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Abstract Information that is produced or generated during
learning is better remembered than information that is passive-
ly read, a phenomenon known as the generation effect. Prior
research by deWinstanley and Bjork (Memory & Cognition,
32, 945–955, 2004) has shown that learners, after experienc-
ing the memorial benefits of generation in the context of a fill-
in-the-blank test following the study of a text passage contain-
ing both to-be-read and to-be-generated items, become more
effective encoders of to-be-read items on a second passage,
thus eliminating the generation effect on a subsequent mem-
ory test. Current explanations of this phenomenon assume that
learners need to actually experience the generation advantage
on the test of the first passage to become more effective en-
coders of to-be-read items on the second passage. The results
of the present research, however, suggest otherwise. Although
experiencing a test of the first passage does appear to be crit-
ical for leading participants to become better encoders on the
second passage, experiencing a generation advantage on the
test for the first passage is not. More generally, these results
shine new light on the generation effect as well as how and
why taking tests has the potential to improve subsequent
learning.
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Learning activities that require an active contribution from the
learner can produce a greater memorial advantage compared
to activities that are more passive, such as reading or studying
provided information. If learners, for example, are required to
generate information during study (say, generating words
from subsets of their letters), they tend to perform better on
a later recall test for such information than do learners who
simply read that same information presented intact during
study. This memorial advantage for generation over read-
ing—referred to as the generation effect (Jacoby, 1978;
Slamecka & Graf, 1978; for a review, see Bertsch, Pesta,
Wiscott, & McDaniel, 2007)—has been demonstrated to be
a robust phenomenon, occurring for a variety of materials and
in educational contexts (e.g., deWinstanley, 1995; McNamara
& Healy, 1995a, b; Metcalfe & Kornell, 2007; Metcalfe,
Kornell, & Son, 2007; Pesta, Sanders, & Murphy, 1999).

Nonetheless, there are also times when requiring learners to
encode information via generation (versus reading) does not
result in a memorial advantage for the generated information.
Thus, an adequate theoretical account of the generation effect
must be able to predict both the conditions under which it
should and should not be observed. A key feature of theoret-
ical accounts that are able to make such predictions is the
assumption that the relationship between encoding and re-
trieval processes is a critical determiner of its occurrence—
somewhat similar to the assumption of transfer-appropriate
processing (Morris, Bransford, & Franks, 1977).

The procedural account of the generation effect, for exam-
ple, states that the effect is observed when the learner is able to
reinstate the particular procedures that took place during gen-
eration on a later retention test (Crutcher & Healy, 1989;
McNamara & Healy, 1995a, b). The transfer-appropriate mul-
tifactor account (deWinstanley, Bjork, & Bjork, 1996), which
is built upon the two-factor (Hirshman & Bjork, 1988) and
multifactor (McDaniel, Waddill, & Einstein, 1988) accounts,
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asserts that generation effects occur when the act of generation
strengthens information that will be useful for correct perfor-
mance on a subsequent test. That is, based on these two ac-
counts, when the later retention or criterion test is sensitive to
the generated information, or evokes the same procedures as
those practiced or learned during the generation task, then a
generation advantage should be observed; when it does not,
however, a generation advantage should not be observed.

Experiencing the generation effect enhances
subsequent encoding

Implementing generation during learning may provide bene-
fits beyond that of improving recall of the material being gen-
erated. Using a multitrial design, for example, deWinstanley
and Bjork (2004) found that when participants experience the
memorial benefits of generation for learning on one trial, that
experience seemed to lead to enhanced encoding of new in-
formation on a future trial. That is, they found that experienc-
ing a memorial advantage for the generated information pre-
sented in an initial text passage led participants to modify their
encoding strategies such that they then learned a second pas-
sage better than if they had not experienced a generation
advantage.

In the paradigm employed by deWinstanley and Bjork
(2004), participants were presented with a first text passage
to learn, with the passage presented one sentence at a time.
Each sentence contained a critical target word (printed with
red letters) that was either presented intact (to-be-read targets)
or with some letters missing (to-be-generated targets). For the
generated targets, participants used what letters were provided
plus the surrounding text to help them generate the entire
target word, which they then recorded. For targets presented
intact, or the read targets, participants simply read and record-
ed the critical target word. In a following fill-in-the-blank test
requiring participants to recall the missing critical targets giv-
en the rest of the sentence, participants performed significant-
ly better for targets that had been generated versus those that
had been read, thus demonstrating a generation advantage.
Critically, however, when participants were then given a sec-
ond passage to study, which once again consisted of a series of
sentences containing critical words that were either presented
intact or had to be generated from a fragment, a generation
advantage was not observed on the same type of fill-in-the-
blank test for the second passage. Importantly, the generation
effect was eliminated, not because recall of the generated tar-
gets decreased, but because recall of the read targets increased.
DeWinstanley and Bjork interpreted this finding as indicating
that experiencing the generation advantage during the test
following study of the first passage led learners to adopt more
effective encoding strategies when faced with the task of
learning the new information presented in the second passage.

