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Levels of Retrieval and the Testing Effect

Ningxin Su
Beijing Normal University

Zachary L. Buchin and Neil W. Mulligan
University of North Carolina at Chapel Hill

Retrieval enhances subsequent memory more than restudy (i.e., the testing effect), demonstrating the
encoding (or reencoding) effects of retrieval. It is important to delineate the nature of the encoding effects
of retrieval especially in comparison to traditional encoding processes. The current study examined if the
level of retrieval, analogous to the level of processing during encoding, has an effect on subsequent
memory. In 4 experiments, participants studied short lists of words, each followed by a retrieval or
restudy trial. A final free recall test was given at the end of the experiment. The level of retrieval was
manipulated by asking participants to retrieve words with a semantic or phonemic cue in the retrieval
trial. In order to isolate the effects of retrieval per se, the semantic or phonemic cue was also presented
in the restudy trial. Experiment 1 manipulated levels of retrieval (and restudy) between subjects while
Experiment 2 manipulated levels within subjects. Experiment 3 sought to enhance the levels effect by
adding an overt levels judgment, and Experiment 4 sought to rule out an alternative account of the
equality of the testing effects across levels by increasing the list length. In all 4 experiments, a robust
testing effect was obtained but it was not moderated by level of retrieval, a result supported by a
small-scale meta-analysis, which demonstrated an overall effect of levels and testing condition, but no
interaction.
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Testing is not simply a tool that reveals the contents of
memory but has also proven to be a powerful way to enhance
memory (i.e., the testing effect, for recent reviews see Adesope,
Trevisan, & Sundararajan, 2017; Karpicke, 2017; Rowland,
2014). In a typical testing effect experiment, participants first
study some items and then either restudy or practice retrieving
those items. On a final memory test, performance is typically
better for the previously retrieved items than the restudied items
(e.g., Carpenter & DeLosh, 2006; Roediger & Karpicke, 2006).
In fact, the testing effect has emerged as one of the most robust
memory phenomena in cognitive psychology (e.g., Karpicke,
2017). The learning benefits of retrieval practice have been
replicated in both the laboratory and the classroom (e.g., Butler
& Roediger, 2007; McDaniel, Anderson, Derbish, & Morrisette,
2007; Roediger & Karpicke, 2006), and with various types of

materials, including single words and word pairs (e.g., Carpen-
ter & DeLosh, 2006; Carpenter, Pashler, & Vul, 2006), text
passages, (e.g., Butler, 2010; Chan, McDermott, & Roediger,
2006), and academic facts (e.g., Carpenter, Pashler, & Cepeda,
2009). Further, the testing effect generalizes across final test
type (e.g., recognition, cued recall, and free recall; Carpenter &
DeLosh, 2006) as well as retention interval (e.g., minutes, days,
weeks, and months; Kornell, Bjork, & Garcia, 2011; Rowland
& DeLosh, 2015).

The enhanced memory retention from retrieval practice suggests
that retrieval modifies memory representations (e.g., Bjork, 1975). In
line with this idea, recent research has examined the similarity be-
tween what might be referred to as the encoding (or reencoding)
effects of retrieval and those processes more typically labeled as
encoding (Buchin & Mulligan, 2017, 2019; Mulligan & Picklesimer,
2016). For example, it is well-known that typical encoding processes
(e.g., studying and reading) can be easily disrupted by dividing
attention (e.g., Craik, Govoni, Naveh-Benjamin, & Anderson, 1996;
Mulligan, 2008). Mulligan and colleagues conducted multiple studies
to determine if the encoding benefits of retrieval were similarly
impaired under divided attention. Participants were asked to retrieve
or restudy previously studied items under full or divided attention.
Across a variety of conditions, final test performance indicated that
the encoding effects of retrieval were more resilient to disruption from
divided attention than the effects of study-based encoding (Buchin &
Mulligan, 2017, 2019; Mulligan & Picklesimer, 2016). In the present
study, we examined another classical factor that moderates the effec-
tiveness of typical encoding processes—the depth or level of process-
ing (Craik & Lockhart, 1972; Craik & Tulving, 1975).
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Levels of processing is one of the most widely applied concepts
in memory research (e.g., Cermak & Craik, 1979; Craik, 2002;
Craik & Lockhart, 1972; Craik & Tulving, 1975; Rose & Craik,
2012; Rose, Myerson, Roediger, & Hale, 2010). The main idea is
that deep processing (semantic analysis including meaning, infer-
ence, implication) produces better memory than shallow process-
ing (superficial analysis including processing of structural, percep-
tual, or syntactic features). The memorial advantage of deep
processing generalizes across the type of final test (recognition or
free recall), the nature of instruction (incidental learning or inten-
tional learning), the duration of study time (200 ms or 6 s), and the
reward (with or without; Craik & Tulving, 1975). Further, the
levels of processing framework emphasizes that the memorial
enhancement from deeper processing is not simply due to in-
creased effort, difficulty, or processing time (Craik & Tulving,
1975). Considering the robust levels of processing effect on en-
coding, the first aim of the present study was to determine if there
is an analogous effect on the encoding effects of retrieval—what
might be referred to as an effect of levels of retrieval on subse-
quent memory.1

Although the idea that deep or semantic processing produces
better memory than shallow or nonsemantic processing has been
extensively assessed (e.g., Craik, 2002; Craik & Tulving, 1975),
the potential influence of processing level on the mnemonic ben-
efits of retrieval is not as well understood. Specifically, does deep,
semantic retrieval enhance memory retention more than shallow,
nonsemantic retrieval?

Theoretical accounts of the testing effect provide some sugges-
tions about the likely answer to this question. The elaborative
retrieval account (Carpenter, 2009, 2011; Carpenter & Yeung,
2017) proposes that the effectiveness of retrieval lies in its ability
to activate semantic associates of the cue and target words, which
can then be used as additional retrieval routes during subsequent
retrieval. For example, if the cue-target pair mother-child is to be
learned, then practicing retrieval with the cue mother- leads to the
activation of semantic associates like father whereas restudying
mother-child is less likely to lead to such semantic elaborations
and in turn less likely to produce effective semantic mediators for
later retrieval (Carpenter & Yeung, 2017). Given that deep pro-
cessing involves semantic analysis and shallow processing in-
volves nonsemantic analysis, it can be inferred that deep process-
ing during retrieval provides more opportunities for semantic
elaboration which would benefit retention compared to shallow
processing during retrieval. Thus, this account suggests that deep
retrieval should enhance later memory more than shallow retrieval.

A second hypothesis argues that retrieval entails more effortful
processing of the target stimulus than does restudy, and that this
difference in effortful processing produces the testing effect (e.g.,
Bjork, 1975; Endres & Renkl, 2015; Pyc & Rawson, 2009). This
account is consistent with the desirable difficulties framework
(e.g., Bjork, 1994, 1999) and the finding that more difficult re-
trieval conditions can enhance the size of the testing effect (e.g.,
Halamish & Bjork, 2011; Pyc & Rawson, 2009). However, if
retrieval effort or difficulty is equated as in the present study, the
hypothesis does not predict an effect of retrieval level.

Finally, the episodic context account proposes that successful
retrieval updates the contextual representation of targets by includ-
ing features from both the original study context and the present
test context (e.g., Karpicke, Lehman, & Aue, 2014; Whiffen &

Karpicke, 2017). The resulting composite trace in the retrieval
condition provides varied contextual information that is more
likely to match whatever contextual cues are used during the final
recall test, restricting the search set of candidate information to a
greater degree than in the restudy condition (Karpicke, 2017; see
Lehman & Karpicke, 2016 for contrast with the elaborative re-
trieval account). Because semantic and nonsemantic retrieval both
provide the possibility for contextual updating, the theory provides
no reason to predict a difference between the two conditions.

Thus, the elaborative account predicts a levels-of-retrieval ef-
fect, the effort account proposes no effect (provided retrieval
difficulty is equated), and the episodic-context account does not
make a clear prediction but seems most consistent with an absence
of such an effect. Finally, traditional theories of memory encoding,
such as the levels-of-processing approach, predict a levels-of-
retrieval effect. That is, it is reasonable to assume that semantic
retrieval generally entails semantic processing to a greater degree
than nonsemantic retrieval, which in turn should enhance still later
memory.

Several studies predating the current interest in the testing effect
manipulated levels during initial retrieval, and either found a
mnemonic advantage of semantic retrieval or no difference be-
tween the semantic and nonsemantic conditions on a final memory
test (Bartlett, 1977; Bartlett & Tulving, 1974; McDaniel, Kowitz,
& Dunay, 1989; McDaniel & Masson, 1985; Whitten, 1978).
Bartlett (1977) asked participants to study lists of six words and
after each immediately recall three of the words when given:
temporal cues about the serial positions of the targets; orthographic
cues consisting of the final one to three letters of the targets; or
semantic cues that were meaningfully related to the targets. Mem-
ory performance on a final free recall test was influenced by the
initial retrieval mode; retrieval with a semantic cue enhanced
performance the most, independent of serial position (Bartlett,
1977). Whitten (1978) found a similar result using rhyme cues in
the shallow retrieval condition. In contrast, neither McDaniel and
Masson (1985) nor McDaniel, Kowitz, and Dunay (1989) found a
consistent memorial benefit from semantic processing during re-
trieval practice compared to phonological (nonsemantic) process-
ing. Similarly, although Bartlett and Tulving (1974) observed a
benefit of initial semantic cuing over temporal cuing when retriev-
ing from short-term memory (STM), there was no difference when
retrieving from long-term memory.

