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Abstract
Although substantial evidence indicates that spacing repeated study events with intervening material generally enhances memory
performance relative to massing study events, the mechanism underlying this benefit is less clear. Two experiments examined the
role of reminding difficulty during the acquisition of material in modulating final memory performance for spaced repetitions
utilizing recognition (Experiment 1) and recall tests (Experiment 2). Specifically, participants studied a list of words presented one or
two times separated by one or five items. On each trial participants reported whether the item had been previously presented (i.e.,
repetition detection judgment), and the response latency served as a proxy for reminding difficulty such that longer response
latencies reflected more difficult reminding. A third experiment extended this paradigm with the inclusion of a massed condition
and novel lag conditions (three and ten items). Results revealed significant lag effects in final test performance across experiments
despite comparable repetition detection difficulty between lag conditions during acquisition. Moreover, results from within-
participant point-biserial analyses and mediation analyses converged on overall performance measures in suggesting that repetition
detection difficulty failed to modulate final test performance in the current paradigm. Discussion considers the implications of the
current results for mechanisms proposed to underlie the benefits of spaced study and spaced retrieval practice.
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Introduction

Substantial evidence indicates that material repeatedly studied
with intervening time or other study material is typically re-
membered better on a later memory test than material repeat-
edly studied in massed fashion (i.e., the spacing effect;
Ebbinghaus, 1885). Moreover, research suggests that the func-
tion relating the precise spacing interval (i.e., lag) between rep-
etitions of an item and memory performance is an inverted U-
shape. Specifically, final test performance initially increases as
the lag between repetitions of an item increases, but at a certain
point, continued increases in lag result in reduced performance
(Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006). Lag and spac-
ing effects are ubiquitous and have consequently been the

subject of numerous reviews (e.g., Crowder, 1976; Delaney,
Verkoeijen, & Spirgel, 2010; Dempster, 1996; Maddox,
2016). However, the underlying mechanism for the benefit of
spaced study is still somewhat unclear.

The current study examined one leading explanation for
spacing and lag effects that combines a reminding process
(e.g., Hintzman, 2004, 2010) with the concept of desirable dif-
ficulty (Bjork, 1994) to explain the inverted U-shape function
of lag effects (e.g., the reminding account from Benjamin &
Tullis, 2010). Critically, each of the two constituent mecha-
nisms included in Benjamin and Tullis’ reminding account
has been useful in explaining cognitive phenomena beyond
the lag effect. For example, the desirable difficulty account
(Bjork, 1994) suggests that more effortful processing during
the acquisition of information yields enhanced memory relative
to items that require less effortful processing and has been use-
ful in considering the benefits of the testing effect (e.g.,
Roediger & Karpicke, 2006; Soderstrom, Kerr, & Bjork,
2016) and the generation effect (Slamecka & Graf, 1978).
The reminding account (Hintzman, 2004, 2010) suggests that
studied items have the propensity to trigger retrieval of earlier
instances of the same or related items. Past research indicates
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that items with successful reminding events are better remem-
bered on final memory tests than repeated items for which
reminding was not successful (e.g., Jacoby, 1974; Wahlheim,
Maddox & Jacoby, 2014). Moreover, evidence suggests that
reminding may help explain how individuals judge the number
of times an item was encountered during the learning phase of
an experiment (e.g., Hintzman, 2004), report the order in which
two different items appeared (Hintzman, 2010; Jacoby,
Wahlheim, & Yonelinas, 2013), and discriminate the study list
in which an item was presented (e.g., Jacoby & Wahlheim,
2013). Thus, the current study aimed to examine the utility of
the reminding mechanism incorporating desirable difficulty in
accounting for the lag effect while potentially providing greater
insight into how these separate mechanisms may operate be-
yond the current phenomenon of interest. To address this aim,
we first review the reminding mechanism broadly before con-
sidering the additional contribution of desirable difficulties to
explaining the lag effect.

Repetition detection and reminding

One precursor to the reminding account originally proposed to
explain the benefit of spaced versus massed study was formal-
ized by Thios and D’Agostino (1976) in the form of the study-
phase retrieval account. This account suggested that the benefit
of spaced versus massed study would only be observed if the
item was detected as having previously been studied when
presented a second time during acquisition. In support of this
account, Madigan (1969; see also Hintzman, Summers, &
Block, 1975) asked participants to learn a series of words pre-
sented either one or two times, complete a recall test, and then
provide frequency judgments for each recalled word (i.e., report
the number of times each recalled item was presented during
the acquisition). Notably, Madigan only observed a spacing
effect for items that were correctly reported as having been
repeatedly studied during acquisition. No spacing effect was
observed for repeated items reported as having been studied
only one time. Similar results have been observed when unique
items belonging to the same semantic category are presented
during acquisition (e.g., orange and apple; Jacoby, 1974) such
that the benefit of spaced study is obtained when participants
detect the repetition of the category across items. Thus, evi-
dence suggests that detecting repetitions and relationships be-
tween similar items might be critical for obtaining the benefit of
spaced versus massed study. Nonetheless, it is important to note
that simply detecting the repetition of an item cannot account
for spacing and lag effects. Specifically, study-phase retrieval
should be most successful for massed items, and the probability
of successful study-phase retrieval should decrease as the lag
between repetitions increases. Thus, the function relating lag to
memory performance is predicted to decrease monotonically,
which should in turn yield better memory for massed over
spaced items. To address this shortcoming, recent theories have

posited a role for additional mechanisms to be combined with a
reminding mechanism so that the joint influence of reminding
and other mechanisms (e.g., desirable difficulties; Bjork, 1994)
yields the nonmonotonic function of the lag effect.

