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2.16.1 Retrieval Processes in
Memory
A dominant framework during the past four decades
has postulated three critical components to understanding memory – encoding, storage, and retrieval.
But the relative importance that researchers have
attributed to each of these components has varied
over the course of history. In his 2000 chapter for
the Tallinn Conference, Roediger traced this history
by taking as his departure point Endel Tulving’s
remark, ‘‘the key process in memory is retrieval.’’
Roediger noted that, despite the fact that the role of
retrieval had been emphasized since the writings of
Wolfgang Kohler (1947) and Richard Semon (1921;
see Schacter, 1982, 2001; Schacter et al., 1978), the
belief that encoding and storage processes are the key
components of memory has persisted through recent
history. Roediger then elaborated both the logical
and empirical arguments to demonstrate why retrieval is the key process for understanding human
memory (Roediger and Guynn, 1996; Roediger,
2000). The purpose of the current chapter is to reinforce and expand upon this argument.
It is reasonable to assume that without encoding
and storage of information there can be no retrieval.
But the converse is truer – without retrieval there is
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no evidence that either encoding or storage ever
occurred. Furthermore, retrieval can occur even in
the absence of encoding, as in the case of false memories. Retrieval processes thus provide a measure of
not only what was encoded and stored but also of
what constitutes memory from the perspective of the
rememberer – regardless of the reality of that memory. In essence, retrieval then is the measure of
memory.
In emphasizing the importance of retrieval processes, Tulving and Pearlstone (1966) proposed a
critical distinction between the availability and the
accessibility of information. Importantly, they proposed that what is available in memory cannot be
known unless that information is accessed. If accessibility is the key to determining the availability of
memory, then how can we determine what is accessible? The answer to this question depends on our
understanding of the retrieval conditions that can
successfully detect encoding and storage. In other
words, our measure of what is available in memory
is contingent on being able to arrange retrieval conditions that can elicit available memories. It follows
then that an understanding of retrieval processes is
crucial for understanding the nature of memory.
In this chapter, we have organized the discussion
of retrieval processes into six sections: (1) task
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differences – the role of retrieval cues, (2) encoding
and retrieval interactions, (3) retrieval mode, (4)
repeated retrieval, (5) retrieval in a social context,
and (6) retrieval errors and other retrieval effects.
Many of these sections are the very topics of some
of the other chapters in this volume and are
covered comprehensively in those chapters. We
bring together these topics here to evaluate their
significance specifically in the context of retrieval
and to determine how these phenomena and processes reveal something about the nature of
retrieval process per se.

2.16.2 Task Differences – The Role of
Retrieval Cues
Numerous studies have now amply demonstrated the
critical role retrieval cues play in revealing availability of memory. These studies were inspired by a wide
variety of theoretical frameworks, and as such they
can be organized under a number of different subtopics. Regardless of the theoretical perspectives that
inspired these studies – and we will discuss some of
these perspectives in the course of this chapter – we
include them here because they also underscore the
importance of retrieval cues.
Some retrieval cues are internal, as in the case of
the most quintessential of all memory tasks, free
recall. In this task, participants are given no cues
and are asked to write down all the studied information that they were presented earlier. As such,
participants rely on their own internal resources –
strategies, organization, and cues – to report studied
information while performing the free recall task.
Retrieval cues can also be external, and in this case
the variety of retrieval tasks designed with different
cues can span a wide realm, depending on the experimenter’s theoretical needs. The most common of
such tasks are cued recall and recognition, and we
will discuss some findings that show the efficacy of
these tasks in improving accessibility to learned
information.
In their seminal study, Tulving and Pearlstone
(1966) reported the extent to which accessibility can
differ just between free-recall (where the cues are
internal) and cued-recall (where the cues are external) tasks. In this experiment, participants studied
categorized word lists, which consisted of a category
name followed by a list of words (of varying length –
12, 24, or 48 words per list) that represented instances
of that category. Later the participants were given

either a free-recall test or a cued-recall test, the
difference between these two tests being that the
cued-recall test provided participants with the category names of each word list. Results indicated that
participants were able to recall many more words
under cued-recall conditions than under free-recall
conditions. Furthermore, the benefit of cued recall
over free recall increased as the number of words
on the to-be-remembered list increased. These
results have been interpreted as evidence that not
all information that is available is also accessible.
Accessibility depends upon the type of cues provided
at test.
This demonstration can be expanded by adding
tasks that provide even more external cues than
those used in the category/cued-recall task. Under
such conditions, we would expect memory output to
increase as the information provided by the retrieval
cues increases – as long as the encoding conditions
across these memory tasks remain the same. This
scenario can be found in another landmark paper
by Tulving (1985), where he introduced the remember–know paradigm. We will discuss this paradigm
in a later section on ‘Retrieval mode,’ but for now, we
focus on the inclusion of a third task in Tulving’s
study. Subjects first studied category names and
exemplars (musical instrument–viola) and later completed three successive memory tasks – free recall,
category-cued recall (where the category name
served as the retrieval cue, e.g., musical instrument–_________), and category plus letter recall
(where, in addition to the category name, the first
letter of the exemplar was also presented as the
retrieval cue, e.g., musical instrument–v_______).
As the retrieval cues increased, so did the memory
output. A recent study in our lab (Hamilton and
Rajaram, 2003) replicated and extended this pattern
by adding a fourth memory task to the mix – the
recognition-memory task. In this task, the test cues
completely recapitulate the study cues and by so
doing provide maximal assistance for retrieval. We
changed the design further by conducting these tests
in a between-subjects design such that successive
retrieval was not required and the efficacy of different cues could be assessed without contamination
from the other retrieval tasks. Our aim in expanding
and changing the design concerned issues of memory
experience that we do not discuss here. Instead, we
focus here on the overall memory performance
across the four tasks. With our design, we replicated
and expanded on Tulving’s (1985) results such that
memory output increased as retrieval cues increased,
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with the highest level of performance occurring in
the recognition task (mean proportions of total items
correctly retrieved: free recall ¼ .21; category-cued
recall ¼ .40; category plus letter-cued recall ¼ .56;
recognition ¼ .87 (Hamilton and Rajaram, 2003,
Experiment 2), collapsed across the levels of processing manipulation discussed in the next section). Our
results further illustrate how retrieval cues can
change accessibility. We will return to role of retrieval cues in a later section on retrieval modes.
To summarize, as the number of cues available
at retrieval increases, so does the memory output.
This fact is important in distinguishing between
memories that are available but simply inaccessible.
Information that cannot be recalled during a freerecall task may be available, but currently inaccessible. That same information may be recalled during a
recognition task.

pattern was true both for items that were encoded at a
deep level and for items encoded at a shallow level.
Yet task differences can change memory accessibility in another way – different retrieval cues can
interact differently with the encoded information
when the encoding is also varied. Such encoding–retrieval interactions change memory performance in
specific ways in contrast to the general effects illustrated in the empirical example above. The idea of
encoding–retrieval interactions is embodied in the
encoding specificity principle (Tulving and Osler,
1968; Tulving and Thomson, 1973; Tulving, 1974)
and the transfer-appropriate processing framework
(Morris et al., 1977; Roediger et al., 1989) – two theoretical approaches that inspired extensive research and
have unraveled yet another layer of mystery about
memory functions.
2.16.3.1

2.16.3 Encoding and Retrieval
Interactions
Studies discussed in the previous section show how
increased retrieval cues can improve memory performance. This conclusion rests on the assumption that,
when retrieval cues are varied, the encoding conditions are held constant. This assumption is the
converse of a popular approach where encoding conditions are varied while the retrieval task is held
constant. One of the most robust and enduring examples of the latter approach is the levels-of-processing
paradigm. In their classic paper, Craik and Lockhart
(1972) presented the levels-of-processing framework
in which information encoded for its meaning is
predicted to be more memorable than information
processed at more ‘shallow’ levels such as focusing on
the sound of the word or the letter patterns. This
pattern of performance has now been replicated hundreds of times and is routinely observed in the
standard memory tasks (Lockhart and Craik, 1990).
For example, in the second experiment of our study
described in the previous section (Hamilton and
Rajaram, 2003), we observed the levels-of-processing
effect within each of the four retrieval tasks – free
recall, category-cued recall, category-plus-letter
recall, and recognition. That is, within each task the
level of memory output was consistently higher for
items encoded for meaning than for items encoded at
a shallow level. Even so, as we noted before, memory
output increased as retrieval cues increased, and this
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The Encoding Specificity Principle

Studies inspired by the encoding specificity principle
have shown findings that seem counterintuitive in the
context of the memory effects we discussed in the
previous section. It turns out that, contrary to general
expectations, an increase in retrieval cues or the
provision of strong retrieval cues does not always
produce the best memory performance. This is because
strong cues are not always the best match for the study
material. In a now classic study, Thomson and Tulving
(1970) reported the highly counterintuitive finding that
even the absence of retrieval cues can sometimes produce better memory than the presence of retrieval
cues. Furthermore, strong retrieval cues can be sometimes less effective than weak retrieval cues. The design
of this study went like this. During encoding, participants studied a list of words that were presented either
alone (e.g., BLACK), with a weak associate (e.g., train –
BLACK), or with a strong associate (e.g., white –
BLACK). Later participants were given one of three
types of recall tests – a free-recall test, a cued-recall
test with weak associates serving as the recall cues, or a
cued-recall test with strong associates serving as the
recall cues. Results of this study indicated that it was
the degree of match between cues at study and test
(rather than the strength of preexisting associations
between the cue and test word) that determined recall
(Table 1). Strong associates aided recall if they were
also given at encoding. However, if weak associates
were given at encoding, strong associates as test cues
hurt recall. In other words, a retrieval cue is effective if
and only if it reinstates the original encoding (see also
Tulving and Thomson, 1973).
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Table 1

Mean number of words recalled across various encoding and retrieval conditions
Retrieval condition

Encoding condition

Free recall

Cued recall with weak associate

Cued recall with strong associate

Word only
Word with weak associate
Word with strong associate

14.1
10.7
12.2

11.1
15.7
9.2

19.0
13.9
20.2

Adapted from Experiment 1 in Thomson DM and Tulving E (1970) Associative encoding and retrieval: Weak and strong cues. J. Exp.
Psychol. 86(2): 255–262.

