Learning from the Consequences of Retrieval: Another Test Effect

Elizabeth Ligon Bjork
Department of Psychology
University of California, Los Angeles
Los Angeles, CA 90095-1563
Phone: (310) 825-6935

Benjamin C. Storm
Department of Psychology
University of Illinois at Chicago
1007 W Harrison St (MC 285)
Chicago, IL 60607
Phone: (312) 413-9407

Patricia A, deWinstanley
Department of Psychology
Oberlin College
120 W. Lorain
Oberlin, OH 44074
Phone: (440) 775-8348

Bjork, E. L., Storm, B. C., & deWinstanley, P. A. (2010). Learning from the
consequences of retrieval: Another test effect. In A.S. Benjamin (Ed.),
Successful Remembering and Successful Forgetting: A Festschrift in honor of
Robert A. Bjork (pp. 351-368). New York, NY: Psychology Press.



Learning from Retrieval 2

Learning from the Consequences of Retrieval: Another Test Effect
Overview

In the present chapter, we describe research that integrates two lines of
investigation in which Robert A. Bjork, in whose honor this volume is dedicated, has
played a significant leadership role: namely, research regarding the benefits of testing for
long-term retention and research regarding the metacognitive processes underlying the
development of illusions of competence during study. In our conjoining of these two
areas of research, we have explored whether the metacognitive experience gained from
taking a test can lead learners to adopt improved strategies for encoding future to-be-
learned material. Or, put slightly differently, we have explored whether learning to learn
can be another beneficial effect of test taking.

In the sections to follow, we first describe some of the more relevant findings
regarding the beneficial effects of testing on memory, with this section followed by one
in which we describe findings relevant to the question of how individuals monitor their
learning during study. Then, we turn to a description of the research in which we have
explored whether learning to learn can occur as a consequence of the testing experience.
The Power of Tests as Learning Events

Although to many educators and learners alike, tests are simply measures of what
is already known; tests can, in fact, also serve as powerful learning events. Indeed, much
laboratory research (e.g., Landauer & R. A Bjork, 1978; Carrier & Pashler, 1992) has
demonstrated the power of tests as learning events and, moreover, has shown that a test,
even when no corrective feedback is given, can be considerably more effective for the
long-term retention of material than additional study of it. This power of tests as learning

events comes about because, as pointed out by R. A. Bjork (1975), retrieval processes do
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not simply assess the contents of memory and then leave the representations of items in
memory in the same state as they were before being retrieved. Rather, the act of
retrieving information modifies its representation in memory such that it becomes more
recallable in the future—a phenomenon that Bjork argued represents a kind of
Heisenberg principle for retrieval processes: “an item can seldom, if ever, be retrieved
from memory without modifying the representation of that item in significant ways” (p.
123). Or, as similarly observed by Roediger and Karpicke (2006a) in their excellent
review of testing effects, “just as measuring the position of an electron changes that
position, so the act of retrieving information from memory changes the mnemonic
representation underlying retrieval—and enhances later retention of the tested
information” (p. 182).

That tests can be more powerful as learning events for the long-term retention of
material than additional opportunities for studying it, even when the tests do not provide
any corrective feedback, was recently and impressively demonstrated by Roediger and
Karpicke (2006b) using both educationally-realistic materials and ecologically-significant
retention intervals. To illustrate, in one of their reported experiments, participants in one
condition were given four five-minute opportunities to study the same passage (resulting
in the passage being read an average of 14.2 times by these participants) while
participants in another condition were given only one five-minute opportunity to study
the passage and then were tested on it three times in a row (resulting in the passage being
read an average of only 3.4 times for these participants). Additionally, participants in
these two conditions were given a final test on the passage at either a five-minute or a

one-week delay. Although at the five-minute delay, participants who had received four
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opportunities to study the passage recalled significantly more idea units than did those
who had only studied the passage once and been tested on it three times; at the one-week
delay, this difference in recall was dramatically reversed. Now, the participants who had
studied the passage only once but who had been tested on it three times recalled
significantly more idea units than those who had studied the passage four times.
Additionally, an analysis of the proportion of information forgotten across the one-week
delay revealed that the participants who repeatedly studied the material forgot far more
(52%) than did the participants who were repeatedly tested on it (only 14%),
demonstrating the power of tests to retard the forgetting that would otherwise occur.

