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THE SPACING EFFECT
.

Ask almost any student of learning and memory and he/she will tell

t of
; Uthat the spacing effect refers to the finding that for a given amoun

“udy time, spaced presentationsyield significantly better learning than do
esentations that are massed moreclosely together in time. The spacing cf-

phenomena in psycholo“tis, in fact, one of the most thoroughly studied

able the
ey. However, what is not so widely appreciated is just how remark
Pacing effect is.

e as a subject of
__ Consider, for example, its impressi ve length of servic
e
“entific inquiry. The earliest documente d studies of the spacing effect wer
hed

corded by Ebbinghaus in his seminal work on me mory, originally publis
for a single
11885. With himself as the subject, Ebbinghau s noted that
repe titions had the effect of
I2-syllable series, 68 immediately successive
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making possible an errorless recital after seven additionalrepetitionsonthe
following day. However, the same effect was achieved by only 38 distributed repetitions spread over three days. Mainly on the basisofthis finding,
Ebbinghaus concluded that “with any considerable numberofrepetitions
suitable distribution of them over a space of time 1s decidedly more advan-

tageous than the massing of them at a single time” (Ebbinghaus, 1885/1913,

p. 89). Soonafter, the spacing effect gained formal recognitionin the form

of Jost’s Law, which states that “If two associations are of equal strength

but of different age, a new repetition has a greater value forthe older one”
(McGeoch, 1943, p. 140).
As might be expected, these two developmentsin the 19th century were
followed by a flurry of related research in the early 1900s, addressing the
general problem of the “economyof distributing work andrest periods”[see
Ruch (1928) for a review]. Although interpretation of the results of these
studies (e.g., Dearborn, 1910; Perkins, 1914) is complicated by other,potentially confoundedvariables, the results tend in general to confirm theearlier

work of Ebbinghaus and Jost.
Since then, the spacing effect has been documentedin dozensofstudies,

many of which were conducted in the 1960s and 1970s (see reviews by Hintz-

man, 1974; Melton, 1970; and Glenberg, 1979). More recently, interest in
the spacing effect has remained strong, andthereis little reason to believe

that it will not continueto be an intellectually active area [see Dempster(1988)

for a review]. Thus, the spacing effect is neither just a historical curiosity
nor a johnny-come-lately. Fads come andgo in psychology, but research on

the spacing effect has withstood thetest of time and significance;it continues
to yield new discoveries and ideas relevant to other areas of psychology.
Another remarkable feature of spaced repetitions is the sheer size of

the effect. Whereas manyofthetraditional learning variables studied in the

laboratory haverelatively weak effects, two spaced presentations often ar¢
about twice as effective as two massed presentations (e.g., Bahrick and

Phelps, 1987; Dempster, 1987; Underwood, 1970), and the difference be-

tween them tends to increase as the frequency of repetition increases (Un-

derwood, 1970). Moreover, longerretention intervals tend to favorthe spacing
of repetitions more than doshortretention intervals (Austin, 1921;
Bahrick
and Phelps, 1987; Glenberg and Lehmann, 1980; Young, 1966, cited in Mel
ton, 1970). For example, Bahrick and Phelps (1987) retested subjects who
had learned and relearned foreign language vocabulary wordsafter an inter

val of eight years —an interval much longer than thosetypically used in leat
Ing research. Onevariable of interest was the interval between successive
relearning sessions — either 30 days, 1 day, or 0. Their data show that inter-

session Interval had a robust effect on retention, with therecall probability

associated with the 30-day interval about 2.5 times the probability assoc
ated with the zero interval.
|

\
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Also remarkable is the fact that the spacing effect is one of the most
dependable and replicable phenomenain the learning literature. Nevertheless, the spacing effect cannot be taken for granted. For example, it appears
to be subject to certain boundary conditions. First, it has been found that

| under certain circumstances spaced presentationsare no better than (Austin,
1921) and sometimes even worse than (Gordon, 1925) massed presentations
in tests of immediate recall. For example, Austin found that massed read-

ings (e.g., five times in one day) of text material proved as effective as spaced

readings (e.g., daily for five days) in tests of immediate recall; whereas the
spaced readings were much moreeffective in delayed tests, especially if they

came two to four weeksafter learning. Second, much of the research that
has focused on the acquisition of lists of nonsense syllables has yielded weak
effects of spacing at best. According to Underwood (1961) who reviewed 10
years of research in this area, “Facilitation by distributed practice. .. occurs

only under a highly specific set of conditions, and the magnitudeofthe ef-

fect when it does occuris relatively small” (p. 230). However, in many of
the studies reviewed by Underwood, study andtest trials were not separated.
Thus, in these instances also, recall was immediate. Third, it has been found

that massed practice often is more efficient for certain simple, isolated skills,
such as writing the products of numberpairs as rapidly as possible (Thorndike, 1916).
As might be expected, the history of research on the spacing of presenlations also includes some anomalies. For example, Toppino and Gracen
(1985) conducted a series of nine experiments on spacing in standard verbal
karning tasks, and failed to replicate the spacing effects reported in a study

by Glenberg (1979), Another inconsistentset of findings in the spacingliter-

ature pertains to the effects of paraphrasing. Recently, two studies have shown

that the spacing effect can be eliminated if paraphrased rather than verba-

lin versions of the repeated materials are used (Dellarosa and Bourne, 1985;

Glover and Corkill, 1987). In addition, Dellarosa and Bourne foundthat

‘change in the speaker’s voice at the time of repetition also climinated the
‘fect. By contrast, a much older study using similar paraphrased repetitions (¢.g., “The ghosts who protect the men in war are offered melons” vs.
"nelons are offered to the ghosts whoprotect the men inwar ) found that

hanging the phrasing of a sentence whenit is repeated did not remove the

| pressing effect resulting from massed repetition (Rothkopf, 1966).