Although these studies provide preliminary information, certain
methodological factors prevent unambiguous conclusions regard-
ing retrieval-based learning. First, none of the studies included
restudy control conditions to compare to the retrieval practice
conditions (Bartlett, 1977; Bartlett & Tulving, 1974; McDaniel et

1 Two points merit comment. First, it is well known that the effects of
levels of processing can be affected by the nature of the later memory test,
with perceptually-driven tests often producing a reversed levels-of-
processing effect (captured by the idea of transfer appropriate processing,
Morris et al., 1977). In the present explorations, the final test is free recall,
a test that virtually always exhibits the usual levels-of-processing effect.
Second, research on source-constrained retrieval (e.g., Jacoby, Shimizu,
Daniels, & Rhodes, 2005) has used the term retrieval depth to describe the
qualitative level of processing at retrieval produced by different levels of
processing during initial encoding. However, we are examining a different
question—the effect of processing level during retrieval practice on the
size of the testing effect.
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al., 1989; McDaniel & Masson, 1985; Whitten, 1978). This is a
critical issue in isolating the effects of retrieval, per se, on later
memory. Final recall in a retrieval condition can be influenced by
prior retrieval itself and by the reexperience with the stimulus that
results from retrieval (or from feedback after a retrieval attempt).
To isolate the effect of retrieval itself, one must compare the
retrieval condition with an appropriate restudy condition, which
controls for reexperience (see Buchin & Mulligan, 2017; Roediger
& Karpicke, 2006; Rowland, 2014, for discussion). Consequently,
the foregoing studies do not isolate the effects of specific levels of
retrieval, per se, on subsequent memory performance. This is
especially important in the present case because retrieval with
semantic cues entails not just retrieval but also reprocessing of the
target item in the company of a semantic cue. Likewise, in the
shallow retrieval condition, retrieval and additional reprocessing
occurs in the company of a shallow cue. Reprocessing a stimulus
with a semantic cue may enhance memory more than reprocessing
a stimulus with a shallow cue. If so, any differences between the
semantic and shallow retrieval conditions might reflect different
mnemonic effects of retrieval or of reprocessing in the presence of
different types of cues (or both). To eliminate this confound, the
mnemonic benefits of each retrieval condition must be assessed
relative to its appropriate restudy baseline.

Second, initial retrieval success was generally higher for items
in the semantic condition than in the nonsemantic condition (Bar-
tlett, 1977; Bartlett & Tulving, 1974; McDaniel et al., 1989;
McDaniel & Masson, 1985; Whitten, 1978). This raises two coun-
tervailing concerns. First, conditions that produce greater initial
retrieval are more likely to demonstrate higher recall on the final
test (e.g., Kang, McDermott, & Roediger, 2007; Karpicke et al.,
2014). This means that any differences between the semantic and
nonsemantic retrieval conditions on the final test could reflect
levels-of-retrieval effects, the beneficial effects of greater success-
ful retrieval practice, or both. Second, the lower level of initial
retrieval success in the nonsemantic condition indicates that it was
generally more difficult than the semantic condition. This adds
further ambiguity because the mnemonic benefits of successful
retrieval practice (without feedback) increase as the difficulty (or
effort) of retrieval increases (e.g., Halamish & Bjork, 2011; Pyc &
Rawson, 2009). Taken together, the two concerns indicate that
these prior studies are unable to provide a conclusive answer
regarding the effect of retrieval level on later memory.2

To the best of our knowledge, only one study has equated initial
retrieval success and used a restudy control condition to examine
the influence of processing depth during retrieval practice on the
size of the testing effect (Veltre, Cho, & Neely, 2015). In this
experiment, Veltre, Cho, and Neely (2015) assessed the transfer
appropriate processing account (Morris, Bransford, & Franks,
1977) as a possible explanation of the testing effect, according to
which memory improves if the type of processing used during the
final test matches the type of processing used during learning.
Specifically, participants studied words (ABOVE) and then either
restudied them (ABOVE), retrieved them given a semantic cue
(BEYOND-____), or retrieved them given an orthographic cue
(A_OV_). Two days later, participants took a cued-recall test using
cues identical to the initial retrieval cue, new cues of the same
level, or new cues of a different level. To assess the size of the
testing effect in the semantic final test cue conditions, Veltre et al.
(2015) subtracted performance in the restudy condition (restudy

ABOVE, final test cue BEYOND-____) from the identical
(BEYOND-____, BEYOND-____), same level (BELOW-____,
BEYOND-____), and different level (A_OV_, BEYOND-____)
retrieval practice groups. A similar analysis was conducted for the
orthographic final test cue conditions; performance in the restudy
condition (restudy ABOVE, final test cue A_OV_) was subtracted
from performance in the identical (A_OV_, A_OV_), same level
(AB_V_, A_OV_), and different level (BEYOND-____, A_OV_)
retrieval practice groups. Veltre et al. (2015) found larger testing
effects in the semantic final test cue conditions when the initial
retrieval cue was semantic (identical or same level) rather than
orthographic, but there were no clear differences between the
orthographic final test cue conditions.

The results seem to suggest that semantic retrieval leads to
larger testing effects than nonsemantic retrieval, as long as the
final test cue also induces semantic retrieval (Veltre et al., 2015).
This in turn suggests that the encoding effects of retrieval exhibit
the same sort of levels-of-processing effect routinely found when
the manipulation is implemented during initial study (again, pro-
vided the final test is conceptual in nature, Morris et al., 1977).
However, there is a limitation with the study. The restudy condi-
tion used to calculate the testing effects presented the study item in
isolation, unaccompanied by the cue presented in the retrieval
conditions. This confound may be critical, as the restudy condition
did not explicitly prompt the same level of processing as did the
retrieval conditions. The mere presence of the (semantic or ortho-
graphic) cue might have an influence on processing in the retrieval
conditions beyond any specific effect of retrieval. The role of the
restudy condition is to eliminate just those differences to allow an
assessment of the mnemonic effects of retrieval. For example,
using an appropriate restudy comparison condition for ortho-
graphic retrieval that guides encoding of orthographic information
might have revealed a comparable testing effect to that from
semantic retrieval. The cues given to the retrieval practice condi-
tions should be presented in the restudy conditions along with the
target words to enhance comparability between the test and restudy
conditions, and isolate the effects of a specific level of processing
on the testing effect.

To address the foregoing issues, we conducted four experiments
using an adaptation of the design used by Whitten (1978). In this
design, participants are presented with a series of short lists of
(e.g., three or four) words, each followed by a brief (e.g., 30 s)
distractor task and a retrieval or restudy trial. A final test is given
at the end of the experiment. This design is useful in the present
case for two reasons. First, it produces high retrieval success
during initial retrieval, allowing for a robust testing effect even
with brief delays and maximizing the influence of retrieval, per se,
on the final recall test (e.g., Kuo & Hirshman, 1996). Second, in
designs using long study lists, retrieval with shallow cues is often

2 It should be noted that a majority of these studies conducted additional
analyses conditionalizing final performance on successful initial retrieval
in an attempt to mitigate item-selection effects, including analyzing a
scores (McDaniel et al., 1989; see Lockhart, 1975) and s scores (Bartlett,
1977; McDaniel & Masson, 1985; see Modigliani, 1976). However, the
conditionalized analyses do not correct for the possibility that more diffi-
cult initial retrieval can produce a more potent effect for those items
successfully retrieved. Even more important, these analyses do not remedy
the more critical issue of the lack of appropriate restudy comparison
conditions.
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quite low compared with retrieval with semantic cues (Morris et
al., 1977; Mulligan & Picklesimer, 2012). In the present case, it is
desirable to use a paradigm in which initial retrieval is high and
comparable across the two retrieval conditions (see Veltre et al.,
2015, for an alternative strategy). In the present experiments,
participants were asked to learn a series of words for a later
memory test. During the learning phase, participants briefly stud-
ied a set of three words, solved math problems for 30 s, and then
either restudied or retrieved two of the three words in the presence
of semantic or rhyme cue words. After repeating this for all the
to-be-learned words, participants completed a 5-min filler task and
then took a final free recall test. Because this differs from a
traditional levels-of-processing manipulation which occurs during
initial study, we refer to our manipulation simply as “levels” and
do not use the term “levels-of-processing.”

Experiment 1

The experiments addressed two issues in examining the effect of
level of retrieval on the testing effect. First, as stressed above,
differences in reexperience with study items can influence the size
of the testing effect; the testing effect increases with greater
reexperience induced either by feedback (vs. no feedback) or high
initial retrieval performance (vs. low performance; Rowland,
2014). To control the influence of reexperience (and eliminate any
reexperience confounds), feedback was given after initial retrieval
to make sure that all conditions reexperienced all items. Second,
retrieval effort contributes to the testing effect with easier retrieval
leading to less memory enhancement (Pyc & Rawson, 2009). In
some of the earlier studies, initial retrieval performance was better
with semantic than nonsemantic cues (Bartlett, 1977; Bartlett &
Tulving, 1974; but see Veltre et al., 2015), implying that semantic
retrieval was easier than nonsemantic retrieval for these tasks,
which in turn might have inflated the mnemonic benefit of the
latter form of retrieval. In light of this issue, we conducted pilot
research to develop methods under which the semantic and non-
semantic cues produced approximately equal initial retrieval ac-
curacy and retrieval time. The methods of the current experiments
were based on the pilot study and the results indicate that difficulty
was generally matched.3

The purpose of Experiment 1 was to ascertain whether semantic
retrieval produces a larger testing effect than phonemic retrieval
when compared to the appropriate baseline restudy condition.
Level at retrieval or restudy was manipulated between-subjects.
Participants in the semantic group either retrieved or restudied
words with a semantic cue or restudied words in isolation; partic-
ipants in the phonemic group engaged in the same tasks except
with rhyme cues (or no cue in the isolated restudy condition). It
should be noted that we included a restudy condition without cues
to determine if restudying with a semantic or phonemic cue af-
fected the baseline comparison for computing the testing effect (cf.
Veltre et al., 2015).

