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Expanding retrieval practice (T. K. Landauer & R. A. Bjork, 1978) is regarded as a superior technique
for promoting long-term retention relative to equally spaced retrieval practice. In Experiments 1 and 2,
the authors found that expanding retrieval practice of vocabulary word pairs produced short-term benefits
10 min after learning, conceptually replicating Landauer and Bjork’s results. However, equally spaced
retrieval produced superior retention 2 days later. This pattern occurred both with and without feedback
after test trials. In Experiment 3, the 1st test occurred immediately or after a brief delay, and repeated tests
were expanding or equally spaced. Delaying the first test improved long-term retention, regardless of
how the repeated tests were spaced. The important factor for promoting long-term retention is delaying
initial retrieval to make it more difficult, as is done in equally spaced retrieval but not in expanding
retrieval. Expanding the interval between repeated tests had little effect on long-term retention in 3
experiments.
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Expanding retrieval practice is often advocated as a method of
improving long-term retention, especially for the purposes of bol-
stering student learning and enhancing memory in older adults and
in memory-impaired populations (Bjork, 1988; Camp, Bird, &
Cherry, 2000; Cull, Shaughnessy, & Zechmeister, 1996; Landauer
& Bjork, 1978; Schmidt & Bjork, 1992). The technique involves
attempting to retrieve an item immediately after it has been studied
(an immediate first test) and then gradually increasing the spacing
interval between successive retrieval attempts. This expanding
retrieval procedure is intended to ensure a high level of retrieval
success on the first test and to increase the difficulty of retrieval
attempts on subsequent repeated tests. Gradually increasing the
spacing of repeated tests is considered a shaping procedure for
long-term retention, because expanding the schedule of repeated
tests is thought to increasingly approximate the conditions of a
delayed final test (see Schmidt & Bjork, 1992). Although expand-
ing retrieval is widely believed to be an effective technique to
enhance learning, previous research is inconsistent about whether
expanding retrieval works. We carried out the present experiments
to determine whether expanding retrieval represents a superior
form of spaced retrieval practice for promoting long-term reten-
tion.

The Testing Effect and Expanding Retrieval Practice

A considerable amount of research has shown that taking a
memory test over some material can improve long-term retention,
relative to repeatedly studying the material. This phenomenon is
known as the testing effect (e.g., Bjork, 1975; Carrier & Pashler,
1992; Chan, McDermott, & Roediger, 2006; McDaniel & Masson,
1985; Roediger & Karpicke, 2006a, 2006b; Wheeler & Roediger,
1992). The testing effect is particularly surprising considering that
it occurs even when subjects are not given feedback about their test
performance, because when tests involve recall subjects can only
reexperience whatever they are able to produce on the test. For
example, Roediger and Karpicke (2006b) had subjects read a prose
passage and then either restudy the passage or recall as much of it
as they could on a free recall test. Even though subjects could
recall about 70% of the passage on the initial test, taking the test
led to better final recall 2 days or 1 week later than studying the
entire passage again. Because the testing effect occurs even when
feedback is not provided after the test, and because testing en-
hances learning more than additional studying, the act of retrieval
when taking a test is critical in promoting long-term retention
(Karpicke & Roediger, in press; Roediger & Karpicke, 2006a).

Just as testing produces positive effects on later retention, spac-
ing repetitions across time or other intervening events also en-
hances retention. When the same item is studied twice within a list,
later retention of the material generally increases as a negatively
accelerated function of the spacing or lag between repetitions (see
Madigan, 1969; Melton, 1970). Spacing effects are found even
when the spacing interval between study periods is very long and
especially after long retention intervals (see Cepeda, Pashler, Vul,
Wixted, & Rohrer, 2006). However, the general rule that greater
spacing intervals produce increasing benefits for retention may not
remain true when the second repetition is a test, because increasing
the spacing between a study period and a test will also decrease the
likelihood of recall on that test. In other words, forgetting during
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the spacing interval may counteract any benefits due to spacing the
test. Expanding retrieval practice is intended to remedy this par-
ticular problem by incorporating a test immediately after studying,
thereby minimizing forgetting on the first test, and then gradually
increasing the spacing of repeated tests.

The idea behind expanding retrieval practice is intuitive, and
references to similar procedures can be found in early literature on
human learning. For example, in an early textbook on educational
psychology, Starch (1927) wrote, “Since the rate of forgetting is
very rapid at first and more gradual later on, it probably would be
highly advantageous to have relearning of a given material come
very frequently at first and more rarely later on” (p. 156).

In an important article, Landauer and Bjork (1978) introduced
the idea of expanding retrieval practice to contemporary research-
ers. In their experiments, subjects studied pairs of items (e.g.,
names paired with faces, or first names paired with last names) and
then took three or four cued recall tests in a continuous paired
associates task (see Glenberg, 1976; Peterson, Wampler, Kirk-
patrick, & Saltzman, 1963). Landauer and Bjork created expanding
and equally spaced conditions by varying the number of trials that
occurred between the study trial and the repeated tests. For exam-
ple, in one of their expanding retrieval conditions, the first test
occurred one trial after the study trial, a second test occurred after
four more trials, and a third test occurred after 10 more trials. This
condition was denoted 1–4–10 to indicate the number of inter-
vening trials between study or test trials. Performance in this
expanding retrieval condition was compared with an equally
spaced condition in which five trials occurred between the study
trial and the subsequent test trials (denoted 5–5–5). Although the
distribution of the tests differed in these two conditions, the aver-
age spacing interval was five trials in both conditions. Landauer
and Bjork found that on a final test 30 min after the learning phase,
expanding retrieval practice produced about a 10% advantage over
equally spaced retrieval practice.

Bjork (1994, 1999) has argued that expanding retrieval works
because it introduces desirable difficulties during learning that
improve later retention. The idea behind desirable difficulties is
that techniques requiring more effortful processing on the part of
the learner may sometimes slow initial learning, relative to other
techniques that promote less effortful processing, but the more
difficult conditions will ultimately lead to greater long-term reten-
tion (see also McDaniel & Einstein, 2005). For example, spaced
practice represents a desirable difficulty, relative to massed prac-
tice, because massed practice often leads to better performance
immediately after learning, but spacing leads to better long-term
retention on delayed tests (see Bahrick, 1979; Balota, Duchek, &
Paullin, 1989; Glenberg, 1976; Peterson et al., 1963). The testing
effect can also be considered a desirable difficulty: Although
repeated studying leads to better performance than repeated testing
on criterial tests immediately after learning, testing leads to better
long-term retention than repeated studying (see Hogan & Kintsch,
1971; Roediger & Karpicke, 2006b; Thompson, Wenger, & Bar-
tling, 1978; Wheeler, Ewers, & Buonnano, 2003). Likewise, ex-
panding retrieval practice is thought to create difficulties during
learning that have positive effects on long-term retention. Gradu-
ally increasing the interval between repeated tests is assumed to
make each successive retrieval attempt increasingly more difficult,
relative to the constant levels of retrieval difficulty involved in
equally spaced schedules. The increased retrieval difficulty in-

volved on the expanding tests, coupled with high levels of retrieval
success due to an immediate first test, are thought to produce
optimal long-term retention (Landauer & Bjork, 1978; see too
Bjork, 1988, 1994, 1999).

Following Landauer and Bjork (1978), many authors have ar-
gued that expanding retrieval practice represents a powerful means
of improving long-term retention. Rea and Modigliani (1985) and
Cull et al. (1996) argued that expanding retrieval should be applied
in educational settings as a way to improve student learning.
Schacter, Rich, and Stampp (1985) used expanding retrieval to
improve memory in amnesic patients. Camp and his colleagues
(e.g., Camp, 2006; Camp et al., 2000) have used expanding re-
trieval as a memory rehabilitation technique for people with de-
mentia (but see Balota, Duchek, Sergent-Marshall, & Roediger,
2006). Considering the widespread belief in the utility of expand-
ing retrieval, it is surprising that there is not a larger base of
research with consistent evidence showing expanding retrieval
practice to be the superior spaced practice technique for improving
long-term retention.

Prior Research on Expanding Retrieval

Initial investigations of expanding retrieval appeared 7 years
after Landauer and Bjork’s (1978) original chapter, but not all have
addressed the issue of whether expanding retrieval represents a
superior form of spaced practice relative to equal spacing (see
Balota, Duchek, & Logan, 2007, for review). Rea and Modigliani
(1985) had children learn spelling words or multiplication prob-
lems and found benefits of expanding retrieval practice over
massed practice. However, they did not compare their expanding
condition with an equally spaced condition, so the advantage of
expanding retrieval in this case could simply be a spacing effect
rather than a benefit of expanding retrieval, per se. Research by
Schacter et al. (1985) and Camp and colleagues (Camp, 2006;
Camp et al., 2000) has also observed benefits of expanding re-
trieval relative to pretest baseline measures of memory perfor-
mance with patient populations. Again, in these studies, it is not
clear whether repeated testing, or spaced testing, or the particular
schedule of spaced testing is responsible for positive effects on
retention.

Shaughnessy and Zechmeister (1992) were the first after Land-
auer and Bjork (1978) to make the critical comparison of an
expanding schedule of retrieval practice with an equally spaced
schedule. They had subjects learn word pairs in a continuous
paired associate task (like the one used by Landuaer & Bjork,
1978) and gave a criterial test shortly after learning. They found a
6% advantage of expanding retrieval over equally spaced practice,
although this effect was not statistically significant. Cull et al.
(1996) carried out a more extensive analysis with five experiments,
again using a continuous paired associate task with a final test
immediately after the learning phase. However, they obtained
significant positive effects of expanding retrieval over equally
spaced practice in only two of the five experiments.

