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Abstract

The current study assesses whether varying the encoding context of a repeated event is a potential strategy to improve rec-
ognition memory across retrieval contexts. Context variability, also known as encoding variability, has historically been
investigated primarily using recall and cued recall tasks, with the consensus being that encoding variability is not necessarily
beneficial for episodic retrieval. However, recent studies (see text) suggest that test type may determine the strategy’s effec-
tiveness. Aligned with these recent findings, we found consistent benefits to simple item recognition when a word was studied
in more variable contexts compared to less variable contexts across four experiments. This main effect of context variability
occurred when crossed with a manipulation of repetition spacing and when crossed with a manipulation of encoding-retrieval
context match. Variation in encoding contexts beyond the future retrieval context led to better item recognition than repeated
study exposures within the future retrieval context. We argue that the current study and other recent findings indicate a need

to re-evaluate the historical consensus on encoding variability as a beneficial strategy for learning.

Keywords Episodic memory - Recognition - Context effects

Introduction

Episodic memory has at least two unique properties among
neural memory systems: single-trial learning of informa-
tion that can be consciously retrieved and the incorporation
of event context into its representations. The first property,
encoding speed, indicates that episodic memory is likely
critical for learning, both in daily life and in the classroom
(Greenberg & Verfaellie, 2010). Although episodically
encoded information can be incorporated into the seman-
tic memory system over time and repeated experiences, the
semantic memory system does not appear to allow single
trial learning (Cooper et al., 2019; McClelland et al., 1995;
see Coutanche & Thompson-Schill, 2014, for an alternative
view). The second property, contextual information, is often
irrelevant to the primary goals of learning (e.g., creating
semantic knowledge), but may still influence the success of
initial learning via the episodic system. The studies reported

>4 Rachel A. Diana
rdiana@vt.edu

! Department of Psychology, Virginia Tech, 890 Drillfield Dr.,
Blacksburg, VA 24061, USA

Department of Psychology, University of Virginia,
Charlottesville, VA, USA

here investigate whether context can be manipulated to
increase recognition memory. These studies are intended to
both elucidate properties of the episodic memory system and
identify strategies that can support learning.

The context of an event can be identified in several ways,
but perhaps the most objective is that context features of
events change slowly across time. For example, a series of
events, like studying individual muscle names and locations
for an anatomy course in a library, would have a number
of features in common that are slow to change: location,
room dimensions, furniture, mood, clothing, temperature,
etc. These features are the context of the events. Each event
also has features distinct from the other events that are fast-
changing: the names of the muscles, their locations in the
body, and any thoughts or emotions generated in response to
those features. These fast-changing features are the focus of
the events or the “items.” Later recognition of an item (mus-
cle name) does not require retrieval of the contextual infor-
mation (location, mood, etc.), if a judgment is made using
familiarity alone. Nonetheless, previous studies have dem-
onstrated that the context of an event affects the nature of the
item information that is encoded and subsequently interacts
with retrieval conditions to determine recognition success
(e.g., Tulving & Thomson, 1973). Tulving and Thomson’s
experiment (1973) asked participants to recognize individual
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items that had previously been studied as word pairs (e.g.,
glue-chair). They found substantially decreased memory
when the test items were presented in a different context (a
different paired word, e.g., table-chair) rather than the origi-
nal context. Findings of this type indicate that memory for
an event or item can be influenced by the associated context
information, regardless of whether that context information
is relevant to the task being performed.

Tulving and Thomson (1973) defined the principle of
“encoding specificity” based on the finding described above:
that recognition performance improves when an encoding
experience and a retrieval experience are more similar but
declines when an encoding experience and a retrieval experi-
ence are different from one another. A similar principle has
been defined in terms of processing rather than context by
Morris and colleagues (1977), which they called “transfer-
appropriate processing.” Both principles agree that a highly
effective encoding strategy would be to encode an item by
processing it in the same way, or experiencing it in the same
context, as the eventual retrieval scenario. We will refer to
this strategy with the more general term “encoding-retrieval
match.” Unfortunately, this strategy assumes that the even-
tual retrieval scenario is known in advance and that retrieval
will be limited to a single scenario. Encoding-retrieval
match cannot be implemented when the retrieval context is
unknowable in advance. For example, one might consider a
college student preparing for an exam. The particular type of
question, its wording, and the connections to other concepts
are all factors that influence the likelihood of retrieving the
correct information on the exam. However, the student is not
typically told those details before the exam and cannot study
in a way that specifically matches the test context. For that
same college student, information being learned in a class
that is critical to job function throughout their career needs
to be flexibly retrieved in a variety of circumstances, rather
than limited to a single retrieval context. Thus, strategically
applying encoding-retrieval match may not be beneficial in
these real-world circumstances. However, it may be possible
to improve the probability that features experienced dur-
ing encoding will be reinstated within an as-yet-unknown
retrieval context.

We propose that an unknown, or flexible, retrieval con-
text may be strategically matched by broadening the range
of contextual features/cues or processes accessed during
encoding. Indeed, it has long been recognized that episodic
memory retrieval is driven by cues, either encountered
in the environment or effortfully reinstated, that bring to
mind events and information experienced previously (Bjork
& Bjork, 1992). The more cues encoded and the broader
the range of those cues, the more likely some of those cues
will match the unknown retrieval circumstances. The idea
of increasing variety or breadth during encoding has been
termed “elaboration” (Anderson & Reder, 1979), but the
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current study manipulates elaboration of stimuli by control-
ling encoding variability/context variability.

History of encoding variability research

Variability was identified as an important factor in learning
early in the scientific study of cognition (Estes & Burke,
1953). The variability of contextual factors during encoding
has previously been identified as a potential mechanism for
the spacing effect (see Karpicke et al., 2014). The spacing
effect is the robust finding that increasing the temporal lag
and amount of intervening information between two encod-
ing experiences will increase the likelihood of later retrieval.
This is sometimes investigated as the distinction between
short spacing (at least one intervening item between study
exposures) and long spacing, which produces improved
retrieval with increased distance (Delaney et al., 2010).! An
encoding variability account of spacing emphasizes the dif-
ferences in temporal context from an item’s first exposure to
the next, implying that an increased range of cues are stored
with the item representation when repetitions are spaced
apart compared with when they are spaced more closely
(Melton, 1970).

The encoding variability explanation for the spacing
effect was challenged when a key prediction, that the spac-
ing between unrelated words should predict their aggregate
memory performance in the same way as for a repeated item,
was initially not supported (Ross & Landauer, 1978). How-
ever, recent research by Lohnas and colleagues (2011) has
refuted that conclusion, and indicated in multiple datasets
that two unrelated words spaced more distantly are indeed
better remembered in aggregate than two unrelated words
spaced more closely during study (Lohnas et al., 2011).
Therefore, encoding variability cannot be ruled out as a
mechanism for the spacing effect on the basis of Ross and
Landauer’s (1978) conclusions.

Encoding variability was further challenged as an expla-
nation for the spacing effect because studies that simultane-
ously manipulated encoding variability and spacing found
that encoding variability provided a consistent benefit to
free recall or cued recall only for items studied via back-to-
back repetitions (e.g., Greene & Stillwell, 1995; Verkoeijen
et al., 2004). The lack of an encoding variability benefit for

! Other studies compare massed (back-to-back, without any inter-
vening items) encoding exposures with spaced encoding exposures
(in which other items are encoded between the exposures). Items
encoded across massed trials may suffer from waning attention. How-
ever, the benefit of increasing the number of intervening items from
short (but not massed) spacing to long spacing is not so obvious.
These are the circumstances under which encoding variability or tem-
poral context variability have been proposed as a mechanism for the
spacing effect (e.g., Bower, 1972; Melton, 1970).
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spaced items in free-recall and cued-recall paradigms has
been interpreted as indicating that variability cannot explain
the spacing effect. An alternate interpretation might be that
variability can be induced via direct manipulation or via
spacing, but that two manipulations of variability do not pro-
duce double the benefit. An additional consideration is that
we are not aware of any prior studies that have manipulated
both spacing and encoding variability followed by a simple
recognition test, which we address in the current study in
Experiment 2. For both of these reasons, we propose that
encoding variability should not yet be ruled out as a con-
tributing mechanism for the spacing effect.

Encoding variability as a manipulable strategy

Regardless of its role in the spacing effect, the current study
examines whether encoding variability is beneficial for
memory in general. This question arises from the proposal
that an increase in the variety of features encoded for an
event (and therefore an increase in the possible retrieval cues
that will be relevant under unknown or flexible retrieval cir-
cumstances) should benefit recognition. If this is true, it may
be a broadly applicable strategy across multiple experimen-
tal paradigms. A few prior studies have directly manipulated
contextual cues or encoding processing across repetitions of
a stimulus.

