁresepted in a l1ike manner, and so on until
rall five facts were presented. As was the case with Condition &,
this series containedio, 1, 2, U énd 8 intervening items between
tests, and was alsd followed by a sixtﬁ test of all five facts
10 seconds after TS5F5. The whole seguence tqok 9 minutes 25
seconds. ‘ ‘

Condition C: This condition was the same 1length as B,

contained five facts, and wvas eguivalent to the control

condition in Study 1. The material was presented and tested as

follows:

Distractors 1t - 7 (D1-D7)

- Presentation 6f fact one | (PP1f
Teét one of fact one I (T1F1)
Test two of fact one (T2F1)
Test three of fact one (T3F1)
Test four of fact one (T4Fr1)
Distractors 8-15 *(D8-D15) N
Test five of fact one ’ (TS5F1) |

A delay of five seconds occurred after response to TSF1 and
then the next seguence containing fact two began, and so on
until 2all five facts were presented. A sixth test of all five
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facts followed 10 seconds after TS5F5. As c;; be‘seen from the
above, testing of the facts was massed for the first four tests,
followed bj 8 intervening items before tS..This allowed a direct
comparison with Condition B>on a test of retention at TS, as
well as a test of'all items on the sixth test (T6). It was as-
sumed that this condition mimicked usual memorization pracfices.
For ~exanp1e, a child attempting to learn the spelling of a new
uard may look at the letters in the vord, repeat them and then
test herself three or four times before feeling she has leafned
the material.

Finally, after all 3 conditions had been presented, a writ-
ten test (T7), uhichruas comprised of a separate sheet for each
condition, was administered. (see Appendix D for sample). This
followed 10 seconds after T6 and occurredl(in the pre-tined‘
group) approximately 30 minutes after the étart ofl the
experiment and was an untimed paper and pencil test of ali facts
for each condition, with test order of conditions
counterbalanced within T7.

The stimulus cglterials were presented on slide§ with
accompanying vocalization on audio cassette, on a Singer
Caramate rear screen slide viewer. Each subject was seen
individually, and after a sténdard set of instructions (See
Appendix E), was tested in a sound proof booth. A brief practice
slide/tape sequence was played for familiarization purposes. For

the self-timed group, this practice session provided an
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opportunity for using the self-paced apparatus. This consisted
of a hand held button which, when pressed, advanced the tape and
changed the slide. Release of the button stopped the tape, thns
allowving the subject to hold the slide on the screen for as long
as desired. Times between offset and onset of the button press
~vere recorded. For the pre-timed group slide changes,
presentation rate, and response time were automatically con-
trolled Ey:bue pulses on the tape. All subject responses wuere
recorded for later analysis. Following the written éest a brief
guestionnaire was completed by all subjects (see Appendix F).
The object of the guestionaire was to gather further information
regarding the different conditions, the type of strategies used,
preference for a particuiar condition, the nmost difficult
condition, etc.

To summarize, this study was carried out in an attempt to
discover a workable methodology which would allow the practical
application of the spacing effect inm a school situation. Aﬁ
expanded series of tests for“gggg‘to—be—learned fact kCondition
B) was compared with a massed practice series (Condition C) in
order to deterrmine which condition would be more effective for
retention wvhen tested at three different tineé‘(TS. T6 and T7).
Condition A was a direct extrapolation of Landauer and Ejork's
{1978) pfocedure, was similar té the eiperinental condition in
Study 1, and consisted of an expanded series containing é;; the

to-be-learned facts. Condition A contained the same number of
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target facts as B énd<C, but, since tests and presentations of
facts served as distractors for other'facts, took approxilately
half as much time to present. Considering the time factor dnly,
it was thus‘ possible to present Condition & tuiée in a total

X

time comparable to that ‘taken in ‘either B or C.
Results and discussion:

- e A -

evident from the data shown in Figure 1. (Means ahd Standard
Deviations are sullérized'in Table 1; see Appendix G for overall
analysis of variance). First, there vere no significant
differences between the pre-timed and the self:tined groups \on
any of the three tests in either Condition B or C. Additionally,
there was no within group diference between é and C on any of
the three tests for either group..

Second, for both groups in Condition B and C, there was an
eguivalent, and rather dramatic loss of infor;étion from T5 to
76, 2nd less so from T6 to T7.

Third, the self-timed group was generally superior to the
pfe-tiled group in the A <condition. This superiority was
statistically significant for A1 at both T5 and T6, F(1,34)=6.05
and 4.50, respectively, p < .05 in both cases, as well as for A2

N
at T?, F(1'3u):6'25' p < l01.
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Figure 1

Percent recall on tests 5, 6, and 7, as a function of
Candition (Al, A2, B, and C) for the pre-timed and.

self-timed groups.

100%
P
e 90%
r
c 80%
e
n 70%
t
60%
R
e 50%
c
a 40%
1
1 “30%

20%

10%

~ PRE-TIMED GROUP

64

T6 ™



TABLE 1
Means and Stagdard Deviations for the Pre-timed
and Self-timed groups on tests 5, 6, and 7, as a

function of condition, A%, A2, B, ard C.

¢

Pre~timed Self-timed

’ group group
Al Test 5 M .51 1.89
SD - 78 1. 75

Test 6 M .78 1.73
SD -81 1.74

A2 Test 5 M 2.50 v 3.33
SD 1.50 1.41

Test 6 o} 2. 44 3.33

s 1.29 1.75

Test 7 m - 1.50 2.67

SD 1.15 ' 1. 60

B Test 5 M 4.50 4.39
SD .86 «70

Test 6 M 2.05 172

SD 1. 30 1.02

Test 7 B 1.22 .72
SD 1.52 1.07
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Test 5 [
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Fourth, unlike the results of Conditions E and C, thefe was
no loss of information between TS5 and T6 in either A1l or A2, ‘but
'there.ups a comparable loss between T6 and T7 ftor botg'groups.

‘Fifth, recall was superijior on both T6 and T7 in Condition
A2 cblpared to B and C, for both the pre-timed and self-timed
groups. In the pre-timed group, however, the difference betwveen
A2 and B on either T6 or 17 was not significant. The difference
between A2 and C wvas significanf at both T6 and T7,for thisf
group, t(17)=2.46 and 2.58, respectively, p < .05 in both cases,
Bonferroni corrected t-statistic (Dunn, 1961). For the
self-timed group, A2 was significantly superior to both B.and c
on T6 and T7, al} t-test values (df=17) > than 3.90, p < .01,
Bonferroni corrected tfstatistic (Dunn; 1961).

Finally, as can be seen from Figure 1; Condition A produéed
some vinterestinq results. After receiving thél second
presentation of the @=material (A2), subjects in both groups
improved their recall on TS and T6 quite dramatically éo-bared
to their performance after one trial (A1) .

Time data (self-timed group): Table 2 shows the total time

taken by the self-timed group in each condition compared to the
time allowed for the pre-timed group. In all cases, the
self-tined group took significantly longer than the pre-timed
group, all t-test values (df=17) > ’3.80 p .01, Bonferroni

corrected t-statistic (Dumnn, 1961).°
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, TABLE 2
Comparison between Pre-timed and Self-timed groups
on total time taken in seconds from beginning of
sequence to thé end of test 6, including distractbrs,

. for Conditions A1, A2, B, and C.