Several studies have now both replicated the phenomenon
reported by deWinstanley and Bjork and tested possible ex-
planations of it (Bjork, deWinstanley, & Storm, 2007; Bjork &
Storm, 2011; Burnett & Bodner, 2014). One possibility, ex-
plored by Bjork and Storm (2011), which they referred to as
an enhanced contextual-processing account, involved the fol-
lowing assumptions. First, during study of the initial passage,
participants used contextual information—specifically, the
text surrounding the critical target word—to help them com-
plete the generated targets. Then, during the fill-in-the-blank
test, they became aware of the importance of having paid
attention to contextual information when generating critical
items during study for their being able to correctly recall the
missing items for the fill-in-the-blank test questions.
Consequently, during their study of the second passage, they
employed this contextual-processing strategy when encoding
critical items, regardless of whether those items were present-
ed as to-be-generated or to-be-read items, thereby enhancing
their performance for read targets to the level of that for gen-
erated targets.

To disambiguate the enhanced contextual-processing ex-
planation of the results observed by deWinstanley and Bjork
(2004) and by Bjork and Storm (2011), from accounts of the
effects of generation on memory for intrinsic and extrinsic
context—a related but quite different realm of inquiry in the
literature (see, e.g., Mulligan, 2004, 2011; Marsh, Edelman, &
Bower, 2001)—the enhanced contextual-processing account
of Bjork and Storm can also be framed in the terms used by
multifactor accounts of the generation effect (for relevant
reviews, see Hunt & McDaniel, 1993; Mulligan & Lozito,
2004). According to such multifactor accounts, during the
learning of a list of cue–target word pairs, in which some of
the targets are to be generated and some are simply to be read,
generation would act to enhance one or more of the following
types of information, depending on the specific nature of the
generation task: item-specific information (i.e., information
specific to the target itself, such as how it looks); cue–target
relational information (information about the specific relation
that the target has to the cue—an antonym, synonym, rhymes
with, etc.); and target–target or whole-list relational informa-
tion (e.g., similarities among targets, such as a shared categor-
ical membership).

Accordingly, if a particular generation task had primarily
strengthened cue–target relational information, then on a later
cued-recall test—assumed to be sensitive to such information
(e.g., Einstein & Hunt, 1980; Tulving, 1962)—performance
should be better for the generated cue–target pairs than for the
read cue–target pairs. With regard to the materials and para-
digm employed by deWinstanley and Bjork, their critical to-
be-generated or to-be-read words can be thought of as the
target word, and the surrounding context of the sentence can
be thought of as the cue. Then, expressed in these terms,
experiencing a generation advantage on the first test is thought
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to lead participants to pay more attention to the processing of
cue–target relational information when encoding the second
passage, regardless of whether the target word is presented
intact or with letters missing, thus potentially diminishing
the size of the generation effect that would be expected on
the test of the second passage.

Bjork and Storm (2011) tested this enhanced contextual-
processing account by manipulating the type of test that par-
ticipants experienced after studying the first passage.
Specifically, instead of giving participants a fill-in-the-blank
test, they were given a free-recall test requiring them to recall
all the target words from the passage. Presumably, to perform
well on such a free-recall test, participants would not have
needed to encode the relationship between the target words
and the surrounding context. Thus, although a generation ad-
vantage was observed on the free-recall test (as would be
expected, given the greater strengthening of item-specific in-
formation that the generated items likely received), Bjork and
Storm predicted that such an experience would be insufficient
to induce learners to study the second passage in a way that
would facilitate performance on read targets as they had done
when receiving a fill-in-the-blank test (rather than a free-recall
test) following study of the first passage. Consistent with this
expectation, experiencing the benefits of generation on a free-
recall test did not induce learners to study a second passage in
a way that eliminated the generation advantage on a later fill-
in-the-blank test. Bjork and Storm provided additional evi-
dence for the enhanced contextual-processing account in a
subsequent experiment by showing that participants who re-
ceived a fill-in-the-blank test following the first passage re-
membered more surrounding context words (i.e., words other
than the target words) from the second passage than did par-
ticipants who received a free-recall test following the first
passage.

Logic of the current research

The work of Bjork and Storm (2011) suggests that in order to
become better learners of future to-be-read information, par-
ticipants must experience an initial test that informs them as to
the type of processing or encoding procedures that are going
to be helpful on a subsequent test. It remains unclear, however,
whether this test experience must also entail their becoming
aware of a generation advantage. DeWinstanley and Bjork
(2004) conjectured that participants must actually experience
the benefits of generation on the test of the first passage—that
is, gain metacognitive awareness of such benefits while taking
the test—to realize how to study the second passage more
effectively. This conjecture, which is consistent with the idea
that people are unlikely to switch from a less effective learning
strategy to a more effective learning strategy unless they ac-
tually experience the relative effectiveness of the two

strategies (e.g., Brigham & Pressley, 1988; Dunlosky &
Hertzog, 2000; Shaughnessy, 1981), was supported by several
further findings reported by deWinstanley and Bjork
(Experiments 2 & 3). For example, they found the generation
effect persisted on the test of the second passage—that is,
participants failed to become better learners of read items in
the second passage—when participants had the opportunity to
experience only the encoding of one target type or the other
(i.e., read or generate) on the first passage (cf. Burnett &
Bodner, 2014).