Reminding and the role of desirable difficulty

To address the otherwise monotonically decreasing function
relating lag to final test performance predicted by the study-
phase retrieval mechanism, Benjamin and Tullis (2010; see
also Tullis, Benjamin, & Ross, 2014) offered an alternative
account that combined Hintzman’s (2004) reminding mecha-
nism with Bjork’s (1994) desirable difficulty account. In his
account, Bjork proposed that the effort involved in successfully
retrieving information from memory during acquisition serves
to modulate subsequent storage and retrieval of that informa-
tion. For example, assume that one is trying to remember and
then successfully retrieve two different past events. The event
that requiresmore effort for successful retrieval will be strength-
ened in memory to a greater extent than the event that requires
relatively less effort. In the context of spacing and lag effects,
reminding or retrieval of an item’s first presentation should
become increasingly difficult as the lag between repetitions
increases. When considered separately, the desirable difficulty
account predicts that the function relating lag and memory will
increase monotonically. To yield the inverted U-shape function
relating lag to memory typically observed (e.g., Cepeda et al.,
2006), consider the way in which these mechanisms may oper-
ate concurrently. As the lag between repetitions increases, the
effort involved in the reminding or retrieval of an item’s original
presentation will increase, which in turn will produce the in-
creasing portion of the inverted U-shape function.
Simultaneously, as the lag between repetitions increases, the
probability of successful reminding will decrease, which will
produce the decreasing portion of the inverted U-shape func-
tion. Thus, memory performance will increase as lag increases
until the point at which reminding fails, after which the benefit
of spaced study will not be obtained, producing the inverted U-
shape function. Critically, the desirable difficulty hypothesis
does not identify the dimensions of difficulty throughout the
learning process that are critical for promoting effective learn-
ing. Specifically, desirable difficulties during the learning pro-
cess should lead learners to use “more elaborate encoding pro-
cesses and more substantial and varied retrieval processes”
(Bjork, 1994; p 192), which stands in contrast with experiences
of difficulty that do not yield such a change. As originally
proposed, the desirable difficulty hypothesis provided examples
of encoding manipulations that introduce difficulty (e.g., spac-
ing, retrieval practice) but did not provide an explicit way of
manipulating difficulty during the learning process to produce
optimal difficulty. Thus, subsequent research has attempted to
operationalize difficulty in a way in which the hypothesis can
be evaluated.
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Two ways of operationally defining difficulty that have
been most explored include acquisition accuracy and re-
sponse latency to detect repetitions. The obvious choice
for a measure of difficulty is learning phase accuracy. To
the extent that study-phase retrieval or reminding occurs
successfully, one can infer that various lag conditions are
differentially difficult. As Jacoby (1974) noted, one must
be concerned with differences in item difficulty that con-
found condition difficulty. In other words, reminding or
study-phase retrieval will be less successful for more dif-
ficult items regardless of the learning condition, and in
turn, any differences in long-term memory observed be-
tween different lags or spacing conditions may simply re-
flect differences in item difficulty. Importantly, Jacoby’s
paradigm utilized a category recognition structure in which
the reminding judgment was whether the item currently
being studied (e.g., cherry) belonged to the same semantic
category as the immediately preceding item (e.g., apple; a
one-back condition) or any previously studied item (n-back
condition). Results were not contaminated by item difficul-
ty effects but nonetheless revealed a role for reminding
difficulty as indexed by accuracy. In addition to acquisition
phase accuracy to detect repetitions, which may not always
provide the most sensitive indicator of learning difficulty,
researchers have considered response latency for detecting
repetitions as another proxy. Indeed, several notable stud-
ies have considered response latency for the detection of
repetitions or for the retrieval of a previously studied item
as an index of desirable difficulty (e.g., Glover, 1989;
Karpicke & Roediger, 2007; Logan & Balota, 2008;
Maddox & Balota, 2015; Pyc & Rawson, 2009).
Critically, response latency has typically been confounded
with lag in previous studies, so it is unclear to what extent
memory improvement for the long lag, more difficult re-
trieval conditions can be attributed to the desirable diffi-
culty account (Bjork, 1994) versus an alternative account
of the spacing effect (e.g., encoding variability; see
Glenberg, 1979; Delaney et al., 2010; and Maddox, 2016
for reviews). The current study was designed to assess the
unique contributions of response latency during the acqui-
sition of repeated study items as a proxy for retrieval dif-
ficulty above and beyond the contribution of other theoret-
ical mechanisms proposed to underlie the spacing and lag
effects. In this way we attempted to extend on previous
research by operationally defining difficulty during the ac-
quisition of material in order to explicitly predict (and sub-
sequently test) this mechanism’s effect on long-term
memory.

Current study

The reminding account posited by Benjamin and Tullis
(2010) incorporates a reminding mechanism (e.g.,

Hintzman 2004) and Bjork’s (1994) desirable difficulty
account to explain the non-monotonic function relating
lag to final test performance. Past studies have often as-
sumed that longer lags lead to more difficult reminding,
but as has been previously noted (e.g., Maddox & Balota,
2015), this does not necessarily have to be true. For ex-
ample, two lags that fall within the working memory ca-
pacity of the targeted population may not differ meaning-
fully in difficulty. In this situation, one would not expect a
difference in performance despite differences in lag
conditions.

Although reminding has typically been regarded as an
automatic process, evidence has shown that reminding
can be brought under conscious control (e.g., Wahlheim
et al., 2014). To more fully examine differences in con-
trolled reminding difficulty between lag conditions, par-
ticipants in the current study completed a continuous rec-
ognition task in which they studied a list of items pre-
sented either one or two times. Thus, the continuous
recognition response served as a repetition detection
judgment on each trial (i.e., participants indicated wheth-
er the item was being presented for the first or second
time), and, in turn, the continuous recognition task was
used as a proxy for explicit reminding. Items were sepa-
rated by various lags, and repetition detection response
latencies on repetition trials during acquisition served as
a proxy for reminding retrieval difficulty (c.f., Karpicke
& Roediger, 2007; Logan & Balota, 2008; Maddox &
Balota, 2015; Pyc & Rawson, 2009). The use of repeti-
tion detection response latency as a proxy for desirable
difficulty yields two predictions that will be examined in
the current experiments. These predictions are made with
the assumption that the reminding difficulty account is
the sole explanation of spacing and lag effects as a
means for providing a strong test of this mechanism.
However, as has been previously noted (see Delaney
et al., 2010; Greene, 1989; Maddox, 2016), it is likely
that the magnitude of the spacing effect is influenced by
contributions from multiple mechanisms (e.g., the
deficient processing account, Greeno, 1967; Rundus,
1971) even if those individual mechanisms cannot fully
account for the consistent findings observed in the spac-
ing effect literature. The first prediction states that in the
absence of differences in difficulty across lag conditions
during acquisition, no lag effect should be observed in
the final test performance. It is only when lag conditions
differ in difficulty during the acquisition of material that
lag should influence subsequent memory performance.
The second prediction states that at an item level, one
should observe an increase in final test performance as
response latency for items correctly detected as repeti-
tions during acquisition increases regardless of the lag
separating repetitions.
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Experiment 1

Method

Participants and design Forty-four Rhodes College under-
graduate students1 received partial course credit for their par-
ticipation. A single factor within-participants design was used
in which the lag between repetitions of an itemwas one or five
intervening items (Lag 1 vs. Lag 5, respectively).