Pre-timed Group Self-timed Group t P

A1 325 secs 505 secs - 4.86 .001
A2 325 secs - 415 secs , 4.78 .001

u B 565 secs 677 secs 4.18 .001
c 565 secs. 715 secs 3.80 .01
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: TABLE 3
Average time, in seconds, taken per facf or P and each
test trial (T1 to T6) for each condition Aj; a2, B,
and C, for the Self-timed grouap. {(The Pre-timed
groups'otines are in brackets). |

P ™., T2 . T3 T4 TS T6
A1 16.6 (0) ;.1(a) 6.8(4) 6.7(4) 8.5(4) 7.6 (8) §0.2(6)
A2 10.4(0) 3.5)4) 8.6 (4) 5.5(4) 5.1(4) 6.9(%) 6.1(6)
B 16.4(0) 3.3(4) 3.9 (4) 3.3 (%) 2.9 (4) 3.1(4)‘18.5(6),

C 20.9(0) 2.8(4) 2..5(4) 3.6(8) 2.9(4) 6.6(4) 15.2(6)
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Table 3 shows the average time, in seconds, taken on each event
(P, T1 through T6) for each condition by the éelf-tined groupe.
The times éllotted the pretimed group for the same events are
shown in brackets. . ) .

The uogt‘noteuorthy feature of the’data'in Table 3 is that
in all conditions the self-timed group spent a considerable
amount of time during the initial presentationA(P) engaging in
continuoué‘ and massed rehearsal of ‘the to-be-remembered
lateridl. Interestingly, the recall data showed that the extra
tiee did not help the self-timed group compared to the pre-timed
group in the B and C Conditions, but did so in the A condition.
Questionnaire Data:

¢ | e . .

An examination of the guestionaires showed that in response
to the guestion regarding uhichrconditioﬁ felt most éo-fortable,
Condition B was preferred by S50% of the subjects.bThese subjects
alsq/feported that they felf thej hadnlearned more in Condition
B. Approximately 25% of the subje ts é;eferted Condition A, and
reported thnat tecéiving the seque;ce twice was helpfui. The 25%
vho preferred condition C felt it was hest because it reflected
their normal method of memorization.

¥hen sﬁbjects wvere asked which condition théy ‘fQund the
most difficult, 50% reported that A was hardest. The lagn'reason

wvould appear to be the 1lack of a discernible pattern of
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presentations and tests. Thirty-three percent reported chat C-

was the most difficult an the remaining 17% felt that B was the

hardest.

Sixty-one percent of subjects im the pre-tiied éroup
reported that they ubui& 1ike to have had more time to thing be-
fore ansuefiﬁg; Thirty-nine percent felt that the time allowed
was adegquate. . |

gggg;gé;gggi The main purpose of this study was to explore
different procedures in the hope of finding one or more methods
that would be more adaptable to the Elassroon situation than'the
one used in Study I. The results Qf Study If;pointed'out a hum-
ber of important factors in this regard.

Pirst, regarding mode of presentation, the behavi;r and
comrents of subjects indicated thattthé chosen afdio—visuél‘node

worked very well. It was clear that it was a vast improvenment

over the method vsed in Study I. The use of this nmethod ‘vas

,therefore continued if Study IIIX.

Second, the time information provided by the self-paced

group‘offered a more realistic foundation for determining{ suit-
able presentation rates and response intervals. It was flecided
to use a pre-tiledvlode»of presentation in Stedy III, mainly for
practical considerations. The ©presentation and response rates

vere modified with respect to those used in Study I, as a :esult

of the information obtained in the self-paced part of the study.
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Third; iu the pre-timed group, Condition A .was not signifi-
_cantly superior to Condition B.‘Since Conditiou B was perceived
as the easiest in Study 11, it vas decided to use thisy(sequence
of spacing in Study III. Condition Cruas again used as a con-

trol. , s

<

Fourth, the difference betweeufuegfotlance in Condition B

and C was not significant in either group. As Melton (1970)

pointed out, the spaciné effect is a robust phenomenon and :uhen

not delonstrated,“sethodological or other factors should be:

suspected. On the basis of subjects'~co-lents théwﬁﬁresent: re-

sults were probably due to the the distracting task not being of

sufficlent difficulty to prevent reheatsal in Condition B,
Finally, thesloss of retention between T5, T6 and 1?7, due

to uncuccessful trials, pointed to the need to provide feedback

to subjects -after each test, with the aim of reducing such a

loss. A feedback proée&ure’.u;s therefore incorporated in the

series used in Study II1. :

In sum; this study, carried out'iﬁ Ca laboratory setting,

‘provided very valuable suggestions for procedures to be used in .

‘applied research uxtb.school¢ch11d:en.¢
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I1I. Study III

Study ?I was carried out in e schooi situation with grédé
three students and was conpgiﬁfd of two experiﬁents run over a
tvo week pefiod. Experinent‘TﬁIA was a direct application of the
methodology and results of Study 1I1. Subjects were tested
individually and the materials (multiplication facts and
spelling lists) were presented audio-visually. A comparison was
made between | subjects who received distributed ©practice -
(expanded series) and subjects who received massed practicg
series. The'expanded series was sinil?r to Condition B in Study
}I.drhe difference was that in the present case, subjects were
givén :feedback after each test. In the previous study there was
a sing;e-presentatibn follovwed by an expanded series of test
ériﬁls. TIt became apparent that if a2 subject forgot an item on
any test there vas a very high probability that it would not be
‘retrieved on sﬁbsequent tests., 1a order to counteract anf REeROry
logé due\ ta unsuccessful Vt;iaiéA and to provide immediate
feedback to :the vsubjec&, a brief re-presentationifolloued the
testAtrials in the present study. The nagsed Qpra;tice - seguence
was like Condition C in Study 11, but again with feedpdck fol-
Llowihg each test.

Experiment IIIB was run in an attempt to determine whether
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the procedures of Expefi-ent ITIIA would be'effective in a group
situvation. Having gained access to a school population for
experimental purposes it was felt that use of this oppoffunit;
to try out a group procedurershould not be missed. Experisment
ITIB involved whole class instruction. Again, the distributed
series was compared with a massed practice method of'leatninq
and the material vas multiplication facts and spelling words.
Students received drill sheets which reflected either a massed
or expanded serles of presentations and tests. It was planned
from the beginning that the group study would be run before
Experiment IIIA in order to avoid possible wmethodological
confounds résultinq from all subjects havinq individual contact
with the experimenter. However, becauée IIIA is nethoddlogically

and procedurally ‘related more directly to Study II, it will be

discussed firste.

74



A
IV. Experisent IIIA , /

Hethod

§ggj§gi§3 Subjects 1in this study were 44 male and female
students (average age 8.5 years) from two grade three ﬁiasses at
Cedar Drive Elelentqry School, Port Coquitlam, B.C. Their
teachers were asked to rank the students on two variables, math
and spelling ability, and on this basis two groups were forsed
(distributed practice and massed practiée) each for math and
spelling.

gggiggi the design inVolyed the comparison of two groups
(expanded vers$#/massed practice) with ‘each of two different
types of material, multiplication facts and spelling lists. Half
the students received the math condition first . .and half itﬁe
spelling condition first. The math fac;s and'spellihg words were
presented to all the subjects in the sarme Qrder, bht two orders
of. testing the =material were used, counterbalanced across
subjects. Thus, subjects learned the material,SequenFially, 1 tq
5, but were tested in order oﬁe, i.e., 3,2,5,4,1, and in‘order
tuo; the opposite (1,“,5,2,3). In each grbup' (massed and

expanded) the order of testing subjects followed an AB, BA
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pattern. There were two tests,‘an oral tegf one,ninute.After the
lgarning sessionvand a written test immediately after completion
of the first test. Subjects who received order one in the oral
téé@, received the same order in the written test, and likevise
for\érder two. |

Materials: A pretest was administered to all the students
for both\igth facts and spelling words, in order to generate a
list of stimulus materials. As a _résult of this, five
lultiplic§tio£\§acts and four words wvere selected on thenﬂbaéis
of their diffiéu}ty for these students. The naterial used for
the distraction taﬁis were all familiar multiplication facts and
known spelling uords.i -

The resulting:naterialsvuere ]n) five luitipliCation facts
(8 x 5 to 8 x 9) and (b) foﬁr‘spelling words (brought, happily,
machine, police). is was ~£he case in Study 1I, both types of
materiali vere presented on slides vith accompanying vocaiization

on audio cassette (female voice), on a Singer Caramate rear

screen slide viewer. Theré vas a single order of presentation in

both conditions. Slide changes, presentation rate and response\

time were automatically contreclled by electronic cue pulses on

the tape. The oral test was the same format as the learning -

session (i.e., slide-tape) and@ subjects responses were tape
recorded.. The written test was a single sheet containing all
five facts in the math condition (Appendix H). In the spelling

condition the written test was presented orally on a prerecorded
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cassette tape and the subjects wrote their responses on a blank
sheet of paper.

