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Synthesis of Research on 
Reviews and Tests

Whether or not "practice makes perfect" depends
on the frequency and the form of the repetitions,

the time elapsed between them, and whether
they are massed or spaced.

" T-V racticc makes perfect" in itself 
IJ is hardly a reliable guide to

JL successful learning. Mere rep 
etition over the course of days or even 
weeks is no guarantee of long-term 
learning How many Americans, de 
spite weeks of concentrated practice, 
can recall more than the opening 
phrase of the preamble to The Consti 
tution, which has just 52 words? Yet 
most of us can still remember the 
"Pledge of Allegiance" or an evening 
prayer we once recited daily for years

When, then, is practice most effec 
tive? Answers from learning research 
show that the effectiveness of repeti 
tion depends on a number of factors, 
including the time interval between 
repetitions, the frequency of repeti 
tions, and even the form of the repe 
tition, that is, whether it is in the form 
of a review or a test. The effects of 
these factors are currently being ex 
plained in terms of conslructii'e pro 
cessing. My purpose here is to review 
research and theory relating to effec 
tive practice and to suggest implica 
tions for classrooms.

Reviews may do 
more than simply 
increase the amount 
learned; they may 
shift the learner's 
attention away from 
the verbatim details 
of the material being 
studied to its deeper 
conceptual structure.

Research on Reviews
Several findings concerning the effects 
of reviews deserve special attention. 
First, with total study time constant, 
two or more opportunities to study 
the same material are more effective 
than a single opportunity For exam 
ple, in a study conducted early in the 
century, Edwards (1917) had one 
group of elementary school children 
study a history or arithmetic lesson for 
six-and-one-half minutes continuously 
and another group for four minutes 
on one (Kcasion and for two-and-one- 
half minutes several days later Over 
all, the group given the opportunity to 
study the material twice performed

about 30 percent better on the 
achievement measure than the group 
that did not receive a review.

More recent research has found that 
an opportunityto review previously pre 
sented material may affect not only the 
quantity of what is learned but also the 
quality For example, Mayer (1983) 
found that repeated presentations of a 
science passage resulted in a hefty in 
crease in recall of conceptual principles 
but did tittle to promote the recall of 
technical details. Thus, reviews may do 
more than simply increase the amount 
learned; they may shift the learner's 
attention away from the verbatim details 
of the material being studied to its 
deeper conceptual structure

Another important finding about re 
views is that the amount of learning 
following two reviews that occur close 
together in time (massed) often is only 
slightly better than that following a 
single study opportunity. Thus, 
massed reviews, such as reviews that 
occur just a few hours apart, may be 
entirely uneconomical when evalu 
ated in terms of additional learning
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Much more effective are reviews that 
are spread out or distributed over 
lengthier periods of time. This phe 
nomenon—known as the "spacing ef 
fect "—is one of the most robust and 
dependable phenomena yet docu 
mented by psychologists (Dempster 
1988, Hintzman 1974, Melton 1970). In 
fact, two spaced presentations are of 
ten about twice as effective as two 
massed presentations, and this advan 
tage tends to increase as the frequency 
of review increases. In a recent study 
of vocabulary learning, for example, a 
surprise retention test was adminis 
tered to 35 adults who had studied 
Spanish vocabulary words at 30-day 
intervals, 24-hour intervals, or all in 
one day, in an experiment conducted 
eight years earlier (Bahrick and Phelps 
1987). At the end of the experiment, 
each of the subjects had achieved a 
high level of initial learning. On the 
retention test, however, only the sub 
jects who had received reviews at 30- 
day intervals remembered a respect 
able number of definitions For 
subjects in the other spacing condi 
tions, even words reviewed seven 
times or more were almost always 
forgotten eight years later.

The spacing effect also is remarkable 
in the scope of its application: with 
students of all ages and ability levels, in 
all sorts of situations, and with a wide 
variety of materials and procedures. 
Spacing effects have been found in a 
variety of instructional modes, including 
learning from text (for example, Demp 
ster 1986, English et al. 1934), lecture 
presentations (Glover and Corkill 1987), 
and computer-assisted instruction (Gay 
1973). Subject matter has included his 
torical facts (Edwards 1917), arithmeti 
cal rules (Gay 1973), addition facts (Pyle 
1913), science concepts (Reynold^ and 
Glaser 1964), and vocabulary (Bahrick 
and Phelps 1987, Dempster 1987).