In addition to such direct effects of testing for the improvement of retention, tests
can also enhance learning in several indirect ways. First, when given frequently across a
course, tests can lead students to space their studying across the course rather than
massing it right before a final exam, thus inducing the oft-demonstrated power of spaced
or distributed practice for long-term retention (e.g., Cepeda, Pashler, Vul, Wixted, &
Rohrer, 2006; Dempster, 1996). Second, tests can serve to optimize future study
activities. From a metacognitive standpoint, tests allow learners to make more accurate
assessments than do additional study events concerning whether information is likely to
be recallable in the future (e.g., Koriat & R. A. Bjork, 2005, 2006; Nelson & Dunlosky,
1991). Furthermore, when feedback is provided after a test, students are informed as to
what they do and do not already know and can thus more efficiently allocate their future
study efforts. Third, as suggested by the work of Izawa (1970), tests can enhance the
effectiveness of subsequent study relative to the effectiveness of such study when not

preceded by a test. Finally, as illustrated in several recent studies by Kornell, Hays, and
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R. A. Bjork (2009) using materials that ensured unsuccessful initial retrieval attempts,
even failed tests can potentiate the effectiveness of subsequent study opportunities.
Monitoring One’s Learning during Study

Much recent research in the area of memory and learning has been concerned
with the study of the metacognitive processes by which individuals monitor their level of
knowledge during study (e.g., Benjamin, R. A. Bjork, & Schwartz, 1997; R. A. Bjork,
1999; Dunlosky & Nelson, 1994; Koriat, 1997, 1998). Undoubtedly, some of the interest
in this area of research stems from the possibility, as put forth by R. A. Bjork and others
(e.g., R. A. Bjork, 1999; Jacoby, R. A. Bjork, & Kelley, 1994) that the readings learners
take on their level of comprehension during study, or their judgments of how likely they
are to be able to recall the material being studied in the future, are as important as their
actual comprehension and degree of learning because such readings play a powerful role
in determining how they will decide to allocate their future study activities and learning
resources. On the basis of such readings, for example, students may well decide to read
one chapter versus another or to study one set of materials versus another in preparation
for an upcoming examination.

A primary method that has been used to study such metacognitive processes is to
ask learners to make judgments of learning (JOLs) during acquisition. A typically used
procedure, for example, is to present learners with a list of cue-target pairs to learn and,
following the presentation of each pair for study, to ask learners to judge the likelihood of
their remembering the target in response to presentation of the cue alone on a later
retention test. In a number of experiments using such a procedure, the JOLs made by

participants have been found to be moderately accurate (e.g., Dunlosky & Nelson, 1994;



Learning from Retrieval 6

Lovelace, 1984; Mazzoni & Nelson, 1995), and considerable research in this area has
thus been focused on the question of what accounts for the accuracy of JOLs in
predicting future memory performance.

Learners, however, can also be far from accurate in taking such readings of
comprehension or in making JOLs, and thus other research in this area has been directed
to the question of what accounts for such illusions of comprehension (e.g., R. A. Bjork,
1999; Jacoby, R. A. Bjork, & Kelley, 1994). Learners, for example, can be led to think
that their level of comprehension or skill is greater than it actually is owing to conditions
of learning (such as massed practice) that enhance or support performance during study
or training, but actually impair long-term retention and/or transfer (e.g., Simon & R. A.
Bjork, 2001). Similarly, learners can be led to make JOLs that perfectly mismatch their
later performance on a test by basing them on the fluency with which they can retrieve
answers from long-term memory in the presence of cues available at the time of study,
but that will not be present at the time of test (Benjamin, R. A. Bjork, & Schwartz, 1998).

One account for the occurrence of such dissociations between the JOLs made by
learners during study and their actual performance on a later test is offered by the New
Theory of Disuse (NTD), a theory proposed by R. A. Bjork and E. L. Bjork in 1992 to
account for a number of unique characteristics or peculiarities of human memory.
According to the NTD, such dissociations occur when learners base the JOLs they make
during study on retrieval strength (i.e., the current activation or accessibility of an item’s
representation in memory) rather than on storage strength (i.e., how entrenched or
interassociated a memory representation is with related knowledge and skills), and

because the former is a poor indicator of actual learning, it is also a poor indicator of



Learning from Retrieval 7

long-term performance. (For more information concerning the New Theory of Disuse as
a model of learning and memory as well as its applications for training and instruction,
the reader is also referred to R. A. Bjork & E. L. Bjork, 2006, and E. L. Bjork & R. A.
Bjork, in press).