Procedure: Each subject was seen on an individual basis in

a small room. After receiving a standard set of instrucf}ons
(see Appendix I) the subject was seated facing the screen with
the experimenter positidned behind. A brief practice session was
then‘ given for familiarization purposes. 'Subjeéts in the
expanded series group received the following sequence:

-

osure and

Math spelling
Presentation one of fact P 5 secs 10 secs
Test one of fact T1 6 secs 10 secs
Presentation two P2 4 secs 5 secs
Distractor one D1 7 5 secs 5 secé
Teét tvo T2 6 secs 10 secs
Presentation three ' P3 U secs 5 secs
Distractor two D2 5 secs 5 secs
Distraction three D3 - 5 secs : -5 secs
Test three T3 6 secs 10 secs
Presentation four PU 4 secs ‘5 secs
Distractor four D4 5 secs - 5 sécs
Distractor five BS 5 secs 5 secs
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Distractor six D6 5 secs 5 secs

Distractor seven D7 ‘5 secs ' 5 secs
Test four T4 6 secs 10 secs
Presentation five P5 4 secs 5 secs

This was followed by an interval (15 seconds in spelling
and 10 seconds in math) after which the next fact or wordkuas

presented in the same sequence. There were a total of 5 math

facts and 4 spelling words. There was a one minute distraction
interval at the end of the 1learning seguence during which
‘students were asked a few conversational guestions yhile the

tape and slide trays were changed. The oral test was

administered after this one minute distraction period. Subjects
were alloved 10 seconds response time for each laih faét and' 12
seconds for each word in the spelling condition, again autonati-
cally timed. Responses were tape recorded for later analysis.
Upon completion of the oral test, subjects were given the
untimed written test. In the math condition this involved a
sheet containing all five facts. Subjects were instructed to
take their time and attempt to remember as nahy facts as- tﬁey
could without resorting to uor;ing the answers out. In the
spelling condition the subjects ligtened‘to the test gquestions

on the tabe and wrote théir answers on a blank sheet of paper.
Advancement of the tape was under eiperinenter copt;ol and thus

each question was answvered or attempted before the next one was

presented. Again the subjects were instructed to fake their time
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purpose of

[

and attempt to remember what they had learned. The

I

the written test was to allow an additional opportunity to

0

réspond without time constraints. The totaﬁ'tine,{or the 1learn-

ing sessioné was 7.5 minutes for math and‘e minutes for spelling

with the oral tests taking 50 seconds and 60 seconds respective-

7

ly.

The nasse& pfactice groups - received exactl} - the.: samé
conditions, the only excepiiéﬁ being  the v sequenée of
distraétpps, tests, and presentations. Under the massed

condition all seven distractors occurred first followed by a se-

gquence of presentations of facts, tests and re-presentations, as

follows:

Distractofs one to seven p1-D7
Presentation one P1
‘Test one | ‘ T1
Presentation two ' P2
Test two | T2
Presentation three P3
Test three | T3
Presentation four P4
Test four . ru;
Presentation five . PS5

Exposure time, response time, . inter-item intervals anad
tests were all .of the same duoration as in the distributed
practice condition. As can be seen from above, this - segquence
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éorresponds to Condition C in Study II. Both groﬁps in this
giudy' received exactly the same material, the same number of
présentations, tests ahd distractors, and were thaé equivalent
in“every ruay except in the sequencing of test frials and
'presé;tations.r Subjects were not informed concerning thé
€éfrectwéss of their responses on the tests but were thanked for
taking part and told that they hal done well on a very difficult
taska ’

i

Results and discussion

,Eké results of the math and spelling conditiotfigéte
P : .
analysed separately.

Bultiplication facts: Mean scores and Standard Deviations

as ‘a function of group (distributeﬁ'versusflassedi;’class, and
level (top half of the class versus bottom half) obtained on the
oral and written tests for are shown in Table 4., & 2(groﬁp) X

2 (class) X 2(level)‘analysis of variance was performed on the

data for the/oral and written tests separately (See Appenﬁix J).‘A

For the oral test there was a significant main effect for: group

(F(1,36)=15.69, p < .001). Subjects who learned the material in

an expanded series of test trials (overall wmean=2.04) “recalied

twvice as nmuch on the oral test as those who learned the same

material with a massed practice series (overall mean=1.01). .
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TABLE 4
Mean scores and Standard Deviations on the, oral and

written tests of math facts by group, level and class..

Class One Class Tvo

Level T Level. 2 Level 1 level 2 Group

(Righ) —~ (Low) (High) (Low) Mean
ORAL TEST ' |
DP Grp. M 1.17 1.80 3.20 2.00 2.04
SD .41 .84 .45 1.10
n 6 5 5 6
MP Grp. M .60 .67 2.17 . .60 1.01
SD .55 .52 1.33 .55
n 5 6 6 5
YRITTEN TEST
PP Grp. N 1.50 2500 3.80 3.33 2,66
Sp .84 :éoo .84 1.03
, n 6 5 5 6
MP Grp. M .80 1.17 2.83 .80 1.40
SD  1.10 <75 1,47 - .84
n 5 6 6 . 5
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Siiilarilf, there was a significant"difference of aliost, the
same magnitude between the two groups' scores on the‘written’
test, (F(1,36)=14,99, p < .001), uith'overgl} means of 2.66 and
1.40 for the distfibuted aﬁd massed groufg, fespectively. ‘

l On both the oral and written test there wvas a significant
main éffect for class (Oral test: F(1,36)=15.69, p < .601; writ- '
ten test: F]1,36)=19.96, p < «001). It can be inferred from thi ﬁ?{

data that class two was superior to class one in mafh' ability, 2
at least as measured by this test.

On the oral, but not the written gest there was a signifi- -
cant main effect for level (F(1,36)=4,.30, p <.0$). This finding
suggests that those students ranked in the top half of therclass
on math ability, tended to perform better on a timed verbal test
(but not on an untimed written test) than those ranked in the
bottom half. |

Theré was an interaction between class and level on both
the oral and written tests. Higher ranked students in class one
did not do as well as those ranked low, in either the massed or
: distributgd conditions. This intergction would seem to indicate
that the teacher's ranking of the students in this class may not
have reflected their performance potential, at least oﬁ a
memorization task. |

A t-test sboued'tﬁat both groups did significantly better

on the written test than on the oral test (t(82)=3.55 p< .0071).