More recent experiments have also not fared well in obtaining
positive effects of expanding retrieval practice. Carpenter and
DeLosh (2005) compared expanding versus equally spaced re-
trieval conditions in two experiments, using materials and spacing
conditions similar to those of Cull et al. (1996), but they did not
obtain positive benefits of expanding retrieval on a 5-min delayed
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test in either experiment. Balota et al. (2006) investigated massed,
expanding, and equally spaced retrieval practice in three groups of
subjects: younger adults, healthy older adults, and older adults
with dementia of the Alzheimer’s type (DAT). The subjects stud-
ied word pairs and took two immediate tests after studying each
pair, to ensure that subjects had encoded the items. Then three
repeated tests were spaced according to massed, expanding, or
equal interval schedules. Balota et al. found that on a criterial test
at the end of the learning phase, the spaced practice conditions led
to better performance than massed practice in all three groups of
subjects, but there were no differences between expanding and
equally spaced practice. In some cases equally spaced practice
produced a modest benefit over expanding retrieval on the final
test. Hochhalter, Overmier, Gasper, Bakke, and Holub (2005) also
tested individuals with DAT and also did not observe differences
between expanding and equally spaced schedules of retrieval prac-
tice.

Interestingly, the results of two studies suggest that advantages
of equally spaced practice over expanding retrieval sometimes
occur when long-term retention is assessed after a delay (in a
separate session days or weeks after learning). Cull (2000) con-
ducted four experiments and used conditions without feedback
(following Landauer & Bjork’s, 1978, original procedure) and
with feedback after each test, using a technique introduced by
Carrier and Pashler (1992) to equate the total time involved in test
trials and test-plus-feedback trials. Cull did not report any signif-
icant positive effects of expanding retrieval, and in some condi-
tions he found that equally spaced retrieval practice led to superior
long-term retention after a delay of 3 or 8 days. More recently,
Logan and Balota (in press) examined expanding and equally
spaced retrieval practice schedules at short and long retention
intervals. They found no advantage of expanding retrieval on a
final test immediately after learning, but they found an advantage
of equal spacing on a final test after a 24-hr delay. (We provide
further discussion of Logan & Balota’s work in the General
Discussion section.)

Given that expanding retrieval is widely believed to be a supe-
rior technique for improving long-term retention, it seems surpris-
ing that prior research has not shown consistent advantages of
expanding retrieval practice over equally spaced practice on cri-
terial tests given shortly after the learning period, as in Landauer
and Bjork (1978). Further, it seems even more surprising that
equally spaced practice sometimes leads to greater recall than
expanding practice on tests given after a day or more delay.

Why might equally spaced retrieval practice produce better
long-term retention than expanding retrieval? We propose that the
difficulty of the initial retrieval attempt may be critical in deter-
mining long-term retention and that the particular schedule of
retrieval (equal interval or expanding) may not matter much except
for the inherent manipulation of the timing of the initial test in the
two schedules. An immediate first test may enhance short-term
accessibility during the learning phase, but a somewhat delayed
first test (requiring more difficult retrieval) is necessary to enhance
long-term retention. By this logic, the reason that Landauer and
Bjork (1978) obtained an advantage of expanding retrieval on
relatively short-term tests (around 30-min retention intervals) was
due to the enhanced short-term accessibility conferred by the
relatively immediate first test in the expanding retrieval condition.
However, this initial test was too easy to establish a benefit in

long-term retention as measured several days later (Cull, 2000).
The equal interval schedule, on the other hand, provides a delayed
first test, which harms accessibility during learning but enhances
processes that support long-term retention. By this account, the
critical factor for increasing long-term retention is providing an
initial test in which recall is possible but relatively difficult. The
optimum range of delay for the test will probably depend on
several factors, but we hypothesize that the representation of an
event must at least have been cleared from short-term or working
memory for a test to promote long-term retention. If retrieval
occurs from primary memory, there will probably be little advan-
tage in the long term. Maintenance rehearsal is a form of repeated
retrieval from short-term memory and provides little or no benefit
to recall (e.g., Craik & Watkins, 1973). Of course, the optimum
delay for a test to have a positive effect on long-term retention may
depend on the task employed and other factors, as we elaborate in
the General Discussion section.

To reiterate, our main point is that the first retrieval attempt
must provoke some effort and, we hypothesize, should occur after
the item’s presentation has been cleared from primary memory.
Prior research has shown that the difficulty of initial retrieval is
correlated with later retention (Benjamin, Bjork, & Schwartz,
1998; Gardiner, Craik, & Bleasdale, 1973). There is also direct
evidence that delaying an initial retrieval attempt enhances perfor-
mance on a later criterial test (Jacoby, 1978; Modigliani, 1976;
Whitten & Bjork, 1977). However, in prior research on expanding
versus equally spaced retrieval practice, performance on tests
during the learning phase was typically not examined. Indeed,
some experiments did not require subjects to make any overt
responses during learning (e.g., Cull et al., 1996), preventing any
possible analysis of learning phase performance. Thus, it is not
clear that delaying the first test makes retrieval more difficult and
thereby promotes long-term retention, as predicted by our hypoth-
esis, nor is it clear that expanding the interval between repeated
tests gradually increases the difficulty of retrieval on those tests, as
predicted by Landauer and Bjork’s (1978) theory. Our alternate
theory is also based on several assumptions that may be ques-
tioned, but our experiments provide relevant evidence.

One goal of the present experiments was to examine perfor-
mance during the learning phase in expanding and equally
spaced retrieval practice conditions. To this end, we used re-
sponse latency for correct recalls as an index of retrieval
difficulty, following several other researchers (Benjamin &
Bjork, 1996; Benjamin et al., 1998; Gardiner et al., 1973;
Kelley & Lindsay, 1993; Koriat & Ma’ayan, 2005; Matvey,
Dunlosky, & Guttentag, 2001; Serra & Dunlosky, 2005). If
expanding retrieval makes repeated tests increasingly difficult,
this should be reflected in increasingly slow response latencies
across repeated tests. Likewise, if delaying the first test in the
equally spaced condition increases the difficulty of the initial
retrieval attempt, this effect would be reflected in slower re-
sponse times on the delayed first test, relative to the immediate
first test in the expanding retrieval condition. We also provided
single test control conditions to examine our assumptions about
delayed tests (relative to tests after short delays), providing a
greater testing effect on long-term retention even if producing
poorer performance during the learning phase itself.
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The Present Experiments

In the present experiments, subjects studied vocabulary word
pairs and took tests over them spaced according to several different
schedules. With the potential educational relevance of expanding
retrieval practice in mind, we had subjects learn vocabulary word
pairs selected from test preparation books for the Graduate Record
Exam (GRE) that college students might try to learn using some
type of spaced retrieval practice technique. Experiments 1 and 2
were carried out simultaneously and investigated massed, expand-
ing, and equally spaced retrieval practice conditions, similar to
those used in previous experiments (Cull et al., 1996; Landauer &
Bjork, 1978; Shaughnessy & Zechmeister, 1992). In Experiment 1,
subjects were not given feedback about their responses on tests
(following Landauer & Bjork’s, 1978, original procedure), but in
Experiment 2, subjects were given feedback. Providing feedback
after tests in the learning phase should counteract forgetting that
would occur on a delayed first test in the equally spaced condition.
Thus, any differences in learning phase performance in the ex-
panding and equally spaced conditions may be eliminated by
providing feedback, whereas any positive effects of delaying the
first test in the equally spaced condition would be preserved. In
both experiments, retention was assessed on a final criterial test
given either 10 min or 2 days after learning. The 10-min delay is
similar to that used by Landauer and Bjork (1978), whereas the
2-day retention interval provides a test of longer term retention.
According to our hypothesis, equally spaced practice should lead
to better long-term retention than expanding retrieval, because
delaying the first test in the equally spaced condition increases
retrieval difficulty, which promotes long-term retention.

Experiment 3 was designed to separate the effects of delaying
the first test and the schedule of repeated tests. In previous com-
parisons of expanding and equally spaced practice, these two
factors are naturally confounded (but see Carpenter & DeLosh,
2005, discussed below). Expanding retrieval typically involves an
immediate first test, whereas equally spaced practice involves a
delayed first test. Any differences between expanding and equally
spaced retrieval practice could lie in differences in the position of
the first test or in the schedule of repeated tests. Experiment 3
separated the effects of these two variables by factorially manip-
ulating the position of the first test and the schedule of repeated
tests. According to our hypothesis, delaying the first test should
have positive effects on long-term retention. We suspected that
control of this variable would negate any further difference be-
tween expanding and equal interval schedules of testing.

Experiment 1

In Experiment 1, we examined three spaced testing conditions:
Massed (0–0–0), expanding (1–5–9), and equally spaced (5–5–5).
In addition, two single-test conditions were included to provide
converging evidence about the effects of delaying an initial test on
later retention and also to investigate the effects of repeated testing
relative to taking a single test. One single-test condition involved
an immediate test (after a spacing of one item), and the other
condition involved a delayed test (after a spacing of five items).
Subjects did not receive feedback after the tests in Experiment 1.
Half of the subjects took the final test after a 10-min retention
interval, and half took the final test 2 days after the learning phase.

We predicted that equally spaced retrieval practice would produce
better long-term retention than expanding retrieval on a delayed
criterial test because the condition involves a delayed initial re-
trieval attempt.

Method

Subjects. Forty-eight Washington University undergraduates,
ages 18–22 years, participated in Experiment 1 in exchange for
course credit.

Design and materials. Experiment 1 used a 2 � 6 mixed
factorial design. Retention interval before the final test (10 min vs.
2 days) was manipulated between-subjects, and five different
spacing conditions, plus one control condition, were manipulated
within-subjects. In three conditions, subjects studied a vocabulary
word pair and then took three subsequent tests over that pair. For
example, subjects studied sobriquet–nickname or benison–
blessing and later were tested with sobriquet and benison to recall
nickname and blessing, respectively. In the massed condition,
subjects studied a word pair and took three consecutive tests
without any other trials intervening between the tests (denoted
0–0–0). In the expanding condition, one trial occurred between
the study trial and the first test, five trials occurred between the
first and second tests, and nine trials occurred between the second
and third tests (1–5–9). In the equally spaced condition, five trials
occurred between the study trial and subsequent test trials (5–5–5).
Two single-test conditions were also investigated, in addition to
the repeated test conditions. In the immediate-test condition, one
trial occurred between the study trial and a single test trial, and in
the delayed-test condition, five trials occurred between the study
and test trial. Finally, the vocabulary word pairs were rotated
through a nonstudied control condition, in which the word pair was
not studied during the learning phase but was tested on the final
test, to estimate subjects’ prior knowledge of the vocabulary
words.