Research on Tests
One of the complexities of research is 
that the act of measurement often has 
an effect on what is measured. In 
physics, for example, procedures de 
signed to pinpoint the location of a 
single quantum of light may actually 
alter its behavior. Memory is no excep 
tion; it is affected not only by addi 

tional study opportunities but also by 
tests—even though they may be de 
signed simply to assess the individual's 
state of knowledge about a subject. As 
Lachman and Laughery (1968) put it, 
"Test[s| .. though they be designed 
to measure changes in the state of the 
human memory system have profound 
and perhaps residual effects on the 
state of that system" (p. 40).

Research on learning—specifically 
research on the effectiveness of 
tests—has found consistently that 
tests do more than simply test; they 
also promote learning (for example, 
Jones 1923-24, Nungester and Du- 
chastel 1982, Rea and Modigliani 
1985, Slamecka and Katsaiti 1988). In 
many cases, the effect has been 
strong. For example, Jones (1923-24) 
found that the retention test scores of 
previously tested students were twice 
that of untested students. In other 
words, taking a test can confer sub 
stantial benefits on the retention of 
the same material tested at a later 
date, even when no corrective feed 
back is provided and when there are 
no further study opportunities. More 
over, testing may be more productive 
than an additional review, especially 
if the student has achieved a high 
level of initial learning (Nungester 
and Duchastel 1982).

As with reviews, however, the most 
effective tests are those that come at 
spaced intervals, especially if the inter 
vals are of an expanding nature (Land- 
auer and Bjork 1978, Rea and 
Modigliani 1985) This means that 
three or more tests covering the same 
educational objectives are likely to re 
sult in more learning if there is a 
progressive increase in the interval 
between each of the successive tests 
(for example, 1 day, 3 days, 6 days), 
than if the interval between the tests is 
the same.

Research on testing has revealed a 
number of other conditions that either 
lengthen or diminish the effects of 
tests, whether massed or spaced First, 
tests are most effective if the material 
to be learned is first tested relatively 
soon after its presentation. The impor 
tance of early testing is nicely illus 
trated in a study by Spitzer (1939), 
who tested the entire 6th grade popu 

lation of 91 elementary schools in 
Iowa. Each child read a highly factual 
article and was then tt • red one or 
more times at various intervals. An 
especially noteworthy outcome was 
that students whose initial test oc 
curred either 1 day or 7 days after 
reading scored 15 to 30 percent 
higher on a final test two weeks later 
than did students whose initial test 
occurred either 14 or 21 days follow 
ing reading.

Second, information tested but not 
remembered at the first opportunity is 
not as likely to be remembered later 
as is information that was successfully 
negotiated on the first test (for exam 
ple, Jones 1923-24, Modigliani 1976. 
Runquist 1986). Thus, the facilitating 
effect of tests applies mainly to ques 
tions with successful outcomes. Third, 
the effects of testing are greater for 
repeated questions than for new items 
(Anderson and Biddle 1975, Nung 
ester and Duchastel 1982, Runquist 
1986, Sones and Stroud 1940). For 
example, Rothkopf (1966) had stu 
dents study a lengthy selection from a 
book on marine biology, followed by a 
quiz on the passage. On a later test, 
these students performed substantially 
better than a control group on re 
peated items and modestly better on 
new items (an indirect effect), even 
though knowing the answer to one 
question should not have given the

Spaced repetitions 
are likely to 
encourage exactly 
the kinds of 
constructive mental 
processes, founded 
on effort and 
concentration, that 
teachers hope 
to foster.
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answer to another However, as Ander- 
son and Biddle (1975) noted, the ag 
gregate indirect benefit is likely to be 
greater than the direct benefit "Only 
the points of information about which

, questions are asked could be di 
rectly affected, whereas presumably 
every point in the text could be indi 
rectly influenced" (p. 92).