As Tulving (1983) pointed out, the locus of the
memory effect then is neither at encoding nor at
retrieval per se but in the interaction between the
two. It is reasonable to wonder at this point whether
such an interaction undermines the case that retrieval
is the key process for understanding memory. To the
contrary, such findings underscore the importance of
arranging the retrieval conditions that maximally
exploit the features of the encoding conditions. This
requirement becomes increasingly important as
researchers explore the effects of increasingly complex variables – both at encoding and at retrieval –
such as place and the internal state of the individual.
We review a selection of studies here to illustrate this
point and refer the reader to a comprehensive review
by Roediger and Guynn (1996) on this subject.
A number of these studies have used the encoding–
retrieval paradigm that Tulving (1983) proposed,
where both encoding and retrieval conditions are
experimentally manipulated. In its most basic form, it
involves an encoding experiment with two (or more)
encoding conditions (e.g., A and B) and a retrieval
experiment with two (or more) retrieval conditions
(e.g., X and Y) being conducted simultaneously. By
examining only how A differs from B we are able to
determine the influence of encoding. Similarly, by
examining only how X differs from Y we are able to
determine the influence of retrieval. By manipulating
both encoding and retrieval conditions simultaneously
we are able to examine the interaction between encoding and retrieval conditions. For example, in the
study by Thomson and Tulving (1970) just described,
encoding conditions were manipulated such that the
words were studied under one of three circumstances
(word alone, word paired with a weak associate, or
word with a strong associate). Similarly, retrieval conditions were also manipulated. Participants were given
either a free-recall test, a cued-recall test with the
weak associates as cues, or a cued-recall test with the
strong associates as cues. It is only by examining the
interaction between encoding and retrieval conditions

that Thomson and Tulving (1970) were able to
observe support for the encoding specificity principle.
2.16.3.1.1

Place-dependent memory
The introduction of the encoding–retrieval paradigm
inspired several studies that focused on two sets of
variables – place and internal state – to test the
encoding specificity principle. These variables carry
wide appeal because they are complex and close to
real life. In a frequently cited study, Godden and
Baddeley (1975) examined the effects of matching
or mismatching the place – including the environment – on memory in a rather interesting way. In
their study, subjects studied a list of 36 words either
on dry land or under water (Table 2). These encoding conditions were later crossed with two retrieval
conditions in a 2  2 factorial design such that subjects performed a free recall task either in the same
place/environment as the encoding condition (dry
land–dry land or underwater–underwater) or in a
different place/environment (dry land–underwater
or underwater–dry land). The findings revealed
what is known as place-dependent memory and
were consistent with the encoding specificity principle; recall was best when the place/environment
matched across study and test regardless of whether
the place was on land or underwater.
Researchers have also examined place-dependent
memory using more common places such as classrooms
Table 2
Mean number of words recalled in Expt. 1 as a
function of learning and recall environment
Recall environment
Learning environment

Dry

Wet

Dry
Wet

13.5
8.4

8.6
11.4

Adapted from Experiment 1 in Godden DR and Baddeley AD
(1975) Context-dependent memory in two natural environments:
On land and underwater. Br. J. Psychol. 66(3): 325–331.
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(Smith et al., 1978). In a series of experiments, Smith
et al. showed that the environmental context
effects (manipulated in their study by changing or
keeping constant the classroom in which study and
test took place) occur reliably. Furthermore, these
context effects emerged even if the subjects did not
perform the retrieval task in the same room as long
as they imagined being in the same room while
taking the test. This finding is intriguing because
it suggests a strong role of the internal resources
in mediating effects related to the external
environment.
This implication – that internal resources play an
important role in encoding–retrieval interactions – is
consistent with the observations that the effects of the
encoding–retrieval match are often task dependent. It
turns out that place- and context-match effects occur
more reliably in free recall but rarely in recognition
(see Smith, 1988). This pattern makes sense if internal resources are critical for the encoding–retrieval
interactions to occur, because free recall requires
internal generation of context, associations, and
thoughts, whereas recognition is driven at least in
part by the external cues provided to the subject. A
number of studies have since reinforced the importance of internal resources in mediating the placedependent memory effects (Eich, 1985; Fernandez
and Glenberg, 1985; McDaniel et al., 1989). As we
will see shortly, task selection at retrieval seems to
play a significant role in mood-dependent memory as
well. Once again, this pattern points to the role of
internal origins in mediating the encoding–retrieval
interaction effects.
2.16.3.1.2

State-dependent memory
The impact of two interrelated factors we have just
discussed – type of retrieval tasks and the involvement of internal resources – has also emerged in two
other domains of encoding–retrieval interactions,
both of which can be subsumed under the construct
of internal states. One concerns state-dependent
memory and the other concerns mood-dependent
memory. The effects of state-dependent memory
have been reported in studies that involved the
administration of drugs such as alcohol (e.g., Lowe,
1982) or marijuana. For example, in a study that
administered marijuana (e.g., Eich et al., 1975; Eich,
1980), participants encoded information either in a
drug state (20 minutes after smoking a marijuana
cigarette) or in a sober state (20 minutes after smoking a cigarette that only tasted like a marijuana
cigarette). Later, there were four possible recall
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conditions such that type of test (either free-recall
or a category-name cued-recall test) and physiological state (either same as encoding or different from
encoding) were crossed with one another. The results
indicated that a change of pharmacological state from
encoding to retrieval impaired performance on a
free-recall test but not on a cued-recall test.
Further, even with free recall, it is important to
note that drug states, even when matched across
study and test, are not the best for improving memory because the best recall was observed when
information was both encoded and retrieved in a
sober state. Returning to the comparison between
free- and cued-recall tasks, the general conclusion
of these results was that internal state can sometimes
serve as a memory cue (as is the case with the freerecall results of this experiment). However, when
there are more effective external cues (such as category names) people do not use the less-effective
internal cues (as in the case with the cued-recall
results of this experiment).
2.16.3.1.3

Mood-dependent memory
We now turn to mood-dependent effects on memory.
These effects are especially intriguing because people have an intuitive sense that memory must be
sensitive to how we feel when we learn and when
we retrieve the learned information. As we discussed
earlier, internal context seems to be quite important
for understanding encoding–retrieval interactions,
and mood certainly provides a prototypical example
of internal context (see Eich, 1985). Yet it turns out
that findings in this area of research reveal a complex
relationship between mood and memory.
Mood is usually manipulated in studies by using
hypnotic suggestion, happy/sad music, or comic/sad
video clips, and rating scales are often used to measure the attainment of mood. Early studies reported
promising results in that mood match across study
and test produced better memory performance. For
instance, one study reported such effects in endogenously occurring mood states where psychiatric
subjects reproduced more free associations if their
mood (manic or normal) matched across the first
and second attempts than if it mismatched
(Weingartner et al., 1977). In another study, Bower
et al. (1978) manipulated happy or sad mood through
hypnotic suggestion and observed substantially
higher recall of common words had they been studied and tested in the same mood than in different
moods. But the empirical story got murky thereafter
and led researchers to question mood-dependent
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memory effects (see Blaney, 1986). In fact, in a later
study, Bower and Mayer (1989) failed to replicate the
mood-dependent memory effect, and similar failures
to replicate started to accumulate in the literature
(see Eich, 1995b, for a review).
Two phenomena subsequently clarified when the
mood-dependent memory effect is likely to occur,
and both of these phenomena are consistent with the
notion that internal context (or internal state) is
important for observing the expected encoding–retrieval interaction in mood studies. In one study, Eich
and Metcalfe (1989) asked subjects to either read the
to-be-recalled targets (cold) or generate them from
semantically related cues (hot-???). Subjects performed this task in either pleasant or unpleasant
moods induced through different types of music.
Subjects were later induced to experience the same
mood or a different mood before recalling the word
pairs under conditions of free recall. Mood-dependent effects appeared only for items that were
generated during study and not for items that were
simply read (Table 3). The authors replicated these
findings in other experiments within the series, and
this effect has since been replicated by others as well
(Beck and McBee, 1995).
Taking a different approach, Eich et al. (1994)
investigated this question by asking subjects to generate events from their own lives. The experimenters
manipulated mood by inducing either a pleasant or an
unpleasant mood while subjects performed this task.
Later, subjects were asked to recall the gist of events
they had generated earlier while experiencing either
the same mood as before or a different mood. Two
interesting effects emerged: (1) in the first session,
subjects generated events that were consistent with
their mood (either pleasant or unpleasant), producing
a mood congruency effect (Blaney, 1986); (2) in the
second session, subjects were better at recalling those
Table 3
Probability of recall as a function of item type
and encoding/retrieval condition
Test condition