Also puzzling is a study by Toppino and DiGeorge (1984) who pune

that the spacing effect did not apply to preschool-age children, even thoug

twas presentin the recall of first-graders. Previously, the spacing effect had

‘en reported for infants (Cornell, 1980); and in a recent developmental fue

the spacing effect was obtained in every age group tested, including prescnool-

"8children (Rea and Modigliani, 1987).
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Finally, the length of the spacing interval has had inconsistenteffects
on learning. Some studies have found that beyonda certain spacing inter-

val, further increases in spacing are not always associated with furtherin-

creases in learning. For example, English ef al. (1934) foundthat fourreadings
of a text at 3-hr intervals were associated with better learning than four con-

secutive unspaced readings; however, readings at 3-hr intervals were no bet-

ter than readings at either 1- or 3-day intervals. Similarly, Lyon (1914),
Petersonet al. (1935), and Sones and Stroud (1940) reported essentially no
differences in retention between groups with rereading reviews spaced | and

7, 1 and 9, and 1! and 17 days after original learning. These findings were

later corroborated by Ausubel (1966) and by Gay (1973, Experiment1). On
the other hand, differences favoring the longer of two or morevery well
spaced intervals have been reported by Gay (1973, Experiment2), and by
Bahrick and Phelps (1987).
These various failures to obtain the effect aside, the spacing effect 1

truly remarkable in the scope of its application. Unlike many learning

phenomena, it is not confined to one or two paradigmsor stimulus domails.
It has been foundin virtually all traditional verbal learning tasks, including
paired-associate learning, free recall, recognition memory, and in the distractor paradigm (see reviews by Hintzman, 1974; Melton, 1970). To-beremembered materials have included nonsense syllables (e.g., Ebbinghaus,

1885/1913), words(e.g., Glenberg and Lehmann, 1980), sentences(e.g., Roth-

kopf and Coke, 1966), pictures (Hintzman and Rogers, 1973), and faces (Cor

nell, 1980; Goldstein et al., 1987).

In addition, the spacing effect has been found in a variety oftasks with

clear classroom analogues. In fact, several early demonstrations of the spacing
effect reviewed by Ruch (1928) were, as he put it, “intended for schoolroom

application”(p. 20). Pyle (1913), for example, found that addition facts wet?
recalled better by children who weredrilled once a day for 10 daysthan by

those who were drilled twice a day for 5 days.
Spacing effects also have been demonstrated in science and mathemat
ics concept and rule-learning tasks. In one study, the meanings ofa series
of scientific terms were learned much more effectively whenrepetitions we

spaced than when they were massed (Reynolds and Glaser, 1964). In anothet
study, arithmetical rules presented ona computer monitor werelearned bet

ter when reviews occurred 1 and 7 days after the initial presentation than

whenthey occurred 1 and 2 days followingoriginal learning (Gay, 1973, E*

periment 2).

Another focus of spacing research has been vocabularylearning, ™4

here too substantial spacing effects have been reported. In a study by Dem?

ster (1987), for example, 38 uncommonEnglish words and their definitions
were presented three times, either with each repetition of any
given Wo!
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separated by every other word(i.e., each repetition of a word wasseparated

by 37 other words) or with each repetition of a word massed in succession.
In three experiments in which spaced vs. massed presentations were evaluated in this manner, spaced presentations yielded substantially higher levels

of vocabulary learning than did massedpresentations. In somecases, in fact,
the number of word meanings recalled was 50-100% greater under spaced
conditions than under massed conditions.
Finally, spacing effects have been demonstrated repeatedly in a variety
of text processing tasks (Dempster, 1986; English et a/., 1934; Glover and
Corkill, 1987; Kraft and Jenkins, 1981). For example, Dempster (1986) found

that two readings of a text separated by a 48-hrinterval or a 30-mininterval
was significantly more effective than two readings of a text separated by 30-sec
and 5-min. Also English ef a/., (1934) found that four readings of a text at

\-hr intervals were associated with better learning than four consecutive un-

spaced readings. Similarly, Glover and Corkill (1987) observed the spacing
effect (0 lag vs. a 30-min lag) in subjects’ memory for paragraphsthey read
as well as for brief lectures they heard. Since students spend so muchtime

reading andlistening to lectures, these findings would appear to have con-

siderable practical significance.

THE TEST-SPACING EFFECT
Memoryis affected not only by what happens during presentations (i.e.,
on study trials), but also what happenson testtrials. Although it surely complicates matters scientifically, the act of measurement has an effect on that

Which ig measured (e.g., quantum physics), and memoryis no exception. As
Lachman and Laughery (1968) put it, “Test trials, though they may be
(tsigned to measure changes in the state of the human memory system, have
htofound and perhapsresidual effects on thestate of that system (p. 40).

