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Abstract

Purpose—This study explored the role of time and retrieval experience in the consolidation of
word forms.

Method—~Participants were 106 adults trained on 16 novel word-referent pairs, then tested
immediately and 24 hr later for recognition and recall of word forms. In the interim, tests were
repeated 2 hr or 12 hr after training, or not at all, thus varying the amount and timing of retrieval
experience.

Results—Recognition accuracy was stable and speed improved over the 24-hr period. But these
manifestations of consolidation did not depend on interim retrieval experience; in fact, the 2-hr
interim test interfered with improvements in speed. In contrast, the number of word forms recalled
increased only with interim retrieval experiences, and the 12-hr interim test was more
advantageous to recall than the 2-hr test.

Conclusions—After a word form is encoded, it can become stronger with time. Retrieval
experience can also strengthen the trace, but, if retrieval occurs when the memory is still labile, it
can be disruptive. This complex interplay between retrieval experience and time holds
implications for measuring learning outcomes and for scheduling practice in classrooms and
clinics.
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Learners of all ages take part in vocabulary instruction. In the early years of formal
schooling, children receive vocabulary lessons to promote reading comprehension, spelling
ability, and general content knowledge. An emphasis on vocabulary learning in support of
field-specific content knowledge and foreign language learning continues into postsecondary
education and professional settings. Moreover, for children and adults with communication
or memory disorders, vocabulary instruction is a frequent aspect of clinical intervention.

But learning a new word is no small feat. A complete lexical configuration can be viewed as
a set of factual information that the word learner has stored in memory— the phonological
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and orthographic form of the word as well as its syntactic class and meaning and the
pragmatic constraints on its usage (Leach & Samuel, 2007). The complete configuration is
built over time and over multiple experiences with that word (Bloom, 2000).

In the current article we ask how memory for one aspect of the lexical configuration,
phonological form, changes over the course of a day given the mere passage of time and the
opportunity for additional experience with the word. Ultimately, we seek to understand the
conditions that promote the establishment of spoken word form information in the lexicon in
hopes of determining the processes at play and the practical implications for vocabulary
instruction. Below we review the current understanding of word form learning in response to
overt experience as well as change over time in the absence of these experiences.

The Role of Experience in Learning and Remembering Words

In the simplest terms, a learner must be exposed to a word to encode it in memory. Adults
speak (and therefore presumably hear) 16,000 or 17,000 words per day (Hart & Risley,
1995; Mehl, Vazire, Ramirez-Esparza, Slatcher, & Pennebaker, 2007). Estimates for
children ages 5 through 15 years are even higher (Wagner, 1985). Exposure to words occurs
incidentally as learners read, participate in, and overhear conversations, attend lectures, and
listen to media on the computer, television, or radio (Gupta & Tisdale, 2009a). Exposure
also occurs in didactic settings as learners engage in instruction specifically aimed at
teaching words.

In classic fast-mapping experiments in which the learner is presented with a novel word and
a novel object in the presence of one or more familiar objects, child and adult learners
readily infer the link between the novel word form and the novel object (Golinkoff, Hirsh-
Pasek, Bailey, & Wenger, 1992; Halberda, 2006), and they can recognize the form and link
after a minimal delay (Carey, 1978; Dollaghan, 1985; Golinkoff et al., 1992). The
phenomenon, in fact, is termed fast mapping because only one or two exposures are
necessary. Nevertheless, fast-mapped lexical configurations are fragile, and recognition tests
administered even 5 min after the initial exposure reveal that they tend not to be retained
(Horst & Samuelson, 2008).

In contexts that are more didactic, for example, when the object referent is held up by the
examiner and named repeatedly, recognition performance after a delay improves.
Nevertheless, the resulting memory trace is still rarely strong enough to support production
(Booth, McGregor, & Rohlfing, 2008; Munro, Baker, McGregor, Docking, & Arculi, 2012).
Instead, multiple exposures over time appear necessary. Under didactic conditions, 8-year-
olds who received 16 exposures to each of 20 foreign words during each of two weekly
lessons could recall only eight of those words, on average, during a referent-naming test 1
week later and only nine when the test was repeated 1 month later (McGregor, Sheng, &
Ball, 2007).