From a slightly different perspective, Koriat (1997) has argued that learners can
suffer from illusions of competence and be led to make inaccurate JOLs because, during
original study, they tend to be relatively insensitive to the presence of extrinsic factors,
which entail both conditions of learning (such as number of repetitions, presentation
durations, and massed vs. distributed repetitions of items) and also encoding operations
used by the learner (such as level of processing and interactive imagery) that do enhance
learning and later performance on at test, while being overly sensitive to intrinsic factors
(such as the perceived association between cues and targets when both are present during
study or the relative difficulty or imagery values of individual words in a list) that do not
necessarily enhance performance on later retention tests.

Indeed, in several recent studies, Koriat and R. A. Bjork (2005) have
demonstrated the over sensitivity of learners to the intrinsic factor of the perceived
relationship between cues and targets when both are present during study by
manipulating the types of associations existing between cue-target pairs to which learners
must make JOLs during acquisition. In one of their studies, for example, learners were
asked to make JOLs during study of a list of cue-target pairs in which some of the pairs
were high in a priori relatedness (i.e., the pre-experimental likelihood that presentation of
the cue alone would bring the target to mind rather than other possible associates of the

cue) and some of which were what the authors referred to as purely a posteriori pairs
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(i.e., pairs for which the perceived relationship between the cue and target is high when
presented together, but for which the a priori degree of relatedness is low—that is, when
presented alone, the cue would be very unlikely to bring that particular target to mind
versus other possible associates of the cue). The JOLs learners made to the a priori cue-
target pairs corresponded to their later performance; in contrast, the JOLs they made to
the purely a posteriori pairs were highly inflated.

Koriat and R. A. Bjork (2005, 2006) have interpreted this overconfidence, or
illusion of knowing, produced by the a posteriori pairs as being a type of foresight bias,
akin to, but different than, hindsight bias (Fischhoff, 1975; Hawkins & Hastie, 1990).
More specifically, they proposed this foresight bias to be a mirror image of hindsight
bias. That is, whereas hindsight bias refers to our tendency to distort our memory of a
previously made judgment once the answer is known to us; the foresight bias proposed by
Koriat and Bjork occurs when we predict our future success in recalling a correct answer
in the presence of that answer. Thus, the authors argue, both represent biases that reflect
our inability to “escape” the influence of the correct answer.

Learning from the Experience of Test Taking

We turn now to a discussion of research conducted by the present authors that we
believe integrates some of the findings and concepts from the research on testing effects
and metacognitive processes described in the previous two sections. Because our
research has focused on the encoding strategy of generation as one of the conditions of
learning to which learners do not seem sensitive, we first define and illustrate the
generation effect or advantage, including brief descriptions of two successful accounts of

it. We then discuss a series of our studies, some complete and some ongoing, that
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address the general issue of the sensitivity of learners to the memorial benefits of
generation and whether—if made sensitive to this benefit in the context of a test—they
would then adopt more effective encoding strategies in the processing of new
information.

Generation as a Condition of Learning

When learners take an active part in generating the information they are to learn,
as opposed to having that information provided to them intact and simply reading it, they
tend to remember the to-be-learned information better. To illustrate, if learners are
required to generate the word memory from a word fragment (e.g., m-m-ry) versus being
given the intact word to read, they will recall the word memory better on a later test. Or,
if required to generate an exemplar, say lemon, to a category-plus-letter-stem cue (e.g.,
Fruit-le ) versus being given the intact pair, Fruit-lemon, to study, they will recall
lemon better in response to the cue Fruit on a later test.

Considerable research has shown this memorial benefit of generation (e.g.,
Jacoby, 1978; Slamecka & Graf, 1978) to be both a robust phenomenon and one that
extends to a variety of materials, including lists of words, word pairs, and trivia questions
(e.g., deWinstanley, 1995; Hirshman & R. A. Bjork, 1988) as well as mathematical
problems (e.g., McNamara & Healy, 1995a, 1995b; Pesta, Sanders, & Murphy, 1999).
The generation advantage, however, can also be diminished or even eliminated under
certain conditions. For example, McNamara and Healy (1995a, 1995b) found that
generation advantages do not occur on a later test for arithmetic problems unless retrieval
strategies that were employed by learners during study are evoked again during the test.