Method

Participants. A power analysis was conducted based on an
effect size of the testing effect from a previous experiment that
used similar initial and final tests (i.e., d � 0.75 from Mulligan &
Peterson, 2015, Experiment 3), it was found that 21 participants

per group were needed to detect an effect of that size with 90%
power (� � .05, two-tailed). Therefore, 43 participants from UNC
at Chapel Hill were recruited in exchange for course credit. One
participant was excluded because of a computer error. The remain-
ing 42 participants (30 females; age M � 18.68, SD � 0.99, one
participant did not provide their age) were randomly assigned to
the semantic group (n � 21) or the phonemic group (n � 21). The
study received research ethics committee (Instructional Review
Board) approval.

Design and materials. The experiment used a 2 (level: se-
mantic vs. phonemic) � 3 (review condition: retrieval practice vs.
cued restudy vs. restudy) design with level as a between-subjects
variable and review condition as a within-subjects variable.

All materials were drawn from Nelson, McEvoy, and Schreiber
(2004). Forty-two critical target words were selected. The average
length, frequency, and concreteness for target words was M � 4.33
(SD � 0.76, Range � 3 to 6), M � 210.78 (SD � 360.74, Range �
3 to 1,599), and M � 4.98 (SD � 1.18, Range � 2.93 to 6.92),
respectively. For each target word (e.g., cold), we selected a
semantic cue (e.g., chill) and a phonemic cue (e.g., hold). The
average length, frequency and concreteness for semantic cues was
M � 5.17 (SD � 0.77, Range � 3 to 6), M � 48.97 (SD � 81.05,
Range � 1 to 373), and M � 4.97 (SD � 1.16, Range � 2.48 to
6.94), respectively. The average length, frequency and concrete-
ness for phonemic cues was M � 4.39 (SD � 1.65, Range � 3 to
10), M � 72.81 (SD � 144.37, Range � 2 to 794), and M � 4.67
(SD � 1.35, Range � 1.49 to 6.96), respectively. Semantic and
phonemic cues did not differ in frequency or concreteness (ps �
.1), but the semantic cues were almost one letter longer on average
(p � .01). The average forward strength and backward strength of
semantic cue–target pairs was M � 0.67 (SD � 0.11, Range � 0.5
to 0.91) and M � 0.21 (SD � 0.24, Range � 0 to 0.87), respec-
tively.

Twenty-one nontarget words (with similar features as the target
items) were added to the set of 42 target words to create 21 short
lists of three words each (e.g., cold, fish, leave), with each study
list containing two target words and one nontarget word. Although
all three words in a list were initially studied, only the two targets
were subsequently reviewed via retrieval, cued restudy, or re-
study.4 To be clear, the specific words that acted as targets or
nontargets in each list were the same for all participants (and the

3 As will be seen, there are two comparisons assessing difficulty in each
experiment, one based on retrieval accuracy and the other on retrieval time,
yielding a total of eight comparisons across the four experiments. Two of
the comparisons favored semantic cues (higher retrieval accuracy than for
nonsemantic in Experiments 1 and 4), one favored the nonsemantic cues
(quicker retrieval times compared to the semantic cues in Experiment 3),
and five of the comparisons found no significant difference. In sum, the
semantic and nonsemantic retrieval tasks do not appear to differ substan-
tially in difficulty.

4 We included three words in each study list to require selective retrieval
guided by the supplied cue. We required retrieval practice for only two of
the three items to reduce the time for forgetting after the study list
presentation in order to facilitate high initial retrieval success (on the
assumption that retrieval success would decrease over more retrieval
trials). The use of two retrieval trials in turn dictated the comparable
structure for restudy trials. Thus, this design represents a compromise
between the needs for a slightly longer study list (to induce selective
retrieval) and a smaller number of retrievals (to facilitate higher initial
retrieval success). See Experiment 4 for more on this issue.
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nontarget was equally often in each serial position). Of the 21 total
lists, three were used for practice and six were used in each of the
three review conditions. The lists were counterbalanced across
subjects such that each was used equally often in each condition.

During review, targets were either retrieved with a semantic
(e.g., chill–?) or phonemic (rhyme) cue (e.g., hold–?), restudied
with a semantic (e.g., chill–cold) or phonemic (e.g., hold–cold)
cue, or restudied without a cue (e.g., cold). Participants were asked
to retrieve or read each target word aloud and a microphone was
used to record response times.

Procedure. The main experiment consisted of a learning phase
(Phase 1; see Figure 1) and a testing phase (Phase 2). Before Phase 1,
participants completed a preliminary voice key calibration to test the
quality of their oral responses. Five words were presented on a
computer screen (2 s each) and participants were instructed to say
each word aloud into a microphone as quickly and accurately as
possible. If the microphone successfully recorded their response, the
computer displayed “Correct!” as feedback. Otherwise, participants
were informed to read the next word louder.

After successful voice calibration, participants were told that they
would be presented with a series of words that should be studied for
an upcoming memory test. They were given a basic overview of
Phase 1 and ran through the procedure in each review condition using
the three practice lists. The entire procedure depicted in Figure 1 was
repeated for each list, one list at a time, in a random order.

First, a fixation cross was presented for 1 s followed by a blank
screen lasting 0.5 s. Then the three words in a given list were
presented one at a time (2 s each) in a random order for initial study
(e.g., cold, fish, leave). After studying each of the three words, another
fixation cross was presented for 1 s before participants were asked to
solve math problems for 30 s, typing their answers into the computer.
The maximum time to solve each problem was 8 s.

After the math problems, the review portion of the learning
phase began. First, participants were shown instructions for 3 s that
indicated which type of review was going to take place. For the
semantic retrieval condition, the instruction “retrieve with a se-
mantic cue” was shown on the computer, followed by a fixation
cross (1 s). Participants then saw a semantic cue for 4 s (e.g.,
chill–?) and were instructed to retrieve the associated studied
word, saying it aloud into the microphone as quickly and accu-

rately as possible. Regardless of their response, the correct target
word was then displayed as feedback for 2 s (e.g., chill–cold) and
participants were asked to read the word aloud if they had not
successfully recalled it. This was repeated for a second word from
the studied list (e.g., vacate–? for 4 s, vacate–leave for 2 s), before
the learning phase was repeated with a new list of three words.

For the semantic cued restudy condition, the instruction “restudy
with a semantic cue” was shown on the computer screen (for 3 s
followed by the 1-s fixation cross) before a semantic cue-target
pair was presented for 6 s (e.g., chill–cold). Participants were
asked to read the cue word silently and the target word aloud. After
6 s, the second target word from the studied list was presented for
restudy alongside its corresponding semantic cue (e.g., vacate–
leave). The phonemic retrieval and cued restudy conditions were
similar to their semantic counterparts but used phonemic cues
(e.g., hold–cold, weave–leave) instead of semantic cues. In the
(uncued) restudy condition, the instruction “restudy” was dis-
played for 3 s. before one of the target words appeared without a
cue for 6 s (e.g., cold). Participants were asked to read the target
word aloud. Afterward, the second target word was displayed and
restudied for 6 s (e.g., leave).

After completing Phase 1 for all lists, participants were asked to
solve math problems for 5 min before starting Phase 2, which
consisted of the final free recall test. Participants were given a
blank sheet of paper and asked to write as many of the studied
words as they could recall in 5 min. After the free recall test,
participants answered a brief postexperiment questionnaire. Be-
cause the questions were secondary to the main point of the current
study, the questions and results are presented in Appendix A.

Results

Initial cued recall. Mean cued recall accuracy and median
retrieval times in Experiments 1–4 can be found in Table 1. The
proportion of target words correctly recalled in the semantic group
was significantly higher than in the phonemic group, F(1, 40) �
9.197, MSe � 0.026, p � .004, �p

2 � .187. There was no
difference in median retrieval time between the semantic and
phonemic groups, F(1, 40) � 0.638, p � .429. Occasionally, the
vocal response did not trip the voice key (e.g., because a partici-

Figure 1. Learning phase (Experiment 1). After reviewing the second word, the entire process repeated with
a new list of words until all lists were presented. In this example, cold and leave are targets and fish is a
nontarget.
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pant spoke too softly) and thus did not record retrieval time for that
particular trial (although accuracy could still be recorded for these
trials). The percentage of missing retrieval times did not signifi-
cantly differ between the semantic (M � 2.69%, SD � 4.37%) and
phonemic (M � 4.79%, SD � 9.85%) groups, F(1, 40) � 0.799,
p � .377.

Final free recall. There are two types of items, those referred
to as targets, which were either retrieved or restudied, and those
referred to as nontargets, which were the third item from each
study list that was not restudied or retrieved. The final recall of
nontargets is not important for our primary research questions and
is reported for all experiments in Appendix B.

Final free recall performance for targets in Experiments 1–4 can
be found in Table 2. A 2 (level: semantic vs. phonemic) � 3
(review condition: retrieval vs. cued restudy vs. restudy) mixed
factorial analysis of variance (ANOVA) was conducted with level
as a within-subjects factor and review condition as a between-
subjects factor (see Table 2). Only the main effect of review
condition was significant, F(2, 80) � 10.209, MSe � 0.019, p �
.001, �p

2 � .20. Post hoc tests revealed that retrieval practice
enhanced final free recall compared with both cued restudy,
t(41) � 2.517, pbonf � .047, d � 0.388, and restudy, t(41) � 4.615,
pbonf � .001, d � 0.712, demonstrating the testing effect. There
was no significant difference between the cued restudy and restudy
conditions, pbonf � .175. Although recall in all three semantic
conditions was numerically greater than the corresponding three
phonemic conditions, the main effect of level was nonsignificant,
F(1, 40) � 2.685, p � .109. Most critically, the interaction
between level and review condition was also nonsignificant, F(2,
80) � 0.142, p � .868, indicating a comparably sized testing effect
for semantic and phonemic retrieval.