This difference may have been due to the 1lack pffk time



constraints on the written test. Further, the children may have
petforled. better because the written test reflects the normal
method of testing. Alternatively, the pbssibility cannot Dbe
ruled out that the <children may Eave computed some ansvers,
contrary to the instruction to rely on memory. |
§ggllggg; Means 5hd Standard Deviations on both the written
and oral tests‘for each group~§re shown 'in Table 5. A 2(group) X

\

2(class) X 2(level) analysis of\véﬁianée“(see Appendix K) showed
that there was no main effeﬁt foé‘class in either the oral or
written tests. Thus, as fd; as spelling ability was cqncerned
there was no différence‘ £e£ueeﬁ thé two classes. There vere,
however, main effetts }nr’bbth group and 1?ve1,. As can be seen
froi Table 4, the expanaeh series gfoup correctly recalled AQ.BZ
{(B=3.59) of the words on the oral test, vcoipared to 79;5%
(¥=3.18) for the massed practice group; a signifitani difference
(r(1,35)=¢.2u; p <.05). On the written test héth groups improved
their performance. The expanded series,group had an average of
95.5% corr@ét responses (M=3.82), compared to 87.5% (m=3.5) for
the massed p:aétice group. This xégéin vas a ‘significant
difference (F(1,36)=4.15, p <.05). These results make' it clear
that an expanded series of: tests is 5 horg effectiveluay to

léarn spellingrthan tﬁe more commonly used massed practice, even

at high levels of performance. ‘ : -
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TABLE 5
Bean écores and Standard Deviations on the oral and

vritten tests of spellingvfacts:by group, level and

class.
vClass Dne Class Two
Level 1 Llevel 2 Level 1 Llevel 2 Group
(Bigh) (Low) (Righ) (Low) - Mean
ORAL TEST B .
DP Grp. M 3.83 2.80 4.00 - 3.67 3.59
SD .41 1.10 .00 .52
n 6 s 5 6
MP Grp. M 3.60 2.67  3.67 2.80  3.18
| SD .55 .82 - .52 .84
n 5 6 6 5
‘¥RITTEN TEST )
DP Grp. M U4.00 - 3.40 4.00 3.83 3.82
5D .00 .89 .00 .41
n 6 5 5 6
AP Grp. M 3.80 3.50  3.67  3.00 3.50
SD .85 .55 .52 T '
n 5 B ) 6 5 )
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Rl it i ot bbb kst s



,)

There was also a significant main effect for levglvon both
the ‘oral (F(1,36)=15.13,'7p < «001) and written test
‘(7(1,36)=6.86, ;J< «01). Th;se stwdenFS'ranied high on speiling

ability perfpried~bettér than thoée ranked low, thus cbnfirnihg

3

their teachers' assessa®nt.

A t- test sxgged’fhat there uwas a 51qnificant difference be-
tveen scores on the written and oral tests (t(u2) 3.62, p <
.001).' As had. been the case uith lultlplicatlon facts, children
pefferled significantly better on an untimed written test . than
onh a timed oral test. Thii\ifsult is not surpfising\since tests
in spelling are typically i\ written fornm ‘uitb fairly 1long
response times, 3 - . . ‘v \\_/,

The wmain result, i.e., that di;tributed practice works
better than massed préctice for learning to spell, is an “ =
ilpoftant finding. The elphasisioﬁ a massed pﬁgg{ice abb;oacg fo 7
spelling, as advocated in many spelling "texts' (e.g., The
Canadian . Basic Spell?ng Program 3), -may not be the most
pfoductive in light ofwthesé results; Instructidnﬁ‘uhicb direct
the student to distribute practice and review would be more
beneficial.

The results of Study TIIA make it‘clear that the benefits
of spaced practice need not be confined to _a laboratory _

situatlon. These findings provide strong evidence . that a

//"practical application of the spacing effect can substantially

increase the amount of material students 1learn in school. A .
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sizable and striking effect wvas achieved with lultiﬁlicﬁtion

tables and a somewhat lesser effect with spelling wordse.
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V. Experiment IIIB

As mentioned previously this part of the study was carried
out in an effort to determine uhether'pfocedures from Experiment
IIIX could be effectively. adapted for a group or whole class

situation using typical classroom material, i.e., drill sheets.

Subjects: The sane;subjects were used in both partsuof the
~Sstudy. The composition of the two groups was changed, however,
in order to eliminate possible carry-over effects from one study
to the other. Thus, half the subjects who received distributed
practice in Experiment IIIA - received ﬁnassed - practice ih
“Experinént IIIB and vice versa. The teachers' rankings (i.e.,
level) were still used, so that each group had an equal number
of high level and low level students.

Design: Two groups, expanded practice and nassed practice,
were compared on performance on two written tests after whole
class training with drill sheets over a three day périod. Two
types of material were used, nultipiication facts andvspelling

words, and the coamposition of the groups for each condition

varied according to teachers rankings of students' math and
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spelling ability. Thus, as was the case in IIIA, the design was
2 simple two group comparison on two tests, for each cdnaition,
math and spelling. . . -

Material: The material for this experiment consisted of

°

drill sheets containing either multiplication facts or spelling
uords. 1In the m®math condition the distributed practice group
received a drill.sheet consisting of 6 target facts (7 x 4 to 7
x 9) which Qere tested four times each with an expanding number
of distractors (familiar facts) between each test. For the
massed practiée group the drill sheet was essentiélly the same
except that the target facts were tested successively with zero
intervening items. A similar design was followed for the
spelling list and in this condition five words were used (guess,
suddenly, earth, through, circus). Examples ot drill sheets for
each condition are in Appendices L and M.

- Procedure: For both spelling and math, the drill sheets

vere distributed during the regular language arts or math
periods on three consecutive days. Students® names were written
on the drill- sheets so that subjects\assiqned to either group
(expanded or massed) received the appropriate material ui}hout
calling attention to thg;fiact ‘that there were two different
conditions. Thus it was possible for the teache% to give a
standard set of instructions to all students in her class. For
the spelling d4rill the five target words wvere introducéd in the

normal eanner on day one (i.e., written on the chalkboard,

88



spelled out letter by letter, given a definition and used in th;
context of a sentence). The instructions given to the students
were to learn the words by workiﬁg'through thé arill sheets. The
students were inforamed that there would be a test on day four
but were not 1nfor|;diregarding the test on day seven. At the
end of the drill session the sﬁeefs were collected and on the

tvo subseguent days the same procedure was followed but without

theé introduction. A similar program of training was carried out

with the multiplicagion fac’:ts.v . *

The data from this e;perinént did not show the predicted
spacinq'effect. There were no significant differencesA between
the two groups in weither the gath or spelling conditions on
either test one or test two. Table 6 shows the mean and -percent
recall scores for the - two grouﬁs on each test in 'both
éohditions. In the math condition thé results of test one showed
that the distributed practiﬁe Qroup on average recalled correct-
ly 3.85 of the‘s facts (6&%{ compared to\ thé massed practice
group's 3.25 (54%), a non-significant difference. ;n a surprise
test three days later re&all for the DP group was 57X compared

to 59% for the massed practice group, again a non-sibnificant

difference,
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TABLE 6

Mean and percent scores on spelling and math tests

one and two for the distributed practice and

massed practice groups.

