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ﬁe::it rmhaez:s about the effects of distribution of practice in motor
agnmngu zh; produced quztf divergent conclusions. While there is
bt has t massed practice depresses performance, the effect on
depressng - no firm consensus. One position i that massed praclice
il es learning, although there are many that argue for no
dirtrib?ﬁieﬂeft. In the present paper we review this literature. When
inerva] 0:: fmmdered in terms of the length of the inter-trial
f’”fm'ma‘ e is strong evidence that massed practice depresses
fttmtionn;;: and Iearmr_r.g (when learning is assessed by absolute

) mtaﬂMlasym)..Thu c_oncl.usion was confirmed by the resulls of
o distribut{):u. This ﬁndmg is discussed relative to other literature
kaming n of practice as well as some recent i{ssues tn molor

arri;i)]l;::l(‘ed by the work of Ebbinghaus (1885/ 1964)
tive merit:ee Y?“‘.Z: 1‘-?41) , the issue regarding the rela-
midable chO f distribution of practice has provided a for-
largest pr alle.nge to C.xperimental psychologists. The
1940 :n:;poruon of this research was conducted in the
Snoddy (1038) and Tl (19 theoretical positions of
that » yﬂ ,5) and Hull (1943) provided frameworks
Pracﬁlze); 51111 ited the contrast of massed and distributed
Psycholo C ; dlfles' With the developments in cognitive
dish’ibuﬁiy uring thff 1960s came a declining interestin
general) ;hof practice effects (and learning issues in
Was mOti;/at Zempmcal work that continued in this area
that masse de less by theory than by the practical issues
ficular i, versus distributed effects afforded. In par-
motor, le Ough the effects of distribution of practice on
throy, hoarnmg had received considerable attention
empifl calm the century, it was in this domain that the
has v; work persisted. In recent years, the research

virtually stopped. So why review it now?
p,ac;c:eeﬁfmf.reasons why a review of distribution of
ficia] The ects in motor skill acquis'mon would be bene-

. The first, and most important reason, is the wide
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disparity in conclusions about this research that recent
treatments of the topic have provided. Second, due to
changing views on how learning should be assessed there
is a need to reevaluate this research accordingly. Third,
the recentadvent of meta-analytic techniques providesa
statistical method for conducting such a reevaluation.
Finally, some new findings in motor skills research have
paved the way for a return of the issue of distribution of
practiceeffects to apositionof theoreticalinterest. These
reasons form the purpose of the present review.

Recent Conclusions About Distribution of Practice Effects

Due to the decline in empirical work since the 1950s
comprehensive review of the distri-
rature with regards to motor learn-

(see Bilodeau & Bilodeau, 1961;

McGeoch & Irion, 1952, chapter V). Nevertheless, virtu-
ally every motor learning text in recent years has in-
cluded asection on this topic. Ofinterest hereis the wide
disparity in conclusions that these recent treatments of

the topic have provided. Without exception, every au-

thor acknowledges that massing of practice trialsis detri-
for continuous

mental to motor performance (at least
tasks). However, the effect of massing on leaming has
received quite varied opinions.
Some authors argue that massing of practice trials
" affects only performance — learning is not affected
(Magill, 1985; Schmidt, 1975; Singer, 1980). For in-
stance, Magill states that:
The massed versus distributed practice
schedule controversy should not be a con-
troversy at all. The evidence seems rather
convincing that the superiority of distrib-
uted practice over massed practice OCCUrsas

there has notbeen a
bution of practice lite
ing in over 25 years
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a performance attribute. When the amount

of learning is taken into consideration,

there does not appear to be any superiority

of one over the other schedule (p. 374).
A recent historical review of motor skills research has
stated the case even more bluntly: “Massed practice
influences howwell you perform, nothowwellyou learn”
(Adams, 1987, p. 50).

Other authors, emphasizing the immense difference
between performance and learning effects due to distri-
bution conditions, present a2 more cautious interpreta-
tion of this literature (Sage, 1984; Schmidt, 1982).
Schmidt, for example, who stated earlier that “massing

_does not affect the amount of learning in motor tasks”

(1975, p. 77), now concludes that massed practice pro-
duces “slightly less learning” and that it “is a powerful
performance variable and a relatively weak learning
variable” (1982, p. 484).

In contrast to these conclusions, Oxendine (1984)
argues that distribution of practice affects both motor
performance and learning:

During the latter stages of a massed practice,

the performance of the individual appears

to be poorer than the actual state of compre-

hension or the true learning of the task.

