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Abstract Although the testing effect has received a substan-
tial amount of empirical attention, such research has largely
focused on the effects of tests given after study. The present
research examines the effect of using tests prior to study (i.e.,
as pretests), focusing particularly on how pretesting influences
the subsequent learning of information that is not itself
pretested but that is related to the pretested information. In
Experiment 1, we found that multiple-choice pretesting was
better for the learning of such related information than was
cued-recall pretesting or a pre-fact-study control condition. In
Experiment 2, we found that the increased learning of non-
pretested related information following multiple-choice test-
ing could not be attributed to increased time allocated to that
information during subsequent study. Last, in Experiment 3,
we showed that the benefits of multiple-choice pretesting over
cued-recall pretesting for the learning of related information
persist over 48 hours, thus demonstrating the promise of
multiple-choice pretesting to potentiate learning in education-
al contexts. A possible explanation for the observed benefits
of multiple-choice pretesting for enhancing the effectiveness
with which related nontested information is learned during
subsequent study is discussed.

Keywords Pretesting . Testing effects . Learning .Multiple
choice . Test-potentiated learning

That pretesting can potentiate the learning of pretested
information during subsequent study has been demon-
strated for a variety of materials and across a variety
of methodologies (e.g., Arnold & McDermott, 2013;
Kornell, Hays, & Bjork, 2009). This finding has clear
applications for learning in educational contexts
(Anderson & Biddle, 1975; Kane & Anderson, 1978;
Little & Bjork, 2011; Pressley, Tanenbaum, McDaniel,
& Wood, 1990; Richland, Kornell, & Kao; 2009;
Rothkopf, 1966). Relatively little work, however, has
examined whether such pretesting can also potentiate
the learning of information that was not itself
pretested, or instead, whether the learning of such in-
formation might be impaired by such pretesting. This
question is particularly pertinent to conditions in which
such non-pretested material is related to, and thereby
potentially confusable or competitive with, the specifi-
cally pretested information.

The issue raised previously is important because stu-
dents are often presented with large amounts of related
and thus potentially confusable information (e.g., anato-
my, geography, history courses), and they are sometimes
pretested on subsets of that information (e.g., with
Bclicker^ questions presented at the beginning of a lec-
ture), followed by more comprehensive exams that
would actually count toward their grades and that would
include the testing of non-pretested related information
as well. Of particular interest in the present research
was whether, and if so how, pretesting might improve
the learning of such related, and thus possibly compet-
itive, non-pretested information. The present research
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examines such possible effects for multiple-choice pre-
tests in comparison to cued-recall pretests. We see a
comparison of these two types of testing formats to be
particularly critical, given the already extensive use of
multiple-choice testing in large classrooms and its in-
creasing use as a tool for learning with classroom re-
sponse systems (e.g., Bclickers^; Buhay, Best, &
McGuire, 2010; Lantz & Stawiski, 2014; Mayer et al.,
2009; Smith et al., 2009), with such tests often given
before instruction (Glass, Brill, & Ingate, 2008).

Previously, Little and Bjork (2011) demonstrated that an-
swering multiple-choice questions prior to study can improve
one’s ability to learn such competitive non-pretested related
information compared to no-pretest control conditions—when
answers to related questions had appeared as incorrect alter-
natives on the pretest questions. In their Experiment 3, partic-
ipants read passages (e.g., about Yellowstone National Park
and the planet Saturn), with one preceded by multiple-choice
questions (e.g., What geyser is thought to be the oldest in the
world? a. Old Faithful, b. Steamboat Geyser, c. Castle Geyser,
d. Daisy Geyser) and one preceded by the study of facts con-
taining all of the information in the questions, including the
incorrect alternatives (a fact-study control condition; e.g.,
Castle Geyser is thought to be the oldest geyser in the world,
not Old Faithful, Steamboat Geyser, or Daisy Geyser). When
later asked the name of the tallest (rather than the oldest)
geyser, participants were better able to access the correct an-
swer, Steamboat Geyser, when they had answered a multiple-
choice pretest question for which Castle Geyser was the cor-
rect answer than when they had studied the comparable fact
beforehand, demonstrating that the benefit depends upon
more than simply preexposure to the correct answers during
a prestudy activity. How multiple-choice pretest questions in-
duce such enhanced learning of related information and
whether their benefits would surpass those provided by
cued-recall pretest questions are issues that we address in the
present research.