Although multiple exposures are necessary, not all exposures are equally advantageous to
the learner. In didactic contexts, test exposures enhance retention of newly encoded
information more than additional training exposures even when the tests do not include
feedback (see the review in Roediger & Karpicke, 2006). There are a number of reasons that
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testing might help. First, testing almost always constitutes additional exposure to relevant
information. One cannot measure the speed of a participant’s word recognition or the
accuracy of her word definitions without presenting the word itself, for example. But of
course this cannot explain the advantage of testing over training exposures. A more relevant
explanation is that, to the extent that the processes involved in testing as a means of review
and the processes involved in testing for final retention overlap, test reviews improve final
performance by enabling transfer-appropriate processing (Karpicke & Roediger, 2007).
Simply put, practicing retrieval improves retrieval. There is a related explanation to consider
as well: Successful retrieval activates the young memory trace, causing it to become
destabilized or malleable. In this destabilized state, the memory trace may be strengthened
(or degraded) (Walker & Stickgold, 2006). We shall return to this point below.

The Role of Time in Learning and Remembering Words

Although incidental and didactic experiences drive the initial encoding of the lexical
configuration in memory and enable encoding of additional aspects of the lexical
configuration over time, once encoded, memory for words can also change in the absence of
these experiences, that is, without re-exposure or retrieval in response to overt testing of the
newly learned information. Sometimes this change is characterized by forgetting. As time
passes, memories decay; however, the proportional rate of decay decreases over time
(Wixted, 2004). That is, the longer a memory survives, the less likely it is to be forgotten.
Consolidation is proposed as the counterforce that slows the rate of forgetting (Wixted,
2004). Importantly, consolidation, like forgetting, unfolds over time.

Dudai (2004, p. 51) describes consolidation as a “progressive post acquisition” event in
which new memories are strengthened. Consolidation is progressive in that it plays out over
time in two overlapping phases operating in parallel (McGaugh, 2000). The first is synaptic
consolidation that takes place within minutes or hours after encoding (Walker, 2005). As a
result of modification and reorganization of synaptic proteins, the memory trace becomes
more stable, that is, more resistant to interference. The second phase, system consolidation,
requires a longer time course of hours, days, or even weeks. During system consolidation,
resistance to interference continues to grow (Dudai & Eisenberg, 2004). Activation of the
hippocampal trace sends synaptic messages to neocortical circuits, and these messages
trigger local synaptic consolidation there (Dudai, 2004). One hypothesis is that the transfer
allows for rapid learning via the hippocampus and gradual strengthening, formation of
retrieval links, and integration of new information into the existing memory network at the
level of the neocortex (Gupta & Tisdale, 2009b; McClelland, McNaughton, & O’Reilly,
1995; Walker, 2005).

Traditionally, system consolidation was thought to depend upon automatic unintentional
processing of the newly learned material; conscious, behavioral rehearsal or other overt
experiences were not considered germane (Walker, 2005). For example, unintentional
processing can occur during sleep as we replay memories of the day, and there is evidence
that sleep facilitates consolidation of declarative memory (Ellenbogen, Payne, & Stickgold,
2006), including memory for newly learned words (Dumay & Gaskell, 2007; Gais, Lucas, &
Born, 2006).
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More recently, debates on whether a memory can “reconsolidate” led to the recognition that
overt experiences with the newly learned material, though not necessary, can trigger
additional system consolidation (Stickgold & Walker, 2005; Suzuki et al., 2004).
Reactivation of a (partially) consolidated memory trace can result in destabilization (Nader,
Schafe, & Le Doux, 2000), which can, in turn, lead to degradation or reconsolidation
(Stickgold & Walker, 2005). Consider an early experiment by Izquierdo and Chaves (1988).
Their adult participants read a text on the 1954 World Cup and were tested 48 hr later on the
accuracy of their recall. The participants were assigned to one of four conditions: factual text
only or the factual text plus a nonfactual comment shown immediately, 3 hr, or 6 hr after the
text. Participants shown a negative comment about the quality of play at the World Cup
immediately or 3 hr after reading the text mistakenly recalled this information as part of the
text; those shown the comment 6 hr after reading the text did not, thus demonstrating that
reactivation of newly learned information too early in the consolidation process can be
deleterious.