It is possible, however, that neither experiencing a genera-
tion advantage nor even gaining an awareness of the genera-
tion advantage is necessary for participants to become better
learners when studying the second passage. Rather, according
to the most basic assumptions of the enhanced contextual-
processing account, it would seem that for participants to be-
come better learners of the second passage they would need
only to become aware of (a) the type of criterion test that is
going to be employed and (b) the type of information to which
such a test is sensitive. In situations where the second test
consists of fill-in-the-blank questions, for example, partici-
pants would need to discern that encoding target words in
relation to the surrounding contextual words would be advan-
tageous for performing well on such a test. Both of these
criteria seem likely to be met without participants needing to
experience, or become aware of, a generation advantage on
the test of the first passage.

The two experiments of the present research were designed
to help elucidate the necessary/sufficient conditions of the
phenomenon in question by testing the contrasting predictions
of the enhanced contextual-processing account (Bjork &
Storm, 2011) versus the account proposed by deWinstanley
and Bjork (2004). We did this by manipulating the type of
experience that participants undergo during the learning of a
first passage before being required to learn a second passage.

Experiment 1

In Experiment 1, participants were successively presented
with two text passages that were to be learned, with each
passage containing critical target words that either had to be
generated or were presented intact and simply had to be read.
For one set of participants, each passage was followed by a
fill-in-the-blank test, in which participants had to retrieve the
target words given the surrounding context words. This con-
dition represented a direct replication of deWinstanley and
Bjork (2004, Experiment 1), and thus we predicted that par-
ticipants would become more effective encoders of read items
in the second passage, possibly to the extent that the genera-
tion advantage would be eliminated or substantially reduced
on the test of the second passage. For other participants, how-
ever, the fill-in-the-blank test for the first passage was
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removed. Instead, these participants were either (a) given the
opportunity to reflect on the differences between to-be-read
and to-be-generated items from the first passage (self-reflect
condition) or (b) given a brief description of the benefits of
generation and, additionally, told that—had they been given a
test—they would have recalled generate targets better than
read targets (explanation-provided condition). Participants in
both of these latter conditions were shown an example of the
type of questions (i.e., fill-in-the-blank items) that they would
have received had they been tested.

The self-reflect and explanation-provided conditions were
designed to give participants the knowledge we speculated
that participants typically possessed after experiencing the ini-
tial test (i.e., that generation led to a more effective strategy for
encoding the critical targets than did simply reading them), but
without actually giving them the opportunity to experience
that test. If knowledge of a strategy’s relative effectiveness is
sufficient for learners to develop improved strategies for the
future, then perhaps simply informing them of the relative
effectiveness of each encoding strategy would be sufficient
to lead participants to become better learners of the read items
in the second passage. If so, then we would expect these par-
ticipants to exhibit a pattern of results on the second passage
similar to that exhibited by participants in the replication con-
dition. If, however, participants actually need to experience an
initial test, then participants in the explanation-provided and
self-reflect conditions should show a very different pattern of
results than participants in the replication condition.
Specifically, they should exhibit diminished performance for
target words presented as to-be-read items relative to those
presented as to-be-generated items; that is, they should fail
to exhibit an attenuation or elimination of the generation effect
in their test performance for the second passage.

Method

ParticipantsA total of 96 undergraduates at the University of
Illinois at Chicago participated for credit in a psychology
course. Participants were randomly assigned to the replication,
self-reflect, and explanation-provided conditions.

Materials Text materials were two psychology-related pas-
sages (one on genetics, the other on self-esteem), and their
order of presentation was counterbalanced across participants.
Each passage was divided into individual sentences (8–23
words long), which were presented individually on a comput-
er screen for 15 s each. The beginning of each passage
contained two buffer sentences, which contained no critical
target words. The next 14 sentences each contained a critical
target word in red print presented in one of two ways: as an
intact word (i.e., a read item) or as a word with missing letters
(i.e., a generated item). For a read target, participants copied
the word onto a lined sheet of paper in front of them. For a

generated target, participants tried to generate the word by
filling in the missing letters and then writing the entire word
onto the lined sheet of paper in front of them. Memory for the
target words was assessed with fill-in-the blank tests. The
particular sentences containing read versus generated critical
items was counterbalanced across participants.

Procedure All participants were tested individually.
Participants were told they would be presented with a text
passage, one sentence at a time, with each sentence after the
first two containing one word appearing in red print.
Participants were given a lined sheet of paper and asked to
write down the red words they saw, by either filling in the
missing letters for the fragmented words (generated targets)
or simply copying the intact words (read targets). Immediately
following study of the first passage, participants in the repli-
cation condition were given a fill-in-the-blank test, which
consisted of sentences from the first passage as they had ap-
peared on the computer screen, except with the critical target
words missing, and they were given 2 min to recall as many of
the missing critical targets as they could. Participants were not
given any feedback with regard to their performance on this
fill-in-the-blank test.

In contrast to the participants in the replication condition,
who actually gained experience with what it was like to take a
fill-in-the-blank test following study of the first passage, par-
ticipants in the self-reflect and explanation-provided condi-
tions were instead given a handout that asked them to imagine
they had been given a fill-in-the-blank test for the information
they had studied in the first passage. Participants in these
conditions were also provided with an illustrative example
of a type of question that would have appeared on the test
(e.g., BExperimental psychology is a ______ essentially like
any other. The answer is science.^). They were then asked if
they thought they would be better able to remember the items
they produced from fragments (generated targets) or the items
presented intact (read targets). The majority (64 %) of partic-
ipants indicated that they would remember the items they
generated better than items they read.