Read words

Generated
words

Encoding condition

Happy

Sad

Happy

Sad

Happy
Sad

.09
.05

.04
.07

.32
.17

.17
.27

Adapted from Experiment 1 in Eich E and Metcalfe J (1989) Mood
dependent memory for internal versus external events. J. Exp.
Psychol. Learn. Mem. Cogn. 15(3): 443–455.

events that matched their mood at retrieval than they
were at those that mismatched, thereby producing a
mood-dependent memory effect. These studies
emphasize the special role of internal states in producing mood effects in line with Eich and Metcalfe’s
arguments that mood-dependency effects only occur
for self-generated activities (i.e., for internally generated thoughts) and not for externally produced events.
Furthermore, the role of internal resources becomes
even more important when we consider the nature of
the retrieval task that effectively produces these
effects. As with place-dependent memory, mooddependent memory effects are also observed more
reliably in free recall than in recognition (Eich and
Metcalfe, 1989). At a broader level, this cluster of
findings from manipulations of place, state, and
mood lends further support to the theme that internal
resources play an important role in mediating encoding–retrieval interactions.
The place-, state-, and mood-dependent memory
effects reviewed so far show the complexities
involved in studying variables that are multidimensional. Their complexities pose a challenge to
researchers in being able to reinstate the exact
conditions across study and test. In fact, some of
these variables can sometimes be confounded with
each other such that one variable (e.g., mood) can
mediate the effects of another variable (e.g., state) and
further complicate our understanding of encoding–
retrieval interactions. For example, Eich (1995a) has
argued that place-dependent memory is actually just
a special case of mood-dependent memory. In an
experiment examining this hypothesis (Eich, 1995b,
Experiment 3), participants generated autobiographical events in a pleasant environment and in a
pleasant mood. Later, they were asked to recall this
information in one of four distinct conditions defined
by the 2  2 factorial combination of (1) same versus
different place and (2) same versus different mood. In
this study, it made no difference whether participants
were tested in the same versus a different place.
However, there was a significant difference when
participants were tested in the same mood (55%
recall) versus a different mood (45% recall). Based
upon these results, it is possible to conclude that how
well information transfers from one place to another
depends not on how similar the two locations look,
but rather on how similar the two locations feel.
A similar argument has been set forth regarding
state-dependent memory effects. The drugs that
most reliably produce state-dependent retrieval
effects (such as alcohol and amphetamines) are
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accompanied by large mood changes. This led Bower
(1981) to conclude that state-dependent effects are
achieved as a result of the confounded mood-dependent effects.
In brief, thus far in this section, we have reviewed
classic and representative studies that show how
encoding and retrieval interactions reveal effects of
specificity in memory. Together, studies on placedependent, state-dependent, and mood-dependent
memory also show the importance of the types of
cue and the task selection at retrieval for detecting
these patterns of specificity.
2.16.3.2 The Transfer-Appropriate
Processing Framework
The encoding specificity principle proposes that
memories are associated with particular cues, and
recall is predicted to be enhanced if the cues at
retrieval are the same as those that were encoded in
the memory traces formed at encoding. We now turn
to a discussion of another influential approach –
known as the transfer-appropriate processing framework (Roediger et al., 1989; Roediger, 1990) – that is
similar to the encoding specificity principle but
emphasizes the processes and procedures of mind
(Kolers and Roediger, 1984) rather than its structural
contents to explain the interactions between encoding and retrieval. In this processing approach, recall is
predicted to be enhanced when the processing at
retrieval is the same type of processing as encoding.
For example, this approach predicts superior memory for ‘shallow’ encoding of items if the retrieval task
capitalizes on the processing of shallow aspects of the
study material (Morris et al., 1977; Roediger et al.,
1989). This prediction is at odds with the classic
and robust demonstrations of the levels of processing
effect we discussed earlier, where information
processed for meaning is retrieved better than information processed for its shallow aspects such as
phonemic details (Craik and Lockhart, 1972; Craik
and Tulving, 1975). But the two phenomena can be
reconciled if we take into account the critical role
retrieval processes play in tapping the encoded information. In their study, Morris et al. (1977) factorially
varied the type of encoding task with the type of
retrieval task. In particular, during encoding, participants were asked to determine either whether a
given word fit into a sentence (a deep semantic
encoding task) or whether it rhymed with another
word (a shallow phonetic encoding task). Later, participants were either given a standard recognition
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task or a recognition task involving rhymes (i.e.,
‘‘does this word rhyme with a previously seen
word?’’). When the encoding rhyme questions
required ‘yes’ judgments (‘‘does dog rhyme with
hog’’?), a very interesting pattern of results emerged
on the later memory tasks; while semantic acquisition
was superior to rhyme acquisition when tested using
a standard recognition task, the converse was true
when tested using the rhyme recognition task.
Based upon these results, Morris and colleagues concluded that shallow encoding is not necessarily
inferior to deep encoding and that the effectiveness
of any given encoding task depends upon the relationship between the encoding task and retrieval task.
In the late 1980s and early 1990s, Roddy Roediger
and his colleagues (Roediger et al., 1989; Roediger,
1990) published a comprehensive framework for
testing the principles of transfer-appropriate processing. This framework inspired an empirical revolution
that sought to specify the nature of encoding and
retrieval processes and the ways in which the selection of these processes can impair or maximize
memory performance. A full description of this
framework, its tenets, and the major findings are
beyond the scope of this chapter, but we recommend
several comprehensive reviews to the reader on
the theoretical and empirical developments in this
area of research (Roediger et al., 1989, 1990;
Roediger, 1990; Roediger and McDermott, 1993). In
brief, this framework states that memory performance
improves to the extent that cognitive processes
engaged during test match the processes that were
engaged during study. Consistent with this main
tenet, extensive research has now shown that subtleties in the match or mismatch of processes during
encoding and retrieval can produce large effects on
memory performance. As a result, it is critical to select
retrieval tasks that closely match the encoding task in
their processing requirements. We will discuss some
empirical illustrations of this key conclusion in the
next section, where we describe the impact of retrieval mode on memory performance.
To briefly summarize the arguments thus far,
the encoding specificity principle postulates that
memory is enhanced when the cues at recall
match the cues at encoding (as is the case in
place-, state-, and mood-dependent memory). In a
similar vein, the transfer-appropriate processing
approach postulates that memory is enhanced
when the processes engaged during recall match
the processes engaged during encoding. Together,
these studies demonstrate the importance of
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arranging the retrieval conditions so that we can
optimize accessibility to learned information.

2.16.4 Retrieval Mode
In his chapter for the Tallinn conference, Roediger
(2000) discussed the concept of retrieval mode and its
power to reveal aspects of memory that might otherwise remain concealed. We expand upon this notion
in this section. We will consider the significance of
retrieval mode from two perspectives that Roediger
noted: (1) explicit and implicit modes of retrieval and
(2) remembering and knowing information from the
past. Each perspective has brought into focus many
important questions concerning retrieval and has led
to substantial empirical and theoretical developments
on these issues. We refer the reader to two directly
relevant chapters in this volume that tackle each of
these topics in depth – one by D. L. Schacter on
implicit memory (See Chapter 2.33) and another by
J. M. Gardiner on remembering and knowing (See
Chapter 2.17). In this section, we discuss a few examples to demonstrate how a change in the retrieval
mode can bring about changes in accessibility to
studied information.
2.16.4.1

Explicit versus Implicit Memory

The relevance of task differences and encoding–retrieval interactions in improving accessibility comes
together in rather dramatic ways when we consider
the explicit versus implicit modes of retrieval in which
people engage while doing memory tasks. In their
seminal papers, Warrington and Weiskrantz (1968,
1970) reported findings that nicely illustrate how retrieval mode can affect the memory product. In these
studies, amnesic subjects performed poorly, as would
be expected, when asked to think back on the study
episode and recall what was studied (as in free recall).
But these subjects exhibited, rather surprisingly, normal memory performance when they were asked to
complete a memory task with the first response in the
manner of problem solving (for example, complete the
physically impoverished cues in a word fragment completion task with the first response that comes to mind).
Graf and Schacter (1985) introduced the distinction
between explicit and implicit memory to respectively
capture this difference between a mode of retrieval
where people think back on the study episode (all the
memory tasks discussed in the other sections of this

chapter) and a mode where no reference is made to
study episode during test performance.
These differences in the retrieval task instructions
can change memory performance of not only individuals who have amnesia but also individuals who
possess intact memory functions (see Schacter,
1987, 1990; Roediger et al., 1989, 1990; Roediger,
1990; Roediger and McDermott, 1993, for representative reviews.) We will discuss some findings
observed in individuals with intact memory to elaborate this point. In the previous section, we discussed
the classic levels of processing effect on tasks such as
free recall and recognition (Craik and Tulving, 1975)
and the reversal of this effect when the recognition
task provided phonemic cues as opposed to the standard cues (Morris et al., 1977). Interestingly, the
conceptual advantage of levels of processing disappears if test conditions require implicit retrieval in
response to perceptual test cues. In other words, on
tasks such as word identification (reading words
presented rapidly at threshold durations), word fragment completion (presenting test cues with some
letters missing, e.g., _ t r _ _ b _ r _ _), or word
stem completion (str_______), completing the cues
with the first solution that comes to mind confers
little advantage for words studied for meaning compared to words studied for their perceptual features
(e.g., Jacoby and Dallas, 1981; Graf and Mandler,
1984; Roediger et al., 1992). Thus, the levels of
processing effect can vary as a result of the tasks
used; it occurs on free recall and recognition (Craik
and Tulving, 1975), reverses on a phonemic cuedrecall task (Morris et al., 1977), and disappears on
implicit tasks that rely on perceptual processes for
completion. These findings once again highlight the
importance of retrieval cues in accessing learned
information.
The disappearance of study differences on implicit tasks can change the way we theorize about the
significance of encoding (or storage) versus retrieval.
For instance, the advantage in free recall for concrete
words (such as table, bus, strawberry – words that can
be imaged or represented as objects) over abstract
words (such as pledge, destiny, care) has been attributed to dual storage of concrete words in verbal and
image codes compared to single representations of
abstract words (only verbal code) (Paivio et al., 1968;
Paivio, 1969). Yet, in a study from our lab (Hamilton
and Rajaram, 2001) we found that on implicit tests
such as word fragment completion (_ t r _ _ b _ r _ _)
and implicit general knowledge test (what fruit wears
its seeds on its skin?), there was an equivalent
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Figure 1 Mean proportion of correct responses for each
item type for each of the five tasks used (GK, general
knowledge task; WFC, word fragment completion task).
Adapted from Experiment 2 in Hamilton M and Rajaram S
(2001) The concreteness effect in implicit and explicit
memory tests. J. Mem. Lang. 44(1): 96–117.