Fifty-two vocabulary word pairs were selected from test prep-
aration books for the GRE (see Pashler, Zarow, & Triplett, 2003).
Each pair consisted of a vocabulary word and a one-word defini-
tion (e.g., sobriquet–nickname). Thirty-six of the pairs were used
as experimental pairs and were divided into six sets of six pairs for
counterbalancing, and the other 16 pairs were used only as filler
items during the learning phase. A list of 112 trials was created for
the learning phase, in which the five spacing conditions occurred
six times, with the constraint that the study trial for all five
conditions occurred before the next cycle of the five conditions
began. This constraint ensured that the conditions were evenly
distributed throughout the learning phase. The mean serial posi-
tions of the study trials for each condition were roughly equal:
massed (0–0–0) � 56.7; expanding (1–5–9) � 49.7; equal (5–5–
5) � 50.7; single-immediate (1) � 57.0; single-delayed (5) �
53.0. There were three primacy and three recency buffers in the list
of trials. The six sets of vocabulary word pairs were rotated
through the six conditions (the five spacing conditions plus the
nonstudied control condition), creating six different counterbalanc-
ing orders. Four subjects were assigned to each counterbalancing
order in the 10-min final test condition, and likewise, 4 subjects
were assigned to each counterbalancing order in the 2-day final
test condition.
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Procedure. Subjects were told that the learning phase con-
sisted of a series of study and test trials distributed throughout the
phase. During study trials, subjects saw a vocabulary word with its
one-word definition printed below it on a computer screen and
were told to study the pair so that they could remember it later on.
Each study or test trial lasted 8 s, with a 500-ms intertrial interval.
During test trials, subjects saw a vocabulary word with a cursor
below it, and their job was to type in the correct definition word for
the vocabulary word. Each test trial lasted 8 s, with a 500-ms
intertrial interval, and after each test trial the computer program
automatically advanced to the next trial, regardless of whether the
subject had entered a response. Response latencies were assessed
as the duration between the onset of the cue and the last keystroke
of the response (which is the default measure of response times for
string responses in E-Prime; see Schneider, Eschman, & Zucco-
lotto, 2002). Subjects were not given feedback about the accuracy
of their responses on test trials. After the learning phase, the
subjects were engaged in a distracter task (playing a video game on
the computer) for 10 min.

Twenty-four of the subjects took the final retention test imme-
diately following the 10-min distracter phase, and the other 24
subjects were dismissed and returned for the final test 2 days after
the first session. On the final test, subjects were told that they
would see a vocabulary word with a cursor below it, and their job
was to type in the correct definition word for each vocabulary
word. Subjects were given 14 s for each test trial (with a 500-ms
intertrial interval). After completing the final test, the subjects
were debriefed and thanked for their participation.

Results

Learning phase recall. An initial analysis of the learning
phase results showed no differences in performance between the
10-min and 2-day groups, so the analyses performed on the learn-
ing phase recall and response time data were collapsed across
retention interval conditions. The top portion of Table 1 shows the

mean proportion of items correctly recalled on each test during the
learning phase. Not surprisingly, recall in the massed condition
was nearly perfect on the three massed tests. Recall was greater on
the first test in the expanding retrieval condition, which occurred
after only one intervening trial, than on the first test in the equally
spaced condition, which occurred after five intervening trials. The
single-test conditions showed a similar pattern of results: Recall
was greater in the immediate-test condition (1) than in the delayed-
test condition (5). The Test 1 recall scores were submitted to a 2
(Spacing of the first test: 1 vs. 5) � 2 (Test Condition: Single vs.
Repeated) analysis of variance (ANOVA). There was a main effect
of spacing the first test, F(1, 47) � 5.99, �p

2 � .11, but no effect
of test condition and no Spacing � Test Condition interaction
(Fs � 1). Increasing the spacing of the first test from one inter-
vening trial to five intervening trials reduced recall on that test
(79% vs. 73%; d � 0.36; prep � .95). ( prep is an estimate of the
probability of replicating the direction of an effect, described by
Killeen, 2005.)

Recall changed very little across repeated tests in the massed,
expanding, and equally spaced conditions. A 3 (Spacing Condi-
tion: Massed, Expanding, or Equal) � 3 (Test Number: 1, 2, or 3)
ANOVA revealed a main effect of spacing condition, F(2, 94) �
38.97, �p

2 � .45, but no effect of test number and no interaction
(Fs � 1). Collapsed across the three repeated tests, recall in the
massed condition was greater than recall in the expanding condi-
tion (98% vs. 77%; d � 1.44, prep � 1.00) and greater than recall
in the equally spaced condition (98% vs. 73%; d � 1.50; prep �
1.00). In addition, recall in the expanding condition was greater
than recall in the equally spaced condition (77% vs. 73%; d �
0.19; prep � .81). Together, the two analyses of the learning phase
recall data show that expanding retrieval practice produced slightly
better learning phase recall than equally spaced practice, that this
difference was due to giving an immediate first test in the expand-
ing condition, and that there was little change in recall across
repeated tests in either condition.

Learning phase response times. The mean response times for
correct recalls on each test during the learning phase were ana-
lyzed as an index of retrieval fluency, with longer response times
indicating greater retrieval difficulty (Benjamin & Bjork, 1996;
Koriat & Ma’ayan, 2005). For each condition, response times that
were 2.5 standard deviations above or below the mean were
trimmed from the analysis, eliminating 1.9% of the data. In addi-
tion, subjects who did not have at least one observation (correct
recall) per condition were removed from the analysis, eliminating
data from 1 subject.

The mean response times are shown in the bottom portion of
Table 1. Overall, response times were fastest in the massed con-
dition. In the immediate single-test and expanding retrieval con-
ditions, delaying the first test by one item resulted in slower
response times, relative to the massed condition; likewise, delay-
ing the first test by five items in the delayed single-test and equally
spaced conditions led to even slower response times, relative to the
other conditions. The Test 1 response latencies were submitted to
a 2 (Spacing of the first test: 1 vs. 5) � 2 (Test Condition: Single
vs. Repeated) ANOVA, which revealed a main effect of spacing
the first test, F(1, 46) � 3.49, �p

2 � .07, but no main effect of test
condition and no interaction (Fs � 1). Collapsed across the single
and repeated test conditions, increasing the delay of the first test
from one item to five items resulted in a 136 ms slowing in

Table 1
Mean Recall and Mean Response Times (in Milliseconds)
During the Learning Phase in Experiment 1

Learning condition

Learning phase recall

Test 1 Test 2 Test 3

Massed (0–0–0) .98 (.01) .98 (.01) .98 (.01)
Expanding (1–5–9) .78 (.03) .76 (.03) .77 (.03)
Equal (5–5–5) .73 (.03) .73 (.03) .73 (.03)
Single-immediate (1) .81 (.03)
Single-delayed (5) .73 (.03)

Learning condition

Learning phase response times

Test 1 Test 2 Test 3

Massed (0–0–0) 2,592 (64) 2,408 (64) 2,333 (60)
Expanding (1–5–9) 3,428 (112) 3,233 (110) 2,966 (108)
Equal (5–5–5) 3,579 (108) 2,988 (99) 2,716 (84)
Single-immediate (1) 3,432 (85)
Single-delayed (5) 3,553 (108)

Note. Standard errors are in parentheses.
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response time (3,432 ms vs. 3,566 ms; prep � .90), indicating that
retrieval was more challenging when the first test occurred after a
delay of five items.

In addition, response times grew faster across repeated tests in
all three conditions. A 3 (Spacing Condition: Massed, Expanding,
or Equal) � 3 (Test Number: 1, 2, or 3) ANOVA revealed a main
effect of spacing condition, F(2, 92) � 54.27, �p

2 � .54; a main
effect of test number, F(2, 92) � 60.20, �p

2 � .57; and a signif-
icant Spacing � Test Number interaction, F(4, 184) � 8.19, �p

2 �
.15. Of most importance, response times decreased across repeated
tests in the expanding and equally spaced retrieval conditions,
indicating that retrieval grew easier across repeated tests that were
spaced over trials, not more challenging. The finding is contrary to
the idea that gradually expanding the interval between repeated
tests would make retrieval increasingly difficult (Landauer &
Bjork, 1978).

Another interesting effect of delaying the first test is evident in
Table 1. When the first test was delayed, response times in the
second test were faster than response times on the second test
following an immediate first test. In the equally spaced condition,
response times on the second test were 248 ms faster than response
times on the second test in the expanding retrieval condition (2,988
ms vs. 3,233 ms; prep � .92). In both conditions, the second test
occurred five items after the first test, but when the first test was
delayed, the greater retrieval difficulty of the delayed first test led
to faster response times on the second test.

Final recall. Of central interest are the effects of repeated
testing and spacing schedule (massed, expanding, or equal) on
long-term retention. Table 2 shows the mean proportion of items
recalled on the final criterial test as a function of spacing condition.
Baseline performance in the nonstudied control condition was very
low (M � 1.1%; 3 subjects produced the correct definition word
for one of the vocabulary words in the control condition), so the
data in Table 2 reflect learning during the experiment and not prior
knowledge. Several key results are evident in Table 2. First,
massed repeated testing produced the worst retention at both
retention intervals. Indeed, at both retention intervals, performance
in the massed practice condition was slightly worse than perfor-
mance for both the single-test conditions (with spacings of one or
five items before the test). More important, expanding retrieval
produced a modest benefit over equally spaced retrieval on the
final test given after 10 min, conceptually replicating Landauer and
Bjork (1978). However, this result was reversed on the 2-day
retention test: Equally spaced retrieval practice led to better de-
layed retention than expanding retrieval. A 2 (Spacing Condition:

Expanding vs. Equal) � 2 (Retention Interval: 10 min vs. 2 days)
ANOVA did not reveal a main effect of spacing condition (F � 1),
but there was a main effect of retention interval, F(1, 46) � 15.95,
�p

2 � .26, and a significant Spacing � Retention Interval inter-
action, F(1, 46) � 7.23, �p

2 � .14. Although expanding retrieval
practice led to slightly better performance on the 10-min test (71%
vs. 62%; d � 0.30; prep � .86), the opposite pattern occurred 2
days later: Equally spaced retrieval practice produced better long-
term retention than expanding retrieval on the 2-day final test
(45% vs. 33%; d � 0.50; prep � .93).