MATH TEST

Distributed practice
Group
Massed practice

Group
SPELLING TEST

Distributed practice
Group
Massed practice

Group

Test One

3.85 (6u4%)

3.25 (5u4%)

Test One

4.48 (30%)

4.48 (90%)

90

Test Twuwo

3.40 (57%

3.55 (59%

Test Two

4.33 (87%)

‘4.66 (I3%)



A similar patferﬁ of resulfs was obtained in the spelling
condition. The massed practice group scored exaétly tﬁe s&qe aé
tﬁe distributed practice group on test one, an avérage of u;ue
cdrreét oet of 5 (90%). On ‘ihe delayed tesf there was very
little forgetting; the DP group g;d an avefagé of #4.33 corréct
(87%) and the MNP gr&up K,66 correct (93%4), a non—signifiéant
difference. )

In effect, the results of this experiment suggest that

while drill sheets are effective for learning, the variables

which usually produce the spacing effect are not easily con-

trolled or manipulated with th%s type of material in a classroom
situvuation. However, the fact that distributéd p{gctice with
driil sheet#}Adid not result- in learning ‘Senefits is not
conclusive evidenc; that such lethods'cgnnot be applied in the
'clasroop. Rather, other approaches such as variations in
materials that would allow greater control over' rehearsal, or
giving explicit insfructions to,distribute practiée, need to be

investigatead.
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I. Discussion

¥

For the purposel of further discussion a brief summary dfi'
the results of this series of sthdies may be helpful. in Study I‘
an attempt uas,‘nade at a direct application éf fhe procédures
developed by Landauer and Bjdrk‘(1978) to the teaching of some
basic multiplication f;qés to grade three students. The_lackvof
appreciable resuits led to the design of another study iﬁJ érder)
to clarify. some nethodological* issues. Thus, Study II was
carried out in the laborafOty using college students. THis study
.demonstrated a\nunber of important points such as the utiligy of Q"
an audio visual uodgwgg/preseniation, and provided valuable ai-
rection for further research in a school situation; As & result
of the procedural information gaiﬁed from these two experilehts,
Study III uﬁs conducted with grade three children and ipvolved
two Eirts:'an individual stddy’(IIIA) and a whole class study
(II1B) . The materials used in both parts ueré multiplication
facts and spelling lists. The results of Study IIIA shov;d that
it was possible to apply laboratory findings to facilitate fpé

-

acquisition of material by sfudents in a school . setting.

Children who received an expanded series of test trials recalled
almost twice as many math facts, and were significantly,supegior

in spelling, than those who received a massed series.

. r

N~
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Experiment IIIA:

.-The results of Study IIIR ﬁere most encouraging._ The
demonstration ‘that neuqrization of mult;plicatioﬁ tab%es'and
speiling lists can be facilitated by distributed practice has |

’ . N . T T
important implications for education. Factors to be considered —
in relation to the present research involve possible direct ap-
plications of distributed practice as a remedial aid for ,
children with learning problems in math. If children can be
helped to experience Success in learning basic facts such as ,J/

multiplication tables, this will have a facilitative effect on
learning more difficult concepts such as 1onq multiplication ;nd
division. u

The slide/fape mode of presentation proved very effective
in the present study and could éasily be adapted for small group
study with the use of multi}le headphones. In addition it Acould
readily be inclﬁded‘ in léarning éentres. Slides of differgntﬁ
sets of f&cts or words with acconpényinq tapes could easily be
:pfoduced qnd made available for childrens' use. .

If +training §es$ions are also distributed. (see the follow-
ing discussion of Study -IIIB)then ‘further learning- bene%its
could accrue. Along this line it should be possible -to design
whole units which make use of distributed practice and would
include an expanded series of spaced reviews. An obvious goal of

PN

34



e t. /’\

future research wvould  be to tes£ the effectiveness'of'such a
program.
B With thé\increasing use of computers as instructional aids
(e.g., APPLE programs) the possibility of utilizing distributed’
bractice of drilis based on the method wused 1in the presenf
research has obvious potentigl. | .
The time interval allowved for presentation, gest/response
and re-présentations in both‘ math and spelling conditionms
appeared  to be optimal. Opservations of students reactions
during training confiraed'tha ‘there were virtually no instances
wvhere the time allowed was inadegquate for a response. The time
allowed in the oral fest also appeafed to be sufficient. The
fact that subjects performed better on the written test than the
oral te§£ may have been due to other‘facfors. For instance in
the math condition, even though the students were instrncﬁe& téi
rely on memory, il-is guite passible that they may have worked

out some of the answers when given the extra time. Overall, the

time factors involved in presentation of wmaterials in this

manner appear to be satisfactgj{.

i

Eggerilent IIIB:

In this part of Study III an attempt was made to induce

within-list distribution of practice with drill sheets. The idea

]

of using a drill sheet is basically sound, as it is the most
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common type of practice material encountered in grade school.”If
it is possible to incorbotate distributed éractice in this type
of' material and give a clear demonstration that it works, it
would be a very practical appiicatiou. However, no differences
between distributed and’nassed practice in Experiment IIIB were
found. '

The lack of effect coul@ have been due to a number of
factors which were not under experinental controi. First, in the
whole class situation and because of the nature of the drill

sheets, there was no contrel over whether the subjects dctually
followed the instructions to do fhe drill in the appropriate se-
quence. It may be that when students are faced with a drill
sheet similar to those normally used, they tend to. }o all the
easy facts first and then attempt the more difficult items.
Second, because the targét facts were presented on the drill
sheets, it is quite possible that the students did all the re-
peated items at one tine..If fhis was th; case, then in essence,
both groups received massed practice, which wodid account for
, . ;

the lack of spacing effect. A third and important * uncontrolled

factor in a situation of jthis type is what students do between

drill sessions (between days, in the present case). For

instance, between drills and prior to the test, the students may
engage in rfehearsal or individual study which would tend to
overshadow or obliterate the beneficial effects of a five minute

distributed practice drill. It should be remembered, in this
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respect, that performance was relatively good in Experiment

IIIB. The control of students’ study behavior will probably

always pose a methodological problem for research on distributed
practice when the time intetvals between drills is in the order-
of 24 hours or more.

A related, and probably major factor, is that both the dis-

tributed and massed practice groups received practice élgg days

and, it may well be that the effect of distribution of practice

within 1lists is ainor in comparison to distribtion of drills

with loﬁger interval, i.e., over days. For instasnce, Blooa and
Shﬁell (1981) found thaé three 10 minute drills distributed ovef
three days produced superior reténtion compared to three 10
minute drills on a single day. Thus, in tﬂe present study while
groups received thé distributed/massed difference within drills,
ﬁoth groups also received disiributed practice over days, (i.e.,
24 hours spacing intervals between drills). This facﬁ Elone
could have contributed to the eguivalence in results for both
groups.IThe fact that considerable 1ea£ning took piace as a re-
Sult of this type™of drill (65% DP, 55% BP in math and 90% NP
ana DP in spelling), and very little evidence of forgettinq'on a
long term test of retention (recall/;f 57% DP apﬁ 59% . Mp in.nath
and 87% DP%and.93% MP in spelling) lends supbort to the notidn

that- both "groups may have benefitted from distributed practice-

over days.
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Further rgsearch needs to Dbe condﬁéted in order tp

v

investigate this possibility. As a first step it would be
worthwhile to . replicate the findings of Experinent IIIA in a

uhole‘class situation. To this effect, ,#vhat is needed is'a &=more

tightly- controlled experiment with better constructed drill

sheets designed to wminimize éubject ihitiated practice that

tends to reduce the difference between distributed and l&SSéd '

conditions. This experiment should first be carried out wjithout )

practice over days, i.e., within a single—seséion‘ Aftgt the
effects of distributed practice in the wvhole class situation and
within a single séssién .have geen cohfirled, sessions acfoss
days could also‘be instithtedvto further improve fetention ‘of
to—be-renelbéred material.
~~— . - . ,

The results of the Landauer and Ross'(1977) study, in which
simple instructions to distributérpraéfiéé grbﬁéd effecfive,_-ay
be adapted for uée in the class%bon. This prbcedure could .be
utilized to make childrenrauare of the effectiveness of the

strategy and to actively teach them to use it for drill,

reviews, etc.