After making their predictions, participants in the self-
reflect condition were given two minutes to explain why they
made their particular predictions. In contrast, participants in
the explanation-provided condition were given two minutes to
read a short paragraph (shown below) explaining the purport-
ed benefits of generation:

Memory researchers believe that you would have been
better able to remember items that you produced from
fragments. Having to generate an item from a fragment
forced you to learn that item in the context of the other
words in the sentence. Learning how each item fits with-
in each sentence would have helped you perform better
on the fill-in-the-blank test.
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They were then asked to indicate how much they agreed
with this reasoning on a 9-point Likert scale, with 1
representing not at all, 5 corresponding with unsure, and 9
representing very much. Participants gave a median rating of
7.5, with 94 % of participants giving a rating of 6 or above.
Thus, in general, participants in the explanation-provided con-
dition seemed to have come to an appreciation of the potential
benefits of generation.

Participants in all three conditions were then presented with
a second passage that once again contained to-be-read and to-
be-generated target words, followed immediately by the same
type of fill-in-the-blank test administered to participants in the
replication condition after their study of the first passage.

Results and discussion

Targets were only marked as correct if they were recalled in
the appropriate sentence. Minor spelling errors (e.g.,
Bintamacy^) were marked as correct.

The top panel of Table 1 shows the mean correct recall
proportions for the critical target items from each passage
and condition. The replication group’s recall performance
was analyzed using a 2 (target type: generated vs. read) × 2
(passage: first vs. second) repeated-measures analysis of var-
iance (ANOVA). Significant main effects were observed such
that recall was higher for the generated targets (M = .51, SE =
.04) than for the read targets (M = .40, SE = .03), F(1, 31) =
12.59,MSE = .03, p =.001, partial η2 = .29, and overall recall
increased from the first passage (M = .35, SE = .03) to the
second passage (M = .56, SE = .04), F(1, 31) = 35.08,MSE =
.04, p < .001, partial η2 = .53. Importantly, the interaction was
also significant, F(1, 31) = 11.03,MSE = .02, p = .002, partial
η2 = .26. For the first passage, generated targets (M = .45, SE =
.05) were recalled significantly better than the read targets (M
= .26, SE = .03), thus exhibiting a standard generation

advantage, t(31) = 4.43, p < .001, d = .81. For the second
passage, however, generated targets (M = .58, SE = .05) were
not recalled significantly better than the read targets (M = .54,
SE = .04), t(31) = 1.02, p = .32, d = .18. Although the numer-
ical advantage for generated targets was not completely elim-
inated across passages, recall significantly improved for read
targets, a result that is consistent with that of deWinstanley and
Bjork (2004, Experiment 1).

Next, to assess whether participants actually need to expe-
rience an initial test to develop improved encoding strategies,
we examined whether participants in the other two conditions
exhibited a significant generation advantage in their recall of
critical targets presented in the second passage. In the self-
reflect condition, we found participants to recall significantly
more generated targets (M = .49, SE = .05) than read targets
(M = .36, SE = .03), t(31) = 3.53, p = .001, d = .62. Similarly,
in the explanation-provided condition, we found participants
to recall significantly more of the generated targets (M = .36,
SE = .04) than read targets (M = .27, SE = .04), t(31) = 2.14, p
= .04, d = .38. Thus, a generation advantage still emerged in
the recall of these two groups, even though both groups had
been given an initial study experience with read and generated
targets and had seemed either to understand that generation
should be a more effective encoding strategy (i.e., the self-
reflect participants) or had been explicitly told that generation
would be the more effective encoding strategy (i.e., the
explanation-provided group).

To compare recall performance in the three conditions on
the test of the second passage, we conducted a 2 (target type:
generated vs. read) × 3 (condition: replication vs. self-reflect
vs. explanation-provided) mixed-design ANOVA. Significant
main effects of both target type, F(1, 93) = 15.06,MSE = .02,
p < .001, partial η2 = .14, and condition, F(2, 93) = 10.91,
MSE = .09, p < .001, partial η2 = .19, were observed. Despite
the apparent pattern illustrated in Table 1, however, the inter-
action effect was not significant, F(2, 93) = 1.57,MSE = .02, p
= .21, partial η2 = .03, advocating that caution should be taken
in the interpretation of these data. Although we can be confi-
dent in our conclusion that participants in the replication con-
dition exhibited a significantly diminished generation effect in
their performance on the tests of the second versus the first
passage, we cannot conclude that this diminished effect is
different from that observed in the other two conditions. It is
interesting to note, however, that the significant generation
effects revealed in the previous analyses for both the self-
reflect and explanation-provided conditions are numerically
smaller (13 % and 9 %, respectively) than that observed in
the test of the first passage in the replication condition (19 %),
suggesting that the self-reflect and explanation-provided con-
ditions may have been at least somewhat effective in reducing
the generation advantage. It is also possible that not all partic-
ipants in the explanation-provided condition fully understood
the explanations that were provided, in which case we might