advantage for producing studied concrete words and
studied abstract words over their nonstudied counterparts (Figure 1). In other words, on an implicit
memory task there was no memorial benefit of concrete words over abstract words. Therefore, the
concrete/abstract distinction in memory cannot be
discussed only in the context of differential encoding
or storage. This distinction demands a more complex
explanation because this effect is not ubiquitous – it
can be specific to a particular mode of retrieval.
A converse pattern can also emerge by changing
the retrieval mode such that some study differences do
not affect explicit memory but produce changes in
implicit memory. For example, changing the modality

Relative priming

0.26
0.24
0.22
0.20

Visual encoding
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of presentation at study – presenting words either in
the auditory or the visual modality – does not change
the level of free recall (Blaxton, 1989; Srinivas and
Roediger, 1990; Rajaram and Roediger, 1993), and this
null finding suggests that modality of presentation at
study does not matter. However, this conclusion is
only partly correct as we (Rajaram and Roediger,
1993) found in our study with four different implicit
tasks involving perceptual cues (see Figure 2). When
subjects were presented with impoverished cues such
as word fragments, word stems, rapidly presented
words in the word identification task, or anagrams
(brtaserwyr) to solve in the anagram solution task
(strawberry) and were asked to perform these tasks
with the first solution that comes to mind, performance improved on these implicit tests if the study
and test materials were presented in the same modality compared to different modalities (see also Jacoby
and Dallas, 1981; Kirsner et al., 1983; Graf and
Mandler, 1984; Roediger and Blaxton, 1987; Blaxton,
1989; Srinivas and Roediger, 1990; Weldon, 1991). In
other words, the impact of a study variable is sometimes detectable only when subjects used the implicit
retrieval mode. (As an aside, but consistent with the
general argument about the impact of retrieval cues in
modulating memory performance, we also found that
studied pictures produced the worst performance on
these implicit tasks that provided word-based cues.
This, of course, is contrary to the pattern that is
typically observed in free recall and recognition,
where memory for pictures is better than that for
words (Paivio et al., 1968; Madigan, 1983; Weldon
and Roediger, 1987; Rajaram, 1993).)

Auditory encoding

Pictorial encoding
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0.14
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Stem completion

Anagram solution

Word identification

Test conditions
Figure 2 Relative priming for the four implicit memory tasks across different encoding conditions. Adapted from Rajaram S
and Roediger HL (1993) Direct comparison of four implicit memory tests. J. Exp. Psychol. Learn. Mem. Cogn. 19(4): 765–776.

270 Retrieval Processes in Memory

The impact of retrieval mode on memory performance can be seen even when the retrieval cues
themselves are held constant and only the mode of
retrieval is varied through instructions, or when
the retrieval intentionality criterion is met by the
experimental conditions (Schacter et al., 1989). For
example, when performance on free recall is contrasted with performance on a task such as implicit
word fragment completion, the retrieval mode
changes, but so do the test cues (no test cues in free
recall and perceptually degraded cues in fragment
completion, e.g., _ t r _ _ b _ r _ _). But the role of
retrieval mode in detecting memory would be more
persuasive if dissociations between explicit and implicit memory could be observed even when the
same test cues were used in both conditions. Graf
and Mandler (1984) reported such a dissociation
between an explicit word stem cued-recall task and
an explicit word stem completion task where the
same test cues (e.g., ele_______) were used, and the
levels of processing effect occurred on the explicit
but not the implicit version of the task. In a largescale study, Roediger et al. (1992) reported similar
patterns of performance when they contrasted explicit and implicit versions of the test using identical
stem cues (e.g., ele_______) as well as explicit and
implicit versions of the test using identical fragment
cues (e.g., _ l _ p _ a n _). Along the same lines, in our
study with concrete and abstract words we just
described, we found that the presence of the concreteness effect in free recall also extended to the
explicit retrieval version of the general knowledge
test (complete the following question with a studied
word: ‘‘What fruit wears its seeds on its skin?’’) but, as
noted earlier, not to the implicit version of the general knowledge test (Hamilton and Rajaram, 2001). In
other words, we demonstrated dissociative effects on
explicit and implicit versions of a different type of
task, namely general knowledge, while holding the
test cues constant (see again Figure 1).
2.16.4.2 Differentiating between
Conceptual and Perceptual Retrieval Cues
While explicit and implicit retrieval modes can produce various dissociations of theoretical significance
such as the ones just described, dissociations can also
occur within one retrieval mode – for example, with
differences in implicit retrieval cues provided to the
participants. In previous sections, we described how
differences in retrieval cues can bring about changes
in memory performance within the context of explicit

memory tasks such as free recall, cued recall, and
recognition. The tenets of the transfer-appropriate
processing framework (Roediger et al., 1989;
Roediger, 1990) predict systematic differences even
within implicit memory tasks, depending on the type
of process demanded by the tasks. If the implicit
memory task largely depends on perceptual processes
for its successful completion – as in the cases of word
fragment completion, word stem completion, perceptual identification tasks – then encoding orientation
produces one type of effect. But if the implicit task
mainly relies on conceptual processes – as in the cases
of the general knowledge test described earlier and
also tests such as implicit category association test
(given a category name, participants are asked to
produce all the exemplars that come to mind within 30
s) – then the same encoding orientation produces the
opposite effect. So, for example, the modality effect
observed across different perceptual implicit tasks
described in the study by Rajaram and Roediger
(1993) disappears on conceptual implicit tasks because
changes in modality of presentation are not important
for accessing meaning (e.g., Blaxton, 1989; Srinivas
and Roediger, 1990). Encoding variables that differentiate the extent to which meaning (rather than
surface information as in the modality manipulation)
is varied during study produce the opposite effect: As
we described earlier in this section, the levels-ofprocessing effect that reflects changes in conceptual
processing of information disappears on perceptual implicit tasks. But this effect is reliably observed on
conceptual implicit tasks such as the implicit general
knowledge test (Hamilton and Rajaram, 2001) and the
implicit category association test (Hamann, 1990;
Srinivas and Roediger, 1990). Together, these patterns show that, while retrieval modes of explicit
and implicit retrieval change accessibility in dramatic
ways, the nature of the process demanded by
the retrieval task (conceptual versus perceptual)
can also change accessibility in a manner that is
powerful and that can be orthogonal to the retrieval
mode itself.
2.16.4.3