A similar pattern of results was observed for the single-test
conditions: On the 10-min criterial test, the immediate-test condi-
tion (1) produced better retention than the delayed-test condition
(5), but on the 2-day criterial test, the delayed-test condition
produced better long-term retention. A 2 (Spacing Condition: 1 vs.
5) � 2 (Retention Interval: 10 min vs. 2 days) ANOVA did not
reveal a main effect of spacing condition (F � 1), but there was a
main effect of retention interval, F(1, 46) � 37.35, �p

2 � .45, and
a significant Spacing � Retention Interval interaction, F(1, 46) �
5.24, �p

2 � .10. The immediate-test condition produced better
retention than the delayed-test condition on the 10-min test (65%
vs. 57%; d � 0.29; prep � .88), but the delayed-test condition
produced better long-term retention on the 2-day final test (30%
vs. 22%; d � 0.41; prep � .85).

At both retention intervals, repeated testing in the expanding and
equally spaced conditions led to better final recall, relative to
taking a single-test. The repeated test data, collapsed across the
1–5–9 and 5–5–5 conditions, and the single-test data, collapsed
across the one and five conditions, were submitted to a 2 (Test
Condition: Single vs. Repeated) � 2 (Retention Interval: 10 min
vs. 2 days) ANOVA. There was a main effect of repeated testing,
F(1, 46) � 11.40, �p

2 � .20; a main effect of retention interval,
F(1, 46) � 30.00, �p

2 � .40; and a significant Test Condition �
Retention Interval interaction, F(1, 46) � 2.11, �p

2 � .04. Re-
peated testing enhanced final recall at both retention intervals,
relative to taking a single test, but the effect of repeated testing was
greater at the longer 2-day delay (39% vs. 26%; d � 0.75; prep �
.99) than at the shorter 10-min delay (66% vs. 61%; d � 0.21;
prep � .84).

Discussion

Although expanding retrieval practice produced a modest ben-
efit in the short term, equally spaced practice led to superior
long-term retention 2 days later. Our analyses of performance
during the learning phase indicated that having an initial test after
a brief delay (a lag of five trials) was responsible for promoting
long-term retention relative to testing immediately after study (a
lag of one trial). When subjects took just a single test, the delayed-
test condition led to better retention than the immediate-test con-
dition, providing converging evidence with the expanding and
equally spaced retrieval practice conditions. Delaying the first test
made retrieval on that test more difficult, as evidenced by increases
in response times. In addition, expanding the interval between
repeated tests did not make repeated retrieval more difficult, con-
trary to the idea that gradually increasing the spacing of tests
would increase retrieval difficulty on the tests. Instead, response
times grew faster across repeated tests, whereas recall performance
remained constant. The results of Experiment 1 support our theory

Table 2
Final Recall in Experiment 1

Learning condition

Retention interval

10 min 2 days

Massed (0–0–0) .47 (.06) .20 (.04)
Expanding (1–5–9) .71 (.05) .33 (.05)
Equal (5–5–5) .62 (.07) .45 (.05)
Single-immediate (1) .65 (.05) .22 (.04)
Single-delayed (5) .57 (.06) .30 (.04)

Note. Standard errors are in parentheses.
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that the important difficulty for enhancing learning is delaying an
initial retrieval attempt, rather than expanding the spacing of
repeated tests.

Experiment 2

In Experiment 2, we investigated the effects of feedback on
expanding and equally spaced retrieval practice at short and long
retention intervals. Landauer and Bjork’s (1978) theory holds that
expanding retrieval is effective because the first test in an expand-
ing schedule of retrieval practice occurs relatively soon after
studying. Expanding retrieval promotes higher levels of retrieval
success than conditions in which the first test occurs after a delay
(such as in equally spaced practice) during which forgetting can
occur. However, providing feedback after test trials would coun-
teract forgetting on the delayed first test by allowing subjects to
correct errors on repeated tests. Any benefits of increasing the
difficulty of retrieval on the delayed first test, however, should still
occur even if feedback is provided after the test. Providing feed-
back also represents what students are most likely to do if they use
a spaced retrieval technique to test themselves while they are
studying. Experiment 2 was carried out simultaneously with Ex-
periment 1 and was identical to it in all respects but one: After each
test trial during the learning phase, subjects were told whether they
were correct or incorrect and were shown the correct response.

Method

Subjects. Forty-eight Washington University undergradu-
ates, ages 18 –22 years, participated in Experiment 2 in ex-
change for course credit. None of the subjects had participated
in Experiment 1.

Design, materials, and procedure. The design and materials
were identical to those used in Experiment 1. The list of study and
test trials used in the learning phase of Experiment 2 was the same
as the one used in Experiment 1. The procedure was nearly
identical, except that subjects were given feedback about their
responses after test trials. After each test trial, the word “correct”
or “incorrect” was shown on the computer screen, and subjects
were shown the vocabulary word and its correct definition for 4 s
on the computer screen. As in Experiment 1, half of the subjects
took the final criterial test following the 10-min distracter task, and
half returned for the final criterial test 2 days later. Although
subjects were given feedback during the learning phase, they were
not given feedback about any of their responses on the final test,
consistent with the procedure used in Experiment 1.

Results

Learning phase recall. As in Experiment 1, an initial analysis
of the learning phase results showed no differences in performance
between the 10-min and 2-day groups, so the analyses performed
on the learning phase recall and response time data were collapsed
across retention interval conditions. The top portion of Table 3
shows the mean proportion of items correctly recalled during the
learning phase. Recall in the massed condition was near ceiling on
all three recall tests. As in Experiment 1, when the first test
occurred relatively immediately after studying, in the immediate-
test and expanding retrieval conditions, recall was greater than

when the first test occurred after a delay, in the delayed-test and
equally spaced conditions. The Test 1 recall scores were submitted
to a 2 (Spacing of the first test: 1 vs. 5) � 2 (Test Condition: Single
vs. Repeated Test) ANOVA. There was a main effect of spacing
the first test, F(1, 47) � 3.56, �p

2 � .07, but no effect of test
condition and no Spacing � Test Condition interaction (Fs � 1).
Thus, recall performance on the first test in Experiment 2 was
nearly identical to performance in Experiment 1, which was ex-
pected because feedback was given after the first test and should
not have affected performance on the that test. Increasing the
spacing of the first test from one to five items reduced recall on the
first test (77% vs. 72%; d � 0.26; prep � .91).

Providing feedback in Experiment 2 led to increased recall
across repeated tests in the expanding and equally spaced condi-
tions but not in the massed condition, in which performance was at
ceiling on all three tests. The repeated test scores in the expanding
and equally spaced conditions were submitted to a 2 (Spacing
Condition: Expanding vs. Equal) � 3 (Test Number: 1, 2, or 3)
ANOVA. There was no main effect of spacing condition (F � 1),
but there was a main effect of test number, F(2, 94) � 50.28,
�p

2 � .51, and a Condition � Test Number interaction, F(2, 94) �
3.01, �p

2 � .06. When feedback was given during the learning
phase in Experiment 2, recall increased across repeated tests, and,
despite differences in recall on the first test, performance in the
two spaced testing conditions converged near ceiling by the third
test.

Learning phase response times. The bottom portion of Table 3
shows the mean response times for correct recalls on each test
during the learning phase. For each condition, response times that
were 2.5 standard deviations above or below the mean were
trimmed from the analysis, eliminating 2.1% of the data. In addi-
tion, one subject who did not have at least one observation per
condition was removed from further analyses. Overall, response
times were fastest in the massed condition (as they were in Ex-
periment 1). Delaying the first test by one item led to slower
response times, relative to the massed condition, and delaying the

Table 3
Mean Recall and Mean Response Times (in Milliseconds)
During the Learning Phase in Experiment 2

Learning condition

Learning phase recall

Test 1 Test 2 Test 3

Massed (0–0–0) .98 (.01) .99 (.01) .99 (.01)
Expanding (1–5–9) .77 (.03) .87 (.03) .93 (.02)
Equal (5–5–5) .71 (.03) .89 (.02) .94 (.02)
Single-immediate (1) .77 (.03)
Single-delayed (5) .73 (.03)

Learning condition

Learning phase response times

Test 1 Test 2 Test 3

Massed (0–0–0) 2,716 (62) 2,594 (60) 2,540 (68)
Expanding (1–5–9) 3,415 (108) 3,201 (90) 2,940 (84)
Equal (5–5–5) 3,547 (117) 3,036 (89) 2,834 (72)
Single-immediate (1) 3,339 (100)
Single-delayed (5) 3,568 (104)

Note. Standard errors are in parentheses.
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first test by five items produced even slower response times,
relative to the other conditions. The Test 1 response latencies were
submitted to a 2 (Spacing of the first test: 1 vs. 5) � 2 (Test
Condition: Single vs. Repeated) ANOVA. There was a main effect
of spacing the first test, F(1, 46) � 4.51, �p

2 � .09, but no main
effect of test condition and no interaction (Fs � 1). Collapsed
across the single and repeated test conditions, increasing the delay
of the first test from one item to five items resulted in a 181-ms
slowing in response time (3,377 ms vs. 3,558 ms; prep � .93),
indicating greater retrieval difficulty when the first test was de-
layed.