However, I am persuaded that there re-

mains a distinct learning advantage to the

proper type of distributed practice (p.270).
Although Oxendine is not entirely clear as to what
constitutes a “proper” distributed practice schedule, he
seems to be the only author who has taken a strong stand
in favor of a learning effect.

Clearly, there is no firm consensus on how distribu-
tion of practice affects motor learning. We will argue that
this is primarily due to the variety of ways in which the
assessment of learning has been conducted.

Assessing Skill Acquisition: The Learning versus
Peformance Distinction

There has been widespread agreement that the ef-
fects of distribution of practice on learning must be
separated from the temporary effects that occur during
the acquisition schedule. One way of providing for this
distinction is to interject a rest period at the end of the

practice period, followed byaretention testof one or two -

trials (e.g., Estes, 1950; Kimble, 19490 Tsao, 1950). The
retention test allows for a measurement of performance
after the temporary effects of the distribution schedules
have dissipated. Another method is to employ a transfer
design whereby all distribution of Practice groups are
transferred to a common distribution condition follow-
ing the rest period (e.g., Adams & Reynolds, 1954;

Ammons, 1950; Cook & Hilgard, 1949). This methog
allows for the assessment of learning at the beginning of
the transfer period (like a retention test) as well as an
evaluation of how long that difference persists under
common practice conditions. The best method, andleast
common, is the double transfer design, whereby the
acquisition groups are divided in half and transferred to
massed and distributed conditions following a rest pe-
riod (e.g., Ammons & Willig, 1956; Denny, Frisbey, &
Weaver, 1955). This method has all of the advantages of
the previous method plus the added assessment of how
the switch in practice conditions may have affected per-
formance.

A number of measures, devised to assess learning,
have accompanied these variations in designs. Each
measure uses some score from the retention or transfer
test to assess learning for the various distribution of
practice conditions. We will evaluate four of these meas-
ures here.

Four Measures of Learning

1. Absolute Retention. The absolute retention score is
the simplest measure of learning. Thisscore ismerely t!le
performance on the retention test or the first trial
(sometimes the first few trials) of the transfer test.

2. Relative Retention. The relative retention measure
considers the performance on the retention test (of the
first trial(s) of the transfer test) relative to the perforn.l'
ance at the end of the acquisition trials. The measure is
calculated by subtracting the final acquisition score from
the retention score. This measure has also been termed
the difference score or the reminiscence score.

3. Percent Relative Retention. Percent relative retention
is an expression of the relative retention measurc a
percent of the amount of original improvement dur‘mg
the acquisition trials. This measure is calculated U.Slf’f
the relative retention score as the numerator and. dl‘_" "
ing by the amount of improvement from the beginning
to the end of the acquisition practice trials. s

4. Final Score. The final score is calculated frO{" .
signs that use a transfer test. This measure of learning?
merely the last score(s) during the transfer test

An Example — Bourne and Archer (1956)

Astudyby Bourne and Archer (1956) pr ovides algdoob‘:
example of the different interpretations that co! on
made about the effect of distribution of p racucime
motor learning based on different measures. ?ots on
and Archer examined performance of adult subjec

the rotary pursuit tracking task over a period ©
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acquisition trials and nine transfer trials. All trials were
$0sin length and the rest period between trials 21 and
99 was 5 min. Five distribution of practice groups were
formed as defined by the length of the inter-trial interval
during the acquisition phase: 0, 15, 30, 45, and 60 s
(crgating an empirical continuum from most “massed”
to most “distributed” practice conditions). All groups
performed under the common condition of massed
trials (i.e. O s inter-trial intervals) during the transfer
pha.::.
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Figure 1—From “Time continuously on target as a func-