Research on learning—specifically research on the effectiveness of
'*sts~has made it abundantly clear that tests do more than simply test; they
‘ko promote learning, even when no corrective feedback 1s provided and

then there are no further study opportunities (e.g., Alien ef al., 1969; An-

' (tson and Biddle, 1975; Donaldson, 1971; Gates, 1917; Hogan and Kintsch,

1; Izawa, 197 1; Jones, 1923-1924; Lachman and Laughery, 1968; Nun-

iter and Duchastel, 1982: Petros and Hoving, 1980; Rea and Modigliani,

985; Rothkopf, 1966: Runquist, 1986; Slamecka and Katsaitt, 1988; Spit-

For example, Tones
“1, 1939), In many cases, the effect has been strong.

923-1924) found that the retention test scores of previously tested stu ve s
inten
"as twice that of untested students. In other words, taking a test can later
on
‘bstantial benefits on the retention of the same material tested
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date, even when no corrective feedback is provided and whenthere are no
further study opportunities.
The “test-spacing effect” refers to the fact that spaced tests are more
effective than massedtests, especially if the intertest intervals are of an expanding nature (Landauer and Bjork, 1978; Modigliani, 1976; Rea and
Modigliani, 1985; Whitten and Bjork, 1977). In a study of namelearning,
for example, a pattern of increasing intervals between successivetests, in
which subjects attempted to write the last names of fictitious characters in
responseto their first names, was superior to a pattern of uniform spacing
(Landauer and Bjork, 1978).
In a related study, Rea and Modigliani (1985) investigated theeffectof
tests on the retention of grade-appropriate multiplication facts and spelling
lists. In the massed uniform condition, the subjects received four evenly
spaced tests occurring relatively close together in time; whereas in the ex-

panded condition, the interval between each of the successivetests increased

by roughly 50%. Following the fourth test, a final test was administered.

For multiplication facts, retention in the expanded condition was almosttwice
that in the massed condition. Forspelling lists a more modest, butstill sig-

nificant, difference in the same direction was obtained. Furthermore, expanded testing was equally beneficial for children of all ability levels.
Research on testing, has revealed a number ofother conditionsthat

either diminish or heighten the effects of tests, whether massedorspaced.
First, tests are most effective if the material to be learnedis first tested rela-

tively soon, but not immediately after its presentation (Anderson and Biddle, 1975; Modigliani, 1976; Spitzer, 1939). This phenomenonis nicely
illustrated in a study by Spitzer (1939), whotested the entire sixth-grade popvlation of 91 elementary schools in Iowa. Each child read a highly factual

article and then was tested one or moretimes at various intervals following
reading. Anespecially significant outcome, from a practical perspective, W45
that students whoseinitial test occurred 1 and 7 days after reading scored

15 to 30%higheron final test 2 weeks later than did students whoseinitial

test occurred 14 and 21 days following reading.

Second, information tested but notrecalled at the first opportunity is

notas likely to be recalledlater as is information that was tested and remetbered (e.g., Anderson and Biddle, 1975; Jones, 1923-1924; Modigliani, 1976;

Runquist, 1986). Thus, the so-called “potentiating effect”oftest trials ap-

plies mainly to test questions with successful outcomes. Finally, thefacilitating
effects of tests are greater for repeated questions than for new items (Ander

son and Biddle, 1975; Nungester and Duchastel, 1982; Runquist, 1986; Sones

and Stroud, 1940). For example, Rothkopf (1966) had college students study

a lengthy selection from a book on marine biology, followed by questions

on the passage. Ona latertest, these students performed substantially better
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than a control group on repeated items and modestly better on new items
(an indirect effect), even though knowingthe answerto one question should
not have given the answer to another. However, as Anderson and Biddle

(1975) noted, the aggregate indirect benefit is likely to be greater than the
direct benefit. “Only the points of information about which ... questions
are asked could be directly affected, whereas presumably every point in the
text could be indirectly influenced” (p. 92).
THEORETICAL IMPLICATIONS
A satisfactory theory of learning should answerthe kinds of questions
acurious lay person would ask aboutthe sorts of learning which occur in

everydaylife. Surely, some of those questions would pertain to the role of

practice or repetition in learning. Indeed, as Hilgard and Bower(1975) noted,
these are the very same questions which tendto give rise to theories of learning. Thus, the effects of repetitions on memory, whether in the form of
presentationsor tests, should befertile soil for constructive inquiry into the

mechanisms of learning.
{n fact, spacing effects have attracted a great deal of theoretical attention, yet the theoretical picture that emerged was for many years rather con-

lused, despite numerous attemptsatclarification. In his highly influential
review, Hintzman (1974) considered five theories of the spacingeffect, which
he later classified under two general headings: encoding variability theories
and deficient-processing theories (Hintzman, 1976).
Encoding Variability Theories

Encodingvariability theories appear to owe muchto the work of Bower

(1972) and Martin (1972), who fostered the notion that contextual variations

had much explanatory power. The basic assumption is that there are a number of different ways in which to-be-remembered information can be encoded;

and as the number of different encodings increases, the number of poten-

lially effective retrieval routes increases. Further, it is assumed that as the
‘pacing between presentations increases, the number of different subjective
.
Contexts in which the information is encoded also increases. —
As Hintzman (1974) noted, oneof theoriginal problems with encoding
Variability theory is that the nature of the contextual elements involved was
lot worked out in sufficient detail; however, later work has resulted in a