Similarly, deWinstanley, E. L. Bjork, and R. A. Bjork (1996) demonstrated that even
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when participants are learning the same materials, generation advantages may or may not
occur depending on the match between the information strengthened as a result of the
learner performing the generation task during study and the type of information required
for optimal performance on a later test.

More specifically, deWinstanley et al. (1996) manipulated the conditions of
learning during study so as to force the processing of different types of information in
order to generate targets for the same list of cue-target pairs. To illustrate, in one
condition, the cue-target pairs to be learned were blocked on the basis of the categorical
membership of the targets, leading participants to focus on target-target-relational
information (to which free-recall tests are assumed to be most sensitive)—as opposed to
cue-target-relational information (to which cued-recall tests are assumed to be most
sensitive)—in order to perform the generation task. On subsequent tests, these
participants showed a generation advantage when given a free-recall test, but not when
given a cued-recall test. In a second condition, the pairs to be learned were not blocked
by category membership of the targets, essentially eliminating target-target-relational
processing as a basis for generating targets and forcing participants to rely on cue-target-
relational information instead. On subsequent tests, these participants showed a
generation advantage on a cued-recall test, but not on a free-recall test. In short, a
striking reversal was observed in the relative levels of free and cued recall for targets that
had been generated versus read depending on the type of information participants had
been forced to use in order to generate those targets during learning.

The occurrence of generation effects can also be influenced by the encoding

instruction given to learners. Begg, Vinski, Frankovich, and Holgate (1991), for



Learning from Retrieval 11

example, showed that the advantage of generation over reading could be eliminated when
participants were given other effective strategies, such as imagery, to use when encoding
intact to-be-read items. Similarly, deWinstanley and E. L. Bjork (1997) eliminated a
previously observed generation advantage for identical materials by giving participants
explicit instructions concerning the type of retention test to expect and how to process
information optimally in anticipation of such a test. In fact, changes in a variety of
factors—such as the type of test learners expect; whether to-be-read or to-be-generated
items are mixed together (i.e., between or within-subject manipulations of generation
versus read); and the specific requirements of the generation task—have led to a
continuum of outcomes ranging from large to small to no generation advantages.

These types of findings, delineating conditions under which generation
advantages do and do not occur, are largely consistent with two explanations of the
generation effect: the procedural account and the transfer-appropriate multifactor
account, both of which emphasize the critical nature of the relationship between encoding
and retrieval processes in the production of generation effects. Briefly characterized, the
procedural account (Crutcher & Healy, 1989; McNamara & Healy, 1995a, 1995b)
assumes that when learners are required to generate information at study, as opposed to
reading it, they are more likely to utilize encoding procedures that can then be reinstated
during a later retention test. When a later test does invoke such procedures, a generation
advantage should occur; if not, a generation advantage should not occur. The transfer-
appropriate multifactor account (deWinstanley et al., 1996)—built upon the two-factor
account of Hirshman and R. A. Bjork (1988) and the multifactor account of McDaniel,

Waddill, and Einstein (1988)—assumes that the act of generation strengthens whatever
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type of information is used by the learner to complete the generation task and, thus, the
consequence of the generation task for later memory performance depends on whether
the information so enhanced is information to which a later test is sensitive. Thus, when
there is a good match between these types of information, generation advantages should
occur; when there is not, generation advantages should not occur.
Making Learners Sensitive to Generation as an Effective Condition of Learning

As indicated in our discussion of the research by Koriat, R. A. Bjork, and others
on metacognitive processes, investigations of how individuals monitor their level of
learning during study paint a picture of learners as being insensitive to many of the
conditions of learning that can enhance long-term retention, reflected in the relatively
small influence of such variables on the JOLs they make during study. Such conditions,
referred to as extrinsic factors by Koriat (1997), include not only aspects of presentation,
such as number and duration of study opportunities, but also encoding operations applied
by the learner during study, such as generation and levels of processing. In our research,
we have asked whether learners could be made sensitive to the encoding effectiveness of
one such extrinsic factor—that of generation—if they were to experience its memorial
consequences in their own recall performance in the context of a test. Not, in our case, to
see if the accuracy of their JOLs might thereby be enhanced during future study (although
that is a topic of other research underway), but to see if their encoding strategies might
thereby be enhanced during future study.