In summary, we have considered three memory processes that support the learning of words:
encoding, consolidation, and retrieval. Encoding is the experience-dependent process via
which a new memory is formed. Encoding is followed by consolidation, the slower time-
dependent process in which the fragile newly encoded memory is strengthened. Retrieval is
a window onto the outcomes of the encoding and consolidation processes. However,
retrieval is itself a process of memory. Another way to think about this is to consider that,
despite the train-then-test approaches that we take in the laboratory, classroom, and clinic,
the brain can and does respond to both sorts of activities as learning opportunities. Testing
prompts retrieval of the newly formed memory trace, and, once reactivated, that trace can be
degraded or updated and further strengthened. These outcomes may depend upon the extent
of consolidation achieved when the retrieval takes place.

The Current Study

In the current experiment, we examined evidence of consolidation of newly learned word
forms over 24 hr and then asked whether and to what extent interim test experience
improved word form configuration across that interval. The speed of retrieval in recognition
tests and the accuracy of retrieval in recall tests were the dependent variables. We predicted
that interim test experience with the word forms would enhance recognition of the word
form and would increase the number of word forms recalled (Roediger & Karpicke, 2006).

We explored the optimal timing of the interim test experience by comparing the effect of
one administered only 2 hr after training to the effect of another administered 12 hr after
training. We predicted that the 2-hr interim test would be less advantageous than the 12-hr
interim test to the establishment of the word form configuration because (a) it involved a
shorter interval between initial and interim test—hence, the young memory trace would be
less stabilized and more prone to degradation upon retrieval (Walker, 2005); and (b) it
involved a longer retention interval between interim and final test, hence a greater
opportunity for forgetting (Wixted, 2004).
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Participants were 106 English speakers (58 females, 48 males) whose ages ranged from 18
to 25 years and whose years of education ranged from 12 to 20. These participants were
recruited and tested according to procedures approved by the institutional review board at
the University of lowa. All were students at the University of lowa or nearby colleges with
no history or current diagnosis of language learning impairments. They were paid hourly for
their participation.

All participants were trained on new words and tested for retention 24 hr later. Participants
were assigned to one of three conditions that varied with regard to interim test exposure
between the training and 24-hr retention test (see Figure 1). Fifty-four participants received
interim test exposures to the target words 2 hr after training; 37 received interim test
exposures to the target words 12 hr after training; and 15 received no interim test exposure.
The uneven number per condition reflects the fact that the data were collected at different
points in time and for different purposes (although with identical procedures). Those in the
12-hr interim condition were part of a larger study reported in McGregor et al. (2013).

Prior to the experiment, all participants took the Peabody Picture Vocabulary Test-I1V (Dunn
& Dunn, 2007). Mean standard scores (and standard error) were 113 (1.54) for those in the
2-hr test condition, 114 (1.86) for those in the 12-hr test condition, and 115 (2.93) for those
in the no-test condition. The participants in the three conditions did not differ by standard
score, F(2, 103) < 1, or raw score, F(2, 103) < 1.

The stimuli were 32 pairs of novel words that diverged from each other at the final syllable
(e.g., armo and armu). In each pair, one novel word was trained and the other was an
untrained foil in a two-alternative forced-choice (2AFC) task. Each novel word to be trained
was randomly assigned to a novel referent created by combining two objects (e.g., a pony
and a snake). The 32 novel words and referents were divided into two sets of 16, one of
which was trained with selection of training set counterbalanced across participants. Each
novel word was recorded twice by a female native speaker of American English and
digitized at a sampling rate of 44,110 kilobytes per second. One recording was used for
training, the other for testing. A complete list of the words and referents is available in
McGregor et al. (2013).