Recent work by Zawadzka and colleagues (2021) exten-
sively tested the outcomes of encoding variability on free-
recall and cued-recall performance. They found no benefit
for variable processing of items (operationalized via pro-
cessing questions during study) when memory was tested
with a free-recall test, consistent with earlier investigations
(Postman & Knecht, 1983) but conflicting with at least one
other study (Huff & Bodner, 2014). However, when some
form of semantic cueing was used at test, an encoding vari-
ability benefit was found. If non-semantic recall cues were
provided (i.e., rhyming cues), there was no effect of vari-
ability. The authors concluded that varying the processing
questions used during encoding led to emphasis of varying
semantic features of the stimuli. Therefore, memory benefits
only appeared when semantic features were also emphasized
during retrieval and not when contextual or inter-item rela-
tionship features were emphasized (as may be the case in
free recall).

Beginning with Opitz (2010), the idea that manipulations
of encoding variability can affect item recognition success,
rather than recall or cued recall, has been an increasing topic
of interest in the literature. These previous investigations
of encoding variability using recognition paradigms have
produced relatively consistent results indicating a benefit for
encoding variability on recognition success, but have some-
times suffered from confounding factors. For example, Huff
and Bodner (2014) found an encoding variability benefit

for both free recall and item recognition; however, the item
recognition test always followed an initial free recall test on
the same items. This raises the possibility that recognition
performance was influenced by the recall task.

Other studies that have found an encoding variability ben-
efit for recognition have not controlled repetition spacing
(Opitz, 2010; Sievers et al., 2019). Therefore, the benefit of
encoding variability in these studies may have been driven
by the well-established benefit of distant repetition spacing
in the variable encoding conditions as compared to closer
repetition spacing in the consistent encoding conditions.
In order to examine this issue, Experiment 1 in the current
study is essentially a conceptual replication of the Sievers
et al. paper, whereas Experiment 2 assesses whether encod-
ing variability interacts with repetition spacing.

The clearest evidence currently available regarding
encoding variability across repetitions and its effects on
item recognition comes from a recent study by Zhang and
Hupbach (2023), which controlled repetition spacing. The
authors manipulated conceptual variability by presenting
encoded items (object pictures) with either the same encod-
ing question or different encoding questions across study
repetitions (e.g., “fits in a shoe box?”” and “is a tool?”). At
test, participants were asked to make old/new judgments
in Experiment 1B and to make old/similar/new judgments,
followed by a source memory test, in Experiment 2B.? The
results indicated that conceptual variability improved item
recognition memory in Experiment 2B but there was no
effect of variability in Experiment 1B. The authors identified
two potential explanations for the inconsistency in results
between these experiments. First, they suggested that requir-
ing source memory judgments in Experiment 2B may have
encouraged participants to rely on recollection in their ini-
tial item memory judgments, whereas Experiment 1B may
have encouraged participants to rely on familiarity. Second,
they proposed that their item recognition findings may have
been limited by ceiling effects in Experiment 1B when both
the consistent and the variable context conditions produced
hit rates above 90%. The consideration of ceiling effects is
particularly important in studies of repetition and encoding
variability because repetition itself increases performance
substantially. We address the role of ceiling effects by add-
ing a delay between encoding and retrieval in Experiment 4.

Overall, existing evidence suggests that item recognition
may benefit from contextual variability during encoding, but
issues with repetition spacing and ceiling effects prevent us
from drawing strong conclusions from the existing literature.

2 No item-recognition judgments were collected in Experiment 3 and
therefore we will not discuss it further.
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Nature of the variability manipulation

The term encoding variability has not always been defined
in the same way across the literature. Some definitions of
encoding variability refer specifically to the spacing effect
and ignore its potential application to other paradigms.
For example, encoding variability has been referred to as
the idea that “as the lag between repetitions increases, the
memorial representations approach independence” (Bray
et al., 1976, p. 548). Other researchers apply the term more
broadly and use it to encompass variability due to both item-
level changes and context-level changes (e.g. Benjamin &
Tullis, 2010).

One group of researchers has drawn a distinction between
encoding variability and context variability, arguing that
context variability benefits item memory and is a partial
mechanism for the spacing effect, whereas encoding vari-
ability does not benefit item memory (Karpicke et al.,
2014). They define encoding variability as “the idea that
when items or materials are experienced multiple times, the
materials are encoded in different (variable) ways during
each encounter, and this is assumed to increase the number
of retrieval routes a person has to access material in the
future” (Karpicke et al., 2014, pp. 251-252). They propose
that this variability is different from contextual variability,
which they define as “the specific idea that different tempo-
ral/contextual features can be encoded as part of the repre-
sentation of repeated events” (Karpicke et al., 2014, p. 252).

It is unclear if the differences identified by Karpicke and
colleagues between encoding variability and context vari-
ability are critical in determining any effect on item memory.
In our opinion, it is likely that by changing context features
one may also affect the features of the item that are encoded,
as proposed by the encoding specificity principle (Tulving &
Thomson, 1973), and therefore it may be difficult to define
encoding variability and context variability independently.
Nonetheless, the current study is focused on variability in
contextual features rather than item-specific features and,
therefore, we have chosen to refer to the manipulation used
in the current study as “context variability.”

Returning to encoding-retrieval match: Retrieval
cues

Prior studies of the effect of context variability on item rec-
ognition have not manipulated the corresponding retrieval
context. As described above, context variability as a strategy
may be most useful when the retrieval context is unknown.
The current study explicitly tests this question in Experi-
ments 3 and 4 in order to begin to identify potential mecha-
nisms for any benefit of content variability. If variability
does produce a benefit to item recognition, then it might
achieve this benefit by increasing the likelihood that cues
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from the encoding experiences will overlap with the retrieval
context. In other words, context variability potentially
increases the likelihood of a match between encoding and
retrieval contexts. If so, purposely reinstating the encoding
context during retrieval (encoding-retrieval match) should
make context variability irrelevant to memory performance.
However, if context variability further benefits memory even
when an encoding-retrieval match occurs, there may be addi-
tional mechanisms involved.

Finally, although transfer appropriate processing and
encoding specificity are robust, replicable, properties of epi-
sodic memory, it is unclear whether the relative proportion
of encoded information that matches future retrieval cues
affects memory performance. That is, given a large or small
set of cues, both of which include cues matching retrieval,
a smaller set that is strengthened via repetition may ben-
efit memory (e.g., Dennis & Humphreys, 2001). A strict
interpretation of encoding specificity or transfer-appropriate
processing seems to suggest that variability beyond imple-
mentation of an encoding-retrieval match might be harmful
to recognition. We address this question in Experiment 4.

Experiment 1

This experiment investigates whether manipulating cognitive
context variability has benefits for item memory, as tested in
arecognition paradigm. It serves as a conceptual replication
of the study by Sievers and colleagues (2019).

Method
Participants

Forty-eight members of the Virginia Tech community partic-
ipated in the experiment in exchange for extra credit in psy-
chology courses. Data files from two participants (one from
encoding question set 1 and one from encoding question set
2) were lost due to computer error. Participants were pseudo-
randomly assigned to conditions for the between-subjects
manipulation of encoding questions such that encoding ques-
tion sets 1 and 2 had a final N of 11 while encoding sets 3
and 4 had a final N of 12. Participants’ ages ranged from
18 to 23 years, with an average age of 19 years. Thirty-five
participants were female. Sample size was chosen arbitrarily
rather than via power analysis.

Design and materials

Experiment 1 used a 4 X3 mixed design with the factor
“encoding question sets” (four levels) manipulated between-
subjects and the factor context variability (High, Low, or
Same) manipulated within-subjects. High Variability was
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| ListA | | List B | | List C
Could you use this item as Would this item be In your opinion, is this item

an ingredient when
cooking?

poisonous if eaten?

beautiful?

STADIUM

High Variability

KITCHEN

Same
Context

KITCHEN

CRAYON

BASKET SLOTH

\4 115 words per list

Fig. 1 Experiment 1 design and sample trials from encoding question set 3

Table 1 Encoding questions used in between-subjects conditions 1 through 4, specified according to List A, B, or C. Lists A and B served as
similar contexts to one another whereas List C served as a unique context

Encoding List A List B

question set

List C

1 Do you find this item to be pleasant Do you find this item to be pleasant
2 Would this item fit in a shoe box? Would this item fit in a shoe box?
3 Could you use this item as an ingredient Would this item be poisonous if eaten?
when cooking?
4 In your opinion, is this item beautiful? Do you think this item is unpleasant-looking?

Would this item fit in a shoe box?
Do you find this item to be pleasant

In your opinion, is this item beautiful?