In our research addressing this general issue, we have typically adopted the
following general experimental strategy, initially used in the studies conducted by

deWinstanley and E. L. Bjork (2004). Participants were first presented with a short
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passage to study of the type that would appear in an undergraduate introductory textbook,
but in which we had embedded both to-be-generated and to-be-read critical items. Next,
participants’ recall for these critical items was assessed in a fill-in-the-blank test. Then,
after the experience of this test, a new text passage, also containing both to-be-generated
and to-be-read critical items, was presented for study and then also followed by the same
type of test for the critical items. Thus—before presentation of the second text passage
for study—participants would have the opportunity to engage in both generating and
reading of critical items in a previous passage as well as the opportunity to experience a
generation advantage in their own performance on the test of those items. Hence, if as
hypothesized, such an experience could be sufficient to induce participants to adopt a
more effective way of encoding future to-be-read information, a generation advantage
should be attenuated, or possibly eliminated, in the test of the second passage.

In the first two studies employing this procedure, deWinstanley and E. L. Bjork
(2004) obtained results consistent with this hypothesis. Specifically, while a generation
advantage was observed in the test of the first passage, no generation advantage was
observed in the test of the second passage. Importantly, however, the absence of a
generation advantage on the second test did not occur at the expense of the generated
items. Instead, recall of the to-be-read items presented in the second passage improved to
the level of that for the to-be-generated items, which did not differ from the level
obtained in the test of the first passage.

Given the results of these studies, deWinstanley and E. L. Bjork (2004) next
attempted to determine whether it was, in fact, the testing experience that was critical in

leading participants to develop more effective encoding strategies in two follow-up
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studies. In their first follow-up study, they used the same basic procedure, but rather than
presenting both to-be-generated and to-be-read items within the same passage, they
manipulated the requirement to generate versus read between passages. Accordingly, in
the first passage for a given participant, the encoding task for all critical items was the
same—either generating or reading—and, then, in the second passage, the encoding task
for critical items was switched. Consequently, participants did not have the opportunity
to experience the memorial consequences of generating versus reading within the context
of the same test before they were presented with a new passage for study. Thus, if such
an experience is critical for leading learners to adopt more effective encoding strategies,
then the generation advantage should not be eliminated on the test of the second passage,
and, indeed this was the result observed: A generation advantage was obtained on both
tests and, furthermore, its size did not differ across tests. Apparently, then, simply having
the experience of encoding critical items via generation in the first passage was not
sufficient to make participants aware of the need to develop a better processing strategy
for encoding to-be-read critical items in the second passage, pointing to the critical role
of experiencing the relative memorial consequences of the two types of encoding within
the same testing episode.

In their second follow-up study addressing the critical nature of the testing
experience, deWinstanley and E. L. Bjork (2004) examined whether something less
specific—like a general dissatisfaction with the number of critical to-be-read items they
were able to recall in the first test—had led participants to process to-be-read items in the
second passage more effectively. This possibility could not be ruled out by the first

follow-up study because the switch of encoding tasks between passages made it
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impossible for participants presented with only to-be-read items in the first passage to
reveal any such improved encoding strategies for subsequent to-be-read items, as they
only received to-be-generated critical items in their second passage. Thus, to address this
possibility, they next manipulated the requirement to generate versus read between
participants rather than between passages.

Given this way of manipulating the encoding variable, a generation advantage
would be expected on the test of the first passage whichever hypothesis was correct,
whereas different outcomes would be expected on the test of the second passage. If the
general feeling of dissatisfaction explanation is correct, then the generation advantage
should be reduced or eliminated in the test of the second passage. If, however, the
opportunity to experience the memorial benefits of generating relative to reading is
critical for inducing a processing change, then participants only reading critical items in
the first passage should not change their processing strategy for the second passage, and a
generation advantage should be seen on the second test as well. Consistent with the
testing-experience explanation, a generation advantage was obtained in the tests for both
passages and, as with the first follow-up study, the size of this advantage did not differ
across tests. Thus, when participants were denied the opportunity to experience the
memorial advantage of generation in their own test performance—either because the
read-versus-generate encoding variable was manipulated between passages or between
participants—their ability to recall to-be-read items remained significantly poorer than
their ability to recall to-be-generated items.