Each participant was seen for a training visit during which they were trained on the new
words and referents and then tested immediately. Each participant in the 2-hr interim
condition was tested (but not trained) again 2 hr after training. Each participant in the 12-hr
interim condition was tested (but not trained) again 12 hr after training. Participants in all
three conditions were seen 24 hr after training and the tests were repeated.
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The participants in the 12-hr interim condition were part of a larger study of the role of sleep
on verbal memory consolidation (McGregor et al., 2013). In that study, to manipulate sleep,
half of the participants were scheduled for their training visit in the morning and their 12-hr
interim visit in the evening and were instructed not to sleep in the interim. The other half
were scheduled for their training visit in the evening and their 12-hr interim visit the next
morning and were instructed to sleep in the interim as per usual. Crucially, there were no
effects of morning/no sleep vs. evening/sleep on word form recognition or recall; so, in the
current study, these two groups were collapsed to allow investigation of the effect of timing
of interim test exposure (rather than sleep) on memory for word form. That said, to isolate
the effect of timing, the 2-hr and 12-hr interim experiences should be comparable. And they
were. Participants assigned to the 2-hr test condition remained in the lab during the interim,
where half of them played computer games and half of them napped. Polysomnography
verified that every napper did sleep. This procedure allowed comparison of interim testing at
2 and 12 hr while controlling for sleep exposure. We did subsequently compare the
performance of nappers and gamers, but, as in McGregor et al. (2013), we found no effect of
sleep on word form recognition or recall. In the current study, these two groups are
collapsed.

One limitation of this post hoc analysis of three extant data sets is that participants were
scheduled for their training visits at varying times of day. Participants in the no-test
condition were scheduled for their training visit in the evening; half of those in the 12-hr
condition were scheduled in the morning and half in the evening; and those in the 2-hr
condition were scheduled in the midafternoon. We already know from McGregor et al.
(2013) that there were no differences in the performance of participants scheduled in the
morning versus the evening. However, we cannot assume that performance in the afternoon
would not differ from morning or evening given that performance in a range of cognitive
tasks does fluctuate with time of day (Schmidt, Collette, Cajochen, & Peigneux, 2007). In
other words, any difference between the 2-hr and 12-hr conditions could reflect the
hypothesized effects of the time interval between training and interim test or it could reflect
effects of circadian rhythms on performance. In the analysis below, we attempt to tease apart
these confounds by comparing performance immediately after training and the change in
performance from immediate testing to 24 hr. If circadian rhythms affect performance, we
should see differences at both points; if, as hypothesized, the length of the interval between
training and interim test affects performance, we should see differences in change between
the points only.

Training—~Participants were trained via a computerized script. In each of 12 blocks, the 16
novel referents were displayed on the screen one at a time for 7 s and the associated novel
word was presented via digital audio-tape four times within a two-sentence description. To
ensure that the participant was actively engaged, a question about either the sounds in the
novel word (e.g., “does it start with /p /?”) or the physical features of its referent (e.g., “is it
edible?”) was presented after a third of all items. No feedback on accuracy was provided.
The complete training script resulted in 12 exposures to each referent and verbal description
and 48 exposures to each word form. Order of presentation was randomized within blocks
and order of blocks was counterbalanced across participants.
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Tests—All participants were given a battery of tests that required recognition of form and
meaning, lexical decision judgments, word associations, and free recall (see McGregor et al.,
2013, for details). Thus, the tests involved a number of factors known to enhance
development of the lexical configuration, including exposure, effort, and production practice
(Leach & Samuel, 2007). Because the current article focuses exclusively on memory for
word forms, we will present the results from only two of these probes. This does not mean
that exposure to and retrieval of information on the other tests did not affect performance;
but, critically, the test battery was identical for all participants in all conditions, so this fact
cannot account for differences between conditions.

A 2AFC test measured auditory recognition of the newly learned word forms. Each trained
word (e.g., armo) was presented along with its untrained lexical neighbor (e.g., armu)
separated by an interstimulus interval of 500 ms. The participants pressed a button to
indicate whether the first or second form was familiar. Versions of the probe varied in order
of item presentation with assignment of versions to testing period counterbalanced across
participants. Responses were scored for accuracy and also for reaction time (RT).

In the free recall test, participants orally recalled as many of the trained words as possible in
a 2-min period. The dependent variable was number of words recalled. Words only needed
to be recognizable as one of the trained words to be tallied; 100% accuracy was not required.
Two investigators, blind to condition assignment, independently transcribed 20% of the data
from digital audio files. Their point-to-point agreement on which word was being attempted
was 100%. After establishing this level of agreement, one of the investigators transcribed the
remaining data and coded it for words recalled.

Accuracy of recognition on the 2AFC task was at ceiling, falling at or above 96% for all
conditions at all test points (see Table 1). Therefore, we turned to reaction time (median RT
for accurate responses only) for a more sensitive measure of variation according to condition
and test time. First, to examine possible effects of circadian rhythms, we compared RT
immediately after training and found no significant differences between participants in the
three interim test conditions whose training sessions were scheduled at different times of day
(2-hr test: M =513, SE = 31.8; 12-hr test: M = 602, SE = 38.5; no-test: M = 550, SE = 60.4),
F(2,103) =1.57, p=.21.