Response times grew faster across repeated tests in the three
repeated test conditions. The response time data were submitted to
a 3 (Spacing Condition: Massed, Expanding, or Equal) � 3 (Test
Number: 1, 2, or 3) ANOVA. (Data from 1 additional subject, who
was missing data in one condition, were removed from this anal-
ysis.) There was a main effect of spacing condition, F(2, 90) �
42.70, �p

2 � .49; a main effect of test number, F(2, 90) � 48.58,
�p

2 � .52; and a significant Spacing � Test Number interaction,
F(4, 180) � 7.43, �p

2 � .14. Providing feedback in Experiment 2
did not change the overall pattern of response times across re-
peated tests, relative to the pattern of results obtained in Experi-
ment 1 (without feedback). Response times grew faster across
repeated tests in the massed, expanding, and equally spaced con-
ditions, indicating that retrieval grew easier across repeated tests,
not more difficult. The effect of delaying the first test on response
times on the second test, observed in Experiment 1, was again
obtained in Experiment 2. When the first test was delayed, re-
sponse times on the second test were faster than response times on
the second test following an immediate first test. In the equally
spaced condition, response times on the second test were 165 ms
faster than response times on the second test in the expanding
retrieval condition (3,036 ms vs. 3,201 ms; prep � .91). Greater
retrieval difficulty on the delayed first test led to faster response
times on the second test.

Final recall. Table 4 shows the mean proportion of items
recalled on the final retention test. Baseline performance in the
nonstudied control condition was very low (M � 0.7%; 2 subjects
produced the correct definition word for one of the vocabulary
words in the control condition). As in Experiment 1, massed
repeated testing produced the worst retention at both retention
intervals, even slightly worse than both single-test conditions.
Expanding retrieval practice led to slightly better performance than
equally spaced practice on the 10-min criterial test, although
performance in both conditions was near ceiling. However, equally

spaced retrieval practice led to better performance than expanding
retrieval on the 2-day criterial test, replicating the primary result of
Experiment 1. A 2 (Spacing Condition: Expanding vs. Equal) � 2
(Retention Interval: 10 min vs. 2 days) ANOVA revealed a main
effect of spacing condition, F(1, 46) � 2.79, �p

2 � .06; a main
effect of retention interval, F(1, 46) � 37.75, �p

2 � .45; and a
significant Spacing � Retention Interval interaction, F(1, 46) �
6.18, �p

2 � .12. Expanding retrieval practice led to a slight
advantage over equally spaced practice on the 10-min test, though
ceiling effects cloud interpretation of this result (90% vs. 87%; d �
0.24; prep � .82). However, equally spaced practice led to better
performance on the 2-day final test (60% vs. 49%; d � 0.41;
prep � .93), replicating the results of Experiment 1 and other
studies that provided feedback during the learning phase and
measured retention after a delay (e.g., Cull, 2000).

A 2 (Spacing Condition: 1 vs. 5) � 2 (Retention Interval: 10 min
vs. 2 days) ANOVA was performed on the single-test data. There
was a main effect of spacing condition, F(1, 46) � 14.13, �p

2 �
.24, and a main effect of retention interval, F(1, 46) � 29.53,
�p

2 � .39, but no Spacing � Retention Interval interaction (F �
1). In Experiment 2, when feedback was provided after the tests,
the delayed-test condition outperformed the immediate-test condi-
tion at both the 10-min (71% vs. 60%; d � 0.44; prep � .95) and
2-day (36% vs. 24%; d � 0.48; prep � .97) retention intervals.

A final analysis investigated the effects of repeated testing in the
expanding and equally spaced conditions, relative to taking a
single test. The repeated test data, collapsed across the 1–5–9 and
5–5–5 conditions, and the single-test data, collapsed across the one
and five conditions, were submitted to a 2 (Test Condition: Single
vs. Repeated) � 2 (Retention Interval: 10 min vs. 2 days)
ANOVA. There was a main effect of repeated testing, F(1, 46) �
78.93, �p

2 � .63, and a main effect of retention interval, F(1,
46) � 40.83, �p

2 � .47. No Test Condition � Interval Interaction
was observed (F � 1). The analysis confirmed that repeated testing
in the expanding and equally spaced conditions led to better
retention than taking a single test at both retention intervals.

Discussion

In Experiment 2, expanding retrieval led to a slight benefit on
the 10-min final test, although performance was near ceiling in
both conditions. However, equally spaced practice led to better
long-term retention after a 2-day delay. The single-test conditions
provided converging evidence to show that delaying the first test
led to better retention, and when feedback was given to counteract
forgetting on the test, this result was observed at both retention
intervals. Performance during the learning phase again indicated
that delaying the first test promoted long-term retention. When the
first test occurred after a brief delay, retrieval on the test was more
difficult, as evidenced by increases in response times. Further-
more, as we observed in Experiment 1, expanding the interval
between repeated tests did not make repeated retrieval more dif-
ficult, but instead response times grew faster across repeated tests.
The results of Experiment 2 provide converging evidence with
Experiment 1 and confirm our prediction that delaying an initial
retrieval attempt promotes long-term retention, especially when
feedback is given after the test to counteract forgetting that occurs
on the delayed first test.

Table 4
Final Recall in Experiment 2

Learning condition

Retention interval

10 min 2 days

Massed (0–0–0) .49 (.05) .19 (.05)
Expanding (1–5–9) .90 (.02) .49 (.06)
Equal (5–5–5) .87 (.03) .60 (.05)
Single-immediate (1) .60 (.05) .24 (.04)
Single-delayed (5) .71 (.05) .36 (.06)

Note. Standard errors are in parentheses.
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Experiment 3

Experiments 1 and 2 showed that equally spaced retrieval prac-
tice led to better performance than expanding retrieval on a de-
layed criterial test, a surprising result inconsistent with the com-
mon belief that expanding retrieval promotes long-term retention
(Bjork, 1988; Landauer & Bjork, 1978) but consistent with our
theory that delaying an initial retrieval attempt represents the
important difficulty for promoting long-term retention. The impli-
cations of Experiments 1 and 2 are that delaying the first retrieval
attempt enhances long-term retention and that the particular sched-
ule of repeated tests does not matter much. However, when ex-
panding and equally spaced schedules of retrieval practice are
compared, the position of the first test is naturally confounded with
the schedule of repeated tests. Expanding schedules of retrieval
practice involve a first test relatively immediately after studying (a
spacing of one item in Experiments 1 and 2), whereas equally
spaced schedules involve a first test after a brief delay (a spacing
of five items in Experiments 1 and 2). The purpose of Experiment
3 was to separate the effects of delaying the first test and the
schedule of repeated tests to examine whether expanding the
schedule of repeated tests is the key factor for enhancing long-term
retention (Landauer & Bjork, 1978) or whether delaying the first
test is the key, regardless of how repeated tests are spaced, as our
theory predicts.

One prior study by Carpenter and DeLosh (2005) also noted that
the position of the first test and the schedule of repeated tests are
confounded in the standard comparison of expanding and equally
spaced conditions. In one of their experiments, Carpenter and
DeLosh compared a 3–3–3 condition with a 3–5–7 condition and
thereby equated the position of the first test but varied the spacing
of the second and third initial tests. They found no difference
between the two conditions on a final recall test immediately after
the learning phase. Their result is consistent with our hypothesis
that the delay before the first retrieval attempt is crucial for
determining retention, whereas the particular schedule of repeated
tests is less critical. In Experiment 3 in the present research, we
examined our theory using more conditions than those used by
Carpenter and DeLosh and assessed performance on a final crite-
rial test at two retention intervals (10 min or 2 days).

In Experiment 3, four repeated test conditions were used to
separate the effects of spacing the first test (immediate vs. delayed)
and the effect of the schedule of repeated tests (expanding vs.
equally spaced). In two immediate test conditions, the first test
occurred after a spacing of 0 items, to maximize retrieval success
on this test. One immediate-test condition then involved three
repeated tests spaced according to an expanding schedule (0–1–
5–9), and the other immediate-test condition involved three
equally spaced repeated tests (0–5–5–5). In two delayed test
conditions, the first test occurred after a delay of five items. One
delayed-test condition then involved three expanding tests (5–1–
5–9), and the other delayed-test condition involved three equally
spaced tests (5–5–5–5). We also examined two single-test condi-
tions (a 0 condition and a 5 condition), similar to the single-test
conditions in the previous experiments. No feedback was provided
after the test trials. As in the previous experiments, half of the
subjects took a criterial test after 10 min, and half took a criterial
test 2 days later.

Method

Subjects. Fifty-six Washington University undergraduates,
ages 18–22 years, participated in Experiment 3 in exchange for
course credit. None of the subjects had participated in the previous
two experiments.

Design and materials. A 2 � 7 mixed factorial design was
used in Experiment 3. Retention interval before the final test (10
min vs. 2 days) was manipulated between-subjects, and six differ-
ent spacing conditions, plus one control condition, were manipu-
lated within-subjects. Four of the spacing conditions involved
repeated testing, in which subjects studied a vocabulary word pair
and then took four tests over the pair. Two of the repeated test
conditions involved an immediate first test, which occurred after
an initial spacing of zero items. In one immediate-test condition,
the three repeated tests (Tests 2–4) were spaced according to an
expanding schedule: The second test occurred one trial after the
first test, the third test occurred five trials after the second test, and
the fourth test occurred nine trials after the third test (0–1–5–9). In
the other immediate-test condition, Tests 2–4 were equally spaced:
Five trials occurred between each of the repeated tests (0–5–5–5).
The other two repeated test conditions involved a delayed first test,
which occurred after an initial spacing of five items. One delayed-
test condition involved an expanding schedule of repeated tests
(5–1–5–9), and the other delayed-test condition involved equally
spaced repeated tests (5–5–5–5). Two single-test conditions were
also investigated to provide converging evidence with the repeated
test conditions about the effect of delaying the first test. One
single-test condition involved an immediate test, after a spacing of
zero items, and the other single-test condition involved a delayed
test, after a spacing of five items. The vocabulary word pairs were
rotated through a nonstudied control condition, in which the word
pair was not studied during the learning phase but was tested on
the final test.