Implications for FPuture Research

a

The information gathered in Study II =ay ‘also have value
. (‘ . *

for future research and practical applicatiohs. One seguence

that was tested (Condition A) involved an expanded éerigs of

-
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- each of the expanded séﬁifﬁ

e

traction interval was

Y presented target itess

distributed practice in which the 4
filled with test trials of the previou

rather than neutral distractors (i.e. 1, P1F2, TIF2,

T2F1, “e+..T2F2, etc.). Thus, this ries thk half as much tiie

»

to present the 5 facts as in eigﬁe of the other twd conditions

used in Ithat, study(j&t will be rfecalled that subjects did not
%,'Lz ’ . ¥ . -

learn much after a single presen ion in the A Condition. After

the second presentation in this«éondition, however, there was a ;Jﬁ

co-paf;?iﬁély high level of retention on both an immediate " and
Sy , : a _

y w
long term tests of resggxion. ’
This suggests a possiblefwa:7of using this type of series
in conjunction with the expanded series used in Stuay I1I. FoE— &

instance, a student attempting to naS%ér 5 new multiplication

pumber of distributed sessions o6n
/*A =

facts could first train for

s'preseﬁtingfonly'one fact-each,

then switch to the 5h°§§?, A-type series containing the .sanme

s

five facts but all ihﬁerlixéﬂ.,aenéfits could be expected with

<*th&§)suitch, from such factors as the novelty effect, as well as

_,u‘_:/n

-

f¥om presenting the material in,ﬂé more challenging ldnnef.

Furthermore, one feature of the mixed s?G;ane is that §ince the

facts are hot‘piesented in any apparent 6rdér,#iheﬁeffect of the
segquence is‘;fiely~td>better prepare the stuéeht for situations
in which ﬁﬁé facts are tested ﬁoﬁ—sequentially. As Laﬁdauer and
Bjork ilg?é)vhavg pointéﬁ out, -the expanded series of test

trials in this form is probably most effective because it not
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only induces dreater encoding effort but':also more cloéely

approximates the final test performance. The 'Vnornal_

instructional method used with multiplication tables is to in-

troduce them in seguénce and thén'th;oggh training and practice,
teaéh '°the student to respond coirectlj on non-sequential
 1esting;'The above outiined progranm uoula incorporate the dis-
tributed p;aptice effect throughout the learning seguence and
would there%ore seem .to be an effective aid inv achieving this

goal. & future experiment desfggfd to test the effectiveness of

. N
such a prograa would be of obviqUs value.

A further refinement of this type of expanded series (i.e.,:

_lCondition k) 'is'suqqested>by the results of Siudy IIIA. In the
laboratory study with college students there was a single
preséntﬁtion followed by an expanded series of tést trials. One
pragié: with this method was thaé if 2 subject forgot’ah item on
any“étest it was vefy likely that it would not be ggtriéved on
subséquent tesis. Wenger et al. (1980) examined this problem and
reported that presentations and test trials were equivalent for
recognition memory provided the tést ttials were sucéessful.
Similarily, Landauer and Bjork (1978), in bne parf of<tﬁei;
second experiient, founa that re-presentations were as effective
as test trials. As nayAbe recalled, thié idea vaswédapted for
use in Study II;A.‘Iﬁ order fo’icounteract any los§ due to

unsuccessful . trials a brief re-presentation immediately after

the test trial was included in that study. Following from- this

~



it'uould‘appear beneficial to design a serence

which had

the

time efficiency of Condition A but which counteracted the

detrimental effects of omission errors. The following sequence

would appear to fhlfill that reguirement.

- -
>

3¢

Presentation one of fact one
Test .one of fact one
&e;presentation of {éc£>one'-
D;stractor

Test two of fact one

Re-presentation of fact one

" Presentation one of fact two

Test one of fact two

Re-presentation of fact two

Test three of fact one

Re-presentation of fact one
Test two of fact two

Re-presentation of fact two -

Presentation one of fact three

Test one of fact three

Re-presentation of fact three

1}'I'est three of fact two

Re-presentation of fact two

Test two of fact three

. 101

P1F1

T1F1

P2F1

D1

T2F1

P'3F1

PI1F2

T1F2
P2F2

T3F1

P4F1 -

T2F2

P3F2

PI1F3

T1F3
P2F3
T3F2
PUF2

T2F3



Re-presentation of fact three P3F3
Test four of fact one TUFI
Re-presentation of fact one P5F1
(ind s6 on until all five facts had been presented and tested.)

As can be seen from the above seguence, success is built in

J ’ - \
at every step. If a child makes an-error he/she gets immediate

feedback and is thus likely to be successful on the hext test

the difficulties encountered by subjects with the Condition A

type sequente in Studies I and iI. It would certainlf be of
practical interest to investigate the efficacy of this type of
sequénce. u

Another issue, not addressed in this study, but which has
some bearing on how children learn, is that of motivation. A
progranm of’incehtives or rewards incorpOfated uith the ipstruc-
tion and rélated to the mastery of ~sequences of facts would
undéﬂbtedly add additional motivation te*iearn.  6

An important issue in relation to the acquisition of infof-
mation in a school situat}on is the ’amount of material that
should be included in anf one unit of}learning. The présent
series of studies éeuerally involved a small number of facts or
words HhiChJSGEIBd, intuitively dirleast, {o form a basic unit.

Howvever the whole versus parts method of leéfning material has

not been’ settled conclusively (Morris, 1979). The whole néthbd

N.d

(e.q., 1eatning all the 8 times tables) may benefit‘by creating.

. 3 ) :
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a context for each paft S0 that not only is the full meaning of
the whole of the nateriél better understood but perhaps one part
can pionpt recall of another. Higbee_ (1977)° claimed that
continued practice involving all the material improved
efficiency espegially ¥ith more natﬁgg,and intelligent learners.

On the other hand the parts method may have a notiv'f

s

effect

on the léarner sincé’several parts may be nasteredg gﬁg"space
of time that wmight only prodﬁée relatively ninériiépraienents
with the whole method. Breem and Jurek (1975) pointed)out that a
difficulty amith the parts method is iﬁ relating the memorized
parts and o;ganizing!{hel i;to a whole. This 1is an  important
issue in relgtioﬂ to how best to‘grouprﬁaterial to be leafned
into efficient units.#The optimal size of thé unit may vary de-
pending on the type of material involved: Research is needed in
order to determine the most efficient,abproach for the yarious
kinds of information encountered inm school learning and this is
a*necassary‘first step before implementing a program of spaced
practice of items and/or unils.

It is important for educational research to aid in the
acquisition of knouiedqe and skills in an efficient manner.
Thus, ‘the gbal of"apglying psychological principles, which have
been denonstrated tg“Pe effective in the laboratory, | to