lonofdisrbutlon of practios” by .E. Bourne . and E.J.
a1, Col;yrl;:’t -:gggl:l ::' E:perlmental Psychology, 51,p.
So0 text for detalls. y the APA. Reprinted by permission.
me:'nhe results O'f the Bourne and Archer (1956) study for
n theipercent time on target are illustrated in Figure 1.
e rr Stuldy,_Boume and Archer provided an analysis of
discussejiu ts in terms of three of the learning scores
3bsolu:; abOVt?. They found a significant difference for
sen in Fl:etenuon on the.ﬁrst postrest trial ($<.001). As
better ablg“l'e 1, long_er inter-trial intervals resulted in
oren. solute.retentmn 5(':ores. The relative retention
-y rOCSUIth in an opposite effect ($<.05). The 0-and
fon gc ups revealed significantly higher relative reten-
(tial 3‘(’)" es than the other three groups. The final score
) resulted in no significant differences (F<1.00).
gerﬁtjnal)’ﬁ.s of these learning measures reveals diver-
terpret r:;:lusmns. The absolute retention scores are in-
stion ed to suggest that the more distributed the acqui-
retentiPl”actxce, the better the learning. The relative
inte on scores could be interpreted two ways. One
Tpretation would be that since the more massed
E:::Ps showed more relative retention than the distrib-
massg;‘)“PS t‘hen this resulted in better learning under
More mt’raﬂl.cc conditions. However, an alternate (and
fice ely) l.nterpretation would be that massed prac-
caused significant performance decrements that
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were alleviated by the rest interval. Thus, while massing
depressed performance, the significant rise in perform-
ance following the rest is an indication that learning was
not impaired. The final score can only be interpreted as
no learning differences between the various distribution
of practice groups.

The pattern of results in the Bourne and Archer study
is typical of the findings in the distribution of practice
literature with respect to motor skills. The different
possible learning measures could often result in quite
different conclusions about the effects of distribution of
practice in the same experiment. When these different
measures were then used to compare across studies it is
understandable why such divergent conclusions were
reached. We will argue however, that only one of these
four measures is an adequate assessment of learning.

Evaluating the Measures

A comprehensive evaluation of the various measures
of learning has been undertaken by Schmidt (1971,
1972, 1982; Salmoni, Schmidt, & Walter, 1984) and
much of the discussion here is based on this work. The
primary fault with the two relative retention measures is
thattheyare “contaminated”bya performance score that
does not reflect learning. The argument for the use of
retention and transfer tests in the design of motor learn-
ing experiments is thatsome independent variables can
have a temporary, depressing effect on performance.
Thus, the assessment about learning is masked by the

the independent variable. If the independ-

presence of
performance

ent variable does affect learning, then a
effect will remain when the independent variable is no
longerapplied (i.e.,ona retention or transfer test). This
argument is the fundamental basis for the learning
versus performance distinction. The case against the two
relative retention scores then, is that they are calculated
by using a value from the acquisition phase of the experi-
ment, when the independent variable is still being ap-
plied. For a score to reflect a true measure of learning it
must be calculated from performance data that are not
contaminated by the temporary effects of the independ-
ent variable. Since relative retention is calculated as the
retention score minus the last trial of acquisition, this
measure of learning is determined, in part, by data that
may not indicate anything about learning. The percent
relative retention score is flawed even further since itis
calculated by determining the amount of relative reten-
tion in proportion to the amount of original improve-

ment over the acquisition trials.

VoL 59, No. 4
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Schmidt (1971) has also argued that in some cases,
the relative retention scores are poor measures of learn-
ing for a statistical reason. His argument is that relative
retention scores underestimate learning when the inde-
pendent variable causes one (or more) condition(s) to
perform near a ceiling or floor level. On statistical
grounds, there is more room for improvement following
the restinterval for conditions that resulted in moderate
levels of performance during the acquisition phase.
When relative retention scores are then calculated, the
assessment of learning is determined to an extent by the
levels of acquisition performance that had been reached
by thelastacquisition trial. Thisis clearlya problemin the
interpretation of relative retention scores for distribu-
tion of practice experiments since longer inter-trial
intervals promote performance that more closely ap-
proximate ceiling and floor levels.

On logical grounds, the final score is also a poor
measure of learning. In the distribution of practice
studies that use transfer designs all practice conditions
are brought to a common level of inter-trial interval
conditions for a series of transfer trials. Performance
over the transfer trials indicates how original learning
affects performance under like conditions. In some re-
spects, the course of transfer performance is an indica-
tion of a resistance to the convergence of performance
levels, which is an indication of learning. However, the
choice of the final score as the measure of learning is an
arbitrary data point, defined in terms of the experimen-
tal design. A better measure would be the number of
trials for which a difference between original conditions
(if one resulted) persisted under the common transfer
conditions. To conclude that a learning effect was not
apparent based on the final score would be to mask the
potential differences due to a learning effect that could
have appeared over one or more of the transfer trials.

Of the four measures commonly reported in the
experiments on distribution of practice effects in motor
learning, only the absolute retention score provides an
adequate assessment of a true learning effect. The abso-
lute retention score: (a) is not contaminated by data due
to ‘p'erfonnance effects, (b) is not influenced by possible
f:c.xlfng or floor performance effects, and (c) providesan
initial measure of the potential learning effect before
common transfer conditions produce the like

c ly conver-
gencein performance,

A Reevaluation of the Literature

The focus of the presentreview is an examination of
the effects of distribution of Ppractice on:

(a) motor
performance, at the end of acquisition;

and (b) motor
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learning, as assessed by absolute retention. Before the
literature is reevaluated, it is critical to define the limits
of the review in terms of a number of variables.