Finally, research has demonstrated 
that frequent cumulative tests result in 
higher levels of achievement than do 
infrequent tests or tests related only to 
content since the last test For exam 
ple. Fitch ct al. (1951) found that stu 
dents who received weekly quizzes 
followed by cumulative monthly quiz 
zes had significantly higher final exam 
scores than did students who had only 
the monthly quizzes. Similarly, 5th 
graders tested daily performed better 
on cumulative weekly spelling tests 
than did students who received only 
the weekly tests (Reith et al. 1974). 
However, even quizzes that contain 
just one or two questions covering 
previously tested material can be help 
ful, so long as the quizzes are frequent 
(Burns 1970, MacDonald 1984).

Spaced vs. Massed Repetitions
Psychologists have attempted to under 
stand the relation between practice and 
learning for nearly a century Yet for 
many years, the theoretical picture sur 
rounding spacing effects was confused 
and uncertain, despite numerous at 
tempts at clarification. Recently, how 
ever, the "reconstruction" or "accessi 
bility" hypothesis has emerged as the 
single most compelling explanation of 
spacing effects (for example, Dempster 
1988, Rea and Modigliani 1987)

The basic idea is that when an indi 
vidual is confronted with a repetition, 
he or she makes an attempt to remem 
ber, that is, to "retrieve" or "access" 
the previous experience with the re 
peated information. If the spacing be 
tween occurrences is relatively short, 
memory of the previous encounter 
will be more accessible than if the 
spacing between repetitions is rela 
tively lengthy Thus, the individual will 
need to devote more attention or 
processing effort to spaced repetitions 
than to massed repetitions In general 
terms, the assumption is that repeti-
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tions are effective to the extent that 
they engender successful retrieval of 
the results of earlier processing and 
that the effort involved in a successful 
retrieval operation, and thus the addi 
tional learning, increases with spacing.

One bit of evidence favoring the 
reconstruction hypothesis is that 
spaced reviews and tests have been 
found to be more attention-grabbing 
than similar massed events (Dempster 
1986. Magliero 1983. Zechmeister and 
Shaughnessy 1980). Massed repeti 
tions, because there is not much time 
between them, tend to inspire a false 
sense of knowing or confidence 
(Zechmeister and Shaughnessy 1980) 
Thus, they receive relatively little at 
tention ("Since I remember it so well, 
why pay much more attention to it?"). 
In short, massed repetitions are likely 
to encourage superficial rote process 
ing Spaced repetitions, on the other 
hand, are likely to encourage exactly 
the kinds of constructive mental pro 
cesses, founded on effort and concen 
tration, that teachers hope to foster

Another finding congruent with the 
reconstructive hypothesis is that re 
search subjects have consistently re 
ported that spaced repetitions are 
more interesting and enjoyable than 
either massed repetitions or single 
presentations (for example. Burns 
1970, Dempster 1986, Elmes et al 
1983) Massed repetitions, in fact, are 
perceived as "boring" and unnecessar 
ily repetitive (Dempster 1986)

The Use of Reviews and Tests 
in Classrooms
Reviews and tests are currently under 
utilized in terms of their potential for 
improving classroom learning First, 
we'll look at teachers 1 use of reviews. In 
a study of the effectiveness of an exper 
imental mathematics teaching pro 
gram, the teachers summarized the 
previous day's lessons only about 25 
percent of the time, and homework 
was checked or reviewed only about 50 
percent of the time (Good and Grouws 
1979) Many topics are presented just 
once (for example, Armbruster and An- 
derson 1984) In their synthesis of re 
search on classroom instruction, 
Rosenshine and Stevens (1986) noted 
that review is a teaching function that

Reviews and tests 
are currently 
underutilized in 
terms of their 
potential for 
improving 
classroom learning.

could be done more frequently in most 
classrooms Unfortunately, textbooks 
do not help much. In surveys of math 
ematics texts, for example, the use of a 
distributed method of presentation, 
with frequent use of spaced review, is 
clearly the exception rather than the 
rule (Saxon 1982, Stigler et al. 1986) 
Clearly, review—and certainly spaced 
review—is not a common practice in 
the classroom

As to the use of tests in the class 
room, many, if not most, courses of 
instruction offer far less than optima] 
testing patterns For example, tests are 
rarely as frequent as they could be. 
They do not appear to be an integral 
part of teachers' regular instruction at 
the elementary level, even though a 
particular subject may be taught three 
to five times a week. In one survey, 4th 
and 6th grade mathematics teachers 
reported having administered an aver 
age of about 18 curriculum-embedded 
tests per year, or approximately one 
test every two weeks (Burry et al 
1982). Research also suggests that 
teachers test more frequently in math 
ematics than in reading and that grade 
level and amount of testing are in 
versely related (Yeh 1978).