Could you use this item as an ingredi-
ent when cooking?

defined as one study exposure in one of the similar contexts
(List A or List B, which used the same or similar encod-
ing questions) and one study exposure in the unique context
(List C, which used a distinct encoding question). Low Vari-
ability was defined as one study exposure in each of the two
similar contexts (Lists A and B). Same Context was defined
as two study exposures on the same list (two presentations in
List A, B, or C). Figure 1 shows a schematic representation
of the design of Experiment 1. For this initial study, repeti-
tion spacing was not controlled and was therefore shorter
in the Same Context condition than in the High or Low
Variability conditions. The study order of the three lists was
counterbalanced across subjects.

We chose to define context in episodic memory via its
slowly changing nature in comparison to the faster-chang-
ing nature of individual items or events. In this experiment,
the slowly changing Lists A, B, and C were temporally
blocked sets of trials that used a consistent encoding ques-
tion. In between each list, the participant briefly left the
testing room and interacted with the experimenter. There-
fore, although the study item changed on each trial, the
context changed only twice within the study phase of the
experiment (between the first and second lists and between
the second and third lists). It should be noted that other

definitions of context do not require a more slowly chang-
ing signal than the event, and that context variability has
previously been studied with randomly assigned contexts
that change at the trial level rather than the block level
(e.g., Zhang & Hupbach, 2023). The current study cannot
determine whether these methods of context manipulation
produce different variability effects.

The encoding question sets used to manipulate con-
text variability are shown in Table 1. Question sets 1 and
2 used the same encoding question for the similar lists
(A and B) but a different question for the unique list (C).
Question sets 3 and 4 used conceptually similar questions,
referring to the same property of the target item, for Lists
A and B with a distinct question for List C. Thus, the Low
Variability conditions were more similar to one another
for encoding question sets 1 and 2 than for sets 3 and 4.

The items-to-be-remembered in this study were ran-
domly selected from a set of 792 concrete nouns selected
from the MRC database (Coltheart, 1981). The word set
had a mean concreteness rating of 585 (ranging from 538
to 670), mean number of letters of 5.64 (ranging from 4
to 9), and mean Kucera-Francis (Kucera & Francis, 1967)
frequency of 22.94 (ranging from 1 to 150).

@ Springer
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Procedure

Participants were told that the experiment would test their
memory and were given an overview of the procedures and
their rights prior to signing a consent form. Participants were
then given written instructions which were reviewed orally
by the experimenter. The instructions stated that they would
be asked to study concrete nouns, answering a yes/no ques-
tion for each word. They were told that the items would be
studied in three lists, that many words would repeat, and that
they should not try to use strategies to memorize the words
other than answering the question asked.

The experiment was programmed via Neurobehavioral
Systems’ Presentation software. Each word was shown in
24-point font on the computer screen for 1,500 ms followed
by a 500-ms fixation prior to the next item. Participants
pressed the “J” key to answer the provided question with
“yes” and the “K” key to answer the provided question with
“no.” The encoding question was previewed for 3,000 ms at
the beginning of each of the three lists and then shown on
the screen below each word in 16-point font on each trial.
After each of the three study lists, participants were required
to open the testing room door and ask for further instructions
from the experimenter.

The study lists included 60 target words studied with
High Variability, defined as one presentation on either List
A or List B (using the same or similar encoding questions)
and one presentation on List C (using a unique encoding
question). An additional 60 target words were studied with
Low Variability, defined as one presentation on List A and
one presentation on List B. Finally, 35 target words were
repeated within the Same Context (both presentations within
the same list). An additional 35 filler words (not repeated)
were included in order to create equal list lengths (115 trials
per list, see Fig. 1).

Immediately following the three study lists, participants
were given written test instructions, which were reviewed
orally by the experimenter. They were told that they would
see words from all three study lists along with new words
that had not been studied. Participants were asked to use
the “J” key to indicate that the word had previously been
studied in the experiment (Old) and the “K” key to indicate
that the word had not been previously seen in the experi-
ment (New). If the item was recognized as Old, participants
were then asked to indicate one or more study lists on which
the item had been viewed (labeled as study list 1, 2, or 3
according to the order of presentation). They were told to
press “Don’t Know” if they could not remember the list or
lists on which the item had been seen. These source memory
judgments were collected for exploratory analyses but are
not described or analyzed in this article. It is important to
note that the difficulty of the source memory judgment var-
ied across the High Variability, Low Variability, and Same
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Context conditions in this experiment, and therefore cannot
be compared in the same way as item memory.

Once the instructions were provided, all test items were
presented in a single list. Participants were provided a
maximum of 10 s to respond to each word, ending when
an appropriate key was pressed, with an additional 10 s to
make source judgments after an old judgment. The next
word prompt appeared after a 500 ms fixation screen. The
test items included all 190 previously studied items (35 of
which were filler items) as well as 190 new items drawn
randomly from the same set of words described above. Upon
completion of the test list, participants were debriefed as to
the study purpose.

Results and discussion

The primary dependent measure in this study was the hit rate
(proportion of old items correctly recognized as old). False
alarms did not vary with the manipulation of context vari-
ability and therefore differences in d' would be driven exclu-
sively by the hit rate. We did calculate overall false alarms
and d' in order to identify any participants whose memory
performance was low. The average proportion of false alarms
for question sets 1 through 4 was 0.10, 0.11, 0.13, and 0.09,
respectively. A one-way between-subjects ANOVA indicated
there were no significant differences among the false alarm
rates for the question sets, F(3,42)=0.72, p=0.55, n2= 0.05.
Overall accuracy was high across all participants in Experi-
ment 1, with mean d' (standard deviation in parentheses)
for question sets 1 through 4 of 2.71 (0.36), 2.39 (0.48),
2.26 (0.56), and 2.50 (0.38), respectively. All participants’
d' scores were within three standard deviations of the mean
for their question set.

Figure 2 shows the proportion of hits for each context
variability condition within each encoding question set. A
3 x4 repeated-measures ANOVA (three-level within-sub-
jects factor of context variability and four-level between-
subjects factor of encoding question set), revealed a main
effect of context variability, F(2, 84)=31.59, p <0.001, nf’
= 0.43, but no main effect of encoding question set, F(3,
42)=1.68, p=0.19, nf) = (.11, and no interaction between
context variability and encoding question set, F(6,
84)=0.58, p=0.75, ng = 0.04. We note that sample size for
this experiment was chosen arbitrarily rather than via a pri-
ori power analysis, and that the study may have been under-
powered. Therefore, we will not interpret any null effects
from Experiment 1.

Follow-up paired-samples z-tests revealed that the main
effect of context variability was driven by significant differ-
ences between all three conditions (effect sizes are reported
as Cohen’s d): High Variability versus Low Variability
1(45)=4.39, p<0.001, d=0.65, High Variability versus
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Fig.2 Mean proportion hits in Experiment 1 for the within-subjects
manipulation of context variability, as demonstrated in each of the
between-subjects encoding question set conditions. Error bars indi-

Same Context #(45)=8.70, p <0.001, d=1.28, Low Vari-
ability versus Same Context #(45)=3.60, p=0.001, d=0.53.
We conclude from these results that experimentally induced
variability in encoding contexts improves recognition mem-
ory for items; however, differences in repetition spacing may
have contributed to this finding. The effect of context vari-
ability was robust to the particular questions used as markers
of context.

Importantly, Experiment 1 did not address the issue of
repetition spacing. Although spacing for High Variability
and Low Variability items was equated at the block level
across participants (due to list order counterbalancing),
repetitions were spaced more closely in the Same Context
condition than in either the High or the Low Variability con-
ditions. There is some evidence that spacing alone cannot
explain the findings in Experiment 1 because the effect of
context variability was significant for the difference between
High Variability and Low Variability, when spacing was
equivalent. However, given the robust nature of the spac-
ing effect and the proposal that context variability may be a
partial mechanism by which the spacing effect occurs (see
Lohnas et al., 2011), we chose to manipulate context varia-
bility and repetition spacing independently in our next study
in order to assess the relative contributions of these factors.

Although previous studies have discussed these two
effects’ relationship to one another, we are not aware of
any prior studies that have manipulated both factors in a
recognition paradigm. The most similar study used a two-
alternative forced-choice frequency judgment paradigm
(Greene & Stillwell, 1995), which found a benefit of item-
specific encoding variability (changing paired words) for

cate Cousineau-Morey within-subjects 95% confidence intervals for
differences due to context variability (Cousineau, 2005; Morey, 2008)

items repeated back-to-back (massed practice) but not for
items that were repeated after four to seven intervening
items. Studies using recall tests have found mixed results,
with multiple studies finding that context variability benefits
memory when repetitions are massed but has no effect when
repetitions are sufficiently spaced (Smith & Handy, 2016;
Verkoeijen et al., 2004). Our repetition spacing manipulation
in Experiment 2 did not include massed trials because prior
findings are consistent in indicating any context variability
benefit for massed repetitions.