More exact specification of the elements involved (e.g., Glenberg, he
Nevertheless, thereis still a major problem with the theory — namely, the as-
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sumption that a change in context benefits recall. In somecases, in fact,

changes in context have been associated with poorerrecall. For example, Mur-

dock and Babick (1961) repeated a single word in a constantly changing con-

text and found no benefits whatsoever from repetition. More recently,
Postman and Knecht (1983) investigated the encoding variability hypothesis
by systematically increasing the numberof explicit contexts in whichtheto-

be-remembered item was embedded. They found thatrecall levels wereactually lower following variable encoding than after constant encoding. Finally,
Dempster (1987) found that whereas spaced presentationsyielded significantly
better vocabulary learning than did massed presentations, there was noindependenteffect of a manipulation designed to affect the numberofretrieval
routes to the word meanings. Here again, andin later related study (Demp-

ster, 1989), contextual change during presentation tended to be associated
with poorerrecall.

In short, encoding variability theory, even in its most sophisticated
form—namely, component-levels theory (Glenberg, 1979)— cannotbe con-

sidered a general explanation for the spacing effect (see Toppino and Gracen,

1985). For the most part, it is only in highly contrived situations, as when
a homographis presented in different contexts, that differences in favor of
the different-encoding condition occur (Hintzman, 1974; Postman and
Knecht, 1983).
Deficient-Processing Theories
Deficient-processing theories postulate that massed repetitionsreceive

less processing than their spaced counterparts, and that recall is a function
of the amountofprocessing information received. At the time of Hintzman’s
(1974) writing, four mechanisms had been advanced to accountfor variations in processing, two of which can be considered involuntary (consolidation and habituation) and two voluntary (rehearsal and attention).
The consolidation hypothesis (Landauer, 1969) proposes that the tramsfer of information from relatively transient state in memory to a moreper
manent retrievable state in memory takes time, and that this process can be
interrupted if a repetition of the to-be-remembered information occursprior

to “consolidation.” Thus, if two repetitions are massed, the total amoumt
of consolidation will be less than if the two repetitions are spaced. The con

solidation hypothesis seems remarkably similar to the mucholder persevelation hypothesis which was originally advanced by Muller and Pilzecker t0

account for the facts of retroactive inhibition. In fact, the two hypotheses;

at least as they apply to the spacing effect, seem identical. However,there

is still no evidence for consolidation-perseveration beyond thefacts they
a‘

invoked to explain. In addition, the time course for consolidation has been

VN
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estimated to range from 15 sec to 1 hr (Baddeley, 1976). According to that
estimate, it would not provide an adequate account of spacing effects either

when the spacing interval was very short, as in many studies, or when the

intervals in question wererelatively long (e.g., Bahrick and Phelps, 1987).
The habituation hypothesis has the same problemsas the consolidation hypothesis. For example, Hintzmanet a/. (1975) concluded that habituation would have to asymptote in less than 2.2 sec for the habituation
hypothesis to be supported. If this were true, there would be no difference
between spacing intervals greater than 2.2 sec, contrary to actual findings.

Unlike the consolidation hypothesis, however, it attributes deficient registration to a mechanism that adaptsor “turns off” for a short period follow-

ing registration. Under massed conditions, then, assuming that the spacing

interval is less than the time needed for recovery from habituation, a repeti-

tion would receive something less than full processing. Although Hintzman
(1974) found this hypothesis intriguing, it has been largely ignored.

The rehearsal hypothesis received some early support in a study by Run-

dus (1971) who found that spaced items received morerehearsals than massed

items during the spacing interval, which of course is longer under spaced
conditions than under massed conditions. Since frequency ofrehearsalis often
directly related to recall, one could argue that a differential amountof rehearsal underlies spacing effects. Howeverplausible, the rehearsal hypothesis has not fared well overall. Most decisively, manipulations that should have
affected rehearsal, such as an interpolated task (Bjork and Allen, 1970) and
difficult to rehearse complex visual stimuli (Hintzman and Rogers, 1973),

have not had the effects on memorythat the rehearsal hypothesis predicts.
Moreover, the fact that spacing effects have been found with very young

children (Cornell, 1980; Rea and Modigliani, 1987), who are notinclined
to rehearse spontaneously (e.g., Naus and Ornstein, 1983), 1s inconsistent
with the rehearsal hypothesis.

The final deficient processing theory considered by Hintzman (1974,
1976) was the voluntary attention hypothesis. Accordingto this account, the

subject chooses to payless attention to repetitions when they are massed than

when they are spaced. Thus, this hypothesis places the locus of the spacing

effect squarely on the second and subsequent presentations of anitem.

Processing of the first presentation is in no way affected by the spacing in-

terval,

;

,

In 1974 Hintzman ranked this hypothesis just behind the habituation

hypothesis as the one most likely to be correct, largely because there was
no decisive evidence against it and because of some evidence insaNOr:

For example, Elmeset al. (1972) comparedthe free recall of oat ° sdone,

curred immediately following either massed repetitions OT space Thi resul
and found that recall was better following massed r epetitions., ane ech
Suggests that subjects treat the massed repetition as aTest opportunny
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enables them to devote more attention, and thus more processing resources,
to the next word on the list.
Since then, the attention hypothesis has received further support. In
a study by Dempster (1986), for example, college students responded to a
questionnaire administered following a recall test of a twice-read passage,

with the two readings spaced either 30 min apart or 5 min apart. The questionnaire consisted of 10 items, each followed by a 10-point rating scale, which
was designedto elicit self-reports of various cognitive and affective states
and processes during reading and testing. Included were questions concerning levels of attention, interest, anxiety, rehearsal, and changesofinterpretation (subjective context) from one reading to the next. Group differences
emerged on only twoof the items: specifically, one asking the subjectsto

indicate how “interested” they were during the second reading,and oneask-

ing them to indicate how much “attention” they paid during the secondreading. In both cases the average ratings of students in the spaced condition
(those who also did best on therecall test) were higher than thosein the massed
condition. Moreover, a correlational analysis, applied to the scores of botn
groups combined, revealed a significant correlation between recall and only
one of the questionnaire items(i.e., the attention paid during the second reading). Those who reported having paid moreattention tendedto have learned

more from the text. These findings dovetail nicely with those of Magliero

(1983) who foundthat pupil size associated with the second oftwo repeated

items increases as the spacing between presentations increases. Since pup!!
size is a well-accepted measure of attention and is known to varydirectly

with amountof processing, this finding also suggests that differences in at-

tention underlie at least some spacing effects.

However, why should spaced presentations receive more attention than

massed presentations? The voluntary attention hypothesis assumes that
processing effort can be allocated in a flexible way at the subjects’ discr¢tion. Thus, there must be something aboutthe subjects’ beliefs, expectations,

or preferencesthat are affected by the spacing between repetitions. One pos-

sibility, suggested by the work of Zechmeister and Shaughnessy (1980)is that

massed presentations inspire a false sense of knowingor confidence.In this

study, college students rated thelikelihood ofrecall of individual words

presented for free recall learning. They found that the students were more
confident, they would remember material repeated under massed conditions
than under spaced conditions, even though they remembered significantly
less under massed conditions.

_ Another possibility, suggested by Dempster’s (1986) findings, is that

subjects somehow find spaced repetitions more interesting than massed

repetitions — perhapsbecause they are less redundant and thus moreinfor-

mative than massedpresentations. To the extent that interest has an affec-
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tive component, this explanation is consistent with the results of an earlier

study which found that subjects tended to judge spaced words as more
“pleasant” than massed words (Elmeset a/., 1983).
There are, however, a numberof difficulties with the voluntary attention hypothesis, regardless of the specific mechanisms postulated. First, certain manipulations that should have induced subjects to attend to massed
presentations have failed to attenuate the spacing effect (e.g., Hintzman,
1976). Second, substantial spacing effects have occurred in incidental learn-

ing tasks (Rowe and Rose, 1974; Shaughnessy, 1976) and with preschool age

children (e.g., Rea and Modigliani, 1987)—circumstances in which voluntary control processes should not have been muchof a contributing factor.
Finally, the very generality of the spacing effect seems to be an argument
against a purely voluntary process. How reasonableis it to assumethat the
same or similar voluntary processes would operate underall sorts of task
conditions, with so many different subject populations?
In view of these shortcomings, the key to understanding most spacing
effects may lie in the operation of an involuntary mechanism that controls
attention, But what might that mechanism be? Recently, a growing number
of researchers have suggested that the accessibility of previous encodings may
be crucial to the explication of the spacing effect. A variety of formulations
that share this theme have been proposed(e.g., Dellarosa and Bourne, 1985;

Dempster, 1988; Jacoby, 1978; Rose, 1980, 1984; Rea and Modigliani, 1987).
The basic idea is that when a unit of information is repeated, an attempt

is madeto retrieve the previous encoding ofthatitem. If the spacing between

occurrencesis relatively short, the results of the previous encoding(s) will
be more accessible than if the spacing betweenrepetitionsis relatively lengthy.
Thus, the subject will need to devote moreattention or processing effort to
spaced repetitions than to massed repetitions.

To date, efforts to test the “reconstruction” or “accessibility” hypothe-

sis have led to mixed results. In one study (Glenberg and Smith, 1981) the

fepetition was in a modality different from that of the first presentation,
and a different orienting question was used during each presentation. Since

these manipulations should have madethe original encodings more difficult
to retrieve, it was assumed that the repetition required constructive processing, regardless of the spacing interval. However, the spacing effect on a test

of recall was not attenuated. In two other studies, the accessibility of memory

traces was operationally defined in terms of the time needed to respond to

a question that accompanied the repetition. Whereas Maskarinec and rhompson (1976) found no effect of spacing upon reaction time, Rose's (1984) fin ;

ings were generally consistent with the reconstruction hypothesis, which
‘
nred:
time to questionss hould occur under spaced
predicts that longer reaction
Conditions.
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In its favor, the reconstruction hypothesis is consistent with the fact
that both spaced presentations and spacedtests strengthen the memorytrace.
Logically, a test that strengthens a memory trace would be one that is
attention-demanding owing to a not-so-accessible trace. Moreover, it seems
capable of accommodating a wide range of spacing intervals, includingexpanding intervals. In general terms, the assumption is that repetitions are
effective to the extent that they engender successfulretrieval of the results

of earlier processing, and that the effort involved in a successfulretrieval
operation increases with spacing.

The ultimateutility of the reconstruction hypothesis may very well depend on the resolution of another issue—namely, do repetitions in the form
of presentations and tests have the same or different effects on memory?