Remembering and Knowing

We now turn to a brief discussion of another
type of distinction between two retrieval modes –
remembering versus knowing one’s past. Unlike
the explicit–implicit distinction, where people are,
respectively, either aware or not aware of the connection between the past and present, the remember–
know distinction is made when people are aware of
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the connection. This distinction instead concerns the
quality of retrieval experience that accompanies retrieval (Tulving, 1985). A person is said to engage in
remembering if the retrieved memories are vivid and
detailed. Remembering involves being able to think
back to episodes and mentally reliving the past event,
and in this way it is also said to involve mental time
travel (Tulving, 2002). In brief, remembering is considered to be the purest measure of episodic memory.
The experience of knowing is associated with semantic knowledge. Sometimes, retrieved information is
associated with the past (unlike the case of implicit
memory), but its rooting in the past lacks a sense of
immediacy or detail such that one cannot tell when
and where this information was encountered before.
Despite having confidence in this type of memory,
one experiences less personal connection and more of
a generic sense about this information. In brief,
Tulving proposed that the experience of knowing
provided a measure of semantic memory. Tulving
(1985) introduced the remember–know paradigm to
enable quantitative measurements of these qualitative distinctions in retrieval.
The remember–know paradigm has been used
widely to study the nature of retrieval experience and
has produced both a large body of systematic findings
and considerable debate (see Jacoby et al., 1997;
Rajaram and Roediger, 1997; Gardiner and Conway,
1999; Rajaram, 1999; Gardiner and RichardsonKlavehn, 2000; Roediger et al., 2007, for reviews). For
present purposes, we emphasize the dissociations and
associations that systematically occur between these
two distinct retrieval experiences. We have already
discussed ways in which the levels-of-processing effect
can vary as a function of encoding–retrieval interactions and explicit–implicit retrieval instructions. The
presence of the levels of processing effect in explicit
memory retrieval suggests that this effect should manifest itself in both remember and know judgments.
However, the findings show that items studied for
their meaning are given more remember judgments
than items studied for their surface features, but this
pattern is not observed for know judgments (Gardiner,
1988; Rajaram, 1993). Thus, retrieval can vary for the
same set of encoding conditions even within the
domain of explicit memory, once again emphasizing
the important role that retrieval probes play in revealing the nature of memory.
In summary, we use the term retrieval mode to
refer to distinct methods and experiences of retrieving information. Explicit retrieval refers to the
conscious and intentional recall of previous
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experiences. In contrast, implicit retrieval refers to
performance changes that are a result of prior experience but are unaccompanied by intentional or
conscious recall of previous learning. Dissociations
can occur between these two retrieval modes such
that some factors (e.g., concrete/abstract words) can
influence explicit memory but not implicit memory,
while other factors (e.g., modality of presentation)
can influence implicit memory but not explicit memory. Interestingly, the distinction between explicit
and implicit memory retrieval is modified by the
processing demands of these retrieval tasks such
that dissociations can also occur within a particular
mode of retrieval if the retrieval cues rely on different types of processes. As a result of this, conceptual
implicit cues reveal the levels-of-processing differences but remain insensitive to modality changes,
whereas perceptual implicit memory cues produce a
reverse pattern of memory performance.
The notion of changes in the retrieval mode can
also be applied to a distinction within explicit memory in terms of remembering and knowing – a
distinction that is based on the quality of the information that is recalled. Remembering refers to recall
that is accompanied by vivid details and a sense of
mental time travel. In contrast, knowing refers to
recall without specific details or a sense of when the
information was encountered before. A dissociation
also occurs between these two retrieval modes such
that some factors (such as depth of processing) can
influence remembering but not knowing. A variety of
studies have also shown reverse dissociations and
some associations as well between these two experiential modes of retrieval.

2.16.5 Repeated Retrieval
In previous sections, we focused on changes in
the retrieval context – task differences, the match
between encoding–retrieval interactions, and changes
in the retrieval modes – to explore how retrieval
processes affect detection of memory. We now review
a class of retrieval phenomena that are quite different
from the preceding ones but are equally important in
revealing the nature of memory. These phenomena
have to do with repeated attempts at thinking about a
particular event. It is common experience to repeatedly try to recall something from the past that simply
eludes us at a given moment. Are such efforts useful?
In a research context, we might ask, do repeated
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attempts at recall improve memory performance?
The brief answer to this question is yes. As Roediger
and Karpicke (2006b) recently noted in their comprehensive review of research on testing effects,
. . . testing not only measures knowledge, but also
changes it, often greatly improving the retention of
the tested knowledge. (Roediger and Karpicke,
2006b: 181)

Improvement in memory performance through
repeated retrieval attempts can be understood by
examining two related but distinct phenomena –
hypermnesia and repeated testing. Hypermnesia
refers to an improvement in the total amount of
material recalled across repeated attempts, and it is
usually obtained with free recall and not so often
with other tasks. Repeated testing benefits occur
when having taken a prior test – either recall or
recognition – improves performance on a later test –
again, either recall or recognition. We will review
selective studies on both these phenomena as they
reveal the importance of retrieval attempts.
Systematic efforts toward understanding the positive effects of repeated attempts – or hypermnesia –
can be traced back to Ballard’s (1913) and W. Brown’s
(1923) classic papers. Ballard proposed the concept of
reminiscence and defined it as, ‘‘the remembering
again of the forgotten without re-learning’’ (Ballard,
1913: 17). W. Brown introduced the phenomena of
inter-test forgetting – the number of items that were
recalled on the first attempt but not on the second –
and inter-test recovery – the number of additional
items recalled on the second attempt – to capture
the effects of repeated recall on memory output.
W. Brown’s findings showed that repeated attempts
at recalling a list of studied words (or recall of states)
resulted both in inter-test forgetting and inter-test
recovery, but there was an overall improvement in
memory performance such that inter-test recovery
exceeded inter-test forgetting across recall attempts.
Erdelyi and Becker (1974) termed this reliable net
gain across repeated attempts at recall as hypermnesia. Modern interest in research on hypermnesia can
be traced back to the findings that Erdelyi and colleagues reported in the 1980s (see Erdelyi and
Kleinbard, 1978; Erdelyi, 1984; Erdelyi et al., 1989).
Interestingly, for memory to improve with
repeated testing, recall attempts do not have to
occur necessarily in the form of consecutive and
distinct recall tests. Roediger and Thorpe (1978)
asked subjects to study 60 words or 60 pictures and

attempt recall either in three successive recall tests
(each lasting 7 min) or a single recall test that lasted
21 min. In both testing conditions, subjects were
asked to draw a line after each minute of recall.
Pictures produced greater hypermnesia than did
words, a finding that seems to hold in other studies
as well (see also Erdelyi and Becker, 1974; Payne,
1986), and this was true for three successive recalls as
well as for one long recall that was equal in duration
to three successive recalls. More relevant to the present point is the finding that recall increased over time
in both retrieval conditions, and it did so at the same
rate. An important implication of this finding for
educational purposes is that having more time to
retrieve information benefits performance even
when the study efforts remain the same.
The presence of hypermnesia in Roediger and
Thorpe’s (1978) design shows that repeated retrieval
effort over an extended period of time is the key to
improving memory. But could memory improve simply by increasing the time that elapses between study
and recall? This is, of course, a counterintuitive possibility because we expect delay to worsen memory,
not improve it. However, in a standard repeatedtesting design, the delay between study and a given
recall test is confounded with the timing of multiple
tests. That is, the second test comes much later in
time than the first, and so on. Also, Shapiro and
Erdelyi (1974) found that recall of studied pictures
improved when the delay between study and recall
was 5 min compared to when it was 30 s. The key to
understanding this unexpected outcome may lie in
the instructions subjects received during the 5-min
delay; subjects were asked to covertly review the
materials they had studied earlier. As Roediger and
Payne (1982) argued, when subjects engaged in
thinking about the study materials in Shapiro and
Erdelyi’s study, this act amounted to repeated
retrieval practice and produced memory benefits
despite the delay between study and recall.
To address this possibility, Roediger and Payne
systematically examined the selective influence of
delay between study and test and of the number of
prior recall tests in a repeated testing design. In their
study, all the subjects performed three recall tasks,
but one group started the sequence after a short
delay, the second group started the sequence at the
time when the first group performed the second
recall test, and the third group started the sequence
at the time the first group performed the third recall
test (Table 4). As the recall findings from this study
show, recall was equivalent on the first recall test
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Table 4
Mean recall on the three successive tests for
each delay condition
Condition
Immediate

Short delay

Long delay

Items recalled
Test 1
25.6

Test 2
27.9

Test 3
30.1

Test 1
25.1

Test 2
27.5

Test 3
29.8

Test 1
25.6

Test 2
28.9

Test 3
31.3

Adapted from Roediger HL and Payne DG (1982) Hypermnesia:
The role of repeated testing. J. Exp. Psychol. Learn. Mem.
Cogn. 8(1): 66–72.