Fifty-six vocabulary word pairs were used in Experiment 3.
Four vocabulary words were added to the set of 52 words used in
Experiments 1 and 2. Forty-two of the pairs were used as exper-
imental pairs and were divided into seven sets of six pairs for
counterbalancing, and the other 14 pairs were used only as filler
items during the learning phase. For the learning phase, a list of
161 trials was created in which the six spacing conditions occurred
six times, with the constraint that the study trial for all six condi-
tions occurred before the next cycle of the six conditions began.
The mean serial positions of the study trial for each condition were
as follows: immediate-expanding (0–1–5–9) � 69.2; immediate-
equal (0–5–5–5) � 67.0; delayed-expanding (5–1–5–9) � 70.2;
delayed-equal (5–5–5–5) � 69.0; immediate-single (0) � 69.5;
delayed-single (5) � 73.2. There were two primacy and two
recency buffers in the list of trials used in Experiment 3. The seven
sets of vocabulary word pairs were rotated through the seven
conditions (the six spacing conditions plus the nonstudied control
condition), creating seven different counterbalancing orders. Four
subjects were assigned to each counterbalancing order in the
10-min final test condition, and likewise, 4 subjects were assigned
to each counterbalancing order in the 2-day final test condition.

Procedure. The procedure was identical to the one used in
Experiment 1, in which no feedback was given after test trials.
Subjects were told that the learning phase consisted of a series of
study and test trials distributed throughout the learning period.
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During study trials, subjects saw a vocabulary word with its
one-word definition printed below it on a computer screen and
were told to study the pair so that they could remember it later on.
During test trials, subjects saw a vocabulary word with a cursor
below it, and their job was to type in the correct definition word for
each vocabulary word. Subjects were not given feedback about the
accuracy of their responses after test trials. After the learning
phase, the subjects were engaged in a distracter task (playing a
video game on the computer) for 10 min. Twenty-eight of the
subjects took the final test immediately after the 10-min distracter
phase, and the other 28 subjects took the final test 2 days later. The
final test was identical to the test trials in the learning phase, in
which subjects were given the vocabulary words and were asked to
recall the definition words.

Results

Learning phase recall. An initial analysis of the learning
phase results showed no differences in performance between the
10-min and 2-day groups, so the learning phase recall and response
time results were collapsed across retention interval condition.
Table 5 shows the mean proportion of items correctly recalled on
each test during the learning phase. Recall was greater on the first
test when the test occurred immediately than when it occurred after
a delay, replicating the results of Experiments 1 and 2. The Test 1
data were submitted to a 2 (Spacing of the first test: 0 vs. 5) � 3
(Condition: Single-Test, Expanding, or Equal) ANOVA. There
was a main effect of spacing the first test, F(1, 55) � 113.92,
�p

2 � .67, but no main effect of test condition and no interaction
(Fs � 1). Increasing the delay of the first test from zero items to

five items reduced recall on that test (97% vs. 72%; d � 1.80;
prep � 1.00).

A second analysis investigated the effect of delaying the first
test on recall on the repeated tests (Tests 2, 3, and 4). An initial
analysis of the repeated test data confirmed that there were no
significant changes in recall across Tests 2–4 (F � 1), so the data
were collapsed across test number. The results were submitted to
a 2 (Spacing of the first test: 0 vs. 5) � 2 (Spacing of repeated
tests: Expanding vs. Equal) ANOVA. There was a main effect of
delaying the first test, F(1, 55) � 3.19, �p

2 � .06, and a marginal
effect of spacing condition, F(1, 55) � 2.44, �p

2 � .04, but no
interaction (F � 1). Overall, having an immediate first test led to
better recall on Tests 2, 3, and 4 than having a delayed first test
(78% vs. 74%; d � 0.21; prep � .89). In addition, performance was
slightly greater on Tests 2–4 when the tests were spaced according
to an expanding schedule, rather than equally spaced (77% vs.
74%; d � 0.16; prep � .86).

Learning phase response times. Table 5 also shows the mean
response times for correct recalls on each test during the learning
phase. For each condition, response times that were 2.5 standard
deviations above or below the mean were trimmed from the
analysis, eliminating 1.8% of the data. Two subjects did not have
at least one observation (correct recall) per condition and were
removed from further analyses. Response times were faster on the
first test when the test occurred immediately after studying, rela-
tive to when the first test occurred after a delay. The Test 1
response latencies were submitted to a 2 (Spacing of the first test:
0 vs. 5) � 3 (Test Condition: Expanding, Equal, or Single)
ANOVA. There was a main effect of spacing the first test, F(1,

Table 5
Mean Recall and Mean Response Times (in Milliseconds) During the Learning Phase in
Experiment 3

Learning condition

Learning phase recall

Test 1 Test 2 Test 3 Test 4

Immediate initial test
Expanding (0–1–5–9) .97 (.01) .81 (.02) .79 (.03) .78 (.03)
Equal (0–5–5–5) .98 (.01) .74 (.03) .77 (.03) .77 (.03)

Delayed initial test
Expanding (5–1–5–9) .73 (.03) .74 (.03) .76 (.03) .75 (.03)
Equal (5–5–5–5) .71 (.03) .73 (.03) .72 (.03) .72 (.03)

Single test conditions
Immediate (0) .96 (.01)
Delayed (5) .72 (.03)

Learning condition

Learning phase response times

Test 1 Test 2 Test 3 Test 4

Immediate initial test
Expanding (0–1–5–9) 2,459 (57) 2,839 (81) 2,712 (67) 2,729 (71)
Equal (0–5–5–5) 2,476 (53) 2,932 (77) 2,728 (76) 2,543 (64)

Delayed initial test
Expanding (5–1–5–9) 3,257 (105) 2,732 (85) 2,615 (67) 2,576 (87)
Equal (5–5–5–5) 3,260 (71) 2,721 (65) 2,540 (65) 2,547 (58)

Single test conditions
Immediate (0) 2,630 (54)
Delayed (5) 3,224 (100)

Note. Standard errors are in parentheses.
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53) � 141.79, �p
2 � .73, but no main effect of test condition (F �

1) and no interaction, F(2, 106) � 1.55. Collapsed across the
single, expanding, and equally spaced test conditions, delaying the
first test led to a 725-ms slowing in response times relative to
immediate testing (2,521 ms vs. 3,247 ms; prep � 1.00), indicating
that greater retrieval effort was required when the first test oc-
curred after a delay of five items.

Response times also grew faster across repeated tests (Tests 2,
3, and 4), replicating the pattern of results observed in Experiments
1 and 2. The results were submitted to a 2 (Spacing of the first test:
0 vs. 5) � 2 (Test Condition: Expanding vs. Equal) � 3 (Test
Number: 2, 3, or 4) ANOVA. (One additional subject, who was
missing data in one of the conditions, was removed from this
analysis.) There was a main effect of delaying the first test, F(1,
52) � 8.41, �p

2 � .14, and a main effect of test number, F(2,
104) � 13.34, �p

2 � .20, but no effect of spacing condition (F �
1). In addition, none of the interactions reached significance (Fs �
1). Overall, response times grew faster across repeated tests, re-
gardless of whether the tests were expanding or equally spaced. In
addition, delaying the first test facilitated response times on the
repeated tests, relative to when the first test occurred immediately.
Collapsed across spacing conditions (expanding vs. equally
spaced) and collapsed across repeated tests (Tests 2–4), response
times on the repeated tests were 125 ms faster when the first test
was delayed than when it occurred immediately (2,622 ms vs.
2,749 ms; prep � .98).

Final recall. Table 6 shows the mean proportion of items
recalled on the final retention test. Baseline performance in the
nonstudied control condition was very low (M � 1.2%; 4 subjects
produced the correct definition word for one of the vocabulary
words in the control condition). The differences among the four
repeated test conditions on the 10-min final test were small. A 2
(Spacing of the first test: 0 vs. 5) � 2 (Repeated Testing: Expand-
ing vs. Equal) ANOVA performed on the 10-min final test data did
not reveal a main effect of spacing the first test (F � 1), or a main
effect of the schedule of repeated tests (F � 1), or a significant
interaction, F(1, 27) � 1.18. Collapsed across the expanding and
equally spaced conditions, there was a slight advantage of the
immediate-test conditions over the delayed-test conditions, in the
same direction as the results of Experiment 1 (64% vs. 62%; d �
0.08; prep � .67). However, on the 2-day final test, the conditions
with a delayed first test (5–1–5–9 and 5–5–5–5) led to better

performance than the conditions with an immediate initial test
(0–1–5–9 and 0–5–5–5). A 2 (Spacing of the first test: 0 vs. 5) �
2 (Repeated Testing: Expanding vs. Equal) ANOVA performed on
the 2-day final test data revealed a main effect of spacing the first
test, F(1, 27) � 6.26, �p

2 � .19, but no effect of the schedule of
repeated tests and no significant interaction (Fs � 1). Collapsed
across the expanding and equally spaced conditions, the conditions
with a delayed first test led to better long-term retention than the
conditions with an immediate first test (52% vs. 44%; d � 0.35;
prep � .94), regardless of whether repeated tests were expanding or
equally spaced.

The data from the single-test conditions were submitted to a 2
(Spacing of the first test: 0 vs. 5) � 2 (Retention Interval: 10 min
vs. 2 days) ANOVA. There was a main effect of spacing the first
test, F(1, 54) � 25.59, �p

2 � .32, and a main effect of retention
interval, F(1, 54) � 4.78, �p

2 � .08, but no Spacing � Retention
Interval interaction (F � 1). At both retention intervals, the
delayed-test conditions led to better retention than the immediate-
test conditions.

A final analysis investigated the effects of repeated testing,
collapsed across the expanding and equally spaced conditions,
relative to taking a single test. Separate analyses were performed
on the 10-min and 2-day data. The 10-min results were submitted
to a 2 (Spacing of the first test: 0 vs. 5) � 2 (Test Condition: Single
vs. Repeated) ANOVA. There was a main effect of spacing the
first test, F(1, 27) � 6.59, �p

2 � .20; a main effect of repeated
testing, F(1, 27) � 29.63, �p

2 � .52; and a significant spacing of
the First Test � Repeated Test interaction, F(1, 27) � 8.63, �p

2 �
.24. Overall, the repeated test conditions led to better performance
than taking a single test, and the interaction was driven by the
difference between the immediate and delayed single-test condi-
tions favoring the former condition. A similar analysis was per-
formed on the 2-day final test results. A 2 (Spacing of the first test:
0 vs. 5) � 2 (Test Condition: Single vs. Repeated) ANOVA
revealed a main effect of spacing the first test, F(1, 27) � 21.45,
�p

2 � .44, with a delayed first test leading to better performance
than an immediate initial test, a main effect of repeated testing,
F(1, 27) � 28.11, �p

2 � .51, but a nonsignificant spacing of the
First Test � Repeated Test interaction, F(1, 27) � 2.19, �p

2 � .08.
Together, the analyses confirm that repeated testing enhanced
retention relative to taking a single test and that delaying the first
test was critical to improved performance.