Discussion

In Experiment 1, we found that retrieval practice produced
better final free recall performance than both restudy conditions,
demonstrating a testing effect. First, this is consistent with earlier
research that found robust testing effects after a short retention
interval when initial retrieval success was high and/or feedback
was provided (both attributes of the present experiment; Rowland
& DeLosh, 2015). Second, this result is critical because the ulti-
mate goal of the current study is to determine if the testing effect
differs across the retrieval conditions, requiring that we first ob-
serve a robust testing effect. Having satisfied that requirement, it is
interesting that we found a similar sized testing effect for both the

semantic and phonemic groups, implying similar beneficial effects
of retrieval for semantic and phonemic cues.

However, this should be considered preliminary at this point,
and there are several other aspects of the results to consider. First,
as described earlier, these materials were pilot tested in an attempt
to equate initial performance between the semantic and phonemic
retrieval groups. In Experiment 1, initial retrieval time was similar
between the retrieval groups but the semantic group had higher
initial recall success. This raises the concern that retrieval with
phonemic cues may be more difficult than retrieval with semantic
cues. Despite this particular outcome (and as noted in Footnote 3),
examining data across all four of the current experiments indicates
approximately equal difficulty for both retrieval groups. Thus,
generally speaking, differences in retrieval difficulty are not likely
to be decisive to the final-recall results (which are quite consistent
across the four experiments, as will be seen).

Second, the current results appear to conflict with the results of
Veltre et al. (2015), who reported a significant effect of retrieval
level on the testing effect. A concern about that study was the use
of a single, common (uncued) restudy condition for the compari-
son with semantic and nonsemantic retrieval conditions, which
prompted the present use of two different cued restudy conditions.
However, the present results do not demonstrate any clear differ-
ences between the semantic and phonemic restudy conditions or
between the cued and uncued restudy conditions. This raises
questions about the basis of the difference in results between
Veltre et al. (2015) and the present experiment. This issue is
deferred until additional experiments further evaluate these issues
and discussed in detail in the General Discussion.

Third, the lack of a main effect of level requires comment. It
might be expected that the semantic group would significantly
outperform the phonemic group on the final recall test, exhibiting
a type of levels-of-processing effect. Although final recall was
numerically greater in the semantic group, the difference was not
significant. This may raise concerns about the level manipulation.
For example, perhaps in the cued restudy condition, participants
ignored the cues while restudying thus diminishing the differences
in processing between the two groups. We examined this possi-
bility in two ways. First, one of the postexperiment questions
asked participants if they followed our instructions to silently read
the cue word first in the cued restudy trials. Generally, participants
reported following this instruction, with only three participants in

Table 2
Final Free Recall Proportion Correct: M (SD)

Experiment and review condition Semantic Phonemic

Experiment 1
Restudy 0.24 (0.15) 0.19 (0.11)
Cued restudy 0.28 (0.13) 0.25 (0.16)
Retrieval practice 0.37 (0.13) 0.32 (0.15)

Experiment 2
Cued restudy 0.20 (0.15) 0.18 (0.15)
Retrieval practice 0.28 (0.13) 0.25 (0.11)

Experiment 3
Cued restudy 0.19 (0.12) 0.14 (0.11)
Retrieval practice 0.32 (0.14) 0.26 (0.14)

Experiment 4
Cued restudy 0.11 (0.08) 0.09 (0.10)
Retrieval practice 0.26 (0.12) 0.20 (0.12)

Table 1
Initial Cued Recall Proportion Correct and Median Retrieval
RTs (ms): M (SD)

Proportion correct
Median retrieval

RT (ms)

Experiment Semantic Phonemic Semantic Phonemic

Experiment 1 0.86 (0.15) 0.71 (0.17) 1434 (273) 1367 (275)
Experiment 2 0.78 (0.16) 0.81 (0.18) 1457 (337) 1413 (311)
Experiment 3 0.75 (0.21) 0.78 (0.18) 1578 (411) 1410 (285)
Experiment 4 0.72 (0.18) 0.63 (0.18) 1618 (360) 1515 (400)
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each group claiming that they didn’t read the cue before attending
to the target. We then removed these participants and reran the 2
(level) � 3 (review condition) ANOVA on final free recall per-
formance. No changes in results were found, indicating that the
presence of the testing effect, and its equality between the two
groups persisted.

We can also assess this issue by looking at the time it took
participants to identify the target item during the cued restudy and
restudy trials. In the former, participants were instructed to silently
read the cue word before identifying the target aloud. If partici-
pants followed this directive, naming times for those trials should
be longer than in the restudy group, in which no cue was presented.
To assess, we conducted a 2 (level: semantic vs. phonemic) � 2
(review condition: cued restudy vs. restudy) ANOVA on median
naming times during the restudy trials. The main effect of review
condition was significant, F(1, 40) � 74.945, MSe � 26,503.463,
p � .001, �p

2 � .652, with slower naming times in the cued
restudy condition (M � 1216.21, SD � 303.72) than the restudy
condition (M � 908.67, SD � 148.19). Therefore, it appears that
participants did process the cues in the cued restudy condition.

Another possibility is that levels was manipulated between-
subjects, which is somewhat unusual (it is usually manipulated
within-subjects, e.g., Craik & Tulving, 1975; Fisher & Craik,
1977; Moscovitch & Craik, 1976). In Experiment 2, levels was
manipulated within-subjects and included just the retrieval and
cued restudy conditions. This experiment serves a second impor-
tant purpose. In a between-subjects design, it is possible that the
groups encoded the words differently upon their initial presenta-
tion in anticipation of either semantic or phonemic tasks (cf. Cho
& Neely, 2017). In Experiment 2, each participant experienced
both the semantic and phonemic tasks and did not know upon
initial presentation which type of task would follow, precluding
any concerns about differential initial encoding across conditions.

Experiment 2

Method

Participants. Thirty-two participants (21 females; age M �
19.13, SD � 0.75) from UNC at Chapel Hill were recruited in in
exchange for course credit.

Design and materials. The experiment used a 2 (level: se-
mantic vs. phonemic) � 2 (review condition: retrieval vs. cued
restudy) within-subjects design. Because there was no significant
difference between the cued restudy and restudy conditions in
Experiment 1, the restudy condition was eliminated.

Experiment 2 required 56 target words along with 28 nontargets
to constitute the study lists (most of the words were used in
Experiment 1 with additional words drawn from Nelson et al.,
2004). The total of 84 words were divided into 28 short lists of
three words each (two targets and one nontarget). Four lists were
used for practice and six lists were used for each review condition
(semantic retrieval, semantic restudy, phonemic retrieval, and pho-
nemic restudy). As in Experiment 1, semantic and phonemic cues
were selected for each target word.

The average length, frequency, and concreteness for target
words was M � 4.21 (SD � 0.82, Range � 3 to 6), M � 191.33
(SD � 358.09, Range � 3 to 1,772), and M � 5.08 (SD � 1.16,
Range � 2.56 to 6.92), respectively. The average length, fre-

quency and concreteness for semantic cues was M � 4.90 (SD �
1.17, Range � 3 to 10), M � 80.58 (SD � 319.99, Range � 1 to
2216), and M � 4.98 (SD � 1.12, Range � 2.23 to 6.94),
respectively. The average length, frequency and concreteness for
phonemic cues was M � 4.21 (SD � 0.80, Range � 3 to 6), M �
67.83 (SD � 126.62, Range � 2 to 794), and M � 4.59 (SD �
1.33, Range � 1.49 to 6.96), respectively. Semantic and phonemic
cues did not differ in frequency or concreteness (ps � .1), but the
semantic cues were almost one letter longer on average (p � .001).
The average forward strength and backward strength of semantic
cue–target pairs was M � 0.66 (SD � 0.11, Range � 0.5 to 0.91)
and M � 0.23 (SD � 0.25, Range � 0 to 0.87), respectively. The
study materials were fully counterbalanced across experimental
conditions.

Procedure. The procedure for Experiment 2 was based on
Experiment 1 with the following changes. Phase 1 consisted of
four types of trials, namely retrieval or restudy with semantic or
phonemic cues. The trial types were randomly ordered so that
when a short list was initially presented, the participant did not
know if it would be followed by retrieval or restudy, or with
semantic or phonemic cues. Phase 2 was identical to Experiment 1.
At the end of the experiment, participants were asked whether they
read the cue first when restudying and ranked final recall perfor-
mance of the four conditions (results reported in Appendix A).

Results

Initial cued recall. The proportion of target words correctly
recalled did not significantly differ between the two retrieval
levels, t(31) � 1.123, p � .270, nor did the median retrieval times,
t(31) � 0.745, p � .462. The percentage of missing retrieval times
also did not significantly differ between the semantic (M � 2.13%,
SD � 8.07%) and phonemic (M � 1.15%, SD � 3.75%) condi-
tions, t(31) � 0.608, p � .547.

Final free recall. Final recall of the targets was submitted to
a 2 (level: semantic vs. phonemic) � 2 (review condition: retrieval
vs. cued restudy) repeated measures ANOVA. The same pattern of
results was obtained as in Experiment 1. Only the main effect of
review condition was significant, F(1, 31) � 8.534, MSe � 0.020,
p � .006, �p

2 � .216, with retrieval practice leading to greater
final recall performance than cued restudy. Neither the main effect
of level, F(1, 31) � 0.777, p � .385, nor the interaction between
level and review condition were significant, F(1, 31) � 0.207, p �
.653.

Discussion

In Experiment 2, initial recall and retrieval time was approxi-
mately equal between the semantic and phonemic conditions. In
addition, we again observed a robust testing effect on final free
recall, and this effect was not moderated by the level of retrieval,
thus replicating the results of Experiment 1. Further, the equality at
initial retrieval supports the idea that the final recall results are not
due to any substantial differences in retrieval difficulty between
the semantic and phonemic conditions.