Limits of the Review

The Literature Search. The present review is limited to
only published research, retrieved in the following way.
Initially, abstracts published since 1968 in Psychological
Abstracts were searched. Prior to 1968, titles from
Baldwin’s Dictionary (1848-1893), Psychological Index
(1894-1926), and Psychological Abstracts (1927-1967) were
searched from the “Motor skills bibliographies” pub-
lished by Ammons and Ammons in Perceptual and Mot
Skills from 1949 until 1968. These bibliographies repre-
senta thorough list of titles in motor skills research upto
the commencement of the annotated versions of Psychs-
logical Abstracts in 1968. As well, the following journals
were searched by hand from volume one to present:
Human Movement Science, Journal of Experimental Psychol
0g), Journal of Human Movement Studies, Journal of Motor
Behavior, Perceptual and Motor Skills, and Research Quarierly
Jor Exercise and Sport. The references cited in cach re-
trieved article were then crosschecked for omxss?o'ns-
One important limitation of this review was the decision
not to include technical reports. This decision was made
based upon the fact that many of these reportswere Later
published in journals, and also because many wer¢ not
easily accessible.

Separating Motor and Verbal Learning Studies. The tasks
used in the distribution of practice literature coverav;g
wide range. Our review is focused on motor, not ver
tasks. However, the distinction between motor and Vefk'
bal skills is perhaps best classified in terms of 2 mst
continuum from high verbal, low motor componentf}:ie
one end to low verbal, high motor components at :
other end (Underwood, 1949, pp. 398407). Indeed, this
distinction becomes even further clouded if one const .
ers the arguments that learning motor ski!ls mvolV::a
progression from a highly verbal, or cognitive s‘tagc
more motor and autonomous stage with practice (e('ig'a'
Adams, 1971; Fitts, 1964). In this review we adopt®

. ing of3
‘liberal interpretation of tasks involving the leaming ¢

motor skill and included research that used “sen.u-verted
tasks” (Underwood, 1949) such as stylus mazes, merurc
alphabet printing, and mirror tracing, as well 2 P k-
motor tasks” (Underwood, 1949) such as pursuit tracx.
ing, balancing, and climbing tasks. Tasks that wereowr
cluded from the review were those where the I le
componentwas deemed to serve onlya Perﬁmcwrycri(:tc'
such as speaking or writing a word in a paired-2s5
learning experiment.
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Studies Included in the Meta-Analysis. A total of 116
studies were retrieved that included a contrast of distri-
bution of practice effects as a part of the experimental
design. Notall of these studies could be used in the meta-
analysis, however. In order to conduct the meta-analysis,
certain criteria were established with the intent of provid-
ing as meaningful a contrast as possible, given the very
wide range of experimental designs.

The first criterion was an empirical definition of
“massed”and “distributed” practice. Our examination of
current reviews of this literature revealed that the terms
massed and distributed often were operationally defined
in terms of the amount of rest during the inter-trial
interval. Singer (1980), for instance, defined massed
practice rather narrowly as practice “without any inter-
mittent pauses” (p. 419). Schmidt (1982) provided a
wider definition of massing where “the amount of prac-
tice ime in a trial is greater than the amount of rest
between trials” (p. 482). In contrast, distributed practice
is defined in terms of rest intervals that are relatively
longer than under massing conditions (e.g., Magill,
1985). Our review of the research revealed that in many
studies, there were more than just two groups under
comparison. For instance, in the Bourne and Archer
(1956) study discussed previously there were five distri-
b\.ltion groups, defined in terms of thelength oftheinter-
trialinterval (0, 15, 30, 45, and 60 sintervals). For Bourne
a.nd Archer, distribution of practice was treated opera-
tionally in terms of a massed to distributed continuum.
Many other studies provided a similar dilemma for defin-
Ing massed and distributed practice groups. However,
our meta-analysis required that a comparison be drawn
between one massed group and one distributed group in
order to calculate an effect size. We therefore decided
l}’lat given a study where three or more levels of distribu-
tion were contrasted, the massed group would be repre-
sented by the condition with the smallest inter-trialinter-
val and the distributed group would be represented by
the condition with the largest inter-trial interval.