Discussion

Experiment 3 separated the effects of delaying the first test from
the effects of the schedule of repeated tests, which are confounded
in typical comparisons of expanding versus equally spaced re-
trieval practice conditions. When these two factors were disentan-
gled, the results showed that delaying the first test enhanced
long-term retention on the 2-day final test, regardless of the sched-
ule of repeated tests. Performance on the tests during the learning
phase was similar to performance in the previous experiments.
Delaying the first test by five trials increased the difficulty of
retrieval on that test, as evidenced by longer response latencies on
the delayed test. As we observed in the previous experiments,
expanding the interval between repeated tests did not make re-
peated retrieval increasingly more difficult, as indexed by response
latency. Experiment 3 clearly shows that delaying an initial re-

Table 6
Final Recall in Experiment 3

Learning Condition

Retention interval

10 min 2 days

Immediate initial test
Expanding (0–1–5–9) .62 (.05) .43 (.06)
Equal (0–5–5–5) .66 (.05) .45 (.06)

Delayed initial test
Expanding (5–1–5–9) .63 (.05) .51 (.05)
Equal (5–5–5–5) .61 (.05) .52 (.05)

Single test conditions
Immediate (0) .36 (.05) .21 (.04)
Delayed (5) .52 (.06) .39 (.06)

Note. Standard errors are in parentheses.
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trieval attempt represents the important difficulty for enhancing
learning, rather than expanding the schedule of repeated tests.

General Discussion

The present experiments support our hypothesis that delaying an
initial retrieval attempt (as is done in equally spaced retrieval
practice conditions) promotes long-term retention by increasing
the difficulty of retrieval on the first test. In Experiments 1 and 2,
we found a modest short-term benefit of expanding retrieval prac-
tice over equally spaced retrieval on a retention test 10 min after
learning, replicating previous studies that used similar procedures
and short retention intervals (Cull et al., 1996; Landauer & Bjork,
1978; but see Balota et al., 2006; Carpenter & DeLosh, 2005).
However, on a final test 2 days after learning, equally spaced
retrieval produced better long-term retention than expanding re-
trieval (Cull, 2000). This pattern of results occurred with or with-
out feedback during the initial learning phase (Experiments 2 and
1, respectively). Experiment 3 showed that the positive effect of
equally spaced practice was due to having the first test after a
delay. When the spacing of the first test and the spacing of
repeated tests were factorially crossed, the results showed that
delaying the first test enhanced long-term retention, regardless of
whether repeated tests were expanding or equally spaced. Al-
though these results contradict the conventional wisdom that ex-
panding retrieval represents a superior form of retrieval practice
(Landauer & Bjork, 1978), they are consistent with the hypothesis
that delaying the first test represents a desirable difficulty for
promoting learning.

We discuss our results first in relation to previous research on
expanding and equally spaced retrieval practice. We then discuss
implications of our work for theories of the testing effect, espe-
cially the idea that retrieval difficulty promotes long-term reten-
tion. Finally, we discuss the implications of our results for memory
training procedures and for educational practices.

Relation to Prior Work on Expanding and Equally Spaced
Retrieval Practice

The present experiments examined two factors that previous
research suggested might mediate the effects of expanding and
equally spaced retrieval practice: Whether feedback was provided
after tests, and whether the final criterial test occurred after a short
retention interval (within the same session) or after a long one (in
a separate, delayed session). Regarding feedback during the learn-
ing phase, Cull et al. (1996, Experiment 5) gave subjects feedback
and found no difference between expanding and equally spaced
practice on an immediate criterial test, given a few seconds after
the learning phase. Cull (2000) also gave subjects feedback and
found a slight benefit of equally spaced practice over expanding
retrieval on criterial tests immediately after learning, and he also
observed greater benefits of equally spaced practice on criterial
tests given 3 days and 8 days later. In the present experiments, we
also found no differences between expanding and equally spaced
practice on an immediate criterial test when feedback was given
during learning, although performance was near ceiling in both
conditions. On 2-day delayed criterial tests, however, equally
spaced retrieval practice led to better performance than expanding
retrieval when feedback was given, although we also observed this

result in Experiment 1 without feedback. Providing feedback after
each test counteracted forgetting that occurred in the equally
spaced condition when the first test was delayed, allowing subjects
to correct errors and improve performance on repeated tests. In-
terestingly, providing feedback did not appear to affect the diffi-
culty of retrieval on each test, as indicated by the response time
results. Thus, the positive effects of delaying the first test in the
equally spaced condition remained intact, and feedback supplied
the added benefit of allowing subjects to correct errors on repeated
tests.

Another effect of feedback was evident in our data looking
across Experiments 1 and 2. Feedback enhanced retention in the
expanding and equally spaced conditions (cf. Table 2 to Table 4)
at both retention intervals, but in contrast feedback did not make
massed practice any more effective than it was without feedback.
Performance in the massed condition was virtually identical in the
two experiments on the 10-min test (47% vs. 49%) and on the
2-day test (20% vs. 19%). In other words, the positive effects of
feedback observed in the other conditions were neutralized when
repeated tests were massed. Seven massed study and test trials
(counting feedback trials in the feedback condition) were no more
beneficial than four massed trials (in the no feedback condition). In
fact, the data in Table 4 show that seven massed trials were worse
for long-term retention than a single delayed test followed by
feedback (19% vs. 36%; d � 0.66; prep � .98).

The second variable that mediates the effects of spaced retrieval,
the retention interval before the final test, is more surprising in
light of the widely held belief that expanding retrieval promotes
long-term retention. Of the previous studies comparing expanding
and equally spaced practice, only Cull (2000) investigated effects
on a delayed final test in two of his experiments, and in both
experiments he found positive effects of equally spaced retrieval
over expanding retrieval. We obtained the same result in Experi-
ments 1 and 2: Equally spaced practice led to better performance
than expanding retrieval on a delayed criterial test. In Experiment
3, we separated the effects of spacing the first test and the schedule
of repeated tests, which are confounded in typical comparisons of
expanding and equally spaced retrieval practice. The present re-
sults go beyond prior research and show that delaying the first test
is responsible for the positive effects of equally spaced practice on
long-term retention, regardless of the schedule of repeated tests.

In our experiments, we used a rather limited range of possible
spacing schedules, although this criticism could be levied against
previous research as well. Logan and Balota (in press) recently
compared several equally spaced and expanding schedules of
retrieval practice (for example, 1–2–3 vs. 2–2–2; 1–3–5 vs. 3–3–3;
1–3–8 vs. 4–4–4) and also tested both younger and older adults.
Importantly, Logan and Balota gave subjects a final criterial test
either immediately after the learning phase or after a 24-hr delay.
They found that expanding retrieval led to better performance
during the learning phase than equally spaced retrieval practice,
but this initial benefit was lost on a final test given at the end of the
learning phase (although older adults showed a slight benefit from
expanding retrieval). However, on the final test given 24 hr later,
equally spaced retrieval produced better long-term retention than
expanding retrieval for both younger and older adults. Our results
agree with Logan and Balota’s showing that equally spaced re-
trieval practice leads to better long-term retention than expanding
retrieval.
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Most prior research has not examined differences between ex-
panding and equally spaced retrieval practice by analyzing perfor-
mance during the learning phase. Landauer and Bjork’s (1978)
theory is that expanding retrieval practice promotes retention be-
cause retrieval success is high on an immediate first test, and
expanding the interval between repeated tests increases the re-
trieval difficulty involved in those tests. In the present experi-
ments, although success was high when the first test occurred
immediately after studying (spacing of zero or one trials), we
found no evidence that gradually expanding the spacing of re-
peated tests made retrieval more difficult on those tests. Instead,
response times grew faster across repeated tests in the expanding
and equally spaced conditions, indicating that retrieval grew in-
creasingly easy across repeated tests. Logan and Balota (in press)
also examined response latencies during the learning phase and
obtained similar results: Response times grew faster across re-
peated tests in the expanding and equally spaced practice condi-
tions. Furthermore, when the position of the first test was equated
and the repeated tests were expanding or equal in Experiment 3
(e.g., comparing 0–1–5–9 with 0–5–5–5) we found no differences
in response times across the expanding and equal tests (Tests 2–4).
This pattern of results contradicts the assumption that retrieval
becomes increasingly more difficult across repeated tests under
expanding retrieval practice conditions.

In sum, the evidence is mixed regarding the effect of expanding
versus equally spaced retrieval practice at short retention intervals,
with approximately half of the existing experiments showing an
advantage of expanding over equal spacing (e.g., Cull et al., 1996;
Landauer & Bjork, 1978; our present results) and half showing no
effect or an opposite advantage of equally spaced practice (Balota
et al., 2006; Carpenter & DeLosh, 2005; Cull, 2000). In contrast,
all previous experiments examining long-term retention on a de-
layed criterial test have showed benefits of equally spaced retrieval
practice over expanding retrieval (Cull, 2000; Logan & Balota, in
press; our present results). We know of no existing study using a
continuous paired associate learning task (following Landauer &
Bjork, 1978) that has shown that expanding retrieval produces
greater long-term retention (after delays greater than 24 hr) than
equally spaced practice.

Retrieval Difficulty and the Testing Effect

The finding that increasing retrieval difficulty on an initial test
promotes learning is consistent with other prior research showing
that increasing processing difficulty improves later retention (for
reviews, see Bjork, 1999; McDaniel & Einstein, 2005; Roediger &
Karpicke, 2006a). For example, prior research has shown that
difficult retrieval is positively correlated with retention on a later
criterial test. Gardiner et al. (1973) had subjects answer general
knowledge questions and measured the amount of time it took
them to answer each question. When subjects took longer to
answer the questions, indicating that retrieving the answer was
difficult, final free recall of the answers was greater for the more
difficult questions than for questions that took shorter times to
answer, indicating easier retrieval (see too Benjamin et al., 1998).