Research relevantto this issue is equivocal. On the one hand, thereis some
evidence that experimental conditions affect each of them differentiy, suggesting that they have differential effects on learning. For example, Sones

and Stroud (1940) provided seventh-graders with either a test or a review
at various intervals following the reading of an article. Forty-two daysafter
the reading, a multiple-choice retention test was administered. For subjects
whoreceived a prior test, retention test performance decreased asthe interval between original reading and the test increased. By contrast, the effect

of the review on retention was independentof the interval between original

study and the review.

On the other hand, more recent work which has focused ontherate
of forgetting has yielded mixed results. Runquist (1983) found that whereas
further study increased the overall level of recall, it did not, as did test,

reduce the slope of forgetting. However, this study has been criticized by
Slamecka and Katsaiti (1988) who found no evidence that prior tests i1fluenced the rate of forgetting.

Nevertheless, there has been considerable speculation that the operations occurring during review primarily help to “fix” or to set a trace, whereas
the operations that accompanysuccessful tests with successful outcomes

primarily serve to sharpen the person’s ability to retrieve the trace (e.g., Half,
1977; Lachman and Laughery, 1968; Runquist, 1983, 1986). Intuitively,this

1s an attractive notion since tests normally afford fewer retrieval cues than

additional study opportunities. In addition,it is in the spirit of a multiprocess
view of learning in which retrieval is regarded as a rather complex process,
involving the transition from the use of a general heuristic, whichis fallible,

to the use of a specialized algorithm which, atleast in principle,is not (¢.8Brainerd ef al., 1985; Greeno, 1970; Runquist, 1986).

In its Original form, the attention hypothesis left much to be desired

froma strictly psychological point of view. As Underwood (1970) noted,if

natoul . depressed under massed conditions “because of inattention by 5;
€ trivial; learning cannot take place without input” (p. 580). The
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evolution of the attention hypothesis in terms of retrieval/reconstructive operations, the exact nature of whichare still decidedly vague, however, presents

a meaningful challenge to learning theorists who seek to explain the effects
of repeated encounters with nominally identical or similar events. Meanwhile,
the accessibility or reconstructive hypothesis implies a theory of learning that
promises to inform adjacentareasof scientific inquiry. For example,it may

help to understand our inborn preference for novel as opposed to familiar
stimuli (e.g., Moscovitch, 1984), and the tendency ofrats in a classical conditioning paradigm to ignore stimuli from whichit is already deriving maximal information (e.g., Rescorla and Wagner, 1972).

EDUCATIONAL IMPLICATIONS
Given the long and eventful history of research on spacing effects, one
might assume that their implications for classroom practice would already
be well-known, at least among psychologists. However, this does not appear
to be the case. Even those who havestudied spacing effects from a theoreti-

cal perspective are unlikely to be aware of much of the more applied research,

especially studies that were conducted around the turn ofthe century(e.g.,

A.M, Glenberg, personal communication, September 1987). Furthermore,
the ahistorical character of applied research (e.g., Dempster, 1988) makes

it difficult to appreciate the range of school-like situations in which spacing

effects have been found effective. In addition, there is no evidence of any
serious effort to disseminate the results of spacing research to the educational
community. In a recent sampling of practitioner-oriented textbooks suitable
for use in teacher education programs, I found either little or no mention
of the spacing effect (e.g., Good and Brophy, 1986; Kim and Kellough, 1987;
Mayer, 1987; Slavin, 1988; Woolfolk, 1987), and on test-spacing effects I

was able to find even less. Tests are regarded mainly as instruments for making
decisions about grading and pacing, not as a means of promoting learning

(Kuhs e¢ a/., 1985).

As might be expected then, spacing effects have not yet captured the
attention of teachers, teacher educators, OF curriculum specialists, and they
are not widely exploited in the classroom. For example, review — a prerequi-

Site to the spacing of presentations —is not a commonpractice in the classroom. In a study of the effectiveness of an experimental mathematics teaching

about 25%
program, the teachers summarized the previous day’s lessons only
(Good
time
the
of
of the time, and homework waschecked only about 50%
and Grouws, 1979). Manytopics, it seems, are presented just once (e.g., An
bruster and Anderson, 1984). Clearly, review is a teaching function O86)
and Stevens,
be done more frequently in most classrooms (Rosenshine

.
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As to the use of spaced reviews in textbooks, the situation appears to

be pretty much the same. In surveys of mathematics textbooks, the use of

a distributed method of presentation, with frequent use of spacedreview,
is clearly the exception rather than the rule (Saxon, 1982; Stigler ef a/., 1986).
In part, this may be due to the fact that the spacing effect is not intuitively
obvious (Bjork, 1976; Zechmeister and Shaughnessy, 1980). Even experienced
educators, when judging the instructionaleffectiveness of text passages, tend
to rate prose in which the repetition of information is massedasbetter than
those in whichit is spaced (Rothkopf, 1963).
Research also suggests that many, if not most, courses ofinstruction

offer far less than optimal testing patterns. It is not unusual, for example,
for postsecondary classes to have only two (a midterm anda final) orthree
tests in a term, and relatively few of these appear to be cumulative. Tests

are also not an integral part of teachers’ regular instruction at the elemen-

tary level, even though a particular subject may be taughtthreeto fivetimes
a week. In one survey, fourth- and sixth-grade mathematics teachers reported
having administered an average of about 18 curriculum-embeddedtests per
year, OF approximately one test every two weeks (Burryef al., 1982). Worse,
it appears that teachers test more frequently in mathematicsthan in reading,

and that grade level and amountoftesting are inversely related (Yeh, 1978).
Thus, there are reasons to believe that tests also are underutilizedin the class-

room in terms of their potential for improving learning.