A similar testing effect for semantic and phonemic retrieval was
found when manipulating level between-subjects (Experiment 1)
and within-subjects (Experiment 2). One concern with Experiment
1 is that knowing what type of retrieval is required may induce
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different encoding during initial presentation. This in turn might
have modified the results. In the present experiment, this is not
possible as all participants experience both semantic and phonemic
cues, and do not know which will be relevant during the initial
presentation on any given trial. This indicates that the equality of
the testing effect across levels does not depend on the between- or
within-subject manipulation of this variable.

Finally, it should be noted that the main effect of levels did not
significantly affect final recall in the present experiment, when
levels was manipulated within subjects, nor in Experiment 1 when
manipulated between subjects. The semantic condition produced
numerically higher performance on final recall as it did in Exper-
iment 1, producing four of four comparisons with a numerical
advantage for the semantic compared to phonemic condition (the
cued recall and cued restudy conditions of both Experiments 1 and
2), but the effect was not significant in either experiment. This
issue is further explored in Experiment 3.

Experiment 3

Although the results of Experiments 1 and 2 were consistent in
finding a similar effect of semantic and phonemic retrieval on the
testing effect, it is reasonable to wonder if this equality only holds
when the levels manipulation fails to produce a clear effect on final
recall. The current levels manipulation differs from traditional
levels-of-processing in two ways. First, the traditional manipula-
tion guides processing of the stimulus during its initial presentation
whereas our manipulation is introduced during the second experi-
ence with the stimulus. Second, the traditional levels-of-processing
manipulation requires an overt processing task, typically a type of
judgment task, which was not used in our manipulation. Given that
we are interested in the effect of level during retrieval or restudy,
it is necessary that our manipulation occurs when reexperiencing
the stimulus. However, the second characteristic—the lack of an
overt judgment task—is not a necessary characteristic, and its
introduction may well induce a robust effect of levels in the
context of our manipulation. Experiment 3 again examined the
effect of level of retrieval on the testing effect but introduced an
overt judgment into the manipulation.

Method

Participants. Thirty-two participants (19 females; age M �
19.84, SD � 2.57) from UNC at Chapel Hill were recruited in in
exchange for course credit.

Design, materials, and procedure. Experiment 3 was iden-
tical to Experiment 2 except for the following modifications. First,
the retrieval trials began as in Experiment 2, with the cue presented
for 4 s during which time the participant tried to retrieve the
appropriate target. After this, the target word joined the cue on the
screen (for feedback), accompanied by a question presented below
the words for 4 s. Participants were asked to read the word to
verify that they recalled the correct target, saying it aloud if they
had not, before answering the question. For the semantic retrieval
trials, participant judged which word (the cue or target) was more
pleasant; for the phonemic retrieval trials, they judged which word
had more consonants. Second, cued restudy trials began with the
cue—target pair for 4 s, then the question was presented below the
pair for an additional 4 s. For semantic restudy, they made

the pleasantness judgment and for phonemic restudy, they made the
consonant judgment. For both judgments, participants pressed “j” to
choose the left word (cue); “k” if the answer was “equal”; and “l” to
choose the right word (target).

Results

Initial cued recall. The proportion of target words correctly
recalled did not significantly differ between the two retrieval
levels, t(31) � 0.753, p � .457. However, median retrieval time
for the semantic condition was significantly slower than the pho-
nemic condition, t(31) � 2.888, p � .007, d � 0.511. The
percentage of missing retrieval times did not significantly differ
between the semantic (M � 6.03%, SD � 10.83%) and phonemic
(M � 5.02%, SD � 10.07%) conditions, t(31) � 0.644, p � .524.

Final free recall. A 2 (level) � 2 (review condition) repeated
measures ANOVA revealed a significant main effect of review
condition, F(1, 31) � 30.368, MSe � 0.016, p � .001, �p

2 � .495
(i.e., a testing effect). Additionally, the main effect of level was
also significant, F(1, 31) � 6.857, MSe � 0.015, p � .014, �p

2 �
.181, with the semantic condition producing better performance
than the phonemic condition. However, the interaction between
level and review condition was nonsignificant, F(1, 31) � 0.001,
p � .999.

Discussion

The earlier experiments showed a trend for an effect of levels
but it was nonsignificant in both Experiments 1 and 2. Experiment
3 introduced an overt judgment as part of the manipulation, similar
to the traditional levels-of-processing manipulation, and the main
effect of levels was now significant with the semantic condition
producing greater final recall than the nonsemantic condition.
Critically, the rest of the results replicate the prior experiments.
First, the retrieval condition produced greater final recall than the
cued restudy condition, replicating the testing effect. Second, and
more importantly, the size of the testing effect was once again
comparable (indeed, nearly identical) in the semantic and nonse-
mantic conditions. This demonstrates that when the levels manip-
ulation robustly affects final recall, the pattern of the earlier
experiments persists. Specifically, the presence of a clear levels
effect does not induce a larger testing effect in the semantic
condition.

Experiment 4

The results of Experiments 1–3 imply that level of retrieval does
not moderate the testing effect, at least under the present experi-
mental circumstances. However, there is one final issue to con-
sider, the extent to which participants actually used the semantic
and phonemic cues to retrieve the studied words during retrieval
practice. Clearly, participants used the provided cues to at least
some degree because the appropriate target was reported in the
presence of the cue. However, it is at least possible that despite the
intent of the experimental procedure, participants engaged in free
recall of the three studied words during retrieval practice and then
chose the one which was related to the semantic or phonemic cue.
That is, the retrieval practice could be free recall rather than cued
recall (with different types of cues). If so, participants would not
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have engaged in retrieval at different levels (with different cues),
at least for those trials in which this strategy was used.5

In Experiment 4, participants initially studied six words and then
retrieved or restudied two of them on each trial. Increasing the list
length was designed to increase the difficulty of free recall, making
such a strategy less likely, and to promote the likelihood that the
cues would be used to initiate recall of the studied target words.
Otherwise, we reverted to the methods of Experiment 2.

Method

Participants. Thirty-two participants (21 females; age M �
18.34, SD � 1.04) from UNC at Chapel Hill were recruited in in
exchange for course credit.

Design, materials, and procedure. Experiment 4 was iden-
tical to Experiment 2 with the exception that participants initially
studied six words per list (two targets and four nontargets). A total
of 84 new words were drawn from Nelson et al. (2004) and three
were randomly assigned to act as additional nontargets in each list.
This new set of words were similar to the words used in the prior
experiments with average length, frequency, and concreteness of
M � 5.06 (SD � 1.38; Range � 3 to 8), M � 107.43 (SD �
176.29; Range � 6 to 1,016), and M � 5.00 (SD � 1.38; Range �
2.20 to 7.00), respectively. All targets, semantic cues, and phone-
mic cues were the same as in Experiment 2.

Results

Initial cued recall. Although there was no significant differ-
ence in median retrieval time, t(31) � 1.465, p � .153, more target
words were recalled in the semantic than phonemic condition,
t(31) � 2.314, p � .027, d � 0.409. The percentage of missing
retrieval times did not significantly differ between the semantic
(M � 3.00%, SD � 6.81%) and phonemic (M � 7.13%, SD �
18.13%) conditions, t(31) � 1.532, p � .136.

Final free recall. A 2 (level) � 2 (review condition) repeated
measures ANOVA revealed a significant main effect of review
condition, F(1, 31) � 49.000, MSe � 0.011, p � .001, �p

2 � .613,
demonstrating greater recall in the retrieval than restudy condition
(i.e., a testing effect), and a significant main effect of level, F(1,
31) � 4.794, MSe � 0.010, p � .036, �p

2 � .134, demonstrating
greater recall in the semantic than phonemic level. The interaction
between level and review condition was nonsignificant, F(1, 31) �
1.305, p � .262.

Discussion

Experiments 1–3 demonstrated that level of retrieval does not
influence the size of the testing effect. One factor that might have
contributed to those results was whether participants engaged in
free recall rather than cued recall on some initial retrieval trials.
This would diminish the extent to which they engaged in different
levels of retrieval and possibly lead to similar sized testing effects
in both conditions. Experiment 4 was designed to increase the
difficulty of free recall to ensure that participants engaged in cued
recall during retrieval practice by increasing the list length. Im-
portantly, the same pattern of results as in the prior experiments
was obtained—a testing effect that was not moderated by the level
of retrieval. Thus, it seems unlikely that a free recall strategy

during retrieval practice was obscuring an effect of retrieval level
on the size of the testing effect.

Bayesian Analyses and a Small-Scale Meta-Analysis

The present study was conducted to examine whether different
levels of retrieval moderate the size of the testing effect. Based on the
results of the four experiments, the answer seems to be no. However,
the primary results are null interactions. In order to further explore the
reliability of this result, we first conducted Bayesian analyses. We
computed Bayes Factors using the statistical software program JASP
(JASP Team, 2019; jasp-stats.org) for all four experiments and inter-
pretations were based on Wagenmakers et al. (2018). The Bayes
Factor (BF10) is a measure of the fit of the data under one model (e.g.,
the alternative hypothesis/model) relative to the fit under a second
model (e.g., the null model/hypothesis). Larger BF10 values reflect
more support for the first (e.g., alternative) model versus the second
(e.g., null) model. Its inverse, BF01 � 1/BF10, has a similar interpre-
tation, but now indicates the strength of the evidence for the second
(e.g., null) model versus the first (e.g., alternative) model.