Table 1 Mean Correct Recall Proportions for Critical Targets as a
Function of Condition in Experiments 1 and 2 (Standard Errors in
Parentheses)

Experiment Passage 1 Passage 2

Generate Read Generate Read

Experiment 1

Replication/Test .45 (.05) .26 (.03) .58 (.05) .54 (.04)

Self-Reflect – – .49 (.05) .36 (.03)

Explanation-Provided – – .36 (.04) .27 (.04)

Experiment 2

Generate-Advantage .67 (.04) .26 (.04) .62 (.03) .56 (.04)

Read-Advantage .44 (.04) .60 (.04) .61 (.03) .59 (.04)

Overall .56 (.03) .43 (.03) .62 (.02) .57 (.03)
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expect the generation effect to be only partially diminished
and not completely eliminated.

We next followed up on the significant main effect of con-
dition by conducting three independent-sample comparisons
of overall recall performance in the test of the second passage.
All three comparisons were statistically significant.
Specifically, participants in the replication condition (M =
.56, SE = .04) outperformed participants in both the self-
reflect condition (M = .42, SE = .04), t(62) = 2.44, p = .02, d
=.61, and explanation-provided condition (M = .31, SE = .03),
t(62) = 4.57, p < .001, d = 1.14; and participants in the self-
reflect condition outperformed participants in the explanation-
provided condition, t(62) = 2.27, p = .03, d = .57.

The finding that overall performance was better in the rep-
lication condition than in the other two conditions seems quite
reasonable. By actually experiencing the first test, these par-
ticipants would likely have been more prepared to do well on
the second test, or put in terms of the generation accounts
under consideration, would have become more aware of the
type of information to which such tests are sensitive. The
reason for the difference in performance between the self-
reflect and explanation-provided conditions is, however, a
bit more speculative. One possibility is that thinking about
the effects of generation after study of an initial passage may
be more effective for enhancing subsequent encoding than
being told about a strategy that would be beneficial for such
encoding. Perhaps the self-reflect instructions led participants
to think more carefully about the nature or demands of a fill-
in-the-blank test and to speculate whether their performance
on such a test might be better for targets they had needed to
produce from fragments or for ones that had been presented to
them intact. Such reasoning may have then led these partici-
pants to realize more fully the type of processing in which they
should engage during future study in order to do well on such
a test than could participants who were simply provided an
explanation. Although the precise reason for the difference in
performance between the two conditions is unclear, what is
clear (at least in this context) is that being told what to do
while studying can be less effective than being allowed to
self-reflect on what one should do while studying.

Experiment 2

The pattern of results obtained in Experiment 1 suggests that
simply being told about the benefits of generation may not be
sufficient for participants to become better encoders of read
items when learning a subsequent passage, at least to the ex-
tent that read items are learned as well as generated items.
Rather, to achieve this latter outcome, it appears that partici-
pants need actually to experience the benefits of generation
themselves in the context of a test. At first glance, this finding
appears to be consistent with deWinstanley and Bjork’s

(2004) assumption that participants need to experience better
performance for generated items than read items on the initial
test—and that it is this experience that then drives participants
to engage in more effective encoding procedures for read
items on the second passage. It is also possible, however, that
such specific awareness—or the actual experiencing of the
generation advantage in the context of a test—is unnecessary.
Perhaps all that is necessary is experience with, or even just
information about, the nature of the generation task combined
with the experience of taking the type of test that will be
employed in the future. Perhaps access to the knowledge that
comes with these experiences would be sufficient to allow
participants to realize how the nature or demands of the gen-
eration task might have led them to encode information during
study of the first passage in a way that then enhanced their
later test performance. If so, under such circumstances, partic-
ipants might be able to develop more effective encoding strat-
egies for processing subsequent to-be-read information, even
if they had not actually experienced a memorial advantage of
generation on the test of the first passage.

Although it seems clear from both the present and previous
results that participants learn something from the testing of the
first passage that leads them to become better learners of the
second passage, it may not be their relative levels of recall
performance for generate versus read items that drive this
change. Rather, it may be the experience of performing both
types of tasks plus the taking of the test that allows them to
realize how their encoding of information during the genera-
tion task versus the reading task might affect their later per-
formance on such a test. If so, then perhaps it would not matter
whether participants do or do not actually experience a me-
morial advantage for generation in the context of a test for
them to improve their encoding strategies for the processing
of future information. Although this question has been ad-
dressed in a study by Burnett and Bodner (2014), a limitation
of their study was that the extent to which participants exhib-
ited a generation advantage on the first passage was not ex-
perimentally manipulated. Instead, participants were split into
two groups based on whether their performance happened to
exhibit a read advantage or a generate advantage, thus leaving
the results open to being influenced by selection effects and/or
differences in counterbalancing.

In the present Experiment 2, we actually manipulated
whether participants would or would not experience a benefit
of generation on the test of a first passage, with a random half
of the participants experiencing a benefit of generation on the
first test (generate-advantage condition) and the other random
half experiencing a benefit of reading on the first test (read-
advantage condition). If participants need to actually experi-
ence a generation advantage in their own test performance to
become better learners of future to-be-read information, then
participants in the generate-advantage condition should exhib-
it a greater increase in recall for to-be-read targets on the
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second passage than participants in the read-advantage
condition.