regardless of when the first test occurred (short delay,
25.6; intermediate delay, 25.1; long delay, 25.6). In
contrast, recall increased during the same temporal
window if the number of prior recall tests increased
(the first test for the long-delay group, 25.6; the
second test for the intermediate-delay group, 27.5;
and the third test for the short-delay group, 30.1).
Interestingly, many of these findings in hypermnesia
studies have been secured with the study of pictures
but not always with the study of words. We refer the
reader to comprehensive reviews by Payne (1987)
and Roediger and Challis (1989) for discussions on
this and other complicating issues as well as for
theoretical considerations in hypermnesia research.
Regardless, these studies decisively point to the critical and specific role played by repeated attempts at
retrieval in improving memory.
Repeated retrieval improves access to studied
material in yet another way. Sometimes, the differential effects of different study methods that do not
emerge on the first recall test are revealed on a later
second test. For instance, in a study by Wheeler and
Roediger (1992), subjects studied 60 pictures either
presented one by one and accompanied with auditory presentation of the names or presented in the
same manner visually but accompanied with an
auditory presentation of a story. Shortly after completing a distractor task, subjects recalled the names
of the pictures on one, two, or three successive tests.
All the subjects returned 1 week later and also
completed a final free-recall test. Their performance
on this final test distinguished between the benefits
of multiple retrievals for different study methods.
Subjects’ final recall was substantially higher for
pictures that were embedded in a story than pictures
that were presented without a story during study,
and this difference became increasingly pronounced
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as the number of prior recall tests increased. Once
again, we see the power of retrieval processes in that
repeated retrieval can increase not only memory
output when the study conditions remain the same;
it can do so by bringing out the differential efficacy
of study methods that might otherwise remain
obscure.
As the preceding discussion shows, repeated retrieval clearly increases accessibility and produces
improvements in memory. But in a discussion that
emphasizes the importance of retrieval, it is important to ask what is more effective – repeated
retrieval or repeated study? After all, a vast empirical literature in cognitive psychology shows that
repeating information at study reliably improves
recall and recognition (see the chapter by R. L.
Greene in this volume on repetition and spacing
effects; Chapter 2.06). There are many interesting
phenomena associated with repetition at study,
including the nearly ubiquitous demonstration that
spaced repetition at study – that is, repeating items
with one or more intervening trials in the study list –
produces better memory compared to massed presentation – that is, repeating items twice or more in
consecutive trials in the study list. Given the beneficial effects of repeated study, it is logical to ask
how repeated retrieval fares in comparison. This
question has been tested in many ways and from
different theoretical as well as applied perspectives.
Yet, the answer is impressively consistent. Repeated
retrieval not only benefits memory, it does so to a
greater extent than does repeated study. We recommend Roediger and Karpicke’s (2006b) review that
we earlier referenced for an in-depth discussion of
different theoretical and empirical issues related to
this broad question, and for the practical implications from this research for improving educational
practices. Here, we will review a selection of studies
that demonstrate this conclusion. In these studies,
the focus is not on hypermnesia that arises when the
same test is taken multiple times but on benefits of
repeated testing where the successive tests are not
necessarily identical, but having taken the prior tests
nevertheless improves performance on the later
tests.
As early as the first quarter of the twentieth century, two studies demonstrated many of the key
findings from repeated-testing designs. In one study,
Gates (1917) varied the amount of time given to
subjects for only studying versus for recalling while
being able to refresh memory for the forgotten
material. On a final (serial) recall test of the studied
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in Tulving’s experiment subjects were given only 36 s to
recall 36 words. Even if the words had been perfectly
learned, this is a very short time period with which to
recall them. Initial support for this possibility was found
in a study where subjects either studied a list of 40 words
four times or studied it once and recalled it three times
(Hogan and Kintsch, 1971; see also Thompson et al.,
1978). In a final recall test conducted 2 days later, prior
training with multiple tests produced 5% better recall
than prior training with multiple study.
Roediger and Karpicke (2006a, Experiment 2)
recently published a study using educational materials that provides an impressive resolution to the
question concerning the relative importance of
repeated study versus repeated tests. Subjects studied
prose passages on scientific topics and were tested on
a recall test that was similar to essays in its format. In
one condition, subjects studied the passage four times
(SSSS). In a second condition, subjects studied the
passages three times and were tested once (SSST),
and in the final condition, subjects studied the passages once and were tested three consecutive times
(STTT). Subjects also took a final recall test either
5 min or 1 week after this learning sequence. As can
be seen in Figure 3, more idea units were recalled
following repeated study if the final recall test
occurred after a short delay of 5 min. But the final
recall performance was better after repeated testing if
0.9
Proportion of idea units recalled

material (nonsense syllables or biographies), Gates
found that spending more time on recall with
opportunities to refresh the forgotten information
produced better final recall than more time devoted
only for study – provided that a certain, minimum
amount of time was first spent for study in the former
condition (see also Thompson et al., 1978).
In another study, Spitzer (1939) found that two
attempts at retrieval improved memory on a multiple-choice recognition memory test. Furthermore,
the sooner the first test was administered, the less
was the forgetting and the higher was the performance on a later second test. The inoculating
effects of the first test, and of its timing, have received
considerable attention in the repeated-testing literature. While the inoculating effects of the first test on
later memory seem secure (Wheeler and Roediger,
1992), the specifics concerning the optimal timings of
multiple tests continue to be investigated (Landauer
and Bjork, 1978; Balota et al., 2006, 2007; Logan and
Balota, in press).
The early intimations of a relative advantage of
increased testing over increased studying in the studies by Gates (1917) and Spitzer (1939) have been
systematically tested from various perspectives in
the modern literature and have produced a very
nice body of data. A key factor in predicting the
relative advantage of repeated study versus repeated
retrieval concerns the delay between study and the
final memory test. In a seminal study, Tulving (1967)
used a comprehensive design that included comparisons of various study–test schedules for a total of 24
trials each and had subjects study a total of 36 words –
alternating study and test (STST, STST, and so on),
three study and one test (SSST, SSST, and so on),
and one study and three tests (STTT, STTT, and so
on.) Also critical for present purposes, subjects were
given 1 s per item to study and an equivalent total of
time for test (so, subjects received 36 s to recall all the
studied items.) The results showed that recall performance was comparable over the 24 trials across the
three different study-test schedules. In other words,
repeated testing did not improve memory over
repeated study.
Tulving’s findings were surprising in light of the
general conclusion we have already stated, but these
findings were replicated by others (e.g., Lachman and
Laughery, 1968; Rosner, 1970; Birnbaum and Eichner,
1971; Donaldson, 1971). Also, these findings make sense
if we consider them in light of Roediger and Thorpe’s
(1978) findings we discussed earlier; recall improves as
subjects receive additional time to do the task. However,
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Figure 3 Mean proportion of idea units recalled on the
final test after a 5-min or 1-week retention interval as a
function of learning condition (SSSS, SSST, or STTT). The
labels for the learning conditions indicate the order of study
(S) and test (T) periods. Adapted from Experiment 2 in
Roediger HL III and Karpicke JD (2006a) Test-enhanced
learning: Taking memory tests improves long-term
retention. Psychol. Sci. 17(3): 249–255, with permission
from Blackwell Publishing.
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the final test occurred after a long delay of 1 week. In
summary, these findings pinpoint the key conditions
that are responsible for when study and retrieval
repetitions can produce differential benefits in memory; repeated study improves memory in the short
term, but repeated testing produces improvements in
the long term. This long-term advantage of repeated
testing over repeated study seems secure because it
has been shown to also occur with word lists
(Wheeler et al., 2003).
A general explanation for why repeated retrieval
benefits long-term retention more than repeated study
harkens back to the principle of transfer-appropriate
processing we discussed in earlier sections on encoding–retrieval interactions and retrieval mode (Morris
et al., 1977; Roediger et al., 1989). Roediger and
Karpicke (2006b) recently noted that one reason for
the superiority of repeated retrieval is that the same
processes are engaged when people retrieve information again, whereas, as McDaniel (2007) has argued,
different processes are often engaged across learning
and testing situations. The match in processes in the
former condition illustrates the operation of transferappropriate processing.
Another explanation of the benefit of repeated
testing is that initial testing results in the creation of
multiple retrieval routes to the to-be-remembered
item, thus making recall more likely at a later test.
In a study by McDaniel and Masson (1985), subjects
were given either a phonemic or a semantic encoding
task followed by a cued-recall test with either semantic or phonemic cues. Thus, half of the subjects
received the same type of information at encoding
and the first test, and half of the subjects received a
different type of information at encoding than at the
first test. Later, subjects were able to recall more
information on a second test when the cues from
the first test had not matched the original encoding.
This finding is consistent with the idea that the initial
test improves recall on a later test if it is able to
produce an elaboration of the existing memory
trace by increasing the variability of the encoded
information (see also McDaniel et al., 1989). From a
retrieval point of view, this means not only that
retrieval is changing the existing memory representation, but that varied changes make subsequent
retrieval more and more likely to occur.
Roediger and Karpicke (2006b) have reviewed a
sizeable literature that points to yet another related
but distinct basis for benefits from repeated retrieval,
namely the process of generation. Briefly, just as the
generation processes at encoding improve memory
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such that items generated from semantic cues are
later recalled and recognized more often than items
that were simply read, generation of studied items
during first recall improves performance on a following test (see Jacoby, 1978; Bjork and Bjork, 1992;
Bjork, 1994, 1999; Roediger and Karpicke, 2006a).
Consistent with this idea, a prior recall test that
requires generation of studied information (such as
providing short answers) improves performance on
later recall (short answers) as well as recognition
(multiple-choice format), whereas a prior recognition test (that does not require generation because
the studied items are presented again) does not
produce comparable benefits on later tests (Kang
et al., 2007). Recent work (McDaniel et al., 2007)
has also demonstrated this effect in a college course.
In this study a benefit was found for short-answer
quizzes (a recall test) over additional study but not
for multiple-choice quizzes (a recognition test) over
additional study on a final exam. This is particularly
impressive given not only the variability of additional studying and motivation of the students
within the class, but also the fact that the quizzes
were administered up to 5 weeks prior to the final
exam. Findings such as these reveal the specificity of
effects that prior retrieval produces on later retrieval
and point to the underlying processes that mediate
such patterns.
In conclusion, testing – or retrieval – not only has
a powerful influence on long-term retention but is
also an effective learning device with important educational implications. The judicious use of testing in
educational settings should benefit students’ performance. This goal is embodied in recent cognitive
research that aims to identify optimal retrieval
practices for improving retention and academic performance. We refer the reader to M. A. McDaniel’s
chapter on ‘Education and Learning’ in this volume
(see Chapter 2.43) for an in-depth discussion of these
important issues.