The decision to define distribution conditions in
le"n.s of the length of the inter-trial interval provided an
empirical solution for some but not all of the problems.
What could not be reconciled under this definition were
Instances where the same distribution parameters were
pr°f'ided within a practice session, and time between
sessions was the variable that separated distribution
groups (e.g., Abrams & Grice, 1976). Another problem
¥as encountered with studies that did not maintain
Constantinter-trial intervals (e.g., Doré & Hilgard, 1938).
A final problem also existed with studies that defined
Massing in terms of length of the trial, keeping inter-trial
Interval constant (e.g., Marteniuk & Carron, 1970). Our
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decision was to calculate effect sizes for studies that
provided massing conditions within a single practice
session (some distributed conditions provided inter-trial
intervals aslong as 24 hrs). Further, both the massed and
distributed groups were defined in terms of constant
inter-trial intervals, with the “massed group” being the
condition of shortest interval and the “distributed
group” having the longest interval. A discussion of the
literature that did not conform to these criteria will
follow the presentation of the meta-analysis.

Meta-Analysis

Calculating Effect Sizes. Glass, McGraw, and Smith
(1981) provide details of the minimal statistics required
in order to calculate effect sizes fromresearcharticles. Of
the 116 articles that we retrieved, 40 could not be used
because the necessary information for the calculation of
effect sizes was not reported. Effectsizes for a further 29
articles were also not calculated due to a failure to meet
our design criteria discussed previously. From the re-
maining 47 articles effect sizes were calculated as the
standard score differences between the masscs and dis-
tributed groups at two points in the experiment (where
possible): at the end of acquisition and cither on the
retention testor the firsttrial(s) of the tran sfer test. From
these 47 articles a total of 52 effect sizes were calculated
at the end of acquisition (some articles reported more
than one experiment). Nearly half of the studies (n=21)
provided data for the calculation of effect sizes for reten-
tion (23 studiesdid notinclude aretention test and three
studies did not provide the necessary statistics to calcu-
Jate the retention effect sizes). A list of the studics that
were used in thisinitial stage s presented in Appendix A
In parentheses after cach reference is a letter that de-

notes which effect sizes were calculated (A = end of
acquisition, R = retention). B
Of the 52 effect sizes calculated at the end of acquisi-

from studies that involved

tion the largest number were :
9). Eight studies provided

learning a tracking task (n= 2
effect sizes for inverted alphabet printing tasks and /
another six studies involved mirror tracing tasks. Tr.;c ,
remaining 16 studies used the following tasks (n’s in
parcmheses): Tsai-Partington numbers task (3), ca;'d
sorting (1), rudder control (1), Bachma.n ladt.lcr (2),
maze tracing (2), Minnesota rate of manipulation tfxsk
(1), selective mathometer (2), novel basketball shoou;g
(1), stabilometer (1), and the Mashburn apPamtus (2).

Of the 21 effectsizes calculated for rctcntfon‘. 11 were
tracking studies, and three used inverted printing tasks.

The remaining seven effect sizes W

ere from different

tasks.
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Results. Based on recent conclusions about the effect
of distribution of practice on motor performance, the
clear prediction was that a large, positive average effect
size would be found at the end of acquisition. To assess
this prediction we followed the steps regarding the statis-
tical analysis of effect sizes suggested by Thomas and
French (1986), which was based largely on the methods
devised by Hedges (e.g., Hedges & Olkin, 1985). Effect
sizes were calculated such that better performance for
the distributed group resulted in a positive value (which
was the case for every effect size in both acquisition and
retention). A weighted estimate of the pooled standard
deviation was used as the denominator in these calcula-
tions. The effect sizeswere then corrected for sample size
(hereafter these effect sizes are denoted as ES), and
estimates of the variance for each ES were determined.

Using formula (5) in Thomas and French (1986), the
weighted mean ES was found to be .96. According to
Thomas and French (1985), an ES of this magnitude is
considered to be “large.” However, a plot of the distribu-
tion of these effect sizes revealed a slight negative skew-
ness. A subsequent test for homogeneity resulted in a
significant Hstatistic (x? (51) =136.13, 1>.95), indicating
that the group of ES was not homogeneous. An outlier
test using the standardized residuals from the weighted
mean identified four ES that were outside 95% of the
distribution of ES [Estes, 1950 (ES = 3.08); Lorge, 1930
(ES = 9.69); Stelmach, 1969 (ES = 5.16 — Bachman
Ladder expt.); Wild & Payne, 1983 (ES=6.04)]. Removal
of these outliers resulted in a less negatively skewed
distribution as well as a nonsignificant H test [x? (47) =
11.98, p<.95], indicating that the remaining ES were
homogeneous. The weighted mean of these acquisition
ES without the inclusion of the outliers remained large
(:91). The standard deviation about this weighted mean
was .50,