Additional Questions and Potential Important Applications
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As indicated in our description of the studies of deWinstanley and Bjork
(deWinstanley & E. L. Bjork, 2004; E. L. Bjork, deWinstanley, & Storm, 2007), this
research explored whether learners could discover for themselves how to become more
effective processors or encoders of to-be-learned information if given an informative test
experience. The pattern of results observed across the four studies described above
indicated that experiencing the advantages of encoding by generation versus only reading
could induce learners to develop more effective encoding strategies. Or, in the terms of
Koriat (1997), making learners sensitive to the power of generation as a condition of
learning led them, in turn, to adopt enhanced strategies for the encoding of new
information via reading—that is, even for information that they were not required to
generate. These findings raise many interesting questions: some regarding the underlying
cause of the effect observed by deWinstanley and E. L. Bjork (2004) and some regarding
how these findings could best be applied to educational practices, and it is to a discussion
of some of these questions—topics of our recent and ongoing research—that we now
turn.

One of our first investigated questions concerned the effect’s durability. In the
series of studies by deWinstanley and E. L. Bjork (2004) just reviewed, the second
passage was always presented with little or no delay after the test of the first passage,
raising the question of whether the testing experience only leads to enhanced encoding of
new information when the new information is presented immediately after such a test.
Perhaps, for example, the insertion of a delay between the testing experience and the
presentation of the next passage would prevent participants from adopting a more

effective processing strategy for subsequently presented to-be-read information. Should
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a delay produce such an effect, the applicability of these findings for educational
purposes would be lessened. A related issue, in terms of the educational applications of
these findings, would be whether the test experience must occur immediately after
presentation of the passage in which participants both generated and read critical items.
Or, might it be possible—as might frequently be necessary in educational settings—to
delay the test without eliminating the learners’ ability to benefit from the test experience?

In two recently conducted studies, we have addressed both of these questions as
follows. In a first study, we inserted a delay filled with a number of other activities
between the presentation and testing of a first passage and the presentation and testing of
a second passage, and, in a second study, we inserted the same type of delay between the
presentation of the first passage and its subsequent test. Furthermore, as in the original
deWinstanley and E. L. Bjork (2004) studies, both the first and second passages always
contained both to-be-read and to-be-generated critical items and the subsequent tests for
the passages were in the form of a fill-in-the-blank type of test for the critical items.
Importantly, for the applicability of the present effect for educational purposes, the results
obtained replicated those of the original studies. Thus, it appears that the observed effect
of the testing experience—that is, its ability to lead learners to develop more effective
encoding strategies for processing future information—can persist across a delay filled
with other activities and, furthermore, does not require that the test be administered
immediately after presentation of the first passage.

Also being addressed in our current research is the question of the necessity for
learners actually to experience the differential effectiveness of encoding via generation

versus reading in the context of a memory test. From the deWinstanley and E. L. Bjork
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(2004) studies, we know that this experience is critical in that it was only the participants
given this experience who then went on to adopt more effective processing strategies for
future to-be-read items. Additionally, that such an experience would be necessary is
consistent with previous research indicating that learners are typically unable to judge the
efficacy of a given processing strategy during its execution and do not switch from a less
to a more effective strategy without an opportunity to experience their relative
effectiveness (see, e.g., Dunlosky & Hertzog, 2000). What remains unclear, however, is
whether the relative effectiveness must be experienced in the context of an actual testing
episode. Perhaps, for example, simply instructing or informing learners regarding the
differential effectiveness of the two types of encoding might be sufficient, and we are
currently addressing this possibility in ongoing research by varying across participants
the type of experience they have following study of the first passage. For example, for
some participants, they are given the opportunity to experience the relative effectiveness
of generating versus reading for later performance via a testing episode; whereas, for
others, we are instructing them in various ways regarding the relative memorial
effectiveness of generation versus reading as encoding strategies. Although still ongoing,
results so far are strongly indicating the critical nature of the actual test experience for
producing the desired enhancement of future encoding strategies.

