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THE POWER OF TESTS AS LEARNING EVENTS

Although to many educators and learners alike, tests are simply mea-
sures of what is already known; tests can, in fact, also serve as power-
ful learning events. Indeed, much laboratory research (e.g., Landauer
& 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 not simply assess the con-
tents 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 modi-
fying 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 mem-

ory 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 4
feedback, was recently and ;

impressively demonstrated by Roediger and Karpicke (2006b) using 4
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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) dur-
ing acquisition. A typically used procedure, for example, is to present
learners with a list of cue-target pairs to learn and, following the pre-
sentation 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 sucha
procedure, the JOLs made by participants have been found to be moder-
ately accurate (e.g., Dunlosky & Nelson, 1994; 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. : o
Learners, however, can also be far from accurate in taking such read-
ings 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, 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 con-
ditions of learning (such as massed practice) that enhance or support
performance during study or training, but actually impair long-term
retention or transfer (e.g., Simon & 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
answers from long-term memory in the presence of cues available at the

et al., 1998).
One account for the occurrence of such dissociations between the
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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 encod-
ing strategy of generation as one of the conditions of learning to which
Jearners do not seem sensitive, we first define and illustrate the genera-
tion 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 address the general issue of the sensitivity of learn-
ers to the memorial benefits of generation and whether—if made sensi-
tive 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 3
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 bet-
ter 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. 1

Considerable research has shown this memorial benefit of genera-
tion (e.g., Jacoby, 1978; Slamecka & Graf, 1978) to be both a robust
phenomenon and one that extends to a variety of materials, includ- 1
ing lists of words, word pairs, and trivia questions (e.g., deWinstanley;
1995; Hirshman & Bjork, 1988) as well as mathematical problems (e.g+4
McNamara & Healy, 1995a, 1995b; Pesta, Sanders, & Murphy, 1999
The generation advantage, however, can also be diminished or evenj
eliminated under certain conditions. For example, McNamara and:
Healy (1995a, 1995b) found that generation advantages do not occ
on a later test for arithmetic problems unless retrieval strategies that
were employed by learners during study are evoked again during th
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o mmsmnww w EMEm:nm Sﬂmm?ﬁ.mwmo?a&mao:m_ processing as a basis
io} generat ng targets ma.a forcing participants to rely on cue-target-
relational information instead. On subsequent tests, these partici-
1 _uw.sa showed a generation advantage on a cued-recall test, but not on
. M<8_m-3nm: test. In short, a striking reversal was observed in the rela-
4 <2M =M<MM %m Mnoo mmm cued recall for targets that had been generated
f Lorsus mu epending on the type of information participants had
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QM gate %owc, for wme.Em.u showed that the advantage of generation
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| wo-womm items. Similarly, deWinstanley and Bjork (1997) %M»Emﬁmm
: .,w.ﬁSoc& observed generation advantage for identical materials b
m..Snm participants explicit instructions concerning the type of 38:&
on test to expect and how to process information optimally in antici-
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These types of findings, delineating conditions under which gen-
eration 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 character-
ized, the procedural account (Crutcher & Healy, 1989; McNamara &
Healy, 1995a, 1995b) assumes that when learners are required to gener-
ate 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 (deW-
instanley et al., 1996)—built upon the two-factor account of Hirshman
and Bjork (1988) and the multifactor account of McDaniel, Waddill,
and Einstein (1988)—assumes that the act of generation strengthens
whatever 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.

OLs mj
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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 criti-
cal 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 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
impossible for participants presented with only to-be-read items in the
first passage to reveal any such improved encoding strategies for sub-
sequent to-be-read items, as they only received to-be-generated criti-
cal items in their second passage. Thus, to address this possibility, they
next manipulated the requirement to generate versus read between par-
ticipants 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 dissatisfac-

tion explanation is correct, then the generation advantage should be 1

reduced or eliminated in the test of the second passage. If, however, the

opportunity to experience the memorial benefits of generating relative 1

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 wer¢
denied the opportunity to experience the memorial advantage of geners 3

ation in their own test performance—because the read versus genera

 E—————— ]
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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 Bjork (2004) studies, both the first
and second passages always contained both to-be-read and to-be-gen-
erated 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— 1§
that is, its ability to lead learners to develop more effective encoding §
strategies for processing future information—can persist across a 4
delay filled with other activities and, furthermore, does not require
that the test be administered immediately after presentation of the
first passage. o

Also being addressed in our current research is the question of the
necessity for learners actually to experience the differential effective;
ness of encoding via generation versus reading in the context of a mem-
ory test. From the deWinstanley and Bjork (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 strate-
gies for future to-be-read items. Additionally, that such an experience
would be necessary is consjstent with previous research indicating that §
Jearners are typically unable to judge the efficacy of a given process-
ing strategy during its execution and do not switch from a less to 3 §
more effective strategy without an opportunity to experience their rela- 4
tive effectiveness (see, e.g., Dunlosky & Hertzog, 2000). What remai
unclear, however, is whether the relative effectiveness must be expe
enced 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 wé
are currently addressing this possibility in ongoing research by varyingg

across participants the type of experience they have following study o

the first passage. For example, for some participants, they are given the;

opportunity to experience the relative effectiveness of generating versusg
reading for later performance via a testing episode, whereas for other
we are instructing them in various ways regarding the relative memog
rial effectiveness of generation versus reading as encoding strategies§
Although still ongoing, results so far are strongly indicating the criticdl
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Storm, & Bjork, 2008).

while our research has focused on only one such strat-
egy—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 effective learning of the information in question, they

may also, in general, be learning how to learn more effectively.
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