Cued-recall tests are generally heralded for their ability to
serve as effective learning events (e.g., Foos & Fisher, 1988),
and indeed, most extant research has shown cued-recall tests to
be more effective than multiple-choice tests for improving later
retention of the tested material—both when tests serve as post-
tests and, critically for the present purposes, when they serve as
pretests (e.g., Anderson & Biddle, 1975; Hamaker, 1986). In
addition, smaller benefits for the retention of information relat-
ed to tested information have also been shown, but there are
some notable exceptions with regard to cued-recall testing (e.g.,
retrieval-induced forgetting observed with educational mate-
rials; Little, Storm, & Bjork, 2011) and, furthermore, the types
of relationships that have been examined are limited. In
Hamaker’s review, for example, in which he reported the find-
ing of greater benefits from cued-recall testing versus multiple-
choice testing on retention of related information, such

Brelated^ items were almost exclusively of a noncompetitive
nature—like rewording of questions from initial test to later test
and definition questions on an initial test with concept questions
on a later test. The type of competitive relationship between
tested and nontested information explored in the present re-
search—namely, the situation in which an answer to one ques-
tion might compete with the answer to a related question—has
yet to be systematically examined with different pretest formats
(but see Little, Bjork, Bjork, & Angello, 2012, for an
examination with posttest formats).

The relationship between pretested and non-pretested infor-
mation and the format of the pretest questions with respect to
this relationship is important because pretestingmay not always
be expected to potentiate learning of related information. To the
extent, for example, that pretesting focuses attention toward the
subsequent encoding of the specific pretested information, it
might draw attention away from the encoding of other informa-
tion that does not remind the learner of a pretest question
(Frase, 1967; Hamaker, 1986; Reynolds & Anderson, 1982;
Reynolds, Standiford, & Anderson, 1979), and we postulate
that such might be the case when pretested and non-pretested
information is related in a competitive manner and the relation-
ship is not established and/or brought to mind in the pretest
question. By contrast, the multiple-choice format, we would
argue, can serve to make the relationship between pretested
and competitive non-pretested information explicit. When, for
example, answers to competitive non-pretested questions serve
as incorrect alternatives on a multiple-choice pretest question,
learners may be alerted to the need to learn (or at least primed to
learn) information pertaining to the question and all the alter-
natives. That is, in contrast to a cued-recall pretest question (on
which competitive information is not presented), a multiple-
choice pretest question (on which the answers to potential com-
petitive questions are presented as incorrect alternatives) might
direct attention more broadly—toward the processing, not only
of the information explicitly addressed by the pretest question
but also to the processing of information having to do with the
incorrect alternatives, with a consequent increase in perfor-
mance on questions about that competitive information should
they appear on a later test. Following from the example pre-
sented previously (Little & Bjork, 2011), a multiple-choice
question in which four different geysers serve as alternatives
may increase the likelihood that learners attend to information
about all of those geysers when later encountered, whereas a
cued-recall question may direct attention just to the geyser that
was addressed by the question (e.g., the oldest geyser).

Furthermore, a commonsensical hypothesis ensuing from
this attention-direction notion would be that any improve-
ments in performance would be associated with increased
time spent attending to that information (both for pretested
information and for information pertaining to the incorrect
competitors), but this is not a foregone conclusion. First, with
respect to the explicitly pretested information, learners may
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not spend more time on such information when it is encoun-
tered during subsequent study, especially if feedback had been
provided on the pretest. Learners will have had practice with
such information—perhaps making its subsequent encoding
seem more fluent—and thus may not feel it necessary to allo-
cate additional time to it (Little & McDaniel, 2015). But what
should the assumption be regarding non-pretested informa-
tion? Unless by chance it is something already known to the
participant, such information should not be learned or encoded
during the taking of the pretest but would have to be acquired
through subsequent reading of the passage. On the one hand, it
seems reasonable to assume that any performance benefits
occurring for such information would be associated with in-
creased time spent processing that information when encoun-
tered during subsequent reading of the passage. On the other
hand, and more interestingly, perhaps the nature of the
multiple-choice pretesting format invokes a type of processing
during the attempt to select an answer such that the pertinent
nontested information can then be learned more efficiently
when encountered during subsequent study. We explored
these possibilities in the present Experiment 2.