Materials A continuous recognition task was used for the ac-
quisition phase of the memory task. Sixty words were selected
as critical stimuli and were divided into two sets that were
counterbalanced across lag conditions. Stimuli were statisti-
cally equated across sets for word length and frequency
(Balota et al., 2007; ps > .20). An additional set of 18 words
served as once-presented filler items, and the lexical charac-
teristics of these items were statistically equivalent to the char-
acteristics of the critical items, ps >.15. Filler items were in-
cluded to ensure that average serial position across lag condi-
tions was equated in terms of first and second presentations
(ps >.55). Thus, there was no confound in average retention
interval across lag conditions. In total, the acquisition phase
included 142 trials consisting of 120 trials for the critical con-
ditions, 18 once-presented filler trials, and four trials that were
equally split between primacy and recency buffer items.
Finally, 78 additional items were selected as recognition test
lures from the same database. These items shared similar lex-
ical characteristics to the target items previously studied dur-
ing acquisition (ps > .50).

Procedure Participants were instructed to study a list of words
for a final recognition test and that some items would be pre-
sented once and other items would be presented twice. Items
were presented at a 4.5-s rate, and on each trial participants
indicated via key press as quickly and accurately as possible
whether or not they had previously studied the item. They
used the remaining time to study the item for the final test.
Following acquisition, participants completed a demographics

questionnaire (approximately 1 min). Participants then com-
pleted a final recognition test in which items were presented
individually on the screen until an “old” or “new” response
was entered by the participant.

Results

Acquisition Phase Repetition Detection Accuracy Proportion
correct for repetition detection judgments is presented in the
top panel of Table 1 as a function of presentation and lag.
There are three observations to note in this table. First, accu-
racy was comparable across lag conditions. Second, repetition
detection accuracy was higher on an item’s second presenta-
tion compared to its first presentation. Third, the increased
accuracy observed on an item’s second presentation was sim-
ilar across lag conditions. These observations were supported
by results of a 2 (Presentation: 1st vs. 2nd) x 2 (Lag: 1 vs. 5)
within-participants ANOVA. Results revealed a main effect of
presentation, F(1, 43) = 9.56, p = .003, η2p = .18, reflecting
more accurate judgments on an item’s second presentation (M
= .91) than on its first presentation (M = .88). There was no
effect of lag (p > .55) or interaction between factors (p > .10),
suggesting that the difficulty of repetition detection was sim-
ilar across lag conditions. To further substantiate the claim that
repetition detection difficulty was similar across lag condi-
tions and to examine the repetition event in isolation, propor-
tion correct repetition detection for the second presentation
was submitted to a t test which failed to reveal a significant
difference, t(43) = .75, p = .460. These results suggest that the
selected lag conditions yielded comparably difficult repetition
detection events.

Acquisition phase repetition detection response latency
Mean response latency for correct repetition detection judg-
ments is presented in the middle panel of Table 1 as a function
of presentation and lag. Outliers (response latencies < 200 ms)
and trials without a participant response were removed from
further analysis. Additionally, response latencies for correct
trials were subsequently standardized within participants to
account for interindividual differences in processing speed
(see Faust, Balota, Spieler, & Ferraro, 1999). Specifically, an
overall mean and standard deviation were calculated for each
participant, and raw response latencies were converted to z
scores by taking each raw response latency and subtracting
the participant’s mean response latency and then dividing by
the participant’s standard deviation. Outliers defined as stan-
dardized response latencies exceeding three standard devia-
tions from the mean were removed from further analysis.
Due to the skew of reaction time distributions, disproportion-
ately more positive z scores were removed compared to neg-
ative z scores. Mean standardized response latency for correct
repetition detection judgments is presented in the bottom pan-
el of Table 1 as a function of presentation and lag. There are

1 Given the novelty of the current paradigm, the predicted effect size in acqui-
sition phase response latency between Lags 1 and 5 was unclear. Nonetheless
previous studies indicate that longer lags are often associated with longer
retrieval times (e.g., Karpicke & Roediger, 2007; Pyc & Rawson, 2009).
Moreover, a reversed lag effect in acquisition accuracy is generally large in
size when using a spaced retrieval paradigm (i.e., retrieval after shorter lags is
easier than longer lags; see Balota, Duchek & Logan, 2007 for a review).
Additionally, Karpicke and Roediger (2007) utilized a Lag 1 vs. Lag 5 com-
parison with 48 participants and reported a difference in response latencies
with prep = .90. , Our method utilized an encoding duration (4.5 s) nearly half
of the duration (8 s) used by Karpicke and Roediger, which in turn should
disproportionately impact continuous repetition detection judgments for Lag 5
items. Although we would expect the current sample size to provide sufficient
statistical power for detecting a true effect, we report mediation analyses as a
means of addressing concerns with the moderate sample size and analysis of
response latencies (e.g., Fritz, Taylor, & MacKinnon, 2012; Kenny & Judd,
2013; MacKinnon, Lockwood, & Williams, 2004; Preacher, & Hayes, 2004).
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three observations to note. First, repetition detection response
latency was quicker on an item’s second presentation than on
its first. Second, repetition detection response latency was
similar across lag conditions. Third, the difference in response
latencies across presentations was comparable across lag con-
ditions. These three observations were supported by the re-
sults of a 2 (Presentation) × 2 (Lag) within-participants
ANOVA. Results revealed a main effect of presentation,
F(1, 43) = 21.44, p < .001, η2p = .336, which reflected faster
responding to an item’s second presentation (M = -.19) than its
first presentation (M = .01). There was no effect of lag, (F(1,
43) = .96, p > .33). However, the Presentation × Lag interac-
tion was marginally significant, F(1, 43) = 3.74, p = .060, η2p
= .08. Although the difference between lag conditions was
larger on the second presentation (Mdiff = .07) than on the first
presentation (Mdiff = .03), follow-up t tests failed to reveal any
significant differences (ps > .05), suggesting comparable dif-
ficulty across conditions on both presentations. Importantly,
analysis of unstandardized (i.e., raw) response latencies
yielded the same pattern of results such that there was a main
effect of presentation, F(1, 43) = 15.23, p < .001, η2p = .26, no
effect of lag, p > .67, and no interaction, p > .17. A follow-up t
test failed to yield a significant difference in response latency
across lag conditions on the second presentation, p > .20.

Final recognition accuracy Final test accuracy was examined
three ways. First, we analyzed overall performance. Based on
the predictions discussed in the Introduction, the lack of dif-
ference in repetition detection difficulty observed in acquisi-
tion accuracy and response latency suggests that there should
be a null lag effect in final test performance (d’) for items that
were successfully identified as repeated items on their second
presentation during the acquisition phase. Second, the rela-
tionship between acquisition phase response latency and final
test hit rate was examined across all items and for each lag
condition separately to further assess the desirable difficulty

account. Third, we utilized a mediation analysis to examine
the possible role of repetition detection difficulty (i.e., re-
sponse latency) in modulating the effect of lag on final test
performance.

d’ Final test hit rates for Lag 1 and Lag 5 (M = .84, SEM = .02
andM = .88, SEM = .02, respectively) and the false alarm rate
(M = .16; SEM = .02) were used to calculate the signal detec-
tion measure d’. Overall accuracy (d’) was submitted to a
paired t test, which revealed a significant effect of lag, t(43)
= 3.15, p = .003, d = .47, reflecting the typical benefit in
memory for items separated by a long (M = 2.48) versus a
short lag (M = 2.26). Given that these two lag conditions
produced comparable levels of repetition detection difficulty
during the acquisition phase, one would not have predicted a
lag effect in final test performance according to assumptions
of the desirable difficulty account (Bjork, 1994).