Method

Participants Eighty undergraduates (M age = 20.4) from the
University of California, Santa Cruz (UCSC), participated for
credit in a psychology course. The data from one participant
was removed due to experimenter error.

Materials and procedure The materials and procedure were
nearly identical to those used in the replication condition of
Experiment 1. Participants were presented with two passages,
each containing a series of sentences with a critical target word
that was either to be read or to be generated. Unbeknownst to
the participants, however, the first passage was constructed to
make either generate or read targets Badvantaged^ and thus
easier to recall on the later test. Using data from Experiment 1,
we identified the seven target words that were easiest to recall
(average recall: 58 %) and the seven target words that were
most difficult to recall (average recall: 34 %), regardless of
encoding condition. Then, for participants in the generate-
advantage condition, the to-be-generated targets all came from
the easy set of items while the to-be-read targets all came from
the difficult set of items. In contrast, for participants in the
read-advantage condition, the to-be-generated targets all came
from the difficult set of items and the to-be-read targets all
came from the easy set of items. For both groups of partici-
pants, however, the second passage presented for study was
constructed in the same way as the second passage in the
replication condition of Experiment 1; specifically, the items
were randomly distributed as read or generated targets and
counterbalanced.

Results and discussion

We first conducted a 2 (target type generated vs. read) × 2
(passage: first vs. second) × 2 (condition: generate-
advantage vs. read-advantage) mixed-design ANOVA with
the first two variables serving as repeated measures.
Significant main effects were observed such that overall recall
was higher for the generated targets (M = .59, SE = .02) than
for the read targets (M = .50, SE = .02), F(1, 77) = 17.23,MSE
= .03, p < .001, partial η2 = .11, and overall recall increased
from the first passage (M = .49, SE = .02) to the second pas-
sage (M = .60, SE = .02), F(1, 77) = 19.54, MSE = .04, p <
.001, partial η2 = .20. More importantly, replicating the work
by deWinstanley and Bjork (2004), the interaction between
target type and passage was significant, F(1, 77) = 5.41,
MSE = .02, p = .02, partial η2 = .04. For the first passage,
the generated targets (M = .56, SE = .03) were recalled signif-
icantly better than the read targets (M = .43, SE = .02), thus
exhibiting a generation advantage, t(78) = 2.89, p = .005, d =

.32. For the second passage, however, although the numerical
advantage for generated targets over read targets was not
completely eliminated, generated targets (M = .62, SE = .02)
were not recalled significantly better than read targets (M =
.57, SE = .03), t(78) = 1.57, p = .12, d = .18. Finally, as
expected, a significant three-way interaction was observed,
F(1, 77) = 57.47, MSE = .02, p = .001, partial η2 = .43. To
gain a deeper understanding of the pattern of overall results,
we next examined performance on the first and second pas-
sages separately, as described below.

First-passage recall performance Performance on the first
passage was analyzed to confirm that a memorial advantage
for generated targets had been obtained in the generate-
advantage condition and that a memorial advantage for read
targets had been obtained in the read-advantage condition. As
can be seen on the left side of the bottom two rows of Table 1,
and as confirmed by a 2 (condition: generate-advantage vs.
read-advantage) × 2 (target type: generated vs. read) ANOVA,
this interaction is exactly what we observed, F(1, 77) =
120.51, MSE = .03, p < .001, partial η2 = .61. Specifically,
participants in the generate-advantage condition recalled sig-
nificantly more generated targets (M = .67, SE =.04) than read
targets (M = .26, SE = .04), t(38) = 11.18, p < .001, d = 1.79,
whereas participants in the read-advantage condition recalled
significantly more read targets (M = .60, SE =.04) than gener-
ated targets (M = .44, SE = .04), t(39) = 4.39, p < .001, d = .69.
In fact, whereas 36 of the 39 participants in the generate-
advantage condition recalled generated targets better than read
targets, only 5 of the 40 participants in the read-advantage
condition recalled generated targets better than read targets.
All data were included in the analyses below. It should be
noted, however, that the same pattern of results was observed
when participants who did not exhibit the appropriate differ-
ence in performance were removed.

Second-passage recall performanceWe next analyzed recall
performance for critical target words in the second passage to
see whether participants in the generate-advantage condition
exhibited a different pattern of results than participants in the
read-advantage condition. As can be seen on the right side of
Table 1, and as confirmed by a 2 (condition: generate-
advantage vs. read-advantage) × 2 (target type: generated vs.
read) ANOVA, they did not. The main effect of condition was
not significant, F(1, 77) = .08,MSE = .06, p = .78, partial η2 =
.00, nor was the main effect of target type, F(1, 77) = 2.50,
MSE = .03, p = .12, partial η2 = .03, or the interaction between
condition and target type, F(1, 77) = .70,MSE = .03, p = .40,
partial η2 = .01. Although not significant differences, it is
interesting to note that the generation advantage was numeri-
cally greater (and read items were recalled numerically less
often) in the generate-advantage condition than in the read-
advantage condition, which is exactly opposite of what would
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be expected based on the idea that participants need to expe-
rience an advantage for generated items over read items on the
test of the first passage to then alter the way in which they
encode the to-be-read items on the second passage. These
results suggest that the extent to which participants experience
a generation advantage on the test of an initial passage does
not influence the extent to which the effect is then eliminated
on the test of a second passage.