Experiment 2

Method
Participants

Forty-eight members of the Virginia Tech community, 35
female, participated in Experiment 2 in exchange for extra
credit in psychology courses. The mean participant age was
19.89 years, ranging from 18 to 25 years. All participants’
performance fell within 3 standard deviations of the mean d'
score and therefore none were excluded. An a priori power
analysis based on Experiment 1 indicated that a sample
size of 30 participants would provide 96% power to detect
a similar context variability effect. However, we elected to
increase the sample size because we expected that control-
ling repetition spacing would decrease the size of the context
variability effect found in Experiment 1.
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Fig.3 Design schematic for Experiment 2

Design and materials

Experiment 2 used a 3 X5 within-subjects design with the
factors context variability (High Variability, Low Variability,
and Same Context) and repetition spacing (0, 1, 2, 3, or 4
blocks of 12 trials intervening between each item repetition).
It should be noted that O block spacing is not equivalent to
massed practice because item order was randomized within
each 12-trial block. Therefore, the likelihood that a word
would appear on two successive trials was low.

The study lists were created via custom Matlab scripts
using the design shown in Fig. 3. We counterbalanced condi-
tion the order of the six study lists (72 trials per list) across
subjects. Each list was composed of six blocks of 12 trials.
The 12-trial blocks included six words from two different
conditions, all of which were studied with the same encod-
ing question during that block. Words were presented in ran-
domized order within a block. Words in the 0-block spacing
condition were studied within back-to-back sets of 12 trials.
This block-based spacing manipulation combined with ran-
domly ordered items within each block allowed for words in
the 0-block spacing condition to occasionally be studied on
neighboring trials or with as many as 22 trials intervening.
The average number of trials intervening between items in
the 0-block spacing condition was 11. Spacing with 11 inter-
vening trials is often considered moderate or long spacing in
experiments that investigate the spacing effect.

Due to the complexity of independently controlling
spacing and temporally blocked context variability, the
four-block spacing condition had fewer trials (six per
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variability condition) than the other spacing conditions
(12 per variability condition). Due to a programming error,
participants studied six items in the Same Context 0-block
spacing condition and 18 items in the Same Context
1-block spacing condition. All results below are reported
as proportions of the total number of words studied in that
condition.

Context variability was manipulated using four encod-
ing questions that formed two sets of similar questions.
One set referred to the edibility of the object being stud-
ied: “Would this item be poisonous if eaten?” and “Could
you use this item as a cooking ingredient?” The other set
referred to the size of the object being studied: “Could you
carry this item in your backpack?” and “Would this item
fit in a shoebox?” Items in the High Variability condition
were studied once with a question from the edibility set
and once with a question from the size set. Thus, par-
ticipants assessed High Variability items along two dif-
ferent dimensions. Items in the Low Variability condition
were studied once with each of the two questions from
the edibility set or once with each of the two questions
from the size set. Thus, participants assessed Low Vari-
ability items along a single dimension but from two dif-
ferent perspectives. Items in the Same Context condition
were studied twice with an identical question. The specific
questions assigned to conditions were randomized across
participants.

Each of 162 target words was studied twice. Those 324
study trials were accompanied by 108 filler words used to
induce the required spacing between the target item rep-
etitions. Filler words were studied only once and were not
tested. The test list consisted of 162 target words and 162
words that were not viewed in the experiment. All words
were randomly selected for each participant from the list of
792 words used in Experiment 1.

Procedure

Experiment 2 used the same procedures described for
Experiment 1 with the following exceptions. There were six
distinct study lists. The encoding question was previewed
at the beginning of each 12-trial block rather than at the
beginning of each list. After each old judgment, participants
were asked to identify the study question or questions that
had been presented with the word. The four possible ques-
tions were presented along with a “Don’t Know” option as
described in Experiment 1. As in Experiment 1, these source
memory judgments were collected for exploratory analy-
ses but are not described or analyzed in this article because
the difficulty of the source memory judgment varied across
the High Variability, Low Variability, and Same Context
conditions.
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Results and discussion

Although the primary dependent measure in this study was
the proportion of hit responses, we calculated overall false
alarms and d' in order to identify any participants whose
memory performance was low. The mean proportion of
false alarms was 0.08 (SD=0.07), the mean proportion of
hits was 0.82 (SD=0.11), and the mean d' score was 2.55
(SD=0.65).

Figure 4 shows the proportion of hits for each context
variability condition within each spacing condition. A 3 x5
repeated-measures ANOVA revealed a main effect of context
variability, F(2, 94)=10.83, p<0.001, nﬁ =0.19, a trend
toward a main effect of repetition spacing, F(4, 188)=2.19,
p=0.07, nf) = (.05, and no interaction between context vari-
ability and repetition spacing, F(8, 376)=0.57, p=0.80, ni
=0.01.

Follow-up paired-samples ¢-tests (with effect sizes
reported as Cohen’s d) revealed that the main effect of con-
text variability was driven by a significantly lower propor-
tion of hits in the Same Context condition (M =0.82) than
in either the High Variability or Low Variability conditions,
1(47)=4.06, p<0.001, d=0.59 and #(47)=3.51, p<0.001,
d=0.51, respectively. There was no difference between the
proportion of hits in the High Variability (M =0.86) and
Low Variability (M =0.86) conditions, #(47)=0.25, p=0.81,
d=0.04.

Given the robust nature of repetition spacing effects
in episodic memory (Cepeda et al., 2006), we were sur-
prised that the main effect of spacing was not significant.

tions of an item. Error bars indicate Cousineau-Morey within-sub-
jects 95% confidence intervals (Cousineau, 2005; Morey, 2008)

In examining Fig. 4, there appears to be a linear increase in
accuracy with spacing for the Same Context condition, with
the exception of the four-block spacing condition. Given the
comparatively small number of trials in the four-block spac-
ing condition (six per context variability condition) relative
to the other spacing conditions (12 per context variability
condition), we examined the hit rate standard deviations
across all conditions. As speculated, the four-block spacing
condition demonstrated the highest standard deviation com-
pared to the other spacing conditions within each variability
condition. We created an exploratory visualization of the
data in which we dropped the four-block spacing condition
and divided the remaining four spacing conditions (0-, 1-, 2-,
and 3-block spacing) into two levels: close spacing (0- and
1-block spacing) and far spacing (2- and 3-block spacing).
The resulting pattern is shown in Fig. 5 and suggests that the
Same Context, close spacing condition has a lower hit rate
than any other condition. We interpret this as indicating that
variability might be achieved by manipulating the encod-
ing questions (whether via a minimal change in perspective,
in the Low Variability condition, or a larger change in the
dimension of analysis, in the High Variability condition) or
by long temporal spacing (2- or 3-block spacing). However,
combining these two factors did not produce a performance
benefit beyond the effect of one or the other alone.

This exploratory visualization is consistent with prior
claims that context variability is a mechanism that con-
tributes to the spacing effect (e.g., Delaney et al., 2010;
Lohnas et al., 2011). However, for the purposes of the cur-
rent study, the most important finding is that manipulated
context variability improves item recognition memory
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Fig.5 Exploratory visualization of the spacing data in Experiment 2,
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ing spacing conditions as “close” vs. “far. Error bars indicate Cous-
ineau-Morey within-subjects 95% confidence intervals (Cousineau,
2005; Morey, 2008)

even when spacing is carefully controlled. Experiment 3
tested our primary hypothesis regarding the mechanism
by which context variability might benefit item memory:
increasing the set of encoded cues and therefore increas-
ing the likelihood of encoding-retrieval match.

Experiment 3

If encoding-retrieval match is a more important factor in
memory than context variability, then matching encoding
processing during all study exposures to the upcoming
retrieval processing should produce better memory than
matching only one study exposure’s processing. Perhaps
a student who is told the exact nature of the test questions
they will receive should study by practicing that question
format repeatedly without any variation. An alternative
possibility is that variability has benefits beyond encod-
ing-retrieval match, such that at least one exposure to the
test processing (achieving a match) combined with addi-
tional variability in processing is more beneficial than
repeated practice of the matching retrieval processing.
That is, perhaps the student should study the exact nature
of the test question at least once, but also study the infor-
mation in a variety of other ways. Experiment 3 examines
the effects of context variability on retrieval success, in
both the presence and the absence of encoding-retrieval
context match.
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Method
Participants

Data were collected from 70 Virginia Tech students,
recruited through the Department of Psychology’s research
participant pool and from the broader Virginia Tech com-
munity. Of the 70 participants, five were excluded from all
analyses, for a final sample size of N=65. One was excluded
due to a computer error that did not allow them to complete
the test phase, while four others were excluded due to d’
scores below zero in at least one cell of the design. Partici-
pants received either extra credit in one of their Psychology
courses or $20 as compensation for their time. A minimum
sample size of 30 participants was determined by an a priori
power analysis (based on the main effect of context found in
Experiment 2, 30 participants provides 96% power to detect
an effect of the same size). We elected to double that sample
size, for a target of 60 participants, given that an interaction
between context variability and encoding-retrieval match
might be smaller than the main effect of context variability.