The present research

Our overarching goal in the present research was to compare
the benefits afforded by multiple-choice pretests to those
afforded by cued-recall pretests and to assess the extent to
which any observed benefits might be afforded by allocation
of time during study. Additionally, we hoped to replicate the
finding of Little and Bjork (2011) that showedmultiple-choice
pretesting to be better than a pre-fact-study control condition
for the learning of related information and to assess the pos-
sible contribution of study time allocation to this difference.
Toward this goal, we conducted three experiments, and in all
of these experiments we defined related information in terms
of its competitiveness to the pretested material. In Experiment
1, we compared effects of multiple-choice pretesting to cued-
recall pretesting (as well as pre-fact-study activities, serving as
no-pretest control conditions, similar to Little & Bjork, 2011;
see also, Richland et al., 2009). In Experiment 2, we assessed
how learners allocate their study time during reading of a
subsequent passage following pretests (multiple choice vs.
cued recall) or the study of facts. In Experiment 3, we
examined the effects of multiple-choice pretesting as
compared to cued-recall pretesting over both a 5-min
and 2-day delay. Additionally, Experiments 1 and 2
employed pretests with feedback, whereas Experiment
3 employed pretests without feedback. Feedback was
necessary in Experiments 1 and 2 owing to our goal
to directly compare effects of pretesting to fact study
prior to study of the to-be-learned passages.

Experiment 1

Method

Participants and design Forty-eight students at the
University of California, Los Angeles, participated for partial
credit in a psychology course. As shown in Fig. 1, all partic-
ipants read three passages (A, B, and C)—one preceded by a
pretest activity (e.g., Passage A); one preceded by a fact-study
activity (e.g., Passage B), a condition controlling for exposure
to the to-be-tested information; and one not preceded by any
type of activity but receiving extended reading time (e.g.,
Passage C). Additionally, for the pretest activity, a random
half of the participants received a multiple-choice pretest for
one passage, and these participants’ fact-study activity pre-
sented facts with competitors (described more fully below),
and these conditions are illustrated on the left. The remaining
participants received a cued-recall pretest and a comparable
fact-study activity (i.e., facts without competitors); these con-
ditions are illustrated on the right in Fig. 1. Then, on a delayed
final cued-recall test, all participants answered (a) pretested
questions and non-pretested related questions about their
pretested passage; (b) questions about previously studied facts
and questions related to those studied facts about the passage
preceded by their fact-study activity; and (c) non-pretested
questions from their extended-reading passage. The order of
the passages and the order of the conditions were
counterbalanced across participants.

This design allowed us to compare (a) multiple-choice
pretesting to cued-recall pretesting with a between-subjects
manipulation and (b) multiple-choice pretesting to fact study
(which controlled for exposure to the alternatives) with a
within-subjects manipulation. These were our main
comparisons.

Materials The passages were about the planet Saturn,
Yellowstone National Park, and stimulant drugs, each contain-
ing about 700 words and with 10 pairs of facts for each pas-
sage. The two facts in each pair were semantically related in
that they could be used to construct pairs of multiple-choice
questions that tested the same topic (e.g., geysers) and had the
same four alternatives (e.g., Old Faithful, Steamboat Geyser,
Castle Geyser, and Daisy Geyser) but different correct an-
swers (e.g., What is the tallest geyser in Yellowstone
National Park? Answer: Steamboat Geyser; What geyser is
thought to be the oldest in the world?Answer:Castle Geyser).
The Yellowstone passage and multiple-choice questions are
shown in the Appendix.

When a passage was to be given a multiple-choice pretest,
one question from each pair appeared on the pretest, with the
remaining question from each pair then appearing as a related
non-pretested question on the delayed final cued-recall test,
with assignment of questions to the pretest or as related
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questions on the final cued-recall test counterbalanced across
participants. When a passage was to be given a cued-recall
pretest, the same procedure for creating the pretests and the
delayed final cued-recall test was used, but the questions pre-
sented on the pretest appeared without the alternatives. When
a passage was to be preceded by the study of facts with com-
petitors, the questions were changed to statements that includ-
ed the items that would have been presented as incorrect al-
ternatives for the corresponding multiple-choice question
(e.g., Castle Geyser is thought to be the oldest geyser in the
world, not Old Faithful, Steamboat Geyser, or Daisy Geyser).
Facts without competitors were the same except for the ab-
sence of the alternatives (e.g., Castle Geyser is thought to be
the oldest geyser in the world).