As discussed earlier, the conclusions about the effects
of distribution of practice on learning are various, al-
though many argue that there is no effect, or that the
effect is quite small. Our analysis showed that there is a
strong learning effect. The weighted mean ES for abso-
lute retention on the initial calculation was found to be
.58. Thismean maybe considered to fall in the “medium”
ESrange (Thomas & French, 1985). The test for homo-
gen.eity was not significant (x2 (20) = 5.46, p<.95). Once
again though, a scatter plotoftheindividual ES indicated
a slig.ht negative skewness. An outlier testrevealed two ES
outside 95% of the distribution [Estes, 1950 (ES= 1.79);
Pubols, 1960 (ES = 1.79)]. The resultant weighted mean
ES based on the absolute retention scores was .49, The
standard deviation was .35,

To summarize the results of the meta-analysis, the
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advantage of distributed over massed practice on per-
formance at the end of practice is consistently large over
experiments. A consistent advantage of distributed prac
tice over massed practice was also found on performance
afteraretention interval, although the advantage wasnot
quite as large as for the end of acquisition. Thus, our
conclusion from the meta-analysis is that distributed
practice is beneficial to both the performance and learn-
ing of motor skills, although the effect on performance
is greater than the effect on learning.

Other Factors

Due to the limiting nature of meta-analyses we feltit
necessary to review other aspects of the literature on
distribution of practice that could not be reduced to
effect sizes. The remainder of this section is a descriptive
review of this literature.

Final Observations on the Meta-Analysis. Of the studies
from which acquisition effect sizes were calculated there
were three that also included retention trials, but for
which effect sizes could not be determined. For each one
of these studies a large ES at acquisition emergefl-
However, an examination of the data as plotted in the'lr
figures also reveals that a difference, albeit reduced, still
remained after the retention interval (Archer, 1954
Figure 1; Stelmach, 1969, Figures 1 and 2; W.assenn?'l:l};
1951, Figures 1 and 2). This observationis consistentwl
the results of the meta-analysis suggesting that th? P ¢
formance advantage for distributed practice condltl_o’;s
isreduced but still quite evident following a rest pero®

Thomas and French (1986) suggested thata further
examination of outlier studies helps to better under-
stand the overall nature of the meta-analysis. Howevel",a
closer look at the five studies that resulted in o‘fthesr
effect sizes here produced no remarkable Ob.SCTVannas'
Itshould be noted however, that each effectsize t}.‘afw
found to be an outlier shared the same chara‘:terlsnfC ;
they were all at the same tail of the distribution. The 'ozes
acquisition effect sizes and the two retention ef.fed 3 ce
that were found to be outliers were due to the d.lﬁercnch
between the massed and distributed groups being ™ C
larger than the average of the other studies inclu erage
the meta-analysis. Thus, our estimate of the aveaﬁvc
performance and learning effects was more conserv
after removal of these outliers. 1 One

Studies for Which Effect Sizes Were Not Caloulsle®
obvious concern regarding meta-analyses is the Ptoto the
ity of a biased sample. Studies that were nflevan ded 10
meta-analysis but did not report the statistics nee -
calculate effect sizes were further examined: In
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smdies there appeared to be rather large effects on
sbsolute retention in favor of distributed practice condi-
tions (e.g., Ammons, 1952; Drowatzky, 1970; Hagman &
Rose, 1983; Schucker, Stevens, & Ellis, 1953; Whitley,
1970). However, one notable exception isan experiment
byReynolds (1952). In his study, Reynolds compared the
acquisition of a gross motor balance task where the
subject was required to learn to make periodic adjust-
ments in posture while balancing on a platform. Both
massedand distributed groups were required to make 80
adjustments of posture during the acquisition trials. The
massed group performed all 80 during continuous prac-
fice. The distributed group received 1-min rests follow-
ing adjustments 5 and 10, then 9-min rests following
adjustments 20, 30, 40, 50, 60, and 70. Both groups were
given aretention test following a 25-min retention inter-
val. As expected, the distributed group performed better
at the end of acquisition than the massed group. How-
ever, the absolute retention results (as displayedin their
Figure 3) revealed a small but clear advantage in favor of
!he massed group. This study represents one of the few
instances where massed practice resulted in better learn-
ing than distributed practice.