Design and materials

The experiment used a 3 X 2 factorial design with level of
encoding context variability (High Variability, Low Variabil-
ity, and Same Context)) and retrieval context (Match to the
encoding context and Non-match to the encoding context)
as the variables of interest. Participants were assigned to
one of six counterbalancing schemes to account for differ-
ences in condition order. In addition to controlling repeti-
tion spacing across conditions, Experiment 3 controlled for
cue specificity/cue overload (Watkins & Watkins, 1975).
We controlled cue specificity by presenting every encoding
question with an equal number of target words on an equal
number of trials. Study and test lists were created via custom
Matlab scripts.

Word lists for each participant were composed of 360
nouns, four to nine letters each, randomly drawn from a pool
of 434 nouns. The word pool was obtained from the SUB-
TLEXus corpus (normative measures based on film subti-
tles in American English) and constrained to a SUBTLEXus
frequency rating range of 0.02-292.06 words per million
(M =6.81) (Brysbaert & New, 2009). Words in the pool
were selected for high concreteness ratings, with a range of
4.59-5 (M =4.86, based on a scale of 1 =abstract/language-
based to 5 =concrete/experience-based) (Brysbaert et al.,
2014). Words also had a minimum prevalence value of 2.00
(a z-scored measure of the proportion of people who profess
to “know” a word) based on word prevalence norms from
Brysbaert et al. (2019).

Of the 360 selected words, half were used as study words
and the other half as lure words (randomly selected for each
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Fig.6 Design schematic for Experiments 3 and 4

participant). Study words were randomly assigned to either
the matching (90 words total) or the non-matching retrieval
context condition (90 words). These sets were then further
subdivided into thirds, with 30 words randomly assigned
to the High Variability, Low Variability, and Same Context
conditions for each participant. The study phase included
180 study words, presented three times each, for a total of
540 study trials. The test phase included 360 words, with
each of the study and lure words presented once in a random
order.

A schematic of the experiment design is shown in Fig. 6.
Each of the six semantic encoding questions used to manipu-
late context variability required the participant to think of
the item in a specific physical or relational context (i.e., Is
this item all one color?; If you were stranded on a deserted
island, would this item be useful?; Can this item be frozen
in a freezer?; Could you carry this item on your back?; Have
you been near this item recently?; Would it hurt if this item
fell on your foot?). Three questions were randomly chosen
for each participant to appear during encoding. High Vari-
ability items were presented once with each of these three
encoding questions. Low Variability items were presented
twice with one of the three encoding questions and once
with a different encoding question. Same Context items were
presented three times with the same encoding question.

All conditions averaged 15 intervening items between
each encoding repetition, comparable to the 0-block spacing
condition in Experiment 2 but with three study exposures
per item rather than two. This spacing control induced dif-
ferences in delay between the last study exposure and the
beginning of the test trials across conditions. These differ-
ences in delay were controlled by counterbalancing condi-
tion order across participants.

During the test trials, all words were first shown with a
yes/no semantic question and then participants were asked
whether they recognized the word from the study phase (old/
new judgment). The yes/no semantic question for items in
the Match retrieval context condition was always one of the
questions that had previously been asked about that item dur-
ing encoding. In the High Variability/Match condition, the
yes/no question used at retrieval was randomly selected from
the three encoding contexts. In the Same Context/Match

condition, items were tested with the encoding context that
was viewed during all three study exposures. Selection of the
yes/no question shown at retrieval for the Low Variability/
Match condition involved two additional factors because all
Low Variability items were studied with one repeated ques-
tion and one non-repeated question (for three study expo-
sures). Half of the participants, according to their counter-
balancing scheme, initially saw Low Variability items twice
with question “A” and then a third time with question “B”
(Low Variability/Match, A-A-B order). The other half of
the participants initially saw Low Variability items once
with question “A” and then the second and third times with
question “B” (Low Variability/Match, A-B-B order). For all
participants, half of the Low Variability/Match items were
tested with reinstatement of the twice-studied context and
half with reinstatement of the once-studied context. That is,
half of all Low Variability/Match items for each participant
were tested with question “A” and half with question “B.”
We note that the design of the Low Variability/Match condi-
tion retrieval contexts was chosen to balance the relevance of
all three encoding exposures within and across participants
rather than to test differences in repetition number and order
(due to limited trial numbers).

Items in the Non-match retrieval context condition were
presented with one of the three remaining context questions
(not seen during the encoding phase of the experiment).
Both lure and study items were tested equally often with the
three questions viewed during encoding or the three novel
questions. In contrast to Experiments 1 and 2, participants
were not asked to retrieve information about the encoding
context during the test.

Procedure

At the beginning of the experiment, participants were
briefed on the general nature of the experiment and given
the instructions for the study phase. They were informed that
their task was to study concrete nouns by responding either
“yes” or “no” to a question appearing with each word. Par-
ticipants were informed that some words would be repeated.
They were asked not to attempt to memorize the words with
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Table 2 Experiments 3 and 4, mean proportion hits per condition (standard deviation)

Context Variability Experiment 3 Experiment 4

Encoding-Retrieval Context Encoding-Retrieval Context

Match Non-match Match Non-match
High 0.895 (0.104) 0.891 (0.110) 0.904 (0.082) 0.856 (0.104)

Low 0.887 (0.125)

Same Context 0.878 (0.112)

0.876 (0.113)
0.854 (0.113)

0.879 (0.103)
0.844 (0.111)

0.815 (0.118)
0.750 (0.131)

any specific strategy, but to simply answer the questions that
appeared on screen.

The study phase was divided into sections according to
the encoding question being answered for all items within
that section. At the beginning of each section, participants
saw an encoding question preview for 5 s. Each subsequent
trial began with a 500-ms fixation cross, followed by a
word in the center of the black screen for 1,500 ms, with
the encoding question shown directly above the word. The
response options (“J=Yes” and “K=No") appeared directly
below the word. At the end of each block, a message on-
screen instructed participants to notify the experimenter that
they were finished with the study list.

The test instructions specified that participants would see
a mix of studied words and unstudied words along with some
familiar yes/no questions and some novel yes/no questions.
For each word, they were asked to first answer “yes” or “no”
to the question on the screen and then to indicate whether
they had previously seen the word in the experiment. Imme-
diately after answering the encoding question, a new screen
appeared displaying the same test word with the question
“Did you study this word before?” above it and the response
options (“Yes” or “No”) below it. Participants had a maxi-
mum of 10 s to respond to each of the yes/no and recognition
questions before continuing to the next trial.

Results and discussion

As in Experiments 1 and 2, the primary dependent measure
was the proportion of hits. We calculated overall false alarms
and d’ scores in order to assess memory performance for
each participant. Participants who had a d' score below zero
in any condition were excluded from all subsequent analyses.
The mean overall proportion of hits in the final dataset was
0.88 and the mean overall proportion of false alarms was
0.14. The mean d’ was 3.05.

A repeated-measures analysis of variance (ANOVA)
was conducted on the proportion of hits. We hypothesized
that context variability and encoding-retrieval match would
each benefit item recognition. We also predicted that con-
text variability would benefit performance above and beyond
the benefits conveyed by encoding-retrieval match. Thus,
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we expected a significant interaction effect between context
variability and context-match. To specifically test for this
third hypothesis, even in the absence of a significant interac-
tion, planned comparisons were conducted via paired-sam-
ples z-tests to examine mean differences between the Low
Variability/Match and High Variability/Match conditions, as
well as the Low Variability/Non-match and High Variability/
Non-match conditions.

The ANOVA revealed the predicted significant main
effects of context variability, F(2, 128)=7.00, p=0.001, ni
= 0.10, and context match F(1, 64)=4.75, p=0.03, nlz) =
0.07. The overall pattern of hit rates is seen in Table 2 and
Fig. 7. The ANOVA did not reveal a significant interaction
effect F(2, 128)=1.10, p=0.34, ni = 0.02, suggesting that
the effects of both context variability and transfer-appropri-
ate processing on item recognition are independent of one
another, contrary to our predictions. Results from the
planned paired-samples ¢-tests revealed no significant differ-
ence between the Low Variability/Match (M =87.8%) and
High Variability/Match (M =89.5%) conditions,
1(64)=-1.851, p=0.07, d=0.23, but they did reveal a sig-
nificant difference between the Low Variability/Non-match
(M =85.4%) and High Variability/Non-match (M =89.1%)
conditions, t(64)=-3.625, p<0.001, d=0.45. Therefore, the
results with respect to the interaction between context vari-
ability and encoding-retrieval match are unclear. As demon-
strated by the planned comparisons, there was no statistical
evidence that variability benefitted memory in the matching
context conditions; yet, there was a main effect of variability
that was not modified by an interaction with encoding-
retrieval match.