Procedure All participants read three passages, with two of
the passages immediately preceded by a pre-reading activity:
either a pretest or a fact-study activity, as shown in Fig. 1. The
pre-reading activities for the random half assigned to the
multiple-choice condition were a 10-question multiple-choice
pretest and the study of 10 facts, including competitors. The
pre-reading activities for the half assigned to the cued-recall
condition were a 10-question cued-recall pretest and the study
of 10 facts without competitors.

For the passage that was pretested, participants were given
20 s to answer each question. After typing their answer, they
continued to view the question until the 20 s elapsed. After
each question, participants received feedback (i.e., correct an-
swer presented below the question) for 4 s. Immediately after

the pretest, participants were given 6 min to read the pretested
passage. For the passage preceded by fact study, participants
were presented with 10 facts for 24 s each and told to spend
the full 24 s thinking about the fact. Immediately thereafter,
participants were given 6 min to read the passage. For the
passage not preceded by a pretest or fact-study activity, par-
ticipants received 10 min to read the passage, with the extra 4
min compensating for the time taken for the pretest or fact-
study activities, and thus controlling for time on task. For each
passage, participants were told that if they finished reading
early, they should spend the remainder of the time studying,
like they would for a class.

Finally, after a 5-min retention interval during which they
played Tetris, participants received a 60-item final cued-recall
test (20 items each for the pretest, fact-study, and extended-
reading conditions), with questions presented one at a time on
the computer screen. Of the 20 final-test questions about the
pretested passage, half were identical to the 10 questions on
the initial pretest (except now appearing as cued-recall ques-
tions in the multiple-choice pretest condition), while the other
half consisted of the corresponding related questions for that
passage that had not appeared on the pretest. Of the 20 final-
test questions about the passage preceded by fact study, 10
items tested information central to each fact and 10 items
tested information related to each fact. (That is, questions for
a given passage were the same on the final cued-recall test
whether that passage had appeared in one of the pretest con-
ditions or the pre-fact-study condition.) Of the 20 final-test
questions about the extended-reading passage, all came from
the set of 10-paired questions constructed for that passage, and
none had been previously exposed.

Because we considered assessing possible effects on the
retention of non-pretested related information to be our most
important research goal, non-pretested questions from the pre-
test conditions and questions pertaining to the competitive
alternatives presented in the fact-study conditions were in-
cluded in the first half of the final test along with the compar-
ison questions from the extended-reading condition. This or-
dering would reduce output interference from the stronger
pretested or prestudied information, whose corresponding
questions were tested in the second half of the final test, along
with the corresponding extended-reading questions (see
Roediger & Schmidt, 1980; Smith, 1971). The order in which
passages were presented, the condition (pretest, fact study, or
extended reading) to which each passage was assigned, and
which 10-item question set and 10-item fact set were present-
ed during the pretest or fact-study conditions were
counterbalanced across participants.

Results and discussion

Pretest performance Overall, participants chose the correct
answer to 28% (SD = 6%) of the multiple-choice questions on

Fig. 1 Schematic of a sample procedure from Experiment 1 whereMC =
multiple-choice and CR = cued-recall tests, respectively. In the experi-
ment, order of conditions was counterbalanced across participants
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the multiple-choice pretests, which was not significantly dif-
ferent from chance (25%), t(23) = 1.03, p = .31, and they
produced the correct answer to 7% (SD = 10%) of the cued-
recall questions on the pretest.

Final-test performance for related items We had predicted
that multiple-choice pretesting would enhance the learning of
related information as compared to cued-recall pretesting and
fact study. The performance related to this prediction appears
in Fig. 2, where we show overall correct percentages on the
final cued-recall test for information related to questions on
the pretests or to prestudied facts. As indicated there, perfor-
mance on related items appears to be better when those items
are related to multiple-choice pretest questions than when they
are related to cued-recall pretest questions or to prestudied
facts.

A 2 (pre-reading activity: multiple-choice/facts with alter-
natives, cued-recall/facts without alternatives) × 3 (item type:
pretest related, fact-study related, extended reading) ANOVA
examining performance for related information revealed an
interaction between pre-reading activity and item type, F(2,
45) = 6.27, p < .01, ηp2 = .22, as well as a main effect of item
type, F(2, 45) = 8.79, p < .001, ηp2 = .28. With respect to our
main question of interest as to whether multiple-choice
pretesting would improve learning of related information
more than would cued-recall pretesting, a planned
independent-samples t test confirmed that items related to
multiple-choice pretest questions (M = 50%, SE = 4%) were
recalled at a higher rate than were items related to cued-recall