We are also currently addressing the theoretical question of how participants are
improving their encoding of information in the second passage. One possibility that we
are considering is that during original study, participants used contextual information
provided by other words in the passage to help them complete or encode the

to-be-generated critical items and, then, used this information again in the subsequent fill-
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in-the-blank test to aid their recall. Indeed, the use of such a strategy—that is, to use
contextual information first to help complete and then to help recall the generated
items—could underlie the generation advantages observed on the tests of the first
passages and, additionally, would be an explanation consistent with both the procedural
and the transfer-appropriate multifactor accounts described earlier. Specifically, it would
have been the match between the information strengthened while completing the
generation task and the information needed to perform well on the later test, or the ability
to reinstate during test the cognitive procedures used during study, that had resulted in the
observed generation advantages.

Should this explanation for the generation advantage initially observed in the
deWinstanley and E. L. Bjork (2004) studies be correct, perhaps participants—becoming
aware of both their superior recall of generated items and their use of such contextual
information in recalling them on the test—then attended to such contextual information
during the study of the second passage for both types of critical items, consequently
eliminating a generation advantage in their subsequent recall. Such an account would
also be consistent with the finding that the generation advantage was not eliminated on
tests of the second passage when participants had only received to-be-generated critical
items during study of the first passage. It may have been more difficult for such
participants—even if using contextual information in the same way during study of the
first passage—to notice the role of this strategy in aiding their recall during the test
because they were only recalling items they had generated and, thus, not able to

experience a contrast between their ability to recall words encoded via generation versus
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reading. Consequently, they would have been less likely to transfer the use of this
strategy when encoding to-be-read items presented in the second passage.

In research recently completed, we have tested this potential explanation by using
different types of retention tests following study of the first passage: in particular, ones
that provide contextual information during the testing process and ones that do not. Our
reasoning in so doing was as follows: If this explanation is correct, then when the test
following study of the first passage does not provide contextual information, the testing
experience should not lead participants to the discovery of this encoding strategy and,
thus, the generation advantage should not be eliminated in the testing of subsequently
presented material. Consistent with our hypothesis, when participants were given the
same type of fill-in-the-blank test as initially used by deWinstanley and E. L. Bjork
(2004), a generation advantage was then eliminated in the test of the second passage, but,
in contrast, when a test that did not provide such information (e.g., a free recall test) was
administered following study of the first passage, a generation advantage continued to
occur in the test of the second passage (Sin, Storm, Bjork, & deWinstanley, 2006).

Finally, in an even more direct test of this potential strategy in leading to
enhanced encoding of the second passage, we have recently conducted a study in which
we varied both the nature of the test given to participants following their study of the first
passage (i.e., tests that did or did not provide contextual information) and the type of
information for which we tested following the second passage (either critical items or
contextual items). Our reasoning in so doing was that it would only be participants who
could discover this strategy during the test experience (i.e., those given a test involving

contextual information) that would then go on to process such information more
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effectively in the second passage. Consequently, these participants should reveal a
superior ability to recall contextual items in the test of the second passage, and the results
obtained were consistent with this reasoning (Little, Storm, & Bjork, 2008).

Concluding Comments

As clearly documented by research on testing effects, it is not only during study
that learning takes place. Learning also occurs during tests: successful retrieval modifies
the representation of the material so retrieved, making it more retrievable in the future.
In addition to such specific effects on learning that can occur as a consequence of
retrieval during tests—that is, the modification of the representations in memory of the
retrieved information—we believe our research demonstrates that another type of
learning can also take place during tests—in particular, that a higher order type of
learning can occur as well, such as the learning of an improved strategy for encoding
future information.

Additionally, while our research has focused on only one such strategy—that
engendered by the generation of to-be-learned information—it seems possible that
learners could be made sensitive to other extrinsic factors or conditions of learning that
enhance long-term performance through similar testing experiences. Thus, the line of
research that we have outlined in this chapter seems to us to paint a promising picture
from an applied perspective: Namely, that providing students with opportunities to
experience the consequences of differentially effective encoding processes in their own
performance—either in the context of tests, as was done in our research, or potentially in
other ways as well—can lead students to discover and then to adopt on their own more

effective ways of processing future to-be-learned information. That is, beyond the more



Learning from Retrieval 22

effective learning of the information in question, they may also, in general, be learning

how to learn more effectively.
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