2.16.6 Retrieval in a Social Context
For decades now, experimental studies on memory
have typically focused on the individual, and the
study of retrieval processes has been no exception.
But just as we retrieve the past not just once but often
repeatedly, we also retrieve the past not just alone
but often in collaboration with others. People recall
the past in dyads (e.g., friends and couples), triads
(e.g., friends, colleagues), or in larger groups. It was
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only around the mid- to late 1990s that research on
the effects of social context on memory started to
gain momentum. We review some of the core findings from this area of research as relevant to the
process of retrieval here and refer the readers to
scholarly reviews by Weldon (2001) for the historical
antecedents and the emerging research on social
processes in memory, and by M. Ross (see Chapter
2.47) and J. V. Wertsch (see Chapter 2.48) in this
volume on the nature of social memory processes
and collective memory, respectively.
Both the early neglect of group processes and the
recent focus on group processes make sense on theoretical and empirical grounds, because assessment of
how social processes influence retrieval first requires
a clear understanding of how individual memory
processes work in isolation. Now that a substantial
body of evidence and major theoretical frameworks
are in place on the nature of individual memory,
researchers have the necessary empirical and theoretical bases against which the social influences on
individual memory can be measured. Similarly,
researchers can also test for potential similarities
and differences between individual memory and
group memory processes.
We first focus on group memory because retrieval
processes appear to play a central role in mediating
group memory effects. Studies that report group retrieval – or collaborative memory – effects typically
compare collaborating groups to nominal (or control)
groups. In collaborative groups, members collaborate
during retrieval. In nominal groups the nonredundant responses of an equal number of individuals who
worked alone are pooled together (Basden et al.,
1997; Weldon and Bellinger, 1997). Collaboration in
the experimental group is instantiated by asking subjects to contribute their retrieved responses in any
order or in a turn-taking order. Results do not seem
to change as a function of the particular procedure
used for collaboration (Basden et al., 1997; Weldon
and Bellinger, 1997; Weldon et al., 2000; Wright and
Klumpp, 2004).
The central finding in group retrieval studies
turns out to be counterintuitive. Collaborating
groups recall significantly fewer studied items than
nominal groups (Basden et al. 1997; Weldon and
Bellinger, 1997), a phenomenon that Weldon and
Bellinger (1997) call collaborative inhibition. In
Weldon and Bellinger’s experiment, participants
encoded a list of words alone. Later, they were
asked to recall the information either individually
or in a collaborative group of three individuals.

When the participants recalled individually, a
nominal group score was created that consisted of
counting up all the nonredundant answers of three
individuals. The results indicated that, while collaborative groups recalled more than the average
individual, the nonredundant responses of three
individuals recalling alone (i.e., nominal groups)
exceeded collaborative group performance.
Collaborative inhibition appears to be largely a
retrieval phenomenon, as this effect is reliably
observed when the encoding conditions are held
constant across the nominal and collaborative groups.
The retrieval basis of this effect is further supported
by the proposal that collaborative inhibition is
similar to another well-known retrieval phenomenon, namely, the part-list cuing inhibition effect
(Slamecka, 1968; Basden et al., 1977; Roediger and
Neely, 1982; Basden and Basden, 1995). The part-list
cuing inhibition refers to yet another counterintuitive phenomenon in memory; when subjects are
presented with a partial list of studied words during
recall and are asked to recall the remaining studied
words, their recall is poorer for the remaining subset
compared to a condition where none of the studied
items are provided during recall. Thus, having access
to a part of the studied lists inhibits the recall of the
remaining words. The locus of this effect appears to
be at retrieval because recall for the remaining subset
improves on a later trial if the partial list is no longer
provided. Thus, the dip in recall during the first trial
turns out to be temporary and does not reflect poorer
encoding or storage in the part-list condition. This
finding then begs the question – why do partial lists
inhibit recall? Evidence shows that individuals
develop their own idiosyncratic organization of the
studied material and use it during recall (Tulving,
1962; Roenker et al., 1971; Rundus, 1971). The presence of a subset of items during recall disrupts such
organizational and retrieval strategies and leads to
suboptimal recall performance (Basden and Basden,
1995).
B. H. Basden and colleagues extended the logic of
retrieval disruption to the collaboration situation and
tested the idea that collaborative inhibition observed
in group memory is similar to the part-list cuing
inhibition effect in individual memory. The logic
behind this theoretical extension goes like this.
Recall of a given member is reduced in a collaborative
group because responses produced by other group
members serve as part-list cues and disrupt the idiosyncratic retrieval strategies on which each individual
member relies during group recall. Such retrieval
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disruption – resulting from the input of other group
members – reduces the individual contributions from
each member and leads to lowered group recall.
B. H. Basden et al. (1997) reported evidence that
supports the retrieval disruption hypothesis. In this
series of experiments, B. H. Basden and colleagues
also reported the same pattern of results as Weldon
and Bellinger (1997), showing that nominal recall was
greater than collaborative recall. However, they also
showed that this effect was mediated by the extent to
which collaboration disrupts the individual’s organizational structure. For example, in their first study,
participants were given one of two types of encoding
tasks. Some participants were asked to learn many
(15) instances of a few (6) categories. Other participants were asked to learn few (6) instances of many
(15) categories. D. R. Basden and Draper (1973) had
previously argued that within-category organization
is more likely to occur with large categories. As a
result, each individual’s retrieval strategy should be
at more variance from another individual’s retrieval
strategy when the categories are large. If collaborative inhibition is due to retrieval disruption, there
should be greater collaborative inhibition for participants who studied large categories (15 instances of 6
categories) than for participants who studied small
categories (6 instances of 15 categories). Consistent
with this hypothesis, the magnitude of collaborative
inhibition varied as a function of list structure. In fact,
collaborative inhibition was found only for participants who studied large categories and not for
participants who studied small categories.
The collaborative inhibition effect in group retrieval
and the part-list cuing inhibition effect in individual
retrieval are related in yet another interesting way. As
we have described, both phenomena are said to occur
because of retrieval disruption during retrieval. It turns
out that in both cases retrieval disruption does not
impair individual memory beyond the conditions
where it operates. As we noted earlier, in the case of
part-list cuing inhibition, there is evidence that, if the
part-list cues are removed during subsequent individual
recall, subjects elicit previously blocked studied words
(Basden et al., 1977). Similarly, after the completion of
the group retrieval session, if each group member individually recalls studied items, the ‘lost’ items during
collaboration resurface in later individual recall (Finlay
et al., 2000; see also Weldon and Bellinger, 1997). These
interesting parallels suggest that group retrieval can be
sensitive to the same cognitive mechanisms that mediate individual retrieval.
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In an earlier section on task differences, we
discussed the critical role retrieval cues play in determining the accessibility of studied information. Initial
evidence from studies on collaborative memory suggests retrieval cues also modulate the key finding on
which we have focused here – collaborative inhibition
in group retrieval. Collaborative inhibition typically
occurs when a collaborative group engages in free
recall (Basden et al., 1997; Weldon and Bellinger,
1997). This outcome is consistent with the retrieval
disruption account because, as we have noted, free
recall relies heavily on the internal organization and
strategies of each participant, and the disruption of this
strategy lowers each member’s contribution to the
group product.
This logic predicts that, if more cues are provided
as external aids during retrieval, each participant
group member would need to rely much less on
internal resources. As a result, disruption is less likely
to be a factor during the process of collaboration
when retrieval cues are present. Current evidence
supports this argument. While collaborative inhibition consistently occurs in free recall, this effect
disappears in a paired-associate recall task that provides partial study cues, and even reverses in a
recognition memory task that recapitulates the entire
study item. Finlay et al. (2000) reported a study in
which subjects studied pairs of weakly related words.
At test, subjects received the first word of the studied
pair and recalled the second pair either individually
or in pairs. Nominal dyad performance (nonredundant, pooled recall of two individuals who worked
alone) did not differ from that of the collaborating
dyads even though the typical collaborative inhibition effect occurred with the free-recall task.
Clark and colleagues (2000) used the recognition
memory task in their study on collaborative memory
with the aim of elucidating the nature of the collaboration process from a different perspective. But
their findings are interesting in the present context
for yet another, related, reason – the effects of maximal retrieval cues on mediating collaborative
memory. Subjects studied a list of unrelated words
and were later tested on a recognition memory task
that consisted of an intermixed list of studied and
nonstudied words. These researchers assessed the
performance of three-member collaborative groups
against three measures derived from the nominal
groups of same size – the best group member, the
majority vote, and the average of the group. In all
three comparisons, the recognition performance of
the collaborative groups exceeded that of the
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Mean proportion of hits – FA

nominal groups. In other words, Clark et al. reported
that there was a collaborative facilitation effect in
recognition memory.
We have focused on group retrieval to discuss the
role of retrieval in assessing memory in a social context. We close this section by briefly describing
evidence that has just started to emerge on how social
processes can affect individual retrieval. As we noted
earlier, the disruptive effects of collaboration are
temporary, and later individual recall shows recovery
of studied items that were not produced during
collaboration.
In a study from our own lab, we examined this
effect in recognition. We presented subjects with a
list of unrelated words to study and later gave a
recognition task in which we assessed effects of collaborative discussion on individual memory (Rajaram
and Pereira-Pasarin, 2007). We found that collaborative discussion just prior to making individual
recognition responses led to more accurate performance (in both d9 and hits–false alarm measures)
than in a retrieval condition that required no prior
collaboration. The beneficial effects of collaboration
here are impressive because collaboration can potentially affect individual recognition in a negative or a
positive direction. It can increase an individual’s propensity to go along with the group’s input regardless
of whether or not it is correct. Individuals can accept
nonstudied items as studied, reject studied items, or
do both, thereby producing lower memory accuracy.
Or, individual subjects can reject more nonstudied
items or accept more studied items, or do both,
thereby increasing memory accuracy. Yet, group
input in our study enhanced individual recognition,
and this advantage persisted up to 1 week (see
Figure 4). As we discuss in a later section titled
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‘Retrieval errors and other retrieval phenomena,’
such benefits do not always occur, because other
researchers have shown that input from other group
members can sometimes increase memory errors.
Regardless, this cluster of findings shows that encoding in and of itself does not determine how much
or what an individual will ultimately remember.
Retrieval processes – either inherent in the individual or modified by social input – play a large
role in determining the final memory output.
As Gardner (1985) noted, researchers have tended
to set aside social, emotional, and cultural processes
in the pursuit of understanding cognition. In other
words, researchers have typically viewed social, emotional, and cultural processes as contextual factors
whose influences need to be controlled for rather
than as key components in understanding cognition.
But memory – or more specifically, retrieval – is
usually a social process (Weldon, 2001). Not only
do people often recall with others (as discussed in
this section, and to some extent also in a later section
on retrieval errors), but how the recalled information
is interpreted is often a function of the person’s sociocultural environment. Theories of memory that are
based only on the individual are therefore incomplete. The initial evidence (briefly presented earlier;
see Chapter 2.47) provides initial support for these
conclusions and also suggests that future research
should focus on social processes of memory as a
factor rather than a confounding variable.
To summarize, collaborative inhibition is the
counterintuitive finding that collaborative groups
are able to recall less information than the pooled
nonredundant responses of nominal groups of equal
size. This is theorized to be a retrieval effect similar
to the part-list cuing effect. Retrieval disruption (created by the recall products of other group members
in the case of collaborative retrieval) disrupts individuals’ idiosyncratic retrieval strategies and causes
poorer overall memory performance. However, this
disruption does not seem to impair subsequent individual memory, and in some cases (for instance, as
with recognition memory) may actually enhance individual memory.