Replication of read-advantage condition with feedback on
performance in first passageOne limitation of Experiment
2 is that it is unclear whether participants were actually
aware of their relative performance vis-à-vis read versus
generate items on the test of the first passage. It is possi-
ble, for example, that although participants in the read-
advantage condition failed to exhibit a generation effect,
they may have still subjectively perceived themselves as
performing better on generate items than on read items.
(Such an illusion would be similar to that observed in
studies comparing the effects of interleaving schedules
versus blocked schedules in the learning of related skills
or concepts, which have shown that participants, even
after performing better following interleaved practice
tend to believe that they learned better under blocked
practice, e.g., Birnbaum, Kornell, Bjork, & Bjork, 2013;
Kornell & Bjork, 2008; Simon & Bjork, 2001).

To address this issue, we conducted a replication of
the read-advantage condition (n = 40 UCSC undergradu-
ates) with one important change to the methodology.
Specifically, after participants finished the test of the first
passage, the experimenter went through their test with
them, scoring the items and identifying whether each
item had been generated or read while learning the pas-
sage. The experimenter then counted up the number of
items that the participant answered correctly in each con-
dition, thus informing each participant of whether they,
in fact, had or had not exhibited a generation effect. The
26 participants who failed to exhibit a generation effect
on the first passage (and were made aware of this fact)
did not exhibit a generation effect on the second passage,
t(25) = .31, p = .76, d = .06 (Generate: M = .66, SE =
.05; Read: M = .64, SE = .05). As expected, a nonsig-
nificant effect was also observed when data from all 40
participants were analyzed, t(39) = .36, p = .72, d = .06
(Generate: M = .67, SE = .03; Read: M = .68, SE = .04).
Based on these results, it seems clear that even when
participants are explicitly made aware that they had not
exhibited a generation advantage in their performance on
the first test, they are still able to engage in an encoding
strategy during study of the second passage that brings
their recall of read and generated targets to the same
level of performance on the test of that passage.

General discussion

The present research demonstrates that learners, under certain
conditions, can improve their encoding of new information
without explicit instructions on how to do so. In Experiment
1, we replicated a phenomenon observed by deWinstanley and
Bjork (2004), in which participants who were made sensitive
to the memorial benefits of generation in the context of a test
following study of a passage in which they had encoded crit-
ical words via both generation and reading then became more
effective learners of future to-be-read information presented in
a second passage. Just as in this previous work by
deWinstanley and Bjork, participants in our replication condi-
tion improved their encoding of read targets enough to raise
their recall of them significantly and to a level that did not
significantly differ from that for the generated targets. We did
not, however, find evidence in support of deWinstanley and
Bjork’s suggestion that actually experiencing the memorial
advantage of generation in the context of a test is necessary
for the development of an improved encoding strategy for
future to-be-read information. Rather, our pattern of results
seems more consistent with the enhanced contextual-
processing account suggested by Bjork and Storm (2011)
and, more generally, with test-expectancy findings, such as
those of Finley and Benjamin (2012). Namely, that for new
information to be encoded with a more effective processing
strategy, learners need to be made aware of the type of test
they will be receiving and the type of information to which
such a test is sensitive—that is, the type of information one
needs to encode during study to perform well on such a test. In
the case of the Bjork and Storm study, experience with a fill-
in-the-blank test seemed to inform participants about the ad-
vantages of paying attention to contextual information during
encoding of the sentences, something that participants had
probably done (rather automatically) when required to gener-
ate targets but not when only required to read them during
study of an initial passage. Equipped with such knowledge
after the test experience, however, they then appeared to pay
attention to surrounding contextual information during
encoding of the second passage for both the to-be-generated
targets and the to-be-read targets.

Although in the present Experiment 1, it was not the case
that participants were simply told about or asked to reflect
upon the possible benefits of generation for their later perfor-
mance on a fill-in-the-blank test and then went on to eliminate
a generation advantage in the test of a second passage, other
aspects of our results nonetheless suggest that actually
experiencing the generation benefit in the context of a test is
not a necessary condition for improving encoding of future to-
be-read information. First, participants in the self-reflect con-
dition of Experiment 1, who reflected on the possible benefit
of generation for performance on a fill-in-the-blank test, but
who did not actually experience such a benefit, did produce
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significantly higher overall recall for the second passage than
did participants who were just told about the benefit of gener-
ation (the explanation-provided condition). We see this differ-
ence in the test performance of the two groups as indicating
that participants in the self-reflect condition, as compared to
those in the explanation-provided condition, were led to think
more carefully about the nature or demands of a fill-in-the-
blank test in relation to the generation task versus the read task
that they had performed during study of the first passage,
which, in turn, may have helped them to imagine more accu-
rately (or at least make them more likely to employ) the type
of processing in which they should engage during future study
in order to do well on such a test. Second, in Experiment 2, we
found that participants could improve their study strategy on a
second passage regardless of whether their recall performance
on a fill-in-the-blank test of the first passage exhibited a gen-
eration advantage. Taken together, then, the results of the pres-
ent experiments suggest that—in contrast to the assumption of
deWinstanley and Bjork (2004)—it is not necessary for
learners to actually experience the memorial advantage of
generation to change how they process future to-be-read
information.