We were most interested in change over time relative to the immediate posttest. To
determine whether interim test exposures served to improve word recognition across the 24-
hr interval, we applied a one-way analysis of variance (ANOVA) and post hoc Tukey’s
honestly significant difference (HSD) tests for unequal Ns. The dependent variable was RT
difference scores (24-hr performance — immediate performance). Change in speed of
recognition is presented in Figure 2. There was a significant effect of condition, F(2, 103) =
15.45, p < .0001, partial 12 = .23. Change in RT in the 2-hr test condition differed from
change in the 12-hr test condition, p = .0001, and the no-test condition, p = .05. The 12-hr
and no-test conditions did not differ. Change in the 12-hr condition was significantly
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different than 0, t = —8.83, df = 36, p < .0001, as was change in the no-test condition, t =
-4.13, df = 14, p = .001, with change in both cases involving decreased RTs. Change in the
2-hr condition was not significantly different than 0, t = 0.44, df = 53, p = .66.

To better interpret the disadvantage of testing 2 hr after training, we compared recognition
RT at each of the three testing points in the interim conditions using a mixed ANOVA with
interim condition (12 hr, 2 hr) as a between-subjects variable and with testing point
(immediate, interim, final) as a within-subject variable. There was a significant effect of
testing point, F(2, 178) = 8.45, p = .0003, partial n2 = .09, qualified by a Testing Point x
Interim Condition interaction, F(2, 178) = 11.26, p < .0001, partial n2 = .11 (Figure 3). A
Bonferroni post hoc test revealed that the 12-hr interim test group was significantly faster to
respond at the final test than at either of the previous testing points, p < .03. The two
previous testing points did not differ. In contrast, the 2-hr interim test group did not differ in
RT at any testing point relative to another.

Word Form Recall

First, to examine possible effects of circadian rhythms, we compared the number of words
recalled immediately after training and found no significant differences between participants
in the three interim test conditions whose training sessions were scheduled at different times
of day (2-hr test: M = 5.8, SE = .42; 12-hr test: M = 6.1, SE = .51; no-test: M = 6.5, SE =.
80), F(2,103) < 1.

We determined whether interim test exposures served to improve word form recall over the
24-hr interval by applying a one-way ANOVA and post hoc HSD tests for unequal Ns. The
dependent variable was a difference score calculated as the number of words recalled at 24
hr minus the number recalled immediately after training. These difference scores are
presented in Figure 4. There was a main effect of condition, F(2, 103) = 8.65, p = .0003,
partial n2 = .14, such that those in the 12-hr test condition differed significantly from those
in the no-test condition, p =.003, and marginally from those in the 2-hr test condition, p=.
054. The no-test and 2-hr test conditions did not differ. The change in the 12-hr condition
was significantly greater than 0, t = 5.4, df = 36, p <.0001, as was the change in the 2-hr
condition, t = 2.96, df = 53, p = .005; in both cases the change involved increased recall. The
change in the no-test condition was not significant, t = -1.5, df = 14, p = .16.

To better interpret the advantage of testing at 12 hr, we compared number of words recalled
by participants in the 2- and 12-hr interim condition at each of the three testing points. A
mixed ANOVA with interim condition (2 hr, 12 hr) as a between-subjects variable and
testing point (immediate, interim, final) as a within-subject variable yielded a significant
effect of testing point, F(2, 178) = 33.92, p < .0001, partial n? = .28, qualified by a Testing
Point x Interim Condition interaction, F(2, 178) = 4.05, p = .02, partial n2 = .04 (Figure 5).
A Bonferroni post hoc test revealed that the 12-hr interim test group recalled significantly
more words at the final test than at either of the previous testing points, p < .0001. The two
previous testing points did not differ. In contrast, the 2-hr interim test group recalled
significantly fewer words at the interim testing point than at the immediate and final testing
points, p < .01. There was a marginally significant gain in number of words recalled from
the immediate to the final testing point, p = .08.
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Discussion