Arguably, the beneficial effects of an increase in the use of spaced

reviews andtests in the classroom would extend beyondtheir effects on learning. Recall that distributed reviews and tests have been found to be more
“attention-grabbing” than similar massed events (e.g., Dempster, 1986;

Magliero, 1983; Zechmeister and Shaughnessy, 1980). Thus, spacedrepeti-

tions are likely to promote student time-on-task, a highly valued classroom
behavior. In addition, research suggests that students will find spaced repetitions an interesting and agreeable classroom practice (Burns, 1970: Dempster, 1986; Elmese¢ a/., 1983). Burns (1970), for example, reported thathis

sixth-grade pupils found review questions spaced throughoutinstruction both

“useful”and “interesting.” In short, the use of frequent spaced reviews and

tests might help students develop andsustain positive attitudes toward school
and learning (see also Anderson and Biddle, 1975, p. 128).
Also on the benefits side of the ledger, if indeed reviews and tests havé
differential effects on learning as sometheorists suppose, reviews andtests
may be used to serve two different learning-related purposes in the classroom. For material that is not well learned, reviews may be more productiv¢
than tests. But when degree of original learning is high, a test, as Nungest¢!
and Duchastel (1982) determined, mayresult in significantly better reten-

aT
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tion than an equivalent amountof time spent in review. As Sones and Stroud
(1940) noted:
Since testing reviews are more effective when placed in early positions, the effective-

ness of such reviews should vary directly with the degree to which the materialis origi-

nally learned. Moreover, for material that is well learned, recall, as in the form of

a test, should be more productive than relearning, as in rereading (p. 675).

These considerations raise the question of how best to put into practice the results of research on reviews andtests. It would appear that spaced
reviews and tests can be successfully incorporated into a variety of instructional activities, including asking questions about concepts andskills taught
in previouslessons, assigning and checking homework, having students prepare a written summary of previous lessons, and providing feedback on
quizzes covering material from previous lessons. By distributing homework
exercises concerning a particular topic across a numberof weekly assignments,
for example, students will receive repeated spaced exposures to the same
educational objective. The sameresult, of course, can be achieved by fre-

quent spaced (e.g., daily, weekly) reviews.

Process-outcome research (reviewed in Brophy and Good, 1985) indicates a positive relationship between frequency of academic questions ad-

dressed to students and size of gain in student achievement. Moreover, the

largest achievement gains are seen in classes where most, perhaps 75%of

the teachers questions are answered correctly (as the results of testing would
predict), and most ofthe rest yield partially correct or incorrect answers rather

than no responses at all (Brophy and Evertson, 1976).

—

Ideally though, questions aimedat specific educational objectives should
be repeated accordingto a pattern of increasing intervals between successive
questions. Questions administered soon after the material is introduced are
likely to have a favorable outcome, engenderfeelings of success and accomplishment, and strengthen the information sufficiently to survive a some-

what longer interval. A recent example of just this sort of application has

been provided by Siegel and Misselt (1984), who conducted a study in which
college students were taught foreign language vocabulary using a computerassisted instruction program. When a student made an error heor she received
corrective feedback, and then the missed item was programmed to reappear
according to an expanded ratio practice schedule. For example, the first retest-

ing of a missed item might occur after an interval of three intervening items;

ifthat test had a successful outcome,the third test would occur after an interval of six intervening items, and so forth.If at any time during practice
an item was missed, the entire procedure was reset. —

Posttest performance revealed that the use of this procedurc versare

Cessful. Unfortunately, most programs developed for use with compute
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modeled after the traditional flash card drills, and tend notto be guided by

investigations of sequences of events which might be optimalfor efficient
and effective learning (McDermott and Watkins, 1983). As Siegel and Misselt (1984) point out, their procedure could be expandedto guideinstruction

in a variety of areas, including spelling, arithmetic, and conceptlearning.

RECOMMENDATIONSFOR FUTURE RESEARCH
Clearly, we do not need any more demonstrations that spaced repeti-

tions “work.” However, there are a numberof issuesrelative to spacing that

may be fruitfully investigated.
Onesuch issue pertains to the effects of paraphrasing on repetitions.

Asnoted earlier, the effects of paraphrasing on the spacing effect have been
inconsistent (Dellarosa and Bourne, 1985: Glover and Corkill, 1987; Rothkopf, 1966), and the reason for these conflicting results is unclear. This is-

sue also has relevance to the test spacing effect, inasmuchastest questions
that entail paraphrase and application of principles and conceptsto new situations may be especially facilitative— particularly, when later tests make
similar demands (Anderson and Biddle, 1979; Watts and Anderson, 1971).
Obviously, the effects of paraphrasing on repetitions are of both theoretical and practical importance. On the theoretical side, paraphrased rep¢titions should render the original encodings moredifficult to retrieve, resulting
in full processing even under massed conditions. Thus, the resultsofstudies
by Dellarosa and Bourne (1985) and Glover and Corkill (1987) are consistent with hypotheses that attribute spacing effects to differential attention,

such as the reconstruction hypothesis. Also consistent with these hypotheses
is a study by Glanzer and Duarte (1971) who found that repeating words
in a different language to bilinguals attenuated the spacingeffect relative
to same-language repetitions. Thus, Rothkopf’s (1966) seemingly atypical

findings deserve special attention.
The effects of paraphrasing also have important implications from 4
practical perspective. If, in most cases, massed paraphrasedrepetitions al¢
as effective as spaced repetitions, the significance of the spacing effect for

the classroom will be somewhatlimited, since paraphrased reviews are prob-

ably the rule rather than the exception. Thus, spacing research aimed atex

plaining the conditions under which paraphrasing attenuates and does not

attenuate the spacing effect should have high priority.

.
Another focus of spacing research that has yielded conflicting eviden¢
is developmental. In this domain, though, Toppino and DiGeorge’s (1984)
failure to find the spacing effect among preschoolers is probably due to sai

pling error or to lack of experimental precision. As Rea and Modigliani (1987)
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noted, Toppino and DiGeorge’s (1984) procedures can be questioned. In any
case, the preponderance of evidence suggests that the spacing effect does not
emerge with development, and thus thatit reflects an automatic process, such
as involuntary attention (e.g., Cornell, 1980; Rea and Modigliani, 1987; Top-

pino and DeMesquita, 1984). Future developmental research will be useful
to the extent that it helps to specify the actual mechanismsthat underlie spacing effects.

The absence of a detailed specification of just how spacing effects work

is, in fact, the major theoretical shortcomingassociated with spacing research.

Most importantly, the exact nature ofthe retrieval operations involved need
to be worked outin sufficient detail to generate specific hypotheses concerning

the influence of retrieval on existing memoryrepresentations. Jacoby (1978)
suggested that massed repetitions involve fewer retrieval operations than
spaced repetitions, and that this detracts from the distinctiveness of the
memory trace. That is, since there are fewer operations to be recognized,
the numberof potential bases of retrieval is reduced. Alternatively, research

by McDaniel and Masson (1985), though spacings were not manipulated,
raises the possibility that spaced repetitions may allow for a more elaborate
memory trace. But how retrieval accomplishes this, and what type of elaborate
encodings emerge, is just as unclear as are the mechanisms underlying dislinctiveness.
A closely related theoretical issue concerns the relation between reviews
and tests, and the extent to which the spacing effect and the test spacingeffect are the same or different phenomena. In somecases, at least, testing

is not simply further study. Once someto-be-learned informationis stored
in memory as indicated by a correct responseto a test, furthertesttrials tend

to enhance performance morethanstudytrials (Brainerd ef a/., 1985, Halff,

1977; Nungester and Duchastel, 1982), even when the test questions and
review statements contain the same content (Bruning, 1968). One possibility
is that acquisition and forgetting obey different laws (Brainerd e7 al., 1985),

and that further study increases the number of immediately assessible items,
whereas testing increases their resistance to forgetting (Runquist, 1986).

However, for progress to be maderelative to this issue, the effects of testing, in particular, need to be depicted in greater detail.
A more detailed depiction of testing effects should also include an ex-

planation of indirect effects. At the present time research suggeststhat, at

least to some extent, a quiz may cause the learner to review mentally the

material covered by the quiz, including material not directly tested (McGaw

and Grotelueschen, 1972). However, it might also be the case that merest

| ‘fects are due to specific associations to thetest questions themselves. n
either case, it is not clear whether the critical variable in indirect effects 15

‘paciotemporal or topical-semantic similarity (Anderson and Biddle, 1975).
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Obviously, indirect effects have a great deal of educational significance;if
we knew their cause, teachers could structure their tests in such a way so
as to maximize their overall effect.

CONCLUSIONS
Research on spacing effects has had a lengthy anddistinguishedhistory,
involving the active participation of some of psychology’s foremost contrib-

utors, including Ebbinghaus, Thorndike, Ausubel, and Melton. Thefruits

of this research are in many ways remarkable: spacing effects are amongthe
most dependable, robust, and ubiquitous phenomenain the entire psychological literature. Although the test-spacing effect is less well-known than
the spacing effect, indications are that this gap is closing.

Oneindicatoris that the effects of spaced presentations and spacedtests
are increasingly becoming understood in terms of the same psychological
mechanisms namely, involuntary attention processes mediated bythe accessibility of previously encoded information. This is not to say, however,

that thereis likely to be one causeofall spacing effects. In somesituations

(e.g., under short lag conditions) a voluntary process such as rehearsal, may
be responsible for the spacing effect. As Hintzmanrecently noted, theoretical work on the spacing effect may have suffered early on from the waythe
problem was formulated. “[O]ne possibility is that there is more than one
cause of the spacingeffect, or to putit differently, that there are several ‘spac-

ing effects’” (personal communication, October 1987).

A secondindicator is that the spacing of repetitions, whetherin the

form of presentationsor tests, has clear and verifiable implications for educa-

tional practice. Spaced reviews andtests are underutilized in the classroom
in terms of their potential for improving learning. That potential appears
to be vast, althoughit is unlikely to be realized until those whoare familiar
with the research on spaced repetitions are willing to relate it explicitly to

educationalissues. Spacing effects must be transformed intospecific educational procedures and techniques that will enhance student learning and
achievement before widespread application can be expected. Fortunately, for

those who have a primacy of commitment to research, this effortis likely

to result in a quid pro quo: widespread application should yield new and
exciting data bases and theoretical insights. .
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