Below, we use this measure to assess the evidence in favor of
the main effects only model compared with the main effects plus
interaction model (i.e., support for the inclusion of the interaction
term over and above the main effects, see Appendix C, Tables
C1–C4). For all comparisons, we used the default prior settings in
JASP such that the fixed effect scale factor (rA) � 0.5 (e.g.,
Rouder, Morey, Verhagen, Swagman, & Wagenmakers, 2017;
Wagenmakers et al., 2018). Although we focus on the importance
of the interaction term, the evidence in favor of all possible models
was also assessed per the recommendations of Wagenmakers et al.
(2018) and is presented in Appendix C (Tables C5–C8). To pre-
view, the Bayesian analyses produced a very similar pattern of
results to the ANOVA analyses (i.e., no evidence of an interaction
between level and review condition).

For Experiment 1, the data are 2.99 times more likely under the
main effects only model than under the main effects plus interaction
model (BF01 � 2.99). For Experiment 2, the data are 3.80 times more
likely under the main effects only model than under the main effects
plus interaction model (BF01 � 3.80). For Experiment 3, the data are
3.92 times more likely under the main effects only model than under
the main effects plus interaction model (BF01 � 3.92). For Experi-
ment 4, the data are 2.18 times more likely under the main effects only
model than under the main effects plus interaction model (BF01 �
2.18). Thus, these analyses indicate that the data provide support for
the main effects only model over the main effects plus interaction
model.6

5 It is possible that postretrieval processes could still differ between the
levels of retrieval because processing the retrieved words to see which is
related to a semantic cue might differ from processing the retrieved words
to see which is related to a phonemic cue. But any such differential (and
critically, non-retrieval-based) processing would presumably be similar to
the differential processing occurring across the two levels of restudy.

6 According to the descriptive classification scheme (e.g., Wagenmakers
et al., 2018), the evidence against including the interaction term ranged
from anecdotal (BF01 � 1 to 3) to moderate (BF01 � 3 to 10) across
experiments (i.e., BF01 � 2.18 to 3.92). However, these discrete labels are
only approximations of different standards of evidence and the specific
Bayes factor value can fluctuate across categories due to error from the
numerical integration routine (i.e., Markov chain Monte Carlo [MCMC]),
which ranged from 2.69% to 4.04%.
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Next, to increase the power of assessing the critical interaction,
we conducted a small-scale meta-analysis using the single paper
meta-analysis (SPM) proposed by McShane and Böckenholt
(2017). The current meta-analysis was based on a 2 (level: seman-
tic vs. phonemic) � 2 (review condition: retrieval vs. cued re-
study) design (Tables 3 and 4). In Experiment 1, level was ma-
nipulated between subjects and review condition was manipulated
within subjects. In Experiments 2–4, both variables were manip-
ulated within subjects. The following contrasts were used to ex-
amine the main effect of level, the main effect of review condition,
and the interaction effect (1 1 �1 �1), (1 �1 1 �1) and (1 �1 �1
1), respectively.

The results (see Figure 2) revealed a significant main effect of
level (SPM estimate � 0.082, SE � 0.024, 95% CI [0.036, 0.128]),
demonstrating an advantage of semantic over phonemic process-
ing; a significant main effect of review condition (SPM estimate �
0.226, SE � 0.022, 95% CI [0.183, 0.269]), demonstrating an
advantage of retrieval practice over cued restudy (i.e., a testing
effect); and a nonsignificant interaction effect (SPM estimate �
0.012, SE � 0.018, 95% CI [�0.024, 0.048]), suggesting that level
of initial retrieval did not moderate the testing effect.

For all analyses reported thus far, the final free recall data in the
retrieval condition was not conditionalized on initial recall success.
This is necessary to avoid the introduction of item-selection con-
founds into the assessment of the testing effect; items recalled
during initial retrieval practice might simply be easier items in
general and conditionalizing final recall on initial retrieval success
might then produce a spurious advantage for the retrieval condi-
tion. However, to be sure that our critical results hold when we
restrict consideration to those items successfully recalled during
retrieval practice, we reanalyzed the final free recall data condi-
tionalized on successful initial retrieval (note this only affects
recall scores in the retrieval conditions and not in the restudy
conditions). The critical results were all unchanged. For all exper-
iments, the size of the testing effect did not significantly differ
across the semantic and phonemic conditions. Likewise, Bayesian
analyses of the conditionalized data produced nearly identical
results with the unconditionalized data: the level-by-review-

condition interaction favored the null hypothesis in all cases (BF01

of 2.64, 3.67, 3.54, and 3.78, for Experiments 1–4, respectively).
Finally, when the meta-analysis was performed on the condition-
alized results, the effects were identical: The main effects of
testing and review condition were both significant and the inter-
action was not (SPM estimate � 0.007, SE � 0.021, 95% CI
[�0.036, 0.049]). Thus, the finding that the testing effect is un-
moderated by level of retrieval holds for the conditionalized as
well as unconditionalized recall results.

In sum, the Bayesian analyses and meta-analyses support the
conclusion that the testing effect is comparable for the semantic
and phonemic conditions. This is especially important for the
present experiments for two reasons. First, the original power
calculations ensured that we had robust power to detect a testing
effect, which is a prerequisite for detecting any interaction but may
raise question about the power to detect the interaction itself.
Second, the effect of level of processing did not have a large effect.
Performing Bayesian analyses helps further assess the diagnostic
value of the null interactions, and the meta-analyses allows a more
powerful assessment of this interaction.

General Discussion

Retrieval does not just reveal the contents of memory but can also
modify memory representations, demonstrating what may be called
the encoding (or reencoding) effects of retrieval. It is important to
delineate the nature of the encoding effects of retrieval especially in
comparison to traditional encoding processes (Buchin & Mulligan,
2017; Mulligan & Picklesimer, 2016). One important characteristic of
encoding is captured by the well-documented levels-of-processing
effect (Craik & Tulving, 1975) whereby deep or semantic processing
produces better memory than shallow or nonsemantic processing. The
current study examined whether a similar phenomenon applies to the
subsequent mnemonic effects of retrieval by examining the effects of
the level (or depth) of retrieval on the testing effect.

Experiment 1 manipulated levels of retrieval (and restudy) between
subjects while Experiment 2 manipulated levels within subjects. Both
experiments demonstrated the same pattern of results. First, the final
test revealed a robust testing effect, and second, the testing effect was
not moderated by level of retrieval. However, despite trends in the
expected direction, the main effect of levels was not significant.
Experiment 3 sought to enhance the levels effect by adding an overt
levels judgment, and Experiment 4 sought to rule out an alternative
account of the equality of the testing effects by increasing the list
length. A testing effect and an effect of levels were found in both
experiments, but levels did not moderate the testing effect. Finally, a
small-scale meta-analysis provides an even more powerful analysis of
the results, demonstrating an overall effect of levels and review
condition, but no interaction—thus, there is no evidence of differential
testing effects for semantic and phonemic retrieval, a result likewise
supported by the Bayesian analyses.

Based on traditional research on encoding effects in memory and
traditional theories of memory encoding (e.g., the levels-of-
processing framework), one might expect a levels-of-retrieval effect,
in which semantic retrieval enhances memory to a greater extent than
nonsemantic retrieval (at least when the final test is free recall or other
conceptually driven memory tests). Our results provide preliminary
evidence of an asymmetry in the effects of levels on the mnemonic
effects of encoding and retrieval. Specifically, in contrast to the

Table 3
Summary Information Used in Single Paper Meta-Analysis
(SPM)

Study Factor 1 Factor 2 M SD n wi

1 Semantic Retrieval practice 0.3730 0.1334 21 1
1 Semantic Cued restudy 0.2778 0.1326 21 1
1 Phonemic Retrieval practice 0.3214 0.1474 21 2
1 Phonemic Cued restudy 0.2540 0.1592 21 2
2 Semantic Retrieval practice 0.2786 0.1263 32 3
2 Semantic Cued restudy 0.1979 0.1537 32 3
2 Phonemic Retrieval practice 0.2474 0.1130 32 3
2 Phonemic Cued restudy 0.1823 0.1533 32 3
3 Semantic Retrieval practice 0.3151 0.1400 32 4
3 Semantic Cued restudy 0.1927 0.1242 32 4
3 Phonemic Retrieval practice 0.2578 0.1441 32 4
3 Phonemic Cued restudy 0.1354 0.1053 32 4
4 Semantic Retrieval practice 0.2552 0.1196 32 5
4 Semantic Cued restudy 0.1068 0.0770 32 5
4 Phonemic Retrieval practice 0.1953 0.1171 32 5
4 Phonemic Cued restudy 0.0885 0.0969 32 5
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typical effect of levels on memory encoding, the effect of retrieval on
later memory, as isolated by the testing effect, did not vary across the
semantic and phonemic conditions. Significantly, these results were
obtained in the face of robust testing effects. The pattern was found
regardless of whether levels was manipulated between subjects (Ex-
periment 1) or within subjects (Experiments 2–4), and when the main
effect of levels was obtained (Experiments 3–4) or not (Experiments
1–2).

Earlier research on the mnemonic effects of retrieval (predating the
current interest in the testing effect) produced mixed results but is
limited by two methodological concerns (e.g., Bartlett, 1977; Bartlett
& Tulving, 1974; McDaniel et al., 1989; McDaniel & Masson, 1985;
Whitten, 1978). First, the mnemonic effects of retrieval were assessed
by directly comparing the semantic and nonsemantic retrieval condi-
tions, confounding the mnemonic effects of retrieval with the effects
of reexperience. Thus, any difference in the retrieval conditions could
be due to the mnemonic effect of retrieval, per se, or the effect of
additional processing in the company of a semantic versus nonseman-
tic cue. Isolating the effects of retrieval on subsequent memory
requires comparison to an appropriate restudy condition. The impor-
tance of this issue can be observed in the current final recall results
(see Table 2). Examining only the retrieval conditions shows that
semantic retrieval generally produced higher final recall than nonse-
mantic retrieval—indeed the numerical averages are higher in four of
four experiments. This could well be taken as evidence that semantic
retrieval enhances memory more than nonsemantic retrieval. Like-
wise, if the two retrieval conditions were compared with a common
baseline (restudy) condition, the same conclusion would seem war-
ranted (Veltre et al., 2015). However, the cued restudy conditions
indicate that likewise, semantic restudy generally produced higher
final recall than nonsemantic restudy—the numerical averages are
again higher in four of four experiments. The appropriate comparison
instead compares the testing effects (retrieval—restudy) for the se-
mantic and nonsemantic conditions, each measured relative to its
appropriate restudy condition. This comparison results in little differ-

ence—and the conclusion that under the present circumstances, the
level of retrieval has little effect on the mnemonic benefits of retrieval.