pretest questions (M = 37%, SE = 4%), t(46) = 2.29, p =.03, d
= 0.66. Additionally, with respect to our secondmain question
of interest as to whether our findings would replicate those of
Little and Bjork (2011), showing that multiple-choice pretests
improve learning as compared to a control condition in which
statements with alternatives were presented for prestudy, a
planned pairwise t test also confirmed that higher performance
was obtained in the multiple-choice pretest condition than in
the comparable fact-study condition (M = 36%, SE = 4%),
t(23) = 3.40, p < .01, d = 0.69. As in that previous study, this
result demonstrates that simple exposure of alternatives—in-
cluding the correct answer to what will be a related question
on the final test—is not what leads to the increased learning of
related information following competitive multiple-choice
pretests. Finally, performance was marginally higher for items
related to multiple-choice questions than for questions from
the extended-reading condition (M = 42%, SE = 4%), t(23) =
1.99, p = .06.

In contrast, participants’ performance on questions related
to cued-recall pretest questions did not differ from their per-
formance on questions related to facts (M = 33%, SE = 4%),
t(23) = 1.31, p = .20, and was worse than performance for
corresponding items in the extended-reading condition (M =
50%, SE = 5%), t(23) = 3.05, p < .001.

Final-test performance for pretested items and previously
studied factsWe had predicted that multiple-choice pretesting
would be as good as cued-recall pretesting and fact study for
the learning of pretested information. Relevant to this predic-
tion, the overall performance on the final cued-recall test for
information that was either pretested or studied as facts prior
to reading the passage is presented in Fig. 3. As indicated
there, correct performance for questions pretested as
multiple-choice questions or prestudied as facts with compet-
itors appears to be comparable to that for questions pretested
as cued-recall questions or prestudied as facts without com-
petitors, respectively. A 2 (pre-reading activity: multiple-
choice/facts with alternatives, cued-recall/facts without alter-
natives) × 3 (item type: pretested, fact-study control, extend-
ed-reading) ANOVA did not reveal an interaction between
pre-reading activity and item type on performance for previ-
ously tested information, F(2, 45) = 0.08, p = .93. A main
effect of item type, F(1, 45) = 42.34, p < .001, ηp2 = .65,
however, was observed.

In assessing these effects with planned pairwise t tests, we
found that—in contrast to the general assumption of cued-
recall testing being more beneficial than multiple-choice test-
ing for retention—correct performance for items pretested as
cued-recall questions (M = 75%, SE = 3%) did not significant-
ly differ from that for items pretested as multiple-choice ques-
tions (M = 73%, SE = 5%), t(46) = 0.30, p = .76, but correct
performance on either was better than performance on corre-
sponding items in the extended-reading condition (M = 43%,
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Fig. 2 Correct performance percentages on the final cued-recall test in
Experiment 1 for information related to pretested questions or related to
information studied as facts prior to reading the passage, as a function of
the type of pretest (multiple-choice or cued-recall, both with feedback)
and corresponding fact-study condition. Facts corresponding to the
multiple-choice pretest condition contained competitors, one of which
served as the correct answer to the related question; facts corresponding
to the cued-recall pretest condition did not contain competitors. White
bars show performance for questions from the passage that received ex-
tended reading and that were tested in the first half of the final test. Error
bars represent +/- 1 SEM
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SE = 4%), t(23) = 5.74, p < .01, andM = 42%, SE = 4%, t(23)
= 6.92, p < .01, for multiple-choice and cued-recall conditions,
respectively. Overall, pretesting (M = 74%, SE = 3%) im-
proved performance more than fact study (M = 67%, SE =
3%), t(47) = 2.05, p < .05.

The overall pattern of results obtained in Experiment 1 sug-
gests that cued-recall and multiple-choice pretests differentially
affect later recall of competitive related information.
Specifically, as indicated by performance on related items in
the two types of pretest conditions, competitive related infor-
mation appears to be learned less well as a consequence of
taking a cued-recall pretest than as a consequence of taking a
multiple-choice pretest with competitive incorrect alternatives,
even when the final test utilizes a cued-recall format. This result
suggests that being exposed to incorrect alternatives associated
with related information in the context of a multiple-choice
question induces processing that improves later learning of that
related information beyond that provided by a cued-recall ques-
tion. It is not exposure of the alternatives alone, however, that
induces deep processing leading to improved performance:
Studying facts with the alternatives provided does not provide
the same benefit, a finding first shown by Little and Bjork
(2011) and replicated in the present experiment.