B 9
practical situations is of obvious§;va1ue. ¥hile in the past

" there has been a‘tradition of psychologists being ‘inva‘?d in

this type of apﬁiied_research (e«g., Gagne, Skinner, Thorndike),
. / ’ . ° N

o
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education and psychology.have, over the years, teﬂiéd to becosme
isolated from each other (Glaser, 1978). Psyéhology has been
a@ienpting té become a érue science and has focused primarily on
experimental manipulations involving theoretical <considerations
without reference to realistic educatidnal goals. £ducation, and

especially educational:psychology, has been concerned with wmore

" practical problesas such as teacher training, <curriculum

_development and \pSychonetric testing, and hak paiad less

-

attention to‘Jécientific and theoretical issues; More recentl{
attempts have been made to bridge this gap, and GlaSer (1978)
expressed some optisism about the trend téuafd integration of
éducatioh and psychology, especially :in . the field C of
instructional psy;hology. In relation t¢ the present study it is
apparent that memory research in particular has not reached the
stage wherexit can provide ansvers to all educational questions
involvingAfetention of information. Nevertheless there is a real
need for the pr;cticai/ggglication to education of the genuine
gains made in 1;;oratory research in leiofj.v It may ?é\ that

educators do not preciate the central importance of memory for

attaining intellectual and academic competence. The inpréssion

is often given that memory proficiency is perhaps antitheticaf

‘to scholastic excellence. Such misconceptions need to be

clarified if memory research is to make a positive contribution
to educational goals. On the other hand, researchers in aemory

may not pe fully cognizant of the ways in which their work .can
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contribuiéfmto education and indeed, may not be aware gf the
possibilities of relatin§ it expliéitiy to pariicﬁlar
educational objectives. The ptef&ht tudy has prbVided sose
empirical support ‘for the hypqthééfs that a conuonl}
demonstrated - laboratory phenomenon, . th?/- "léssed-
distributed—practice'effect, cén be utilized a% a pracfical ‘and
educationally valuable aid in a sc$ool set}ingvand aéﬁghch has

contributed in some degree tovard an intedraiion of psychologqgy

and education.
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Appendicés

Presentation of fact
Test one of fact one

Presentation of fact

Test one of fact two

Presentation of fact

Test one of fact th;e

Test two of fact one
Test two of fact thre
Pr;;entation of fact
Test one of faét four
Test three of fact th
Test two of fact four
« : .
Test two of fact two
Test threé'of fact on
Test three of fact fo
Test four of fact thr
Presentation. of fact

Test pnerofffact five

Test four of fact one

one
two

three

e

-

four

ree

/

ur
ee

five
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acts used for the distributed practice

(PF1) 7 x 1
(T1F1) 7 x 1

(PF2) 7 x 2

(T1F2) — 7 x 2

(PF3) 7 x 3
(TIF3) 7 x 3
(T2F1) 7 x {_
(T2F3) 7 x 3
(EFU4) 7 x
(T1F4) =~ 7 x 4 *=
(T3F3) 7 x 3
(T2FU) 7 x4
(T2F2) 7 x 2
(T3F1) 7x1
(Tarh} 7 x4
(T4F3) 7 x 3
(PFS) ~ 7 x 5
(T1F5) 7 x 6
(TGF1) 7 1

28

‘e

L2V)
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35
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= Test

% ° Test

Test

Tt Trest
}%est

* X% Test

e

% Test
Test
* | Test
% Tést
N
% Test
% Test
Test’
Test
Test

e

Test

Test

Test

% ‘Test

Presentation of fact seven

‘Test

\

tuo of fact five
four of fact four
three of fact two
three ot fact five

five of fact one

five of fact three

[ 4 o .
Presentation of fact six

one of fact six
four fo fact five

two of fact six
N

Test five of fact foﬁr

six of fact one

three Bf fact- six

one of fact seven
seven of fact oné
tvwo ofif;ct seven
five.of fact five °
four of‘fact‘six )
three of fact ;even‘
four of fact two

eight of fact one

five of fact two
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f’“ \
(TZFS)‘ 7 x5 = ?“
(T4Fs) 7 x4 =.2
i(rar2)> 7x2=2?
(T3F5) 7x5=7
(T5F1) 7x1 =7
(TS5F3) 7 x 3 = ‘."’i
(P1F6) 7x 6% :
(T1F6) 7 x 6 ¥£f?=
(TUF5) 718 =1
(T2F6) 7x6 = ;’2:;
(TSF4) 7 x 4 = 2
(T6F1) 7x1=7?
(T3F6) 7x6=72
(PF7) 7 x.7 = 49
(rlrj) 7x7=272
)
(T7F1)\\;//7 x 1 =\zv
(T2F7) = 7 x 7 =:2
(T5F5) 7x5=7?
(TUF6) 7x6=72
(T3F7) 7x 7 =2
(TUF2) = 7
(T8F2) = ?
(&SFZ) =2
.
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Test nine of fact one
Test four of f?ct seven
test (ten bfrﬁact one
Test six of fact two

Test five of fact six

8
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Appendix B o N

L ]

Instructions for study One.

I'm going to play some multiplication facts on the tape
recorder. I want you to try to remember these.
Some of the facts yoﬁ'll know already and some will be new
g . <

to you. I want you to try hard to remember these new ones.

First you'll be told.the answer, for instance 7 x 2 is 14.

Next Zou'll be tested. What is 7 x 27.

If rget the answer, or don't have iine to finish,
don'irworn ,» just go on to the nexf one. At the end we'll have a
- short test.to see how much you remembered, o.k.?

S To start with we'll have a practice session so that you can

see what it is like.
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Appendix C

Seguence of facts for Condition A ip Study II

1. The square root of 7325 is 85.59.
2. What is the square root of 73257
3. What is the sguare root of 47

4. what is the square root of 73257
5. The square root of 3566 is 59.88.
6. What is the sguare root of 3586?A7
7. What is the square root of 7325?
8. What is the square root of 35867
9. The square root of 1956 is 44.23%
10. What is the square root of 19562
11. What is the square root of 35862
12. vhat is the square root of 19567
13. What is the square root of 73252
14. What is the square root of 97

15. What is the sguare root of 1956?‘
16. What is the sguare’root of 35867
17; th square root éf 6847 is 82.75.
18. what is the square root ofy68u]?
19. What is the square root of 162
20. What is th;.square root of 68477
21. What is the square root of 19562,

22. Wwhat is the sguare root of 73252
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23.

24.

25.

26.
27.
28
29.

30.

3N

32.
33.

34,

35

36.

37.

What is the

What is‘the

square

square

The square root of

what is the
What is the
vﬂat is fhe
What is the
What{/ is the
What is the
What is the
ihat is the
What i's the
What igrthe

-~

What is the

e

38« What is the

3.

40.

41.

a2,

43,
4y,
us.
™

47.

What ‘is the

¥hat is the
What is the
What is the
What is the
What is the
What is the

What is the

What is the

square
square
square
square
square
square
square
square
square

square

square

square

square -

squaré
square
squaré
square
square
square
square

square

.What is' the square root

root
root
1180
root
root
root
root
root
root
root
root

root

root

root
root
root
root
root
root
root
root
root
roﬁt

root

of

of

of

}s

of

of
of
of
of
of

of

of’

of
of
of

of

of .

of

of

of

of

68477
257
35867

34,35

11807
68472
11802
195672
362
11807 1-
812
497
1002
642 .
68477

11807
25?“?\\\}
42 '
817 _—

497

64?
367
167 °

11802
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Sriten Test for study II - “*
FINAL- TEST SEQUENCE A
WHAT IS THE SQUARE ROOT OF 7325 0

WHAT IS THE SQUARE ROOT OF 3586

WHAT IS THE SQUARE ROOT OF 1956 -
WHAT IS THE SQUARE ROOT OF 6847
WHAT IS THE SQUARE ROOT OF 1180
. .
N
FINAL TEST SEQUENCE B | SN
WHAT IS THE SQUARE R00T OF 6606 | N
WHAT IS THE SQUARE ROOT OF 8526 H
WHAT IS THE) SQUARE ROOT OF 6357
‘WHAT IS TH :SQUARE ROOT OF 7379

WHAT IS THE SQUARE ROCT OF 9852

FINAL TEST SEQUENCE C o
WHAT IS :uz*§pvikz ROOT OF 5980 | i
WHAT IS THE SQUARE ROOT OF 8868 ﬁ /)-‘
WHAT IS THE SQUARE ROOT OF 1547

WEAT IS THE SQUARE ROOT OF 6548 -
_WHAT IS Tﬁs'sounnsl&oor oF 3217° . =

AN N s

e k23
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Appendix E
Instructions for séudl Two , / . ' | C

- ¢

Thiga.!' a neaory experinent. Numerical facts Hill be
presented on the, screen and at the same time you'll. hear
ther. The facts %Ju have to ,renenberr are the sgquare roots of

Ao'ur digit random numbers , | |
- For examsple the square root of.6785 is 81.35. This will
be&”’ éresentéd‘ once and then you'll Hg?tested a number of
times, so try hafd to remember these numbers. 4 |
fouf}l also be " asked the 'Equare' root of familiar
numbers, fo; instance what is the square rqof of 362.