There appear to be two primary 
reasons for this state of aflairs. First, 
there is no evidence of any serious 
effort to disseminate the results of 
research on reviews and tests to the 
educational community' In a recent 
sampling of practitioner-oriented text 
books suitable for use in teacher edu 
cation programs (for example, Good 
and Brophy 1986, Kirn and Kellough
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Highlights of Research on Reviews and Tests

• With total study time equated, two or more opportunities to study the same 
material are much more effective than a single opportunity.

• Achievement following two massed study opportunities often is only slightly 
higher than that following a single study opportunity.

• Spaced reviews yield significantly better learning than do massed reviews.
• The effectiveness of spaced review, relative to massed review, tends to increase 

as the frequency of review increases.
• Tests promote learning, especially if the material to be learned is first tested 

relatively soon after its introduction.
• Spaced tests are more effective than massed tests, especially if the inter-test 

intervals are of an expanding nature.
• Frequent spaced testing results in higher levels of achievement than does 

relatively infrequent testing.
• The use of cumulative questions on tests is one of the keys to effective learning.

—Frank N. Dempster

1987, Mayer 1987, Shvin 1988, Wool- 
folk 1987), I found very little mention 
of spacing effects and no mention of 
the relation between testing and learn 
ing. Tests are regarded as instruments 
for making decisions about grading 
and pacing, not as vehicles for promot 
ing learning (Kuhs et al. 1985)

Second, spacing effects are not intu 
itively obvious. Students tend to be 
more confident they will remember 
material presented under massed con 
ditions than under spaced conditions 
(Zechmeister and Shaughnessy 1980) 
Thus, it is not surprising that cram 
ming—"a heavy burst of studying im 
mediately before an exam following a 
long period of neglect"—is the rule 
rather than the exception among stu 
dents (Sommer 1968). Even experi 
enced educators, when judging the 
instructional effectiveness of text pas 
sages, tend to rate prose in which the 
repetition of information is massed as 
better than prose in which it is spaced 
(Rothkopf 1963)

Implications for Educators
With relatively little difficulty, teachers 
can incorporate spaced reviews and 
tests into a variety of their existing 
instructional activities. For example, 
they can ask questions about concepts 
and skills taught in previous lessons, 
assign and check homework, and pro 
vide feedback (a form of review) on 
quizzes covering material from previ 

ous lessons. Discussion, too, can be an 
occasion for spaced review DiVesta 
and Smith (1979), for example, 
showed that spaced discussions of a 
topic interspersed during a lecture 
facilitated learning more than did 
massed discussions.

Teachers can organize lessons by 
setting aside a brief period of time 
each day for reviewing the main points 
of the previous day's lessons. Once or 
twice a month, they can set aside a 
longer period of time for a more 
comprehensive review covering the 
main points of all previously pre 
sented material. To make the most 
efficient use of these review sessions,

With relatively little 
difficulty, teachers 
can incorporate 
spaced reviews and 
tests into a variety of 
their existing 
instructional 
activities.

teachers can interweave related new 
material with old material expressed 
in paraphrased form. To be effective, 
reviews need not consist of verbatim 
repetitions of previously presented 
material (for example, Rothkopf and 
Coke 1966)

Saxon (1982) demonstrated that 
textbooks also can be designed to 
make use of spaced practice. In his 
algebra text, each lesson contains a set 
of problems in much the same fashion 
as most other mathematics texts. How 
ever, of the two dozen or so problems 
contained within each problem set, 
only a few deal with the most recently 
presented topic; the remaining prob 
lems are review questions containing 
elements of all previously presented 
topics. Notably, this text has fared very 
well in comparisons with standard al 
gebra texts in terms of achievement 
gains, at least when the students have 
been of low and average ability 
(Johnson and Smith 1987, Klingele 
and Reed 1984, Saxon 1982).