Response latency correlations To further examine the effect of
repetition detection difficulty on final test performance, point-
biserial correlations were calculated for each participant
across lag conditions and within each lag condition.
Specifically, standardized response latency on an item’s sec-
ond presentation when correctly recognized as a repetition
was correlated with final test recognition accuracy (i.e., suc-
cess vs. failure). When collapsed across lag conditions, the
mean point-biserial correlation (M correlation = -.06) across
participants2 differed significantly from zero, t(42) = 2.13, p =
.040, d = .32. Although not significant, this same pattern was
observed for Lag 1 items (M = -.05, p = .19) and Lag 5 items
(M = -.06, p = .11). These results suggest that response latency
(i.e., retrieval difficulty) played a minimal role in modulating
final test performance in the current paradigm. Interestingly,
when there was a significant relationship, it functioned in the
opposite direction predicted by the desirable difficulty account
such that more easily retrieved items were better remembered
than more difficult-to-retrieve items.

Mediation analysis The current and subsequent mediation
analyses were conducted using the MEMORE macro in
SPSS (Montoya & Hayes, 2017) in which the direct effect
of lag on final recognition accuracy was examined, with first
and second presentation standardized response latency for
repetition detection judgments serving as potential mediators.
Consistent with the previous analysis of d’, results from the
mediation analysis revealed a direct effect of lag on final
memory performance, t(39) = 2.46, p = .019, d = .39. More
important for the question of interest was the estimated boot-
strap confidence intervals (based on 5,000 bootstrap samples)
for each of the two potential response latency mediators. The

2 One participant was removed from the analysis due to a lack of variation in
hit rate.

Table 1 Mean (SEM) proportion of correct repetition detection
judgments (top panel), raw response latencies in milliseconds (middle
panel), and standardized response latencies (bottom panel) as a function
of Lag and Presentation in Experiment 1

Presentation 1 Presentation 2

Lag 1 .89 (.03) .91 (.02)

Lag 5 .87 (.03) .91 (.02)

M = .88 (.02) M = .91 (.02)

Lag 1 1230 (57) 1089 (40)

Lag 5 1214 (52) 1118 (37)

M = 1222 (53) M = 1103 (37)

Lag 1 .02 (.03) -.22 (.03)

Lag 5 -.01 (.03) -.15 (.03)

M = .01 (.02) M = -.19 (.02)
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95% confidence interval for response latency on the second
presentation was -.013 to .016, and the 95% confidence inter-
val for response latency on the first presentation was -.009 to
.003. The inclusion of the null value in each confidence inter-
val suggests that neither variable significantly mediated the
relationship between lag and final test performance.

Discussion

Analysis of acquisition phase repetition detection (i.e.,
reminding) accuracy and response latency suggested that
Lags 1 and 5 yielded similarly difficult reminding conditions.
Nonetheless, a significant lag effect was obtained in final test
recognition performance (i.e., d’). Converging evidence from
point-biserial correlation and mediation analyses further sub-
stantiate a limited role for desirable difficulty and reminding in
accounting for the lag effect observed in the current paradigm.

Although the current results provide evidence inconsistent
with the reminding and retrieval difficulty account of the lag
effect (Benjamin & Tullis, 2010), the modulatory effect of
reminding retrieval difficulty may only be observed with a
more demanding retrieval test. Specifically, past research has
indicated that the lag effect often increases in magnitude with
more difficult final test assessments (e.g., free recall; see
Maddox, 2016). In turn, increasing final test difficulty may
reveal a role for the desirable difficulty account in explaining
the lag effect; thus, Experiment 2 utilized the same acquisition
paradigm but examined memory performance with a more
difficult final free recall test.

Experiment 2

Method

Participants Forty-eight Rhodes College undergraduates re-
ceived partial course credit for their participation.

Materials, design, and procedure The materials, design, and
procedure were the same as those used in Experiment 1 with
one exception. The final test format was free recall rather than
recognition. For the free recall test, participants were asked to
type as many words from the previously studied list as possi-
ble. Responses were scored as correct if they were correctly
spelled or if they had no more than two spelling or transposi-
tion errors.

Results

Acquisition phase repetition detection accuracy The propor-
tion of correct repetition detection judgments is presented in
the top panel of Table 2 as a function of presentation and lag.
There are three observations to note. First, repetition detection

accuracy was higher on an item’s second presentation com-
pared to its first. Second, repetition detection was similar
across lag conditions. Third, the difference in repetition detec-
tion as a function of presentation was similar across lag con-
ditions. These observations were supported by a 2
(Presentation) × 2 (Lag) within-participants ANOVA, which
revealed a main effect of presentation, F(1, 47) = 17.06, p <
.001, η2p = .27. This effect reflected increased accuracy on an
item’s second presentation (M = .94) relative to the first pre-
sentation (M = .88). Critically, the analysis failed to yield a
significant effect of lag, p > .55, or a significant Presentation ×
Lag interaction, p > .999. These results replicate the results
obtained in Experiment 1, suggesting that the lag conditions
were comparably difficult in terms of the repetition detection
event on an item’s second presentation.

Acquisition phase repetition detection response latency
Mean response latency for correct repetition detection judg-
ments is presented in the middle panel of Table 2 as a function
of presentation and lag. Mean standardized response latency
for correct repetition detection judgments is presented in the
bottom panel of Table 2 as a function of presentation and lag.
Three observations are noteworthy. First, mean response la-
tency was faster on an item’s second versus first presentation.
Second, mean response latency was similar across lag condi-
tions for each presentation. Third, there was a larger change in
response latency from the first to the second presentation in
the Lag 1 condition compared to the Lag 5 condition. These
observations were supported by results of a 2 (Presentation) ×
2 (Lag) within-participants ANOVA, which revealed a main
effect of presentation, F(1, 47) = 63.83, p < .001, η2p = .58,
reflecting slower response latency on an item’s first versus
second presentation (Ms = .17 vs. -.20). Although the analysis
failed to reveal a significant effect of lag, p > .90, the Lag ×
Presentation interaction was significant, F(1, 47) = 6.51, p =
.014, η2p = .12. Follow-up analysis revealed greater speeding

Table 2 Mean (SEM) proportion of correct repetition detection
judgments (top panel), raw response latencies in milliseconds (middle
panel), and standardized response latencies (bottom panel) as a function
of Lag and Presentation in Experiment 2

Presentation 1 Presentation 2

Lag 1 .88 (.02) .94 (.02)

Lag 5 .89 (.02) .94 (.01)

M = .88 (.02) M = .94 (.01)

Lag 1 1293 (59) 1073 (38)

Lag 5 1252 (48) 1111 (39)

M = 1272 (52) M = 1092 (37)

Lag 1 .19 (03) -.21 (03)

Lag 5 .13 (.03) -.14 (.03)

M = .16 (.02) M = -.18 (.02)
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in response time from the first to second presentation in the
Lag 1 condition (Mdiff = .41) compared to the Lag 5 condition
(Mdiff = .27), but there were no significant differences in stan-
dardized response latency across lag conditions at either pre-
sentation, ps > .05. Similar results were observed in the anal-
ysis of raw response latency.