Still, given that participants in the self-reflect and the
explanation-provided conditions of Experiment 1, unlike the
replication-condition participants, continued to show a gener-
ation advantage on the test for the second passage, it would
seem to be the case that the test experience can play an impor-
tant role in prompting an effective strategy switch. Perhaps
participants who take an actual test gain a clearer picture of
its demands and the type of information to which it is sensi-
tive, with this greater knowledge enabling them to make ap-
propriate qualitative changes in the processing strategy they
use during study of a second passage to a greater extent than
can participants not having an actual test experience. Given
the lack of a significant interaction among the three condi-
tions, however, we think this interpretation must be made with
caution—that is, although the test experience may be helpful
in promoting a switch in processing strategy, we cannot argue
that such an experience is necessary. Indeed, in contrast to the
various findings indicating the importance of a testing experi-
ence or knowledge about the demands of an upcoming test for
improving processing strategies, Burnet and Bodner (2014)
have reported a study in which the generation advantage for
the second passage was eliminated in a condition where par-
ticipants were not given a test for the first passage.

On the basis of the overall pattern of results observed
across the present studies, and those from the test-
expectancy literature (e.g., Finley & Benjamin), we suggest
that two different factors play important roles in leading par-
ticipants to develop improved encoding strategies in their fu-
ture study: (a) the opportunity to have some experience with
or knowledge about different types of encoding strategies
(e.g., generating vs. reading in the present studies) and (b)

knowledge about the nature of the test they are to be given
on the material they are being asked to learn, with this knowl-
edge gained either through the actual experience of taking
such a test or in some other way. Furthermore, while the pres-
ence of either of these factors would perhaps be sufficient for
participants to improve their future encoding strategies some-
what, the presence of both of them would lead to a greater
amount of improvement.

These assumptions would be consistent with the general
pattern of results obtained in the present research as well as
those obtained in the studies of deWinstanley and Bjork
(2004), Bjork and Storm (2011), and Burnett and Bodner
(2014). Moreover, the differences in the results obtained in
deWinstanley and Bjork’s Experiments 1A and 1B and those
obtained in their Experiment 3 would seem to illustrate the
need for both of these factors to be in operation to gain the
greatest amount of improvement to the processing of informa-
tion presented in the second passage—that is, to raise the
encoding and recall of read information to that of generated
information. In their Experiments 1A and 1B, where both
factors were in place, a generation advantage was eliminated
in the participants’ performance on the test of the second pas-
sage. In their Experiment 3, however, whereas all participants
learned about the nature of the test by taking it after study of
the first passage, because participants only generated targets
or only read targets during study of the first passage, none of
them had the opportunity to gain some experience with or
knowledge about the differences between the types of
encoding processes potentially invoked by the generation task
versus the read task. Thus, while participants in both the read
and generate groups of their Experiment 3 were able to raise
their performance across passages, which could be interpreted
as reflecting a general learning-to-learn type of benefit, the
performance of participants in the read group did not rise to
the level of the generate group in the test of the second
passage.

Finally, the potential application of the findings of the pres-
ent research to educational practice seems worth mentioning.
Prior research has shown that metacognitive judgments of
learning are often misguided and subject to illusions and that,
left to their own devices, students do not often engage in
optimally effective learning strategies (e.g., Bjork, Dunlosky,
& Kornell, 2013; Koriat, 1997). Might learning about the
nature and/or demands of upcoming tests and the types of
information to which they are sensitive be a more promising
way to lead students to adopt more effective strategies for
acquiring and remembering information? The use of practice
tests, for example, may be a particularly effective way to help
students more appropriately prepare for upcoming examina-
tions. Practice tests using free-recall, cued-recall, and compet-
itive multiple-choice formats have all been shown to increase
long-term retention of the tested material (see, e.g., Bjork,
Little, & Storm, 2014; Roediger & Karpicke, 2006a, b;
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Roediger, Putnam, & Smith, 2011), as well as to improve
metacognitive control of future study-time allocation (see,
e.g., Kornell & Bjork, 2007; Little & McDaniel, 2015).
Experience with practice tests also provides students with
the chance to learn the format of future exams and to adjust
their study strategies accordingly. As Finley and Benjamin
(2012) argued, studying is most efficient when learners are
equipped with beneficial encoding strategies.

Although learning in educational settings is often more
complex and varied than that exemplified by the tasks of the
present research, the ability of learners in the present research
to anticipate the demands of an upcoming test and to select
more appropriate encoding strategies as a consequence of that
experience seems promising for improving learning both
within the classroom and in contexts involving self-regulated
learning. Considering that only a small minority of students
report ever being taught study strategies (Kornell & Bjork,
2007), it is encouraging to know that learners can discover
more effective encoding strategies for themselves through ex-
perience. Indeed, it would seem to be the case that some
encoding strategies are best learned through active participa-
tion and practice, with learners being afforded the opportunity
to become familiar with the demands of a test or task by
personally engaging with it, as opposed to being told by edu-
cators the specific ways in which they should study.
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