Ideally, tests should be cumulative 
and administered according to a pat 
tern of increasing intervals between 
successive tests. A test administered 
soon after the material is introduced is 
likely to have a successful outcome, 
engender feelings of success and 
accomplishment, and strengthen the 
information in memory sufficiently to 
survive a somewhat longer interval. A 
recent example of this sort of applica 
tion has been provided by Siegel and 
Misselt (1984), who conducted a study 
in which students were taught foreign 
language vocabulary using a computer- 
assisted instruction program. When a 
student made an error, he or she re 
ceived corrective feedback, and the 
missed word was programmed to reap 
pear according to an expanded ratio 
practice schedule. For example, the 
first retesting of a missed word might 
occur after an interval of three inter 
vening items; if that test had a success 
ful outcome, the third test would occur 
after an interval of six intervening 
items, and so forth. Clearly this tech 
nique could be expanded to guide 
instruction in a variety of areas, includ 
ing spelling, arithmetic, history, En 
glish, and science.
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In addition, tests, as well as informal 
recitation questions, should be fre 
quent. Process-outcome research (re 
viewed in Brophy and Good 1985) 
indicates a positive relationship be 
tween frequency of academic ques 
tions addressed to students and size of 
gain in student achievement More 
over, the largest gains are seen in 
classes where most, perhaps 75 per 
cent, of the teachers' questions are 
answered correctly (Brophy and Even- 
son 1976), just as the results of re 
search on testing would predict.

The Benefits of Frequent 
Spaced Practice
To summarize, more frequent use of 
properly spaced reviews and tests in 
the classroom can dramatically im 
prove classroom learning and reten 
tion. In addition, research suggests 
that spaced repetitions can foster time- 
on-task and help students develop and 
sustain positive attitudes toward 
school and learning.

Another potential benefit hinges 
on recent theoretical developments 
(that is, the reconstruction hypothe 
sis), which suggest that spaced repe 
titions encourage highly constructive 
thinking. Exactly how this works is 
still a mystery, but there is reason to 
believe that spaced repetitions result 
in a richer, more elaborate under 
standing of the topic (McDaniel and 
Masson 1985) The point is that 
spaced repetitions require the stu 
dent to engage in active, conscious 
processing, whereas a massed repeti 
tion or a single presentation tends to 
evoke shallow, effortless process 
ing—which, though it involves "no 
pain," results in little or "no gain."

Obviously, frequent spaced practice 
requires a precious classroom re 
source—namely, time, which other 
wise could be devoted to the presenta 
tion of new material. However, schools 
are already exposing students to too 
many topics, a high percentage of 
which are taught only briefly and thus 
superficially (see, for example, Arm- 
bruster and Anderson 1984, Porter 
1989) The alternative is to expose stu 
dents to relatively few, but important, 
ideas (Porter 1989) and—with the aid

of principles of distributed practice— 
attempt to teach them thoroughly.D
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In the May issue ... 

"Progress in Restructuring School*"

Educational Leadership presents a stellar lineup of broad views, along with grass 
roots efforts to radically rethink schooling. We think you'll like these articles:

^ Cart Clickman explains how we often pretend 'not to know what we really do 
know about educational practice just because the status quo is comfortable;

* Jane David summarizes what it takes for schools to restructure, with examples 
from across the country;

* Ron Brandt talks with Mike Cohen about the work of the National Governors 
Association and the new Alliance sponsored by the Carnegie Foundation to support 
restructuring;

^ Pat Wasley from the Coalition of Essential Schools shares close-up portraits of 
teachers who are helping to restructure their schools;

Plus one restructuring approach in the Soviet Union, specificially, the introduction of 
critical thinking a firsthand experience reported by Matt Lipman.

COMING IN SEPTEMBER: "Educating Today's Children and Youth" broad-brush 
descriptions of the status of young people today and reports of school programs that 
help them all to be successful.
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