What processing differences during subsequent reading of
passages preceded by a multiple-choice pretest versus a cued-
recall pretest or the study of facts might produce these differ-
ences in final-exam performance? One possibility is that
learners spend more time studying such competitive informa-
tion following amultiple-choice pretest than following a cued-
recall pretest or the study of facts. A more interesting

possibility, however, is that the enhanced performance for
these items on the later test occurs—not because learners
spendmore time on that critical information but rather because
they are able to process such information more efficiently.
Perhaps these competitive incorrect alternatives receive deep
processing during pretesting, which then facilitates the learn-
ing of information pertaining to them when it is encountered
during subsequent reading of the passage.

To gain some leverage on this issue, we examined how
long learners spent reading sentences containing information
pertaining to the pretested (or prestudied) information and
information related to that pretested (or prestudied) informa-
tion in Experiment 2. The basic design employed was the
same as that of Experiment 1 except that reading time was
self-paced sentence by sentence. Accordingly, while we ex-
pected to replicate the basic patterns of performance observed
in the pretesting and fact-study conditions of Experiment 1,
we thought the performance in the reading-only condition of
Experiment 2 might be lower than that of the reading-only
(extended-reading) condition of Experiment 1 because we
did not expect participants to spend four additional minutes
reading this passage—although they were free to do so.

Experiment 2

Method

Participants Seventy individuals in the Washington
University in St. Louis community participated for either
pay or partial credit in a psychology course.

Design, materials, and procedure The materials were the
same as those used in Experiment 1, and the design and pro-
cedure were the same except that participants read the pas-
sages, sentence by sentence, at their own pace. Reading times
for each sentence—the main data of interest in this experi-
ment—were recorded.

Results and discussion

Pretest performance Overall, participants chose the correct
answer to 31% (SD = 14%) of the multiple-choice questions
on the multiple-choice pretests, which was significantly dif-
ferent from chance (25%), t(35) = 2.77, p = .01, and they
produced the correct answer to 13% (SD = 13%) of the
cued-recall questions on the pretest.

Final-test performance for related items As we expected,
given the self-paced presentation procedure used in
Experiment 2, participants spent less time on the passage in
the reading-only condition in Experiment 2 (M = 4.8 min, SD
= 1.6) than what was allocated toward extended reading in
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Fig. 3 Correct performance percentages on the final cued-recall test in
Experiment 1 for information that was pretested or studied as facts prior to
reading a passage, as a function of the type of pretest (multiple choice or
cued recall, both with feedback) and corresponding fact-study condition.
Facts corresponding to the multiple-choice pretest condition contained
competitors; facts corresponding to the cued-recall pretest condition did
not contain competitors.White bars show performance for questions from
the passage that received extended reading and that were tested in the
second half of the final test. Error bars represent +/- 1 SEM
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Experiment 1. Thus, as we expected, performance in the
reading-only condition in the present experiment was numer-
ically lower than that in the extended-reading condition in
Experiment 1. With this exception, however, the basic pattern
of results—that is, for pretested and pre-fact-study passages—
was consistent across Experiments 1 and 2.

Overall performance on the final cued-recall test for infor-
mation related to questions on the pretests or to the prestudied
facts is shown in Fig. 4. A 2 (pre-reading activity: multiple-
choice/facts with alternatives, cued-recall/facts without alterna-
tives) × 3 (item type: pretest related, fact-study related, reading
only) ANOVA revealed an interaction between pre-reading ac-
tivity and item type on performance for related information,
F(2, 67) = 3.61, ηp2 = .10, p = .03. As indicated in Fig. 4 and
replicating the results in Experiment 1, correct performance for
items related to multiple-choice pretest questions (M = 51%, SE
= 4%) was significantly better on the final test than was perfor-
mance for items related to cued-recall pretest questions (M =
41%, SE = 3%), t(68) = 2.05, p = .04, d = 0.50, and significantly
better than performance for questions related to facts with com-
petitors (M = 41%, SE = 3%), t(34) = 2.77, p < .01, d = 0.47.
Performance for questions related to previously tested multiple-
choice questions was numerically but not reliably higher than
that for questions from the reading-only condition (M = 45%,
SE =3%), t(34) = 1.58, p = .12.

Performance on the final cued-recall test following cued-
recall pretesting (M = 41%, SE = 3%) was not better than
performance following the comparable fact study (M = 44%,
SE = 3%), t