In spite of the lack of immediate clarity that can be
gleaned from these results, there is some room for more
conclusive interpretation when considering the expectations
put forth by a strict interpretation of encoding specificity
or transfer-appropriate processing. If encoding-retrieval
match is the key factor in recognition success, then encod-
ing an item multiple times within a context that matches the
retrieval context (as in the Low Variability/Match condition)
should allow for better memory performance than encod-
ing an item in multiple different contexts with only one of
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those contexts matching the retrieval context (as in the High
Variability/Match condition). Yet, our results show no sig-
nificant difference between the Low Variability/Match and
High Variability/Match conditions.

Experiment 4

Ceiling effects may have had an influence on our findings
in Experiment 3. Therefore, we ran a new study to repli-
cate Experiment 3 with a delay of 24 h between the study
and test phases of the experiment. We also added a manipu-
lation check during the encoding phase in order to assess
the degree to which participants were cooperating with
the instructions and therefore being exposed to the context
variability manipulation. We preregistered this replication
study on the Open Science Framework prior to beginning
data collection (https://doi.org/10.17605/0OSF.1I0/SU4DB).

Method
Participants

The target sample size was set based on a GPower 3.1.92
analysis of the effect size for the non-significant interaction
term from the Experiment 3 repeated-measures ANOVA. In
order to achieve 80% power to detect an effect of the same
size, a minimum sample size of 76 was required. Due to
the six counterbalancing schemes for condition presentation
order, we increased the target sample size to 78 (a multiple
of 6).

Participants were recruited through online newsletter
advertisements to the Virginia Tech community. We did not
exclude participants based on English-language acquisition

age or experience, relying on the manipulation check to
identify participants who were unable to read the encod-
ing questions and words quickly enough to make accurate
responses. Participants received monetary compensation for
their time. Data were collected from a total of 101 partici-
pants. The average age of the participants was 26 years, with
a maximum age of 42 years and a minimum age of 19 years.
Self-reported participant gender was distributed as follows:
50 men, 51 women, and O non-binary participants. Self-
reported participant race/ethnicity was distributed as fol-
lows: 3% African, 20% Asian, 1% Black, 5% Caucasian, 1%
European, 1% Eastern European, 2% Latinx, 2% Hispanic,
5% Middle Eastern, 21% South Asian, 1% North African,
23% White, and 15% selecting multiple descriptors.

As reported in the project’s preregistration, we set crite-
ria for excluding participants using the manipulation check
items during encoding (and overall performance), making
exclusion decisions prior to calculating participant means in
the conditions of interest. Exclusion criteria are described
below after the manipulation check design is explained.
Of the 101 participants, 20 were excluded for failing the
manipulation check and three were excluded due to perfor-
mance on the memory test (d' more than 3 standard devia-
tions below the mean, 0.56 or below), for a final sample size
of N=78.

Design and materials

The design and materials were identical to those of Experi-
ment 3 with two exceptions. First, a delay of approximately
24 h, with some variability due to scheduling, was instituted
between the encoding trials and the retrieval trials. The aver-
age delay was 23.81 h, with a minimum delay of 21.67 h and
a maximum delay of 26.85 h.
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Second, we added trials to each encoding block that
served as a manipulation check. The key manipulation in the
experiment is the nature of the encoding question presented
on each trial; however, the questions are answered based
on personal opinions rather than having a clear correct or
incorrect answer. Therefore, we have not previously exam-
ined responses to the encoding questions. In Experiment 4,
in an effort to ensure that participants were attending to the
encoding question and answering it in relation to the item
being presented, we selected two words for each encoding
question that we judged as having a clear correct answer
to that question. One word was chosen because it should
lead to a “no” answer and the other because it should lead
to a “yes” answer for each encoding question. The ques-
tions and manipulation check words were: “Is this item all
one color?”’: storybook (no) and ketchup (yes); “If you were
stranded on a deserted island, would this item be useful ?”’:
quicksand (no) and campfire (yes); “Can this item be frozen
in a freezer?”: sofa (no) and juice (yes); “Could you carry
this item on your back?”’: volcano (no) and backpack (yes);
“Have you been near this item recently?”’: baboon (no) and
sidewalk (yes); “Would it hurt if this item fell on your foot?””:
yarn (no) and yacht (yes). None of the manipulation check
items were shown during the memory test.

Both manipulation check items (“no” and “yes”) were
shown once in each encoding block for their relevant ques-
tion. Therefore, depending on the three questions that were
randomly selected to appear during encoding for each par-
ticipant, some manipulation check items were not shown at
all while others were shown either twice or three times. Prior
to reviewing any data from the conditions of interest, we
examined responses to the manipulation check trials during
encoding. We excluded from further analysis any partici-
pants whose encoding responses on the manipulation check
trials met any of the following criteria: two or more skipped
items (out of 14 total manipulation check items), two or
more responses that were inconsistent across repetition of
the same question/item pair (i.e., answering “yes” to the
question/item pair on one trial and “no” to the same ques-
tion/item pair on another trial), and seven or more responses
that we deemed incorrect (regardless of consistency across
blocks). Of the 20 participants excluded due to the manipu-
lation check, 11 were excluded due to skipping responses,
six were excluded due to inconsistent responses across
blocks, and three were excluded due to incorrect responses.

Procedure
Other than the addition of 14 un-tested manipulation check
items during the encoding phase and a 24-h delay between

the encoding phase and retrieval phase, the procedure was
identical to that described in Experiment 3.
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Results and discussion

Once again, hit rate was the primary dependent measure
for our conditions of interest. We calculated a single d'
score, across all trials, in order to exclude participants with
low accuracy. The average d' of the 78 participants was
2.05, with a standard deviation of 0.50. This was substan-
tially lower than the average d' in Experiment 3, which was
3.05, as expected given the 24-h delay. The mean propor-
tion of hit responses across all trials was 0.84 (SD=0.09)
and the mean proportion of false alarm responses was 0.18
(SD =0.12). We concluded that the likelihood of compres-
sion in the hit rates due to approaching ceiling was lower
in Experiment 4 than in Experiment 3 because the differ-
ence in the average hit proportions between the conditions
with the highest and lowest values was 0.15 in Experiment
4 as compared to 0.04 in Experiment 3. The means for
each condition are shown in Table 2 and Fig. 8.

We performed a 3 X2 (context variability X context
match) repeated-measures ANOVA on the proportion of hits.
We replicated the significant main effects of context variabil-
ity, F(2,154)=42.22, p<0.001, ng = 0.35, and context
match, F(2, 77)=137.99, p <0.001, nﬁ = 0.64, that we found
in Experiment 3. The effect sizes were substantially larger
than those found in Experiment 3 (variability nf7 = 0.10,
context match: nﬁ = 0.07), which we attribute to the removal
of participants who did not perform the encoding task as
instructed (via the new manipulation check added in Experi-
ment 4) and to the 24-h delay. As noted above, the added
delay reduced performance overall and increased the range
of performance across the highest- and lowest-performing
conditions.

Unlike Experiment 3, we found a significant interaction
effect between context variability and context match, F(2,
154)=5.49, p=0.005, nﬁ = 0.07. The effect size reveals
that this is a small effect in comparison to the two main
effects. Follow-up paired comparisons indicated that all
encoding-retrieval match differences were significant when
compared within the same level of context variability (see
Table 2 for condition means and standard deviations). We
next compared the Cohen’s d effect sizes for each t-test in
order to interpret the interaction. The largest effect size
occurred for the comparison between Same Context items
tested in Match contexts compared to those tested in Non-
match contexts, #(77)=9.10, p <0.001, d=1.03. The effect
sizes of differences due to encoding-retrieval match for
Low Variability items (#(77)=6.03, p <0.001, d=0.68)
and High Variability items (#(77)=5.52, p <0.001,
d=0.63) were substantially smaller. Therefore, the benefit
of encoding-retrieval match is greater when there is less
variability across encoding episodes.
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It should be noted that a larger benefit for encoding-
retrieval match in the Low Variability condition does not
indicate that low encoding variability is preferable when
the encoding and retrieval contexts match. Instead, Experi-
ment 4 replicated a key finding from Experiment 3, that
multiple repetitions of the encoding context that would
later be matched during retrieval (Low Variability/Match
M =0.84) produced poorer performance than a single rep-
etition of the encoding context that would later be matched
during retrieval in combination with additional non-match-
ing encoding contexts (High Variability/Match, M =0.90,
1(77)=5.62, p<0.001, d=0.64). This indicates that a strict
interpretation of the encoding-retrieval match benefit, which
would predict the opposite relationship, is not supported.