Final recall accuracy Final test accuracy was again examined
in three ways. First, Analysis of final test free recall perfor-
mance revealed significantly better memory for Lag 5 (M =
.24) versus Lag 1 items (M = .18), t(47) = 4.40, p < .001, d =
.64, which is inconsistent with predictions based on a strict test
of the desirable difficultly account given that difficulty during
acquisition was statistically equivalent across lag conditions.

Response latency correlations Point-biserial correlations be-
tween acquisition retrieval latency on an item’s second pre-
sentation and free recall were again calculated for each partic-
ipant. When collapsed across lag conditions, the mean point-
biserial correlation (M correlation = -.03) across participants
did not differ significantly from zero, t(47) = 1.50, p = .141.
This same pattern was observed for Lag 1 items (M correlation
= -.014; t(47) = 0.58, p > .55) and Lag 5 items (M correlation =
-.032; t(47) = 1.06, p > .25). These results replicate the recog-
nition test data from Experiment 1 in suggesting that response
latency (i.e., retrieval difficulty) plays a minimal role in mod-
ulating memory performance in this paradigm.

Mediation analysis Results from the mediation analysis re-
vealed a direct effect of lag on final memory performance,
t(43) = 4.22, p < .001, d = .64.More important for the question
of interest was the estimated bootstrap confidence intervals
(based on 5,000 bootstrap samples) for each of the two poten-
tial response latency mediators. The 95% confidence interval
for response latency on the second presentation was -.006 to
.012, and the 95% confidence interval for response latency on
the first presentation was -.008 to .007. The inclusion of the
null value in each confidence interval suggests that neither
variable significantly mediated the relationship between lag
and final test performance.

Discussion

The free recall results of Experiment 2 replicated the recogni-
tion results from Experiment 1. Analysis of acquisition phase
repetition detection judgments indicated that Lag 1 and Lag 5
conditions yielded similar levels of reminding difficulty. In
turn, statistically equivalent reminding difficulty should pro-
duce similar levels of final test performance across lag condi-
tions. This was not observed, and instead, a benefit was ob-
tained in free recall performance for Lag 5 items over Lag 1
items despite repetition detection difficulty being constant
across conditions. Moreover, this conclusion was

substantiated by the null point-biserial correlations observed
between repetition detection judgment response latency and
final test performance for each individual participant, as well
as the results of the mediation analysis.

Given the lack of support for the reminding difficulty ac-
count in the first two experiments, Experiment 3 utilized a
massed condition and two lag conditions that were more dis-
tinct in nature. Moreover, elements of the encoding context
were manipulated in an attempt to yield differences in repeti-
tion detection difficulty. In these ways Experiment 3 was de-
signed to replicate and extend findings from Experiments 1
and 2.

Experiment 3

Evidence from the first two experiments suggested a limited
role for desirable difficulty in accounting for the lag effects
observed across recognition and recall performance in the cur-
rent paradigm. To further substantiate these findings, the cur-
rent experiment incorporated three notable changes. First, a
massed repetition (i.e., Lag 0) condition was included in the
study phase. Second, different lags were used to provide evi-
dence of generalizability of findings from Experiments 1 and
2. Third, encoding conditions were explicitly manipulated or
held constant across repetitions of items in an attempt to pro-
duce differences in repetition detection difficulty.

Method

Participants and design Forty-two Rhodes College under-
graduate students received partial course credit or US$10
monetary remuneration for their participation. A 2
(Encoding Variability: Constant, Variable) × 3 (Lag: 0, 3,
10) within-participants design was utilized. All items were
presented visually in white font on a black background.
Items were simultaneously presented aurally and the voice in
which items were presented depended on the encoding condi-
tion to which they were assigned. Items assigned to the con-
stant encoding condition were spoken in the same gender
voice across repetitions, whereas items assigned to the vari-
able encoding condition were spoken in different gender
voices across repetitions. Participants were aware that they
would hear items in both male and female voices.
Repetitions of critical items occurred immediately (Lag 0) or
were separated by three (Lag 3) or ten (Lag 10) intervening
items.

Materials A continuous recognition task was used for the ac-
quisition phase of the memory task. Sixty words were selected
as critical stimuli and were divided into six sets that were
counterbalanced across lag and encoding variability condi-
tions. Stimuli were statistically equated on word length and
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frequency (Balota et al., 2007; ps > .40). An additional set of
19 words served as once-presented filler items and possessed
the same lexical characteristics as the critical items, ps > .10.
Filler items were included to ensure that average serial posi-
tion across lag and encoding variability conditions was equat-
ed for both first and second presentations (ps > .45). In total,
the acquisition phase included 143 trials consisting of 120
trials for the critical conditions, 19 once-presented filler trials,
and four trials that were equally split between primacy and
recency buffer items. Finally, 60 additional items were select-
ed as recognition test lures from the same database. Lures
shared similar lexical characteristics to the target items previ-
ously studied during acquisition (ps > .30).

Procedure Similar to Experiments 1 and 2, participants first
completed an acquisition phase in which they were instructed
to learn a series of words presented visually on a computer
screen (white font on a black background) and aurally via
headphones. Words were spoken in either a male or female
voice. For each item, they were asked to make a repetition
detection judgment (i.e., “Has this word been presented be-
fore?”). Participants were informed that some items would be
presented once and other items would be presented twice and
that all “yes” or “no” responses should be made as quickly as
possible. Items were presented for 5 s each, and participants
were told to use any time remaining following each repetition
detection judgment to study the item for an upcomingmemory
test.

Following the acquisition phase participants completed a
brief demographics questionnaire. They were then asked to
freely recall as many studied items as possible for 5 min.
After completion of the recall test, participants took a recog-
nition test in which the 60 critical items and 60 lure items were
presented randomly for a yes/no recognition judgment.