1 week

Figure 4 Mean proportion of hits minus false alarms (FA)
as a function of collaborative and noncollaborative conditions
and retention interval. Adapted from Experiment 2 in Rajaram
S and Pereira-Pasarin L (2007) Collaboration can improve
individual recognition memory: Evidence from immediate
and delayed tests. Psychon. Bull. Rev. 14: 95–100.

2.16.7 Retrieval Errors and Other
Retrieval Phenomena
Earlier, we reviewed research that shows that repeated
retrieval improves memory. As Bjork (1975) noted,
retrieval is a memory modifier. Interestingly, the act
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of retrieval can also reduce memory accuracy. People
recall emotional, significant, or entertaining events
from their lives often, and it is all too common to
embellish the events from one telling to the next or
from one audience to another. Bartlett’s (1932) classic
study is often cited to illustrate how memory output
can change from one recall to the next. In this study,
people were asked to read a Native American story
called ‘The War of the Ghosts.’ Importantly, the significance of many details in this story was not
apparent to people of different cultural backgrounds.
The more times that people were asked to retell the
story, the more the stories became distorted such that
subjects omitted unfamiliar details and inserted materials to make the story consistent with their schemas.
These dramatic changes across repeated retrievals
have since been replicated in a study by Bergman
and Roediger (1999).
Bartlett’s (1932) study and Bergman and Roediger’s
(1999) critical replication show that individuals modify
story output even without any intervention from outside sources. It is easy to imagine then that the social
situations individuals encounter can change the contents of what individuals might retrieve from one
occasion to the next. For example, social situations
often dictate whether a story should be told in an
accurate or entertaining fashion. In a study by
Dudukovic et al. (2004) participants were asked to
either retell a story with a goal to be accurate, or with
a goal to be entertaining. While the participants did not
differ on a later recognition test, they did differ on a
later recall test. The participants who had originally
told the story accurately recalled more information
with less exaggeration than the participants who had
originally told the story for entertainment. Thus, the
way that we recount information to others influences
the way that information is later recalled. As we will
describe next, retrieval errors can also creep into individual performance when others provide input during
retrieval.
In a previous section on retrieval in a social context, we discussed evidence that shows positive
influences of input from others. But individuals also
make more retrieval errors under certain conditions
if they previously received erroneous input from
others. In a study that assessed the effects of social
contagion, Roediger et al. (2001) presented subjects
with everyday scenes (e.g., a kitchen) during the
study phase. Later, subjects recalled the scenes
along with a confederate who inserted related but
nonstudied items during recall (e.g., toaster). On a
final test where subjects engaged in recall alone, they
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falsely recalled related but nonstudied items more
often if they had been inserted by a confederate in
the earlier recall phase than if no mention of them
had been made.
Basden et al. (2002) reported similar effects of
social input in a study where they presented semantically related ‘DRM’ (Deese-Roediger-McDermott)
lists during study and constructed a perceived
group-recall situation with the use of interconnected
computers. DRM lists consist of thematically related
words such as ‘dream,’ ‘bed,’ ‘night,’ etc., where a
critical word such as ‘sleep’ is missing. In individual
memory studies, subjects erroneously recall these
critical nonpresented words at levels as high as
true recall and also give ‘remember’ responses indicating vivid memory for having seen them before
(Roediger and McDermott, 1995). In Basden et al.’s
study, subjects engaged in perceived group recall
followed by individual recall. During perceived
group recall, the subjects were led to believe that
they viewed the responses of other group members
on the computer screen during recall but in fact the
generated responses were controlled by the experimenter. In one condition of perceived group recall,
subjects saw the critical, nonpresented lures, and in
another condition these items were not included
in the supposed responses from other members.
Subjects included more erroneous responses in
their final individual recall protocols if they had
previously participated in one of the two perceived
group-recall phases than if they had not participated
in the perceived group-recall phase. In this way,
individual retrieval can be socially influenced. The
process of collaboration can lead to individual retrieval benefits as discussed in the previous section
but also to retrieval errors, as these studies show
(also see Basden et al., 2000, 2002; Reysen, 2005,
for related findings).
Another topic of considerable interest in memory
retrieval focuses on the subjects’ ability to identify
the source of information they recall – a phenomenon called reality monitoring (Johnson and Raye,
1981) The general approach here is to ask subjects
whether the item they recalled (or recognized) was
presented to them (i.e., the item originated from
perception) or was internally generated (i.e., the
item was something they imagined or dreamed).
According to this framework (e.g., Johnson, 1991;
Johnson et al., 1993), people do not explicitly tag
memories with source information. Rather, they typically make source attributions based on a generalized
evaluation of whether a memory’s qualities match
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expectations. These judgments capitalize on the
average differences of the characteristic qualities of
memories from different sources. For instance, perceived events tend to include more information
about perceptual, temporal, spatial, and affective
characteristics and less information about cognitive
processes than imagined events. A judgment of ‘perceived’ rather than ‘imagined’ should therefore be
given if the evaluation of a memory’s qualities results
in a great deal of information about perceptual and
spatial details, accompanied by little information
about the cognitive processes that took place during
encoding. Attributing a memory to the source for
which that memory’s qualities are most characteristic
maximizes the odds of accurately judging the memory’s source. Reality-monitoring failures occur when
people falsely claim either that something was perceived when it was actually internally generated or
that something was internally generated when it was
actually perceived. A detailed review of this topic can
be found in a chapter on source monitoring by S.
Lindsay (see Chapter 2.19) in this volume.
These processes in reality monitoring constitute
yet another form of retrieval, one that is characterized by metamemory judgments, because subjects
make judgments about information retrieved from
memory. In an earlier section on retrieval mode, we
described remember and know judgments, which can
also be considered metamemory judgments because
subjects report the quality of memory for the information they retrieve (see Rajaram and Roediger,
1997; Rajaram, 1999; Roediger et al., 2007). There
are also other well-known metamemory judgments
such as feelings of knowing (see Koriat, 1995) and the
tip-of-the-tongue state (see Brown, 1991; Schwartz
et al., 2000) that researchers study to find out subjects’
sense of what they can retrieve even when recall does
not succeed. These judgments reveal interesting –
metacognitive – aspects of the retrieval process as
subjects make judgments about the likelihood of retrieval under certain circumstances. In the feeling-ofknowing state (see Koriat, 1995) subjects can reliably
report whether they can recognize an item on a
multiple-choice test even though they were unable
to recall that item, and in the tip-of-the-tongue state,
people can reliably indicate whether or not the information they are trying to retrieve is on the tip of their
tongue and could be retrieved. We recommend
chapters by A. Koriat on control processes in remembering (see Chapter 2.18) and by A. S. Brown on the
tip-of-the-tongue states (see Chapter 2.22) for
detailed discussions of these topics.

In conclusion, the ways in which retrieval conditions are arranged to a large extent determine how
much memory accessibility can improve. But in
many situations, retrieval can also act as a memory
modifier and can do so in systematic ways. Such
situations can lead to systematic errors in retrieval,
as revealed by the DRM effect. Furthermore, when
recalling information, people are motivated not only
to present a coherent story, but also to tell the story
with a particular purpose (for example, to be entertaining). Both of these motivations can serve to lower
overall memory accuracy. Retrieval errors can also
be the result of social influences (believing that you
saw something that someone else endorsed seeing),
or reality monitoring errors (believing that you saw
something that you only imagined seeing). Finally,
many meta-memory processes such as the tip-of-thetongue phenomenon also modulate the success of
retrieval.

2.16.8 Concluding Comments
As we noted in the introduction, much of memory
research has been guided by a focus on three putative
components – encoding, storage, and retrieval. But
from the perspective of the rememberer, it is the act
of retrieval that constitutes memory. In this chapter,
we have taken this perspective to explore various
phenomena in memory research that tell us something important about the process of retrieval and
ways in which this process enables access to what we
have learned. The phenomena and findings reviewed
in this chapter point to the unique role that retrieval
processes play in modifying the effects of different
encoding processes. Above all, these findings show
that, without a proper understanding of the nature
and power of retrieval, our understanding of how
memory works is not only incomplete but also
flawed.
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