The study by Gardiner et al. (1973) relied on the inherent
difficulty of questions in determining retrieval difficulty. Other
research has experimentally manipulated the degree of retrieval
difficulty on an initial test and found positive effects. For example,

Whitten and Bjork (1977) varied the amount of time subjects spent
performing a Brown–Peterson distracter task between when they
studied a word pair and when they attempted recall on a first test.
They found that when subjects spent longer amounts of time
performing the distracter task before initial retrieval, thereby in-
creasing retrieval difficulty, final recall of the word pairs was
greater than when subjects spent a shorter amount of time per-
forming the distracter task (see also Bjork & Allen, 1970; Modigli-
ani, 1976). Jacoby (1978) manipulated the difficulty of a first test
by having either 0 or 20 intervening items occur between a study
trial and a test trial, using a continuous paired associate task. He
ensured relatively high retrieval success on the test by giving
subjects a fragment of the target word as an additional retrieval cue
on the test. On a final criterial test, Jacoby showed a large benefit
of spacing the first test and argued that effortful processing on the
delayed test was responsible for the effect.

One idea about why an immediate first test does not promote
long-term retention is that when a test trial occurs shortly after a
study trial, the item is recalled from primary memory, and prior
research has shown that recall from primary memory does not
translate into long-term retention. For example, when subjects
study a list of items and then recall them in any order on an
immediate test, subjects recall items at the end of the list better
than items from the middle of the list, and this recency effect in
single-trial free recall is thought to reflect recall from primary
memory. However, if subjects are given a final free recall test after
a delay (e.g., at the end of the experimental session), performance
shows a negative recency effect, and items from the end of the list
are recalled worse than items from the middle of the list (see Bjork,
1975; Craik, 1970; Madigan & McCabe, 1971). The negative
recency effect shows that recalling items from primary memory
does not enhance long-term retention.

Another idea about why an immediate first test does not enhance
retention has been discussed by Balota et al. (2006, 2007). They
noted that when the first test occurs immediately in an expanding
schedule of retrieval practice, it is essentially a massed repetition,
and the immediate test may be ineffective for promoting long-term
retention for the same reasons that massed repetition leads to poor
retention. Our experiments clearly showed that massed retrieval
practice leads to poor long-term retention, even worse than a single
delayed test followed by feedback (in Experiment 2). Balota et al.
have explained the positive effect of equally spaced retrieval
practice in terms of encoding variability (Bower, 1972; Estes,
1955; Martin, 1968; see too Crowder, 1976, chapter 9). Briefly, the
encoding variability explanation assumes that performance on a
memory test depends on the overlap between contextual elements
at study and at test. When a first test occurs immediately after
study, there has been little time for contextual elements to fluctuate
between the study trial and the test trial, and performance will be
high when short-term retention is assessed on final test relatively
immediately after learning. However, when a first test occurs after
a delay, contextual variability will increase because contextual
elements will fluctuate between study and test. When long-term
retention is assessed after a delay, presumably after contextual
elements have fluctuated to an even greater extent, performance
will be best in the delayed-test condition because the likelihood
that contextual elements during learning will overlap with contex-
tual elements on the final test will be greatest in this condition.
Thus, delaying a first test enhances contextual variability on the
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test, thereby promoting long-term retention (see Balota et al.,
2007).

Other explanations of the testing effect have emphasized the
role of retrieval processes in producing the effect (see Roediger &
Karpicke, 2006a). A broad explanation of the testing effect is
based on the idea that tests enhance learning when they require
greater depth of retrieval, an idea similar to the notion of depth of
processing at encoding (Craik & Tulving, 1975). According to this
account, tests enhance long-term retention when they promote
effortful retrieval. Evidence for the effortful retrieval explanation
of the testing effect comes from studies that have investigated the
effects of different test formats (recall vs. recognition) on later
retention. The results of several experiments show that the testing
effect is greater when an initial test involves recall, or production
of information, than when it involves recognition, or identification,
presumably because recall involves more effortful retrieval than
recognition (see Butler & Roediger, in press; Carpenter & DeLosh,
2006; Glover, 1989; Kang, McDermott, & Roediger, in press;
McDaniel, Anderson, Derbish, & Morrisette, in press). Delaying
an initial test also increases the effortful retrieval involved on the
test. Our analyses of performance during the learning phase
showed that response times were slower when the first test oc-
curred after a brief delay, indicating that delaying the test made
retrieval more effortful. Thus, just as recall tests produce bigger
testing effects by promoting effortful retrieval, delaying an initial
retrieval attempt may also enhance retention by effortful retrieval.

Implications for Memory Training and for Enhancing
Student Learning

Expanding retrieval has been advocated as a memory enhance-
ment technique for older adults and memory-impaired populations,
such as individuals with DAT (Camp, 2006). The technique is
thought to be effective for these populations because it ensures
retrieval success on an initial test and gradually shapes production
of the desired response at increasingly longer intervals, with the
goal of promoting long-term retention. Camp and his colleagues
(Camp, 2006; Camp et al., 2000) have suggested that expanding
retrieval might be effective because it promotes errorless learning,
a method aimed at reducing or eliminating the production of errors
during learning that was originally developed to train animals in
discrimination learning tasks (Deutsch & Terrace, 1967; Karpicke
& Hearst, 1975; Terrace, 1963, 1966). Wilson, Baddeley, Evans,
and Sheil (1994) have argued that errorless learning is especially
important in training programs for individuals with memory im-
pairments. Our results have only indirect implications for such
programs, but they suggest that conditions that produce the fewest
errors during learning (like massed practice in Experiments 1 and
2) can lead to very poor long-term retention. Delaying an initial
test, thereby making an initial retrieval attempt more difficult,
leads to more errors on the test but also produces the biggest gains
in long-term retention, especially when feedback is given to cor-
rect errors committed on the delayed first test (see too Pashler et
al., 2003). We think that comparison of specific schedules of
spaced practice may be important for determining which memory
training techniques are most effective, and on the basis of our
results, equally spaced practice appears to be more effective than
expanding retrieval. Given the implications of spaced retrieval for
memory training practices, it is surprising that there have not been

more systematic investigations of different schedules of spaced
retrieval practice (see Balota et al., 2007).

The present results are perhaps more directly relevant to student
learning and educational practices, because we tested college stu-
dents using educationally relevant materials in a task similar to
what students might do when they are studying (in this case, to
improve their vocabulary before taking the GRE). Some authors
have argued that students should implement expanding retrieval
practice to enhance their learning (Cull et al., 1996; Rea &
Modigliani, 1985), but our results clearly show that equally spaced
retrieval leads to better long-term retention than expanding re-
trieval when conditions typical of prior research are compared
(Experiments 1 and 2). Furthermore, when the position of the first
test and the spacing of repeated tests were factorially crossed in
Experiment 3, delaying the first retrieval attempt enhanced reten-
tion regardless of whether repeated tests were expanding or
equally spaced. Instructors may wish to advocate expanding re-
trieval practice because it often promotes recall success during
learning because of the initial retrieval attempt soon after studying.
However, our results indicate that this feature of expanding re-
trieval, a relatively immediate first test, is exactly what renders the
technique less effective than equally spaced practice. Furthermore,
if students self-test on their own, they will likely give themselves
feedback after each test, and feedback will counteract any forget-
ting that would occur when the first retrieval attempt is delayed
and unsuccessful.

In addition to the fact that expanding retrieval produced inferior
long-term retention relative to equally spaced retrieval practice,
one other drawback to expanding retrieval is worth noting: We
found that constructing sequences of trials that conformed to
expanding spacing schedules was a tedious and often frustrating
task. It may be much easier for students simply to space their initial
retrieval attempt, thereby making initial retrieval more difficult,
and then repeatedly test themselves, though the particular schedule
of repeated tests does not matter much.

We hasten to add, however, that delaying a first test may not
benefit learning when the delay is too long. When a first test occurs
a long time after learning, and performance on the test is poor,
delayed testing clearly would not confer as much benefit as testing
more immediately after learning. Delaying a first test also may not
benefit learning of more complex prose materials, as opposed to
paired associate materials used in the present experiments and
nearly all prior research on expanding retrieval. For example, in a
classic study of the testing effect, Spitzer (1939) had students read
prose passages and then gave them multiple-choice tests after
varying delays. He found that testing immediately after studying
prevented forgetting on the test and promoted performance on later
repeated tests. In another experiment using prose materials, we
also found that taking a free recall test relatively immediately after
studying a passage promoted long-term retention more than having
the first test occur after a short 10-min delay (Karpicke & Roedi-
ger, 2006). Presumably, when subjects recall material from a prose
passage, little or none of their performance reflects recall from
primary memory; thus, the test may be inherently difficult enough
to facilitate learning and need not be delayed to make it more
difficult. However, in our study and in Spitzer’s, students were not
given feedback after the tests. If students receive feedback after
tests, as they would if they were testing themselves and spacing
their practice over several days in preparation for an upcoming
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exam, then a delayed first test might benefit learning more than an
immediate test, despite poorer performance on the delayed test (see
too Pashler et al., 2003). The issue of what the optimal delay
should be before a first retrieval attempt to promote learning of
different types of materials awaits future research.

Conclusion

Practicing retrieval is a powerful way to enhance learning and
retention. However, the present results indicate that expanding
retrieval, a popular method of implementing retrieval practice,
may not be the most effective spacing technique for improving
long-term retention. Instead, equally spaced practice leads to better
long-term retention because the condition involves a first test after
a brief delay, and the greater effort involved in the initial test
enhances later retention. We believe our results are in line with
Bjork’s (1994, 1999) concept of creating desirable difficulties to
enhance learning. However, equally spaced retrieval practice cre-
ates a desirable difficulty that enhances learning more than ex-
panding retrieval practice. The important difficulty for promoting
long-term retention is a delayed initial retrieval attempt, not ex-
panding the interval between repeated tests.
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