A key question of interest is whether increasing context
variability benefits item memory because it increases the set
of cues during encoding that will potentially be useful dur-
ing retrieval. If the retrieval context is unknown or arbitrary,
as in the Non-match condition, a wider variety of encoded
cues might increase the likelihood that one of those cues will
be reinstated during retrieval. If so, we might expect that
high encoding variability would compensate for the lack of
an explicit encoding-retrieval match. Indeed, the High Vari-
ability/Non-match condition (M =0.86) produced approxi-
mately the same level of item memory as did the Low Vari-
ability/Match condition (M =0.84, #(77)=1.04, p=0.30).

All differences in context variability were significant
when compared within an encoding-retrieval match condi-
tion. The Same Context versus Low Variability compari-
sons were significant both when retrieval context matched
(t(77)=3.05, p<0.005, d=0.35) and when retrieval context
did not match (t(77)=5.13, p<0.001, d=0.58). The Low
Variability versus High Variability comparisons were also
significant for both matching encoding-retrieval contexts

(t(77)=2.49, p <0.05, d=0.28) and non-matching con-
texts (t(77)=3.76, p<0.001, d=0.43). The overall effect
of variability was smaller within the Match condition (High
Variability/Match vs. Same Context/Match, #(77)=5.62,
p<0.001, d=0.64) than within the non-match condition
(High Variability/Non-Match vs. Same Context/Non-Match,
1(77)=8.45, p<0.001, d=0.96). Thus, the benefit of con-
text variability is greater when the encoding and retrieval
contexts do not match but there is an additional benefit for
variability even when the encoding and retrieval contexts
do match. This may indicate that context variability has an
additional mechanism to benefit item recognition beyond
increasing the likelihood of an encoding-retrieval match.
In order to examine this potential additional mechanism,
we conducted an exploratory analysis of the Low Variability/
Match condition items based on the encoding features of the
matching retrieval context that was presented. It should be
noted that each comparison includes only 15 test trials per
participant. The analysis indicated that there was a small
numerical benefit for reinstatement of the twice-studied con-
text (M =0.89) over the once-studied context (M =0.86) but
that the difference was not statistically significant (F(1,
76)=3.34,p=0.07, ng =0.04). In addition, the overall effect
of counterbalancing scheme (and therefore encoding order)
on the Low Variability/Match items was not significant (F(1,
76)=0.86, p=0.36, nﬁ = 0.01). Finally, we compared
whether reinstatement of the most recent encoding question
for a Low Variability/Match item (recent reinstatement,
M=0.87) or an earlier encoding question (early reinstate-
ment, M =0.89) is more beneficial. The interaction between
twice-studied or once-studied context reinstatement and
A-A-B encoding order or A-B-B encoding order was not
statistically significant (F(1, 76)=0.92, p=0.34, n}% =0.01).
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We note that the current study was not specifically designed
to test these differences and therefore these findings should
be considered preliminary rather than conclusive.

General discussion

The current study investigated whether encoding variability/
context variability is a robust strategy for increasing recog-
nition success. The four experiments reported here consist-
ently demonstrated that increasing context variability during
encoding, which was achieved by increasing the range of
encoding questions used to study each item, improved rec-
ognition memory for the studied item. As reviewed in the
Introduction, this finding is somewhat at odds with prior
findings using free-recall paradigms.

For example, Zawadzka and colleagues (2021) found
that increasing context variability during encoding did not
improve free-recall performance although it did improve
cued-recall performance when semantic cues were used. The
authors concluded (Zawadzka et al., 2021, p. 1), “encoding
variability promoted via different orienting tasks...fosters
more elaborate encoding of semantic features. This aug-
mented semantic component benefits memory performance
only when a memory test is utilized that taps predominantly
semantic features of memory representations, minimizing
the role of contextual and relational factors.” They link
this finding to Glenberg’s (1979) component-levels theory,
which argues that memory tests of differing types can rely on
distinct components of the memory representation. We agree
that it is likely a difference between the requirements of free-
recall tests and recognition tests that drives the differences
in findings. Although our context variability manipulation
is conceptually similar to those that have not produced a
memory benefit for free-recall tasks, we found consistent
benefits to item recognition using that manipulation.

We found that the benefits of context variability for recog-
nition occurred even when repetition spacing was carefully
controlled, in Experiments 2, 3, and 4, and when source
memory judgments were not collected, in Experiments 3
and 4. This differs from the only prior study in the literature
that manipulated context variability, controlled repetition
spacing, and measured item recognition (Zhang & Hupbach,
2023), which found a benefit of context variability only when
source judgments were collected. The authors proposed that
repetition during encoding encourages participants to rely
on familiarity, rather than recollection, during retrieval.
They further suggested that if encoding variability’s benefit
to recognition performance is driven by recollection, then
that benefit would only be observed when participants are
explicitly asked to search for recollective evidence during
retrieval. However, our findings are not consistent with this
conclusion because they indicate that benefits of context
variability can be detected even when source judgments are
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not collected. Although we asked participants to report the
study list for each remembered item in Experiments 1 and
2, we only asked for item recognition judgments in Experi-
ments 3 and 4. Our results do not rule out the possibility
that context variability primarily benefits recollection (and
therefore context retrieval) because task characteristics other
than retrieval instructions might have driven participants to
rely on recollection to a greater degree in our study than in
Zhang and Hupbach’s study.

Zhang and Hupbach (2023) proposed a second possible
explanation for the differences in their findings across exper-
iments: that ceiling effects may have played a role in their
results. The results from Experiments 3 and 4 in the current
study support that proposal. When we implemented a 24-h
delay between encoding and retrieval to reduce overall rec-
ognition performance, we found substantially larger context
variability benefits than when we used an immediate test
procedure. Further support comes from the behavioral find-
ings in a recent study from our lab (Lim et al., 2023), which
found a robust item memory benefit for variable context
encoding (Cohen’s d=0.67) when participants were tested
after a multi-day delay. Future studies should keep in mind
that repeated encoding trials often push immediate recogni-
tion performance close to ceiling. Therefore, observing a
difference in recognition due to context variability may only
be possible when the task is made more difficult in some
way. An alternative possible explanation for the increased
effect size when a 24-h or more delay occurs between encod-
ing and retrieval is that a factor introduced during the delay
period increases the benefits of context variability: sleep,
consolidation, interference, etc. We cannot differentiate
between these possibilities with the current study.

The role of attention during encoding

We conclude from our data that encoding variability, as
implemented via our context variability manipulation, ben-
efits recognition because it increases the number and variety
of potential retrieval cues for each item. However, an alterna-
tive mechanism for the effect is an overall reduction in atten-
tion across repetitions of an item when the same encoding
question is asked repeatedly for that item. Although it is dif-
ficult to assess participants’ attention levels during memory
encoding, there are some aspects of the current data set that
provide insight into the role of attention during repeated tri-
als. First, it is important to note that a minimum of 11 trials
intervened between repetitions in the experiments reported
here. The average repetition distance in Experiments 3 and 4
was 15 trials. We think this level of repetition spacing makes
it unlikely that participants held the first encoding experi-
ence in working memory until the repetition occurred (there-
fore minimizing attention applied to the second exposure).
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If working memory maintenance of prior items was not
possible, we might expect that a repetition using an identi-
cal question could facilitate retrieval of the first encoding
experience from long-term memory (i.e., “reminding”) and
allow the participant to report the same response without
further cognitive processing. In contrast, changing the phras-
ing of a question should require engagement of attention to
formulate an answer even when an item has been processed
previously with a similar question. In Experiment 1, encod-
ing question sets 1 and 2 (see Table 1) used identical word-
ing in the Low Variability condition but unique wording in
the High Variability condition. Encoding question sets 3 and
4 used unique wording in both the High and Low Variability
conditions. The overall difference between High Variability
and Low Variability was numerically greater when averaged
across question sets 1 and 2 (mean =0.050) than across ques-
tion sets 3 and 4 (mean =0.032). This lends some support
to the idea that identical encoding question wording reduces
attention to the second and following repetitions. However,
the current study was likely underpowered to detect any sta-
tistical differences due to question set. Future studies could
intentionally investigate how changes in question wording
or other parameters that modulate attention and reminding
affect the context variability benefit for recognition.

Theoretical implications for a benefit of encoding context
variability on recognition

The theoretical implications of an overall benefit for context
variability on item memory tested via recognition can be
examined via the lens of the encoding specificity principle.
This idea argues that cognitive processing during an event
determines what information will be included in the memory
for that event (Tulving & Thomson, 1973). Varying the con-
text by varying the encoding questions being answered pro-
duces more breadth of thought about each item across repeti-
tions and therefore more breadth of information encoded in
each representation. For example, the word “fish” studied
with respect to its usefulness on a deserted island might pro-
voke thoughts about fish being a nutritious food and about
the uses of fish bones as tools. Repetition of that same item/
question pairing might lead to additional thoughts (e.g., the
need for a fishing rod to have a regular food source, lack of
cooking resources meaning the fish would be eaten as sushi,
etc.), but those thoughts would likely fall within the narrow
range of ideas related to being stranded on a deserted island.
In contrast, if the second and third presentations of the word
“fish” were assigned to different contexts, the range of ideas
considered would be broader (e.g., “Would it hurt if this item
fell on your foot?”, many fish are not heavy, but they may
be slimy or have sharp scales and fins; “Is this item all one
color?”, goldfish are uniformly orange, but betta fish can be
multicolored).