The second concern about the bulk of the earlier studies is that
initial retrieval was often greater in the semantic than nonsemantic
condition, potentially confounding retrieval difficulty (or effort) with
type of retrieval (cf. Veltre et al., 2015). Via pilot testing, we tried to
equate retrieval difficulty and generally succeeded. That is, the two
indicators of initial retrieval difficulty (accuracy and retrieval speed)
provide little evidence of differential retrieval difficulty across the
four experiments. In two experiments, initial retrieval accuracy was
greater in the semantic condition but in the other two, accuracy did not
differ (and numerically favored the nonsemantic condition). With
regard to retrieval speed, the nonsemantic condition produced numer-
ically quicker retrieval in all four experiments, significantly so in one
of the experiments. Assessing across experiments indicates that re-
trieval difficulty did not systematically differ across the semantic and
phonemic conditions.7

The Veltre et al. (2015) study requires additional discussion. As
reviewed in the introduction, this experiment instituted retrieval prac-
tice with semantic or nonsemantic cues along with a single (uncued)
restudy condition, and found a significant effect of type of retrieval on
a final semantic-cued-recall test (another condition using a nonseman-
tic final test is not relevant for present purposes). These results imply
an effect of retrieval level on the testing effect and thus conflict with
the current results. Why the discrepant results? There are two salient
differences between the Veltre et al. (2015) study and the current
experiments. First, as noted in the introduction, a common restudy
condition may be problematic if reexperience in the presence of

7 Although it should be noted that even though initial retrieval success
and difficulty have been shown to influence learning in the absence of
feedback (e.g., Pyc & Rawson, 2009), recent studies have found a much
smaller effect (if any) when feedback is provided during retrieval practice
(e.g., Kornell, Klein, & Rawson, 2015; Vaughn & Kornell, 2019), as was
the case in the current study and in Veltre et al. (2015).

Table 4
Covariance Information Used in Single Paper Meta-Analysis (SPM)

Study Factor 1 Factor 2 Study Factor 1 Factor 2 Covariance

1 Semantic Retrieval practice 1 Semantic Cued restudy 0.003
1 Phonemic Retrieval practice 1 Phonemic Cued restudy �0.006
2 Semantic Retrieval practice 2 Semantic Cued restudy 0.006
2 Semantic Retrieval practice 2 Phonemic Retrieval practice 0.003
2 Semantic Retrieval practice 2 Phonemic Cued restudy �0.004
2 Semantic Cued restudy 2 Phonemic Retrieval practice �0.001
2 Semantic Cued restudy 2 Phonemic Cued restudy 0.003
2 Phonemic Retrieval practice 2 Phonemic Cued restudy 0.002
3 Semantic Retrieval practice 3 Semantic Cued restudy 0.001
3 Semantic Retrieval practice 3 Phonemic Retrieval practice 0.007
3 Semantic Retrieval practice 3 Phonemic Cued restudy 0.004
3 Semantic Cued restudy 3 Phonemic Retrieval practice �0.002
3 Semantic Cued restudy 3 Phonemic Cued restudy 0.001
3 Phonemic Retrieval practice 3 Phonemic Cued restudy 0.007
4 Semantic Retrieval practice 4 Semantic Cued restudy 0.000
4 Semantic Retrieval practice 4 Phonemic Retrieval practice 0.001
4 Semantic Retrieval practice 4 Phonemic Cued restudy 0.001
4 Semantic Cued restudy 4 Phonemic Retrieval practice 0.000
4 Semantic Cued restudy 4 Phonemic Cued restudy 0.000
4 Phonemic Retrieval practice 4 Phonemic Cued restudy 0.001
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different cues influences later recall. Restudy with the same cues used
in the retrieval condition seems a better way to equate the effects of
reexperience. Second, the final test in Veltre et al. (2015) was
semantic-cued recall whereas the final test in the present experiments
was free recall. With regard to the first difference, the bulk of our
results indicate that the nature of the restudy condition is impor-
tant—as described above, overall there appears to be a difference in
restudy with a semantic versus a nonsemantic cue, indicating that the
testing effect needs to be assessed relative to a matched restudy
condition. However, one aspect of the results of Experiment 1 seems
inconsistent with this possibility—the cued and uncued restudy con-
ditions in that experiment did not significantly differ. One would
expect at least some difference, perhaps with regard to the semantic
restudy condition producing higher final recall than the uncued re-
study condition. This did not occur in Experiment 1, raising a question
as to whether the use of multiple restudy conditions is the critical
issue. We argue that the use of matched restudy conditions is still
most appropriate going forward as it eliminates at least a potential
confound, and as noted, the overall results indicate a difference
between the semantic and phonemic restudy conditions. That this did
not occur in Experiment 1 may be due to the weaker effect of levels
in that experiment, an effect that was more robust in later experiments.

The other difference is the final test. It is possible that the
semantic cued-recall test used by Veltre et al. (2015) is more
sensitive to a potential levels-of-retrieval effect than is a free recall

test as used in the present experiments, perhaps because cued recall
more completely evokes differences in prior retrieval processes
during retrieval practice. However, it is also possible that semantic
cued recall is more sensitive to differences in prior restudy con-
ditions, specifically differences in semantic versus nonsemantic
restudy conditions. Had multiple restudy conditions been imple-
mented in Veltre et al. (2015), it is possible that differences
between them would be more easily detected with cued recall than
free recall (again, because cued recall, especially with identical
cues, might more precisely reinstate the prior restudy experience).
Adjudicating these possibilities is an important issue for subse-
quent research.

In the introduction, we discussed what theories of the testing effect
might lead us to expect about the effect of levels of retrieval. The
elaborative retrieval account (Carpenter, 2009, 2011; Carpenter &
Yeung, 2017) suggests that semantic retrieval should be more potent
than nonsemantic retrieval. According to this account, retrieval acti-
vates information semantically related to the cue, which in turn
increases the number of retrieval routes to the targets (Pyc & Rawson,
2010, propose a similar, mediator-effectiveness hypothesis; see Row-
land, 2014, for discussion). Retrieval with semantic cues should
provide greater opportunities for semantic elaboration than retrieval
from nonsemantic cues which suggests that a deep retrieval condition
should enhance later memory more than a shallow retrieval condition.
For similar reasons, traditional theories of memory encoding (e.g., the

Figure 2. Results of single paper meta-analysis (SPM). Effect estimates for single experiment (study) and SPM
are given by the squares; 50% and 95% intervals are given by the thick and thin lines, respectively (McShane
& Böckenholt, 2017).
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levels-of-processing account) predict a levels-of-retrieval effect. To
further align the expectations from the elaborative retrieval account
and traditional theories of memory encoding, it should be noted that
semantic elaboration at retrieval is often equated with the elaborative
processes that operate during encoding (Han, O’Connor, Eslick, &
Dobbins, 2012; Raposo, Han, & Dobbins, 2009; Wing, Marsh, &
Cabeza, 2013; see Lehman & Karpicke, 2016). However, there was
no evidence of a larger testing effect in the semantic condition,
contrary to these expectations.

Despite the lack of an effect of levels on the testing effect, the
semantic retrieval condition actually does produce an advantage in
later memory relative to the nonsemantic retrieval condition but this
advantage is not actually a result of retrieval, per se. Rather, it is a
result of related processing of the stimulus and cue that occurs as or
after the item is retrieved (or when the target is presented as feed-
back)—related processing that is matched by the processing occurring
in the appropriate restudy condition. As reviewed earlier, the com-
parison of the semantic and nonsemantic retrieval conditions (rather
than the comparison of the testing effects across conditions) points in
this direction, as do the results of Veltre et al. (2015). This possibility
is compatible with other accounts of the testing effect. For example,
the retrieval effort hypothesis argues that the testing effect reflects
more effortful processing of the target in the retrieval than restudy
condition, with the corollary that more effortful retrieval produces a
greater testing effect than less effortful retrieval (e.g., Bjork, 1975;
Endres & Renkl, 2015; Halamish & Bjork, 2011; Pyc & Rawson,
2009). Given that the current semantic and nonsemantic retrieval
conditions were approximately matched on difficulty (that is, retrieval
effort), the resulting equality of the testing effect sits comfortably in
this view. Likewise, the results are compatible with the episodic
context account which proposes that retrieval updates the contextual
representation of targets by combining features from both the original
study context and the context prevalent during retrieval practice (e.g.,
Karpicke et al., 2014; Whiffen & Karpicke, 2017). If one assumes that
semantic and nonsemantic retrieval both provide the requisite contex-
tual updating, then equivalent testing effects should result.8

The present experiments provide evidence that the level of
retrieval does not modify the testing effect—that is, that deep
retrieval does not enhance memory more than shallow retrieval, in
marked contrast to the effects of deep versus shallow encoding
tasks. If subsequent research concurs, this would mark an impor-
tant difference between the encoding consequences of retrieval and
other forms of initial stimulus encoding. But it should be noted that
this work is preliminary and requires follow up, in several ways.
First, we adapted the methods of Whitten (1978) for two important
purposes: (a) to produce high initial retrieval and (b) to equate
retrieval difficulty for the semantic and nonsemantic conditions.
The current methods were largely successful in these two regards.
Despite this, the current paradigm is a little unusual in presenting
participants with many short lists, each quickly followed by re-
trieval or restudy trials. This area of research more commonly uses
a long list or block of study materials followed by a separate
retrieval/restudy phase. It will be important to explore the effects
of levels-of-retrieval in the context of this more typical paradigm
but the challenges that motivated the current experimental design
may reemerge. In particular, long study lists followed by a separate
retrieval phase commonly produce much lower levels of initial
retrieval success, impairing our ability to observe a robust testing
effect. Second, in designs using long study lists, nonsemantic cues

often produce quite low performance compared to semantic cues
(Morris et al., 1977; Mulligan & Picklesimer, 2012). See Veltre et
al. (2015) for procedures to alleviate some of these concerns.