Recognition

Recall

In this study we explored the role of time and retrieval experience in the consolidation of
newly learned word forms. We found the recognition of word forms to consolidate over the
24 hr following training in the absence of overt experience involving retrieval. This
consolidation was manifested as stable accuracy and increased speed of recognition. Overt
experience requiring retrieval did not facilitate this increase; in fact when offered too close
to training, it was deleterious. Recall revealed a different pattern of change. In the absence
of overt retrieval experience during the interim, consolidation was manifested as stability.
The same number of words was recalled at immediate and 24-hr posttests. But with overt
retrieval experience in the interim, word recall improved by one or two words, on average,
from immediate to 24-hr posttest depending on the timing of the interim test. Below we
interpret these findings as they relate to current conceptions of consolidation and
reconsolidation.

Accuracy of recognition was stable over the 24 hr of the experiment. The experience
provided by an interim test did not change the accuracy of word recognition, for better or
worse. Because accuracy was at ceiling, the pattern of change in speed of recognition was
more revealing. For participants in the 12-hr interim test condition, RT decreased
significantly over the 24-hr period. However, this was not the result of interim testing, as
participants in the no-interim-test condition evinced decreases of similar magnitude. We
conclude instead that the faster speed of response reflected consolidation over time. The
pattern of results bears similarity to results reported in Davis, Di Betta, Macdonald, and
Gaskell (2008). They taught university students 18 novel words on Day 1; taught them
another 18 on Day 2; then, also on Day 2, tested performance on both sets. On a task
requiring the students to repeat the word forms as quickly as possible, the researchers found
that words trained on the first day were repeated more quickly than words trained on the
second day. They concluded that the difference reflected overnight changes in the
representation of novel word forms. In a subsequent experiment, they found different neural
signatures for Day 1 and Day 2 words as measured by fMRI.

A different, and seemingly contradictory, pattern of change characterized the participants in
the 2-hr interim condition. Participants in the 2-hr interim condition demonstrated nearly
identical response times at the initial, interim, and final test. If 24 hr brought decreased
response times for the other participants, why not for them? We maintain that the answer
lies in the difference in timing of the interim test experience relative to training. By forcing
retrieval only 2 hr posttraining, the still labile memory trace was disrupted. We shall explore
the temporal sensitivity of consolidation in more detail after considering the word form
recall findings.

Unlike recognition, recall was far from ceiling immediately after training. Of the 16 words
that were trained, participants recalled only five or six, on average. In the no-interim-test
condition, there was no significant change in performance from immediately after training to
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24 hr later. Therefore, given only the passage of time, consolidation served to stabilize the
memory trace.

But additional testing yielded additional learning. There are at least two likely reasons. First,
the interim test session provided additional exposure to the correct word forms. Recall that
word association and lexical decision tasks were part of the complete protocol. Thus, they
received exposures to the word forms during these tasks as well as during the 2AFC task.
Second, the interim and final tests were identical, thus introducing the possibility of transfer-
appropriate processing (Karpicke & Roediger, 2007). One potential curiosity about the
effectiveness of the test experience is that the examiner provided no feedback on the
participant’s test performance. Although testing without feedback can be a very effective
way to boost retention (Roediger & Karpicke, 2006), this is typically the case only after
initial training that results in high levels of performance (Pyc & Rawson, 2009). Here,
performance on word recall was low, with fewer than half of the trained words recalled at
interim test. Difficult retrieval that results in failure is not conducive to memory; instead,
difficult but successful defines the construct of “desirable difficulty” (Pyc & Rawson, 2009).
However, note that correct exposures from other test probes together with the participants’
excellent recognition of the word forms constituted implicit feedback on their recall efforts.