Whether the information included in the memory repre-
sentations formed during encoding affects eventual retrieval
success may depend on the retrieval environment. Experi-
ments 1 and 2 did not specifically implement any of the
encoding contexts during retrieval but variety among those
contexts led to greater recognition success. In Experiments
3 and 4 we see that an arbitrary retrieval context (in the Non-
match conditions in those experiments) produced the larg-
est benefit for context variability. We propose that context
variability is beneficial in a non-matching retrieval context
because of the breadth of information encoded. Returning
to the example above, if a participant is asked to recognize
the word “fish” from the experiment within a non-matching
context (“Have you been near this item recently?”), more
breadth in the information encoded increases the likelihood
that some aspect of that information will be relevant during
retrieval. That is, thinking about one’s most recent physi-
cal interaction with fish might call to mind any of several
trains of thought. One might think about a pet fish (poten-
tially related to the thoughts that arose when judging the
color of fish, goldfish vs. betta), a recent meal in which fish
was the protein source (potentially related to the thoughts
that arose about the usefulness of fish on a deserted island),
or an encounter with a fish in a body of water (potentially
related to the thoughts that arose when thinking about slimy
or sharp scales and fins). In this example, breadth of thought
across the encoding contexts increases the likelihood that
the arbitrary retrieval context will reinstate some aspect of
the encoded representation of “fish.” In comparison, the
repeated encoding context of usefulness on a deserted island
is related to only one of these arbitrary retrieval scenarios.
Thus, when the retrieval context does not match an encoding
context, greater breadth of information considered during
encoding is likely to be beneficial. This is similar to prior
studies of “elaboration” as an encoding strategy, in which
the explicit goal is increasing the number of cues created
during encoding (Benjamin & Bjork, 2000; Craik & Tulv-
ing, 1975).

However, when the retrieval context explicitly matches
an encoding context, the cues presented during retrieval
have the potential to reinstate similar thoughts to those that
occurred during encoding regardless of context variability.
Instead, what may differ between consistent context expo-
sures and variable context exposures during encoding is the
strength of the association between the information rein-
stated during retrieval and the encoding experience. Again,
returning to the example above, asking whether “fish” is
useful on a deserted island just prior to the recognition judg-
ment is likely to produce thoughts that reinstate information
from the encoding representation in both the Low Variability
(where that question was asked during three study expo-
sures) and High Variability conditions (where that question
was asked during one study exposure). The train of thought:
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“sure, I could eat it and food will be scarce” might be part
of three separate representations in the Low Variability con-
dition or it might be a recurring (and therefore strength-
ened) component of a single representation containing all
study experiences with that item. In comparison, that train
of thought would be part of only one representation in the
High Variability condition, with no strengthening beyond a
single exposure. Nonetheless, our data (in both Experiments
3 and 4) do not indicate a “strength” advantage for Same
Context encoding followed by a Match retrieval context as
compared to Low Variability or High Variability encoding.

It is not clear, from an encoding specificity perspective,
why additional context variability beyond an encoding con-
text that matches the retrieval context would benefit item
memory, as seen in Experiment 4. Our results indicated that
repetitions in varying contexts beyond the eventual retrieval
context (High Variability condition) rather than consistently
within the eventual retrieval context (Same Context condi-
tion) produced higher recognition accuracy. This refutes a
potential strict interpretation of encoding-retrieval match,
which could be viewed as predicting that Same Context
encoding is more beneficial than High Variability encoding
when the repeated context will match the retrieval context.
In addition, it suggests that a context variability benefit to
recognition memory has multiple underlying mechanisms
(not just increasing the breadth of cues and therefore the
likelihood of encoding-retrieval match). One possibility
is that the additional benefit of context variability beyond
encoding-retrieval match is driven by attention during
encoding, as discussed above.

In addition to implications for encoding-retrieval match,
the current study may have implications for theories about
how the nature of memory representations for repeated
events might differ from those for novel events. Theorists
have argued that increasing list length via new items has a
bigger effect on memory than increasing list length via rep-
etitions of previously presented items (Murnane & Shiffrin,
1991; Ratcliff et al., 1990). This suggests that repeated items
do not produce traces with the same degree of independence
or “newness” as new items. A wide variety of hypotheses
have been proposed to explain how the memory representa-
tions or “traces” of repeated events differ from representa-
tions of two unrelated events.

Some theorists explicitly propose that repetitions of an
event are accumulated in a single trace (Hintzman et al.,
1973; Sahakyan & Malmberg, 2018) if attentional resources
allow the prior experience to be accessed during the repeti-
tion, often termed “reminding” or “study-phase retrieval.”
Hintzman (2010) conducted a series of experiments using
judgments of recency that revealed independent recency
judgments across item repetitions. Depending on repetition
spacing, a repeated item might be judged as more recent
or less recent, which Hintzman explained via a “recursive
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reminding” hypothesis of repetition. This hypothesis is also
supported by earlier work demonstrating that judgments of
spacing are more accurate for related words than unrelated
words, suggesting that the second item calls to mind pres-
entation of the earlier, highly related item and thus allows
the participant to encode the relative familiarity or temporal
judgment as part of the memory of the second item (Hintz-
man & Block, 1973). In the current study, reminding of the
previous event may be more likely in the Same Context and
Low Variability conditions than in the High Variability
condition due to context reinstatement. If so, future stud-
ies might investigate whether judgments of relative tempo-
ral distance between repetitions are more accurate in those
conditions.

Models like REM (Retrieving Effectively from Memory;
Shiffrin & Steyvers, 1997) propose that the number of traces
created by item repetition is determined by the contextual
similarity across those repetitions. That is, an item repeated
in a sufficiently similar circumstance will result in a single
memory trace that includes both experiences but is more
detailed and specific than a memory trace resulting from
a single exposure, termed “differentiation.” However, dif-
ferentiation of a single trace can be blocked (such that sepa-
rate traces are encoded) by manipulating the context of the
second presentation. A weakness of this proposal is that the
circumstances under which a single trace will be differenti-
ated versus multiple traces created are largely undefined. In
the current study, REM might predict that separate traces
are more likely to be created in the High Variability condi-
tion than in the Same Context condition. If so, then our data
suggest that creation of multiple distinct memory traces is
beneficial for recognition memory as compared to differ-
entiation/strengthening of a single trace across repetitions.

Other theorists propose that repetitions of an event always
produce separate traces. In this case, the memory representa-
tion of a first encoding experience is not changed when the
event is repeated but that the memory representation of the
second encoding experience includes any information about
the first experience that is retrieved during encoding (e.g.,
Raaijmakers, 2003; Siegel & Kahana, 2014). The representa-
tion of the second presentation might then retain or empha-
size the features that are common among the first and sec-
ond experience. Competition trace theory (Yassa & Reagh,
2013) proposes that repeated encoding of an item creates
competition between the representations of each event, with
overlapping features across repetitions more likely to be pre-
served and features that change across repetitions likely to
be lost. This results in generalization of the representations
across contexts to some degree (sometimes termed “seman-
ticization”, e.g. Nelson & Shiffrin, 2013). Alternatively,
the representation of the second presentation could retain
or emphasize the features that are distinct in each experi-
ence. The current study did not investigate context memory
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performance and therefore cannot indicate whether context
knowledge is more likely to be lost after variable encoding;
however, recent work from other labs has investigated this
proposal (e.g. Zhang & Hupbach, 2023).

Conclusions

We propose that the current study refutes prior claims that
encoding variability has null or negative effects on episodic
memory. Instead, we found that encoding/context variability
specifically benefits item recognition (in addition to prior
research suggesting that variability can benefit cued recall
when semantic cues are used). We found the item memory
benefit of manipulating encoding question variability is con-
sistent across a range of moderate to long repetition spacing
conditions. We proposed that increasing encoding question
variability might increase the number and variety of cues
associated with an item, thereby increasing the likelihood
of a match between encoding context and an unpredictable
retrieval context. We found partial support for that mecha-
nism (in that enforcing an encoding-retrieval context match
reduced the overall benefit of increasing encoding vari-
ability). However, we also found that increasing variability
benefited item memory even when that variability did not
explicitly increase the match between encoding and retrieval
circumstances. Therefore, we propose that additional mecha-
nisms by which encoding variability across repetitions ben-
efits item memory are yet to be identified.
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