There are three types of se nces of ﬁresentations and
tests which you'll be exposed to, each one containing five
to-be-remembered facts. At the end of éach ségﬁghce you'll
be g1ven a test of the five facts in that sequd%ce; One se-
gquence yhich is shorter than the othef two will\ﬁe\Presented

-
’

twice. After coapletion of the three series - you'll be"qiven'

a finpal written test. & :

P ' Any questions?.

_glﬁ;;iled § oup: During the 1earning session you'll be;

able to hold the slides on the s$creen for " as lonq“ as yon_

wishe by use of this button. When you bress down on it, the

tape advances and presents the next slide. To keep the slide -

on the screen just release the button. When youiieTtead;fioﬁwfgf

go on to the next one, merely press the botton again.

B
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-
’

There are quite a number of facts to be learned so

. don't spend too much tiﬁe on each one. "
Any questions?.,
O«K., we'll  run " through a- practice = session ﬁo
faniliarize'yondﬁitﬁ the proceduref o S ij
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You have been exposed to three different sequences of -
facts in this memory expé?iment. One co{sistéd/of a number
f? facts presented together in an expandea\\zgrn and ébich’
vyou were exposed to tuice.(Condition A) . Another one was
similar to tﬁe'above but each fact was presented by itself
and was expanded with more familiar items between each test:
trial of the targét‘facé (Coﬂdit%PnVB).A A third condition
involved presentation of single facts but with ;uccessive
test tfials,After the initial biesentation foiloued by a

numaber of"nore familiar facts before the final test

(Condition C).

Please indicate which condition felt most comfortable and

explain wﬁy.

Which condition did you find nost diffi;ult and why.
In which condition did you feel you learned most.
What sttateg& or strategies didrjouruse in order to lenéﬁéze

the facts.
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Would yoﬁ liked to have ﬁadasome,feedback regarding the
accuracy of you responses and how - do ‘you think it might

affect you performance.,

How frustrating would you rate the total task.

How do you feel -about the total amount of information
& ,

presented. : ' . .

Would you have liked to have more time to think beforé

ansvering.
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Appendix

Stody IL.

Pre-timed

function o

Source of

variance

Group

Error

Condition

. CG
Error
Test
T6
Error
cT
CTG

Error

G
ysis of variance of recall scores betueen
Self-timed groups on I5, 16, apd T7 as a
ndition Al, A2, B, and C. ~‘
df/ MS F p
1 17.12 3.20 .08
34 5.34 - -
3 70.61 3u.71 -001
3 8.84 .01
102 - 2.03 -
2 188.60 .001
2 1.18 .294
68 0.94 - -
6 26.64 35.59 - 001
6 1.19 1.60 -149
204. 0.75 - .-
117



Appendix H A :

Order One:

7 S 6 8 5
x8 x8 x8 a8 x8
Order Two: , 4

5 8 6 9 7
x8 x8 x8 18 x8
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I'm going to show you some facts on the screen and at

the same time 1you'll be able to hear them. These will be

words that 1 want you to rémember how to spell.

(These will be multiplication facts that I want you to

remember). First you'll be told how toJSpell the word, for-:

instance cat is spelled c-a-t and then you'll be tested.

spell cat. : ‘ r
(First 1you'll be given the answer, forwinstance 7 x 2
is 14 and then you'll be tested on that fact. Wwhat is 7 x
27) .
Some you'll knowv already, but some will be new to,yqu
and I'd like you to tr;ﬁﬁb reneuﬁer thése new ones.
BT you don't know’/the answer or don't have .time to

finish, ‘don't worry - just go on to the next one. Later on

|
4 .

ve'll have a short tes*ﬁto see how much you remembered,
OeKo? Y
To begin with we'll have a practice session so that you

can see what it's like.

N 119

St e Bt s L



Appendix J

a

on the oral and written tests, by group, by class, by level. °

- o e w — — - —— ——

<

Source of 5
variance af MS F TP

Main effects - Math Oral Test

Gtoup 1 10,02 15.69 001"
Class 1 10.02 15.69 .001
Level 1 2,75 4.30 .05

Two-way interactions

GC .o ) 0.37 0.57 454

GL 1 0.59 0.93 341
cL 1 © 8,19 12.83 .001

Three-way interactions

GCL 1 0.03  0.44 .837

Explained 7. 4.57 7.15 . «001
Residual 36 C.64 - -
Total 43 1.28 - -

Main effects - Math Written Test

Group 1 | 15.36 14.99 .001
Class 1 20.45 19.96 .001
Level 1 1.46 1.42 .201
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W

¥ Two-way interactions

GC PR
GL 1
cL . 1 ¢

Three-wvay interactions

GCL ; -1
Explained 7
Residual 36
Total 43

121
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by level.

Source of

“

variance af ‘ Ms F p

Main effects - Spelling Oral Test

Group 1 1.84 4,zu « 05
Class 1 1.11 2.56 -118

Level 1 \ 6.59 15.12 .001

Tvo-~way interactions

GC 1 0.47 1.09 .303
GL 1 0.13 0.30 590
cL | 1 0.40 0.92 L343

Three-way interactions

GCL 1 | 0.27 © 0.63 433

Explained 7 _ 1.54 - -
Residual 36 .43 - -
Total 43 0.62 - .-

main effects - Spelling Written Test

Group 1 1.1 4.15 .05
€lass 1 © 0.03 0.09 .773
Level 1 1.84 6.86 .01
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Two-way interactions

GC o 0.78 2.89  .098
GL 1 0.03 0.10 .752
cL : 1 0.01 0.01 916

Three-way interactions

GCL 1 ' 0.44 1.63 «211
Explained 7 0«60 2625 «053
Residual 36 0.27 - -
Iotal 43 0.32 - -
¢
”qi\ ~
~ e’ e
Ve
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Appendix L

Math Drill Steets used in Study IIIB (Massed Practice).

<r

Date

%

2

2l

]
Pl

el

X7
28

wn

%l

£l

A

x4

x7

2

35

°

£

42

~ o~
%

49

9l

A

el

2

X7
56

-]

2l

2

x7
X

2l



r’(\

(Distributed Practice).

. Date

vhl'
%

A

;4

'l

Bl

x7

28

H

ol

x7

x1
35

" Math Drill sheets used in Study IIIB

oo~

%l "
3 o
SR
H] °
2 ’ ~
i~ ~
7
2 «
i~ ~
| N 0
%! ~
e o
125
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Bl

2

2
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%

al

Pl
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2
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L ' D

$pelling Drill shests used in Study IIIB. (Massed Practice).-

EREAN
»

1. fat
v

2. kill -~

3. stop

4., duck

5. bang

6. land

7. ;ell

8. éuddgnly o

9. suddenly

10.vsudden}y

11. suddenly

prad -
¢ ‘ 126
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{

1. suddenly ‘ PSS
2. fat

3. su&denly

4. kill

S5e stdﬁ

6. suddenly:

7. duck -

8. bang

9: %agﬁ

10. well

11.suddenly
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