Results

Acquisition phase repetition detection accuracy The propor-
tion of correct repetition detection judgments is presented in
the top panel of Table 3 as a function of presentation and lag.
There are three observations to note. First, repetition detection
accuracy was similar across all lag and encoding variability
conditions. Second, repetition detection judgments were more
accurate on second presentation trials than on first presenta-
tion trials. Third, the difference between first and second pre-
sentations was comparable across lag and encoding variability
conditions. These observations were supported by the results
of a 2 (Presentation) × 2 (Encoding Variability) × 3 (Lag)
repeated measures ANOVA, which revealed main effects of
lag, F(2, 82) = 4.09, p = .020, η2p = .09, and presentation, F(1,
41) = 5.55, p = .023, η2p = .12. Follow-up comparisons across
lag conditions revealed a single significant difference between
Lag 0 (M = .86) and Lag 3 (M = .89) performance, p = .010.

Similar to previous experiments, the main effect of presenta-
tion revealed significantly better performance on second pre-
sentation trials (M = .89) compared to first presentation trials
(M = .85). Although there were no interactions with presenta-
tion, a follow-up 2 (Encoding Variability) × 3 (Lag) ANOVA
was conducted for performance on the second presentation to
confirm there were no differences in repetition detection ac-
curacy. Results failed to reveal any significant effects, ps >
.15.

Acquisition phase repetition detection response latency3

Mean response latency for correct repetition detection judg-
ments is presented in the middle panel of Table 3 as a function
of presentation, lag, and encoding variability condition. The
corresponding mean standardized response latencies are pre-
sented in the bottom portion of Table 3. Results of a 2 × 2 × 3
repeated measures ANOVA of standardized response latency
revealed a single main effect of presentation, F(1, 41) = 59.06,
p < .001, η2p = .59, which reflected faster standardized re-
sponse latency on second presentation (M = -.27) compared
to first presentation (M = .05). Again, a follow-up 2 (Encoding
Variability) × 3 (Lag) ANOVA was conducted for perfor-
mance on the second presentation to confirm there were no
differences in repetition detection response latency. Results
failed to reveal any significant effects, ps > .10.

Table 3 Mean (SEM) proportion of correct repetition detection
judgments (top panel), raw response latencies in milliseconds (middle
panel), and standardized response latencies (bottom panel) as a function
of Lag, Encoding Condition, and Presentation in Experiment 3

Constant encoding Variable encoding

Presentation 1 Presentation 2 Presentation 1 Presentation 2

Lag 0 .83 (.03) .87 (.03) .85 (.03) .89 (.03)

Lag 3 .88 (.03) .91 (.03) .85 (.03) .91 (.02)

Lag 10 .84 (.03) .90 (.03) .86 (.03) .89 (.03)

M = .85 (.03) M = .89 (.03) M = .85 (.03) M = .90 (.03)

Lag 0 922 (57) 742 (39) 924 (53) 797 (50)

Lag 3 992 (64) 819 (45) 977 (55) 853 (42)

Lag 10 915 (51) 973 (48) 897 (56) 836 (36)

M = 943 (54) M = 811 (41) M = 932 (52) M = 829 (40)

Lag 0 .02 (.05) -.31 (.06) .02 (.05) -.35 (.05)

Lag 3 .07 (.05) -.29 (.04) .11 (.05) -.25 (.04)

Lag 10 .04 (.07) -.16 (.04) .02 (.05) -.26 (.05)

M = .04 (.03) M = -.25 (.03) M = .05 (.03) M = -.29 (.02)

3 In contrast with the previous experiments, analysis of raw response latency
yielded a pattern of results that diverged from analysis of standardized re-
sponse latency. Specifically, analysis of raw response latency revealed a main
effect of presentation, F(1, 41) = 25.16, p < .001, η2p = .38. Additionally, the
main effect of lag was significant, F(2, 82) = 8.08, p = .001, η2p = .17, and
further qualified by a lag × presentation interaction, F(2, 82) = 7.21, p = .001,
η2p = .15.
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Final free recall Final test performance is presented in Fig. 1 as
a function of encoding variability, condition, and lag. There
are two observations to note. First, performance generally in-
creased with increases in lag. Second, the benefit of Lag 10
was disproportionately larger in the variable encoding condi-
tion relative to the constant encoding condition.

Results from a 2 (Encoding Variability) × 3 (Lag) repeated
measures ANOVA revealed a main effect of lag, F(2, 82) =
10.33, p < .001, η2p = .20, a marginal effect of encoding
variability, F(1, 41) = 3.95, p = .053, η2p = .09, and a signif-
icant Lag × Encoding Variability interaction, F(2, 82) = 4.43,
p = .015, η2p = .10. Separate analysis of the constant encoding
condition revealed a marginal effect of lag, F(2, 82) = 2.511, p
= .087, η2p = .06, whereas analysis of the variable encoding
condition revealed a significant effect of lag, F(2, 82) = 13.40,
p < .001, η2p = .25. Bonferroni corrected comparisons re-
vealed significantly higher performance in the Lag 10 condi-
tion relative to Lag 0 and Lag 3 conditions (ps < .01).

Recognition Although recognition test performance may be
influenced by the preceding free recall test, the extent to which
performance is consistent with the pattern observed in the
previous experiments may be informative. Proportion of hits
(i.e., identifying a studied item as studied) was submitted to a
2 (Encoding Variability) × 3 (Lag) repeated measures
ANOVA. Results revealed a main effect of lag, F(2, 82) =
7.37, p = .001, η2p = .15, which reflected a spacing effect
for both Lag 3 and Lag 10 conditions (ps < .05) but no differ-
ence between performance in the two lag conditions (p > .85).

Response latency correlations Point-biserial correlations be-
tween acquisition retrieval latency on an item’s second presen-
tation and free recall were calculated for each participant.When
collapsed across lag conditions, the mean point-biserial corre-
lation (M correlation = -.03) across participants did not differ
significantly from zero, t(41) = 1.54, p = .132. This same pat-
tern was observed across all conditions when analyzed sepa-
rately as a function of lag and encoding variability (rs ranging
from -.05 to 0; ps > .40). A similar pattern was observed when
analyzing the point-biserial correlations for recognition perfor-
mance collapsed across all conditions (M correlation = -.01;
t(42) = .36, p = .723), individually for each lag condition (rs
ranging from -.06 to .04; ps > .55), and for each a combination
of conditions, (rs ranging from -.10 to .03, ps > .15).