Although testing 2 hr after training was preferable to not testing at all, it was marginally less
useful than testing 12 hr after training. Those in the 2-hr condition gained one word over the
24-hr interval; those in the 12-hr condition gained two. Cepeda and colleagues reviewed 14
studies that compared the effect of practicing newly learned information closer to or further
from initial encoding. In every one, a gap of 1 day or more between encoding and practice
was better than a gap of 3 hr or less in promoting accuracy on a final retention test (Cepeda,
Pashler, Vul, Wixted, & Rohrer, 2006). In these 14 studies, the interval between practice and
retention test was held constant, so the effect was necessarily attributable to the different
intervals between encoding and practice. But in the current study, participants in the 2-hr
condition had to retain the word forms for 22 hr while those in the 12-hr condition had to
retain for only 12 hr. But an interpretation based on the length of the final retention period
seems unsatisfactory here given that both those in the 12-hr and those in the 2-hr condition
demonstrated gains indicative of recon-solidation during that interval. Instead, the
disadvantage of testing 2 hr after training was more evident between training and interim
test. Those in the 12-hr condition demonstrated stable performance from immediate to
interim tests (much as those in the no-test condition did over the entire 24-hr interval), but
those in the 2-hr condition demonstrated a decline in performance. To explain, we again
appeal to the temporal characteristics of consolidation. Apparently 12 hr, but not 2 hr, was
enough to stabilize the memory trace.

Animal models are highly informative to understanding the dynamic interplay between time
and retrieval in support of memory. For example, memory for a conditioned fear in mice is
disrupted by protein synthesis inhibitors when administered immediately after training and
also when administered later after retrieval (Lattal & Abel, 2004). Importantly, the
disruption is more likely when retrieval follows closer rather than further from training
(Suzuki et al., 2004). In other words, new memories are weak and therefore more prone to
interference than older memories. Alberini (2005) puts it this way: “each training and
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reactivation event contributes to a gradient of stabilization that gradually increases and
eventually results in a fully consolidated trace that is insensitive to disruption. However,
during the gradient, the still-unstable trace can become labile if activated by a modulation
event” (p. 55).

Conclusions

Over the course of a single day, the ability to recognize newly learned word forms remained
stable while speed of recognition improved. This consolidation was fueled solely by the
passage of time. Interim exposure and associated retrieval experience did not contribute to
the effect; in fact, enhancements in speed of recognition were blocked when interim testing
occurred soon after training. This pattern stands in contrast to the pattern of change in word
form recall. With the passage of time alone, word form recall remained stable. With
additional experience via interim test exposure, word form recall improved; but, when the
interim test occurred too soon after initial training, that improvement was minimal.
Although not predicted, the different outcomes for recognition and recall are not surprising
because the two tasks involve different retrieval cues, response types, and scales of
measurement. Moreover, these differences are compatible with current dual-process theories
of memory that posit that a sense of familiarity can enable recognition but not recall
(YYonelinas, 2002). Distinct neuroanatomical support for recognition and recall is also in
evidence (O’Reilly & Norman, 2002). These differences are germane to understanding why
word learners typically need more exposure to produce new words than to recognize them
(Booth et al., 2008; Munro et al., 2012).

A replication of these results with an a priori design in which participants are randomly
assigned to conditions is called for. Although we found no indication of differences in
performance that can be attributed to circadian rhythms, elimination of the confound
between time of day in which training occurs and the interval between training and interim
test is also needed. Finally, an important next step toward applying these findings is to
determine how the dynamics of word learning and memory unfold over much longer, more
relevant time periods. For now, the conclusions are more general: The lexicon is not a
passive memory bank. Instead, lexical configurations are dynamic. We offer preliminary
evidence that they change via a complex interplay between experience and time. The same
experience that can help learning and memory can also disrupt learning and memory,
depending on when it occurs. These findings hold implications for measuring word learning
outcomes and, ultimately, for scheduling practice and review of verbal material learned in
classrooms and clinics.
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Figure 1.

Time intervals between tests in each of the three interim conditions.
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Figure2.
Change in reaction time for word recognition over 24 hr in each of the three interim

conditions expressed as means and standard errors.
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Figure 3.
Change in reaction time (RT) for word form recognition at each testing point for the 2- and

12-hr interim conditions expressed as means and standard errors.
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Figure4.
Change in number of word forms recalled over 24 hr in each of the interim conditions

expressed as means and standard errors.
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Figureb5.
Number of word forms recalled at each testing point for the 2- and 12-hr interim conditions

expressed as means and standard errors.
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Accuracy and speed of word recognition on the 2AFC task by condition and test expressed as mean proportion

of responses correct (and standard error).

Interim
condition Immediate Interim  24-hr post

2-hrtest .97 (.005) .96 (.007) .96 (.008)
12-hrtest .99 (006) .97 (.008) .97 (.009)
No-test .99 (.009) .97 (.014)

Note. 2AFC = two-alternative fixed choice.
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