The Persistence of Learning Effects Under Common Transfer
Conditions. Given the relatively strong evidence in favor
Of absolute retention (learning) effects, how long do
distributed practice conditions continue to show better
performance than massed conditions when the two
perform under common transfer conditions? A study by
Denny, Frisbey, and Weaver (1955) is important in this
regard. In their study, Denny et al. had two groups of
s“bj‘.fCts practice for 20 trials (of 30 s lengths) separated
by either 0 or 30 s of rest. A 5-min retention interval
followed this acquisition phase. At the beginning of
Tetention, each group was splitin half and either contin-
ued to perform under the same practice schedule or
u.nder the other schedule (i. e., a double transfer de-
sign). Their findings are reproduced in Figure 2.

The results of Dennyand colleagues show very strong
performance and learning effects in favor of initially
distributed practice conditions. Under common distrib-
uted transfer conditions, the initially distributed group
("_D'D”) showed a continued advantage for about 11
trials, compared to the initially massed group (“M-D”).
Under common massed transfer conditions, the initially
distributed group (“D-M”) also showed a persistent ad-
vantage (cf. “M-M”), although for only about six trials.
These findings have been replicated to about the same
extent by Adams and Reynolds (1954) and Digman
(1956) for distributed transfer conditions and by Am-
mons (1950) and Bourne and Archer (1956) under
massed transfer conditions. The learning advantage
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then, appears to be subjecttoa convergence in perform-
ance under continued, common transfer trials.

PER CENT T!ME ON TARGET

THIRTY SECOND TRIALS

‘ mance under alter-
Figure 2—From Rotary pursuit perfor ariscter

nate conditionsof distributed and massed psg::.!oumal o

19
R. Denny, N. Frisbey and J. Weaver Jto ot oqghy iha
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APA. Reprinted by permission. See text for detalls.
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ratios of 1 on a tracking task in a study by Noble, Salazar,
Skelley, & Wilkerson (1979). They did find however, tlTat
a20s5:20s (rest:work) ratio was poorer than a 60:60 ratio,
although ratios of 90:90 and 120:120 produced interme-
diate results.

Effects of Increasing and Decreasing Rest Periods. Snoddy
(1935) hypothesized thatlearning involved two opposed
processes. Early in practice, learning should be facili-
tated by relatively long rest periods whereas later in
practice, learning is most beneficial under short rest
periods. Moderate support for the hypothesis was found
by Renshaw and Schwarzbek (1938). Two groups per-
formed acquisition trials on a tracking task under either
increasing or decreasing periods of rest. Each group
performed five blocks of seven trials. The increasing rest
group received inter-trial intervals of 0, 1, 3, 5, and 9 min
in each of the successive blocks. The decreasing rest
group received the opposite pattern (9, 5, 3, 1, and 0
min). Their results favored the decreasing group earlyin
practice (as expected) and the increasing group (al-
though by a much smaller difference) at the end of
practice. In contrast, Dore and Hilgard (1938) found
that an increasing rest group produced a larger rather
than asmaller differenceat the end of practice relative to
decreasing rest periods. Unfortunately, neither study
provided a retention test, so the effects on learning are
unknown. However, it appears that changing rest peri-
ods alters performance in a manner that favors longer
inter-trial intervals, regardless of the schedule of change
(McGeoch & Irion, 1952).

Distribution of Practice Effects for Discrete Tasks. Continu-
ous tasks are typically classified in terms of prolonged
time spent on the task, whereas discrete tasks are consid-
ered to be relatively rapid from initiation to completion
(Schmidt, 1982) -Virtuallyall of the literature considered
to this point has examined the learning of a continuous
motor skill. Indeed, our search of the literature has
revealed only one study that examined distribution of
practice effects using a discrete task. This study (Carron,
1969) involved the learning of a peg turn task. The task
was to pick up a small dowel, turn it upside down, and
reinsert the dowel into a small hole, The goal was to
perform the task as fast as possible. One turn equalled
one trial, so the trial length was approximately 1,300 to
1,700 ms. Carron defined distributed practice as 5
between trials and massed practice as 300 ms between
trials (or as close to 300 ms as possible), Although hedid
not report relevant statistics, a reexamination of
Fiarron's data by Schmidt (1982, P- 485) revealed some
interesting findings. In marked contrast to the literature,
massed practice did not depress acquisition perform-
ance. Moreover, the massed condition resulted in mod-

erately better learning, as measured on a retention test)
days later. We (Lee & Genovese, 1988) have replicated
and extended Carron’s findings using a task of even
shorter duration (500 ms). A tentative conclusion then,
is that distributing practice on discrete tasks results in
performance and learning effects thatare quite different
from the effects seen for continuous tasks.