Mediation analysis Provided that the MEMORE macro only
allows for a comparison of variables with two levels and the
extension of this macro is currently under development, mul-
tiple mediation analyses were conducted to compare each
combination of lag conditions within the variable encoding
condition given the significant interaction observed in overall
final free recall performance. Critically, the direct effect of lag
on final test performance was significant in all three

comparisons, ts > 2.20, and ps < .05. Similar to the previous
mediation analyses, the more important result for the question
of interest was the estimated bootstrap confidence intervals
(based on 5,000 bootstrap samples) for each of the two poten-
tial response latency mediators across comparisons of the
three lag conditions. All of the 95% confidence intervals for
standardized response latency on the first and second presen-
tations included the null value, which suggests that neither
variable significantly mediated the relationship between lag
and final test performance. Specifically, the 95% confidence
intervals for the potential mediation effects were calculated for
the Lag 0 vs. Lag 10, Lag 0 vs. Lag 3, and Lag 3 vs. Lag 10
comparisons. The confidence intervals for the potential medi-
ation effect of standardized response latency on the item’s
second presentation were: -.018 to .017, -.006 to .030, and
-.020 to .022, respectively. The confidence intervals for the
potential mediation effect of standardized response latency on
the item’s first presentation were: -.017 to .011, -.007 to .014,
and -.016 to .017, respectively. Again, with respect to recog-
nition test performance in the current experiment, one must be
concerned that the recognition test always followed the free
recall test. However, it is important to note that similar to the
free recall results, all of the 95% confidence intervals for stan-
dardized response latency on the first and second presenta-
tions included the null value.

Discussion

Experiment 3 extended on the first two experiments with the
inclusion of a massed condition, more distinct lag conditions
(Lag 3 vs. Lag 10), and explicitly manipulated encoding var-
iability conditions. Analysis of final free recall performance
was inconsistent with the desirable difficulty account when
making predictions based on acquisition phase accuracy and
standardized response latency. This was also true for recogni-
tion performance. However, it is important to note that the
recognition test came after the cued recall test, which may
limit any strong conclusions about the relationship between
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desirable difficulty and recognition test performance in this
experiment. These conclusions were further substantiated by
point-biserial correlation analyses and the results from medi-
ation analyses.

General discussion

The aim of the current study was to provide a strong test of the
desirable difficulty mechanism (Bjork, 1994) and its contribu-
tions to the reminding process as a means of accounting for the
lag and spacing effects. We extended on past examinations of
desirable difficulty by operationally defining difficulty and
assessing its relationship with long-term memory perfor-
mance. Specifically, we utilized repetition detection accuracy
and standardized response latency as proxies for reminding
difficulty across different lag conditions to test whether more
difficult reminding events (as indicated by longer response
latencies) led to enhanced memory performance. There were
three critical and consistent findings across experiments to be
considered in evaluating predictions. First, short and long lag
conditions (1 vs. 5 and 0 vs. 3 vs. 10 items, respectively)
produced equally difficult reminding on an item’s second pre-
sentation as indicated by statistically equivalent accuracy and
mean response latency. Despite equally difficult reminding
across lag conditions, a significant lag effect was observed
in final test performance (recognition and free recall).
Second, analysis of response latency as a continuous variable
suggested that difficult (but successful) repetition detection
events actually led to worse final test performance than easier
repetition detection events (Experiment 1) or had no effect on
final test performance (Experiments 2 and 3). Third, media-
tion analyses across all three experiments revealed a direct
effect of lag on final test performance but failed to reveal
mediation effects of response latency on either presentation.
We first consider the extent to which the reminding account
emphasizing desirable difficulty (Benjamin & Tullis, 2010)
can accommodate these consistent findings before consider-
ing the implications of the current results for other mechanistic
explanations of the lag effect.

Reminding and desirable difficulty

The desirable difficulty account (Bjork, 1994) rests on the
assumption that more (versus less) difficult successful retriev-
al during the acquisition phase of material will yield superior
memory. When lag conditions produce differentially difficult
reminding events, one would predict a lag effect in final test
performance, but when lag conditions produce equally diffi-
cult reminding events, no lag effect should be observed in
final test performance. As previously noted, the original de-
sirable difficulty framework did not specify the dimensions of
difficulty that would be desirable and lead to changes in

encoding strategies, and it did not specify ways of operation-
ally defining and manipulating difficulty during learning.
Thus, to the extent that reminding accuracy and response la-
tency are sufficient proxies for desirable difficulty, the consis-
tent finding of a lag effect in final test recognition and free
recall performance despite equivalent reminding across lag
conditions during the acquisition phase in the current para-
digm is contrary to predictions based on the desirable difficul-
ty account. Moreover, point-biserial correlation analyses be-
tween repetition detection response latency and final test per-
formance from Experiment 1 suggested that items with suc-
cessful, easy repetition detection were more likely to be re-
trieved on a final memory test than items with successful,
difficult repetition detection. Of course, this finding must be
taken with caution given the small magnitude of the correla-
tion and considering that this correlation was not significant in
the second or third experiments. It is also important to note
that despite all items having been stored sufficiently on their
initial learning event, evidenced by correctly recognizing
items on their second presentation, our item-level analyses
may still confound item difficulty with condition-level diffi-
culty. That is, it is possible that longer response latencies are
the result of multiple distinct processes (e.g., desirably diffi-
cult and successful reminding, successful reminding based on
guessing rather than retrieval). Nonetheless, the point-biserial
correlation analyses converge on the broader pattern of data in
suggesting that the difficulty of repetition detection did not
strongly modulate the lag effect across the three experiments
described herein that relied on operationally defining difficul-
ty as a combination of accuracy and response latency.
Although the current results are inconsistent with the desirable
difficulty account of spacing and lag effects, they underscore
the need for explicitly defining, measuring, and manipulating
difficulty during the learning process to more directly evaluate
this framework.

Encoding variability and study-phase retrieval dual
mechanism

An alternative to combining reminding with desirable difficul-
ty is to combine encoding variability and study-phase retrieval
mechanisms (Greene, 1989; Raaijmakers, 2003). The increas-
ing portion of the inverted U-shape function relating lag and
long-term memory performance can be explained by in-
creased encoding variability (Glenberg, 1979). As lag in-
creases it is assumed that encoding is more variable due to
changes in context (e.g., mental, physical, and experimental
contexts). In contrast, when the target item is separated by a
short lag during acquisition, it is more likely to occur adja-
cent to the same item(s), which in turn would produce fewer
retrieval routes during later retrieval. The decreasing por-
tion of the function is attributed to failed study-phase re-
trieval (Thios & D’Agostino, 1976) that functions in a way
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similar to the reminding account previously outlined.
Specifically, study-phase retrieval (i.e., reminding) will
eventually fail once the lag between repetitions of an item
is too long, and as a result, the benefit of repetition will not
be obtained in final test performance. Although there are
concerns about this mechanism’s ability to accommodate
all of the consistent findings in the spacing and lag effect
literatures (e.g., the finding that increasing the lag between
repeated study events leads to super-additive performance
relative to predicted performance for remembering one of
two different items separated by the same lag; see Benjamin
& Tullis, 2010), these concerns are in relation to the as-
sumptions outlined in original versions of this mechanism
(e.g., Melton, 1970) and can be accommodated by subse-
quent instantiations of the encoding variability account pro-
posed to account for the empirical findings driving contem-
porary research (e.g., Glenberg, 1979; see Maddox, 2016
for a review). Thus, it is important to consider the extent to
which the current findings can be accommodated by the
encoding variability and study-phase retrieval mechanism.