Second, the current experiments used a brief retention interval
(of 5 min) prior to the final recall test. This is certainly adequate
for the present goal of exploring whether retrieval-based encoding
produces effects analogous to the levels-of-processing effect,
given that the vast majority of experiments on levels-of-processing
used similar, brief retention intervals. However, because testing
effects may increase with longer (e.g., multiday) retention inter-
vals, it is important to determine if the approximate equality of
testing effects for semantic and nonsemantic retrieval persists.
Third, to eliminate the potential for a reexperience confound
between the restudy and retrieval conditions, the present experi-
ments used feedback during retrieval practice, another detail re-
quiring evaluation in subsequent research.

Finally, if effects of levels-of-retrieval are ultimately documented,
it will become important to determine whether these effects transfer to
other types of final tests. Despite the well-known advantage of se-
mantic encoding on later memory, it is also widely known that the
effect has limitations, occurring for conceptually driven tests but
reversed on perceptually driven memory tests (e.g., Morris et al.,
1977; Roediger, 1990). Indeed, this was a central issue in Veltre et
al.’s (2015) study. The present experiments find no evidence of a
levels-of-retrieval effect when the final test is free recall, a commonly
used conceptual memory test. However, it is unknown if a levels-of-
retrieval effect (possibly favoring a nonsemantic retrieval condition)
would occur on a perceptually driven final test. The results of Veltre
et al. (2015) suggest not, but this issue may well require additional
research.

8 However, if evidence emerges that semantic and non-semantic re-
trieval do not produce equivalent contextual updating, then the implications
of the present results for this account will have to be revisited. Currently,
to our knowledge, there is no clear evidence on this point.
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Appendix A

Results From the Postexperiment Questionnaire

Participants answered a brief postexperiment questionnaire after
the final free recall test. This included: (a) whether they read the
cue first when restudying with a cue; (b) whether they said the
correct word aloud if they had not retrieved it during practice; and
(c) which condition they thought produced the best final recall
performance. Question 1 examined whether participants utilized
the cues during restudy. Question 2 was used to see if there was a
production difference between semantic and phonemic retrieval.
Because saying words aloud can produce better memory than
reading them silently (i.e., the production effect; MacLeod, Gopie,
Hourihan, Neary, & Ozubko, 2010), it was possible that the effects
of retrieval level would be confounded with the effects of produc-
tion. Question 3 assessed participants’ metamemory.

Question 1: Whether Participants Read the Cue First
When Restudying With a Cue

In Experiment 1, six participants (three per level) claimed that
they didn’t read the cue first in the cued restudy condition. Re-
moving their data and rerunning the 2 (level: semantic vs. phone-
mic) � 3 (review condition: retrieval vs. cued restudy vs. restudy)
ANOVA on final free recall performance did not change the
results. In each of the remaining experiments, one participant in
said they did not read the cue first. Not surprisingly, removing
their data and rerunning the 2 (level: semantic vs. phonemic) � 2
(condition: retrieval vs. cued restudy) ANOVA on final free recall
performance did not change the results.

Question 2: Whether Participants Said the Correct
Word Aloud if They had Missed It

In Experiment 1, seven participants indicated that they did not
read the word aloud (two in the semantic level and five in the
phonemic level). As above, rerunning the 2 (level) � 3 (review
condition) ANOVA on final free recall performance without their

data did not change the results. In Experiments 2–4, we recorded
retrieval practice responses instead of overtly asking this question.
On average, the number of missing responses, 0.56 and 0.47
(Experiment 2), 0.41 and 0.44 (Experiment 3), and 0.84 and 0.97
(Experiment 4) for the semantic and phonemic retrieval conditions,
respectively, did not significantly differ, ps � .05.

Question 3: Which Condition Produced the Best Final
Recall Performance

In Experiment 1, a 2 (level) � 3 (review condition) table
indicated that two cells of the restudy condition had an expected
count (two) less than five, so we deleted the restudy condition row.
A 2 (level) � 2 (review condition) Fisher’s exact test revealed no
significant relation between participant’s prediction and their con-
dition, p � .151. Combing across levels, participants predicted that
retrieval practice (frequency � 27) would benefit final recall
performance more than cued restudy (frequency � 11), 	2(1) �
6.737, p � .05.

In Experiments 2–4, participants were asked to rank each con-
dition in terms of predicted final recall performance. In Experi-
ment 2, a related-samples Friedman’s two-way ANOVA by ranks
rejected the null hypothesis, 	2(3) � 15.094, p � .01. Pairwise
comparisons using Bonferroni adjusted alphas revealed a differ-
ence in ranking between semantic retrieval practice (Mean rank �
2.88) and semantic restudy (Mean rank � 2), between phonemic
retrieval practice (Mean rank � 3) and phonemic restudy (Mean
rank � 2.12), and between phonemic retrieval practice and seman-
tic restudy, ps � .05. In Experiment 3, the same analysis failed to
reject the null hypothesis, 	2(3) � 1.396, p � .706. In Experiment
4, the analysis rejected the null hypothesis, 	2(3) � 8.753, p � .05.
However, pairwise comparisons indicated no significant differ-
ences between mean rankings (semantic retrieval practice � 2.02,
semantic restudy � 2.36, phonemic retrieval practice � 2.80, and
phonemic restudy � 2.83; ps � .05).

(Appendices continue)
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Appendix B

Nontargets Final Free Recall Proportion Correct: M (SD)

Experiment and review condition Semantic Phonemic

Experiment 1
Restudy 0.17 (0.14) 0.14 (0.12)
Cued restudy 0.24 (0.19) 0.19 (0.17)
Retrieval practice 0.11 (0.13) 0.13 (0.16)

Experiment 2
Cued restudy 0.17 (0.18) 0.16 (0.17)
Retrieval practice 0.10 (0.14) 0.15 (0.18)

Experiment 3
Cued restudy 0.09 (0.16) 0.11 (0.12)
Retrieval practice 0.11 (0.14) 0.08 (0.11)

Experiment 4
Cued restudy 0.05 (0.07) 0.06 (0.08)
Retrieval practice 0.04 (0.06) 0.06 (0.08)

Appendix C

JASP Bayesian Repeated Measures ANOVA Output

(Appendices continue)

Table C1
Experiment 1: Main Effects Only Model Versus Main Effects and Interaction Model

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. Review Condition, Level, subject) 0.500 0.749 2.987 1.000
Interaction (Review Condition � Level) 0.500 0.251 0.335 2.987 3.376

Note. All models include review condition, level, subject.

Table C2
Experiment 2: Main Effects Only Model Versus Main Effects and Interaction Model

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. Level, Review Condition, subject) 0.500 0.792 3.797 1.000
Interaction (Level � Review Condition) 0.500 0.208 0.263 3.797 2.693

Note. All models include level, review condition, subject.T
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(Appendices continue)

Table C3
Experiment 3: Main Effects Only Model Versus Main Effects and Interaction Model

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. Level, Review Condition, subject) 0.500 0.797 3.923 1.000
Interaction (Level � Review Condition) 0.500 0.203 0.255 3.923 3.282

Note. All models include level, review condition, subject.

Table C4
Experiment 4: Main Effects Only Model Versus Main Effects and Interaction Model

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. Level, Review Condition, subject) 0.500 0.685 2.178 1.000
Interaction (Level � Review Condition) 0.500 0.315 0.459 2.178 4.040

Table C5
Experiment 1: All Possible Models

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. subject) 0.200 0.083 0.363 1.000
Review condition 0.200 0.560 5.099 0.149 1.112
Level 0.200 0.035 0.145 2.375 1.240
Review condition 
 Level 0.200 0.242 1.275 0.344 1.650
Review condition 
 Level 
 Interaction 0.200 0.080 0.346 1.046 2.483

Note. All models include subject.

Table C6
Experiment 2: All Possible Models

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. subject) 0.200 0.034 0.142 1.000
Level 0.200 0.010 0.042 3.320 1.802
Review condition 0.200 0.684 8.668 0.050 0.952
Level 
 Review condition 0.200 0.213 1.085 0.161 2.052
Level 
 Review condition 
 Interaction 0.200 0.058 0.245 0.594 3.312

Note. All models include subject.
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Table C7
Experiment 3: All Possible Models

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. subject) 0.200 3.718e�7 1.487e�6 1.000
Level 0.200 1.083e�6 4.333e�6 0.343 1.544
Review condition 0.200 0.104 0.466 3.564e�6 1.646
Level 
 Review condition 0.200 0.718 10.194 5.176e�7 3.481
Level 
 Review condition 
 Interaction 0.200 0.177 0.863 2.095e�6 3.554

Note. All models include subject.

Table C8
Experiment 4: All Possible Models

Models P(M) P(M|data) BFM BF01 error %

Null model (incl. subject) 1.476e�9 5.904e�9 1.000
Level 0.200 1.343e�9 5.371e�9 1.099 1.032
Review condition 0.200 0.280 1.556 5.269e�9 2.148
Level 
 Review condition 0.200 0.491 3.858 3.006e�9 1.938
Level 
 Review condition 
 Interaction 0.200 0.229 1.188 6.448e�9 2.024

Note. All models include subject.
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