Future Considerations

The present analysis revealed three important find-
ings related to the effects of distribution of practice on
motor skill acquisition. First, distributed practice was
found to enhance performance (asmeasured atthe end
of acquisition). This finding is consistent with virtually
every conclusion on the topic. Second, the effects of
distributed practice were larger on performance than on
the first trial(s) of retention. This finding is also consis
tent with most conclusions. Third, distributed practice
conditions resulted in better learning than massed pra'C-
tice conditions (as measured by absolute retention). This
finding is quite different than most conclusions thathave
been made recently (cf. Adams, 1987; Magill, 1985
Schmidt, 1975; Singer, 1980). .

That retention is benefitted by distributed‘ practice
may not be too surprising. Other evidence in motor
learning research has demonstrated effects that may
reveal some commonalities. The most closely re.lﬂted
practice schedule effectis the so-called “conte).ctual mt.er-
ference” effect (Shea & Morgan, 1979). This practic®
schedule effect is observed when subjects are required .to
learn several variations of a motor task. For examplé, lg
Shea and Morgan’s study, one group of subjects Iea;ned.
three different spatial patterns under a dril!-t}’pe _5C1 im
ule (“blocked” practice), whereby all learning tri2 :hcr
one pattern were completed before practice on anlt:_ew
pattern was undertaken. A second group ’?f subj )
learned all three patterns at once (“random Pmm; ir;
in which trials on the task variations were Conducmle is
an unsystematic order. In a sense, a blocked schedfl "
similar to a massed schedule since practice on a'n)’ S",’gls
variation of the task is conducted on consecutive t'rlia‘
Further, a random schedule may be considered li -
distributed schedule since practice trials on ?“}Y ?]niityis
do not occur in close proximity in time. The simt@ o
further extended when considered in terms of r.e‘tcn .
effects: random and distributed schedules facilit2t® ec
tention relative to blocked and massed schedules /5P
tively.

interfer
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enceand distribution of practice effects more interesting
nowever, are the dissimilarities. The most compelling
dissimilarity is the effect that is seen during acquisition
rials. Distributed practice conditions facilitate perform-
ance whereas random practice conditions are detrimen-
tal to performance. This difference in performance ef-
fectsreveals a critical distinction for the role of “spacing”
inmotor skill learning as a function of the type of task to
be learned. Recall that the majority of distribution of
practice studies used continuous tasks. Most studies of
contextual interference though, used discrete tasks.
Indeed, the two distribution of practice studies that used
discrete tasks revealed performance effects that were
quite different than for continuous tasks (cf. Carron,
1969; Lee & Genovese, 1988). Similarly, two contextual
interference experiments that used a continuous task
(the pursuit rotor) failed to show the typical difference
between blocked and random practice conditions (Lee
& Magill, 1981; Whitehurst & Del Rey, 1983).

This apparent interaction between the spacing effect

and task type on acquisition performance suggests that
thesimilarity in retention effects between distribution of
practice and contextual interference studies may only be
asuperficial similarity. We believe that this is due to the
nature of how the information from these tasks is proc-
essed during acquisition trials. Since discrete tasks are
usually very short in duration, information about per-
formance is evaluated after the completion of the move-
ment. The most important role of the inter-trial interval
for discrete tasks appears to be in terms of this evaluation
process (Salmoni, Schmidt, & Walter, 1984). However,
Since continuous tasks are much longer in duration,
information is received and evaluated as an ongoing
Process during movement. Itis likely that the inter-trial
interval plays a less critical role in terms of evaluation
processes for continuous tasks as compared to discrete
tasks, Perhaps the role of the inter-trial interval for
f°nﬁnuous tasks may be more related to various non-
information processing type activities, such as those
suggested by McGeoch and Irion (1952). Indeed, this
h?’poﬁlesis suggests that contextual interference and
distribution of practice effects are types of phenomena
Where the role of spacing practice is particular to the
nature of the information processing constraints of the
sk to be learned.
_ This emphasis on the nature of information process-
Ing activities as constrained by the nature of the task, and
3s affected by manipulations of the inter-trial interval,
Provides a fruitful basis for future research. Perhaps the
We:}lth of knowledge on distribution of practice effects,
Wh‘.Ch hasbeen all but forgotten in recentyears, willserve
an Important role in this future.
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