To examine the influence of encoding variability on
memory performance, many studies have relied on the in-
tuitive assumption that items repeated after longer lags are
more likely to be encoded in differing ways than items re-
peated after shorter lags given variability in list context. To
substantiate this conclusion, we compared the number of
unique items that appeared on either side of target items
for each lag condition. Results revealed that Lag 5 items
appeared adjacent to significantly more unique words on
average than Lag 1 items, t(58) = 6.22, p < .001, which
suggests that encoding context varied to a greater extent
in the Lag 5 condition than the Lag 1 condition. In turn,
the lag effect in final test performance, despite a lack of
difference in repetition detection difficulty, is consistent
with the encoding variability mechanism.

Experiment 3 explicitly manipulated encoding context in
an attempt to produce varying degrees of difficulty in repeti-
tion detection between conditions (context change vs. no
change). Analysis of final cued recall performance in
Experiment 3 revealed a unique benefit for encoding variabil-
ity in the long lag condition compared to the massed and short
lag conditions Although one may expect intentionally incor-
porating encoding variability to have its greatest influence in
conditions that otherwise lack sufficient variability as a result
of the list context (e.g., lag 0 and lag 3), one interpretation of
the current pattern of results is that incorporating variability in
ways that are not salient or critical for task completion may
limit their effectiveness in inducing encoding variability, and
this may be particularly true when (a) repetitions occur after a
short lag and (b) the way material was initially encoded is still
accessible. For example, the gender of the speaker was not
important for completing the current task successfully. Thus,
relatively little attention may have been directed to this

dimension of the stimulus. The combination of variable gen-
der voices and list context may have been more successful in
inducing variable encoding than short lag conditions in which
the stimulus was likely to be interpreted in the same way
across repetitions. Of course, this interpretation is speculative,
and future studies may wish to replicate the current findings
and capitalize on past paradigms in which experimental and
physical contexts were explicitly manipulated in a range of
ways to further evaluate this mechanistic account of the lag
effect (e.g., Appleton-Knapp, Bjork, & Wickens, 2005;
Hintzman et al., 1975; Slamecka & Barlow, 1979;
Verkoeijen, Rikers, & Schmidt, 2004, 2005).

Potential directions for future researchmay involve extend-
ing the range of lags beyond those used in the current study.
Although we modified the lag comparisons in Experiment 3,
future studies may wish to use more widely varying lag con-
ditions (e.g., Pyc & Rawson, 2009). Additionally, incorporat-
ing repeated restudy opportunities may more clearly show that
multiple mechanisms contribute to the continued strengthen-
ing of an item in memory (cf., Maddox & Balota, 2015).
Finally, future studies may extend on the current approach or
explore alternative ways of operationally defining and explic-
itly testing the role of desirable difficulty in producing the lag
effect. The original instantiation of the desirable difficulty
account (Bjork, 1994) provided a mechanism to explain how
memory is strengthened through differences in acquisition
conditions but left the mechanism and ways of measuring
and manipulating it underspecified. In the current study we
examined acquisition accuracy and addressed issues of inter-
individual variability and the distribution shape of acquisition
response latencies through standardizing response latency at
the individual level and removing outliers (both before and
after standardization). Neither measure served as an adequate
proxy of difficulty or predictor of long-term memory in the
current paradigm. Thus, identifying successful ways of mea-
suring and manipulating forms of desirable difficulty provides
substantial fodder for future studies.

We evaluated both accuracy and response latencies in the
current paradigm because we believe that together they pro-
vide a more sensitive measure of reminding difficulty than
accuracy alone. To extend on this approach, future studies
may wish to obtain measures of confidence or remember/
know/guess judgments as a means of examining the contribu-
tions of different bases of retrieval in the reminding process.
Although past studies suggest that recollection-based versus
familiarity-driven judgments yield different response latencies
(e.g., Wiseman & Ishai, 2008; Woodruff, Hayama, & Rugg,
2006) and that response latency often differs as a function of
confidence (e.g., Kahana, 2012; see also Merkow, Burke, &
Kahana, 2015), one may expect that recollection-based
reminding would yield different memorial consequences than
familiarity-based reminding. Indeed, an examination of
recollection- versus familiarity-based reminding may be
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useful in identifying meaningful dimensions of encoding var-
iability and their contributions to long-term memory.
Moreover, examining differences in remember, know, and
guess-based reminding may help address concerns related to
item-specific effects within our item-level analyses discussed
above. Thus, the current study’s approach to explicitly defin-
ing and testing desirable difficulty’s contributions to the lag
effect is an initial step in discriminating confounded mecha-
nisms proposed to underlie the benefits of spaced repetitions.

Conclusion

In summary, the current paper utilized repetition detection
response latency as a proxy for repetition detection difficulty
to assess the contributions of repetition detection difficulty to
the lag effect. With reminding difficulty operationally defined
in this way, results from the current study could not be accom-
modated by the reminding account that relies on desirable
difficulty (e.g., Benjamin & Tullis, 2010) to explain the lag
effect. Instead, the consistent finding of a lag effect in final
recognition and recall performance despite equivalent repeti-
tion detection difficulty during the acquisition phase can be
accommodated by accounts incorporating a reminding pro-
cess with encoding variability (e.g., Greene, 1989;
Raaijmakers, 2003).

Clearly, more research is needed to better understand the
role of encoding variability in producing the memory benefit
of spacing, the extent to which changes in environment are
detected and preserved when reminding occurs, and how such
variability across repetitions of material may serve to modify
retrieval cues. In addition, future studies should further exam-
ine response latency as well as other proxies for reminding
difficulty to more fully and explicitly evaluate the desirable
difficulty account. Moreover, it may be the case that multiple
mechanisms contribute in different capacities to the lag effect
depending upon specific lags used within a given paradigm.
Nonetheless, our results suggest that change in context across
repetitions (as indicated by our follow-up analysis of unique
items surrounding Lag 1 and Lag 5 items in the list structure
for Experiments 1 and 2) and the explicit manipulation of
encoding context in Experiment 3 may be a critical consider-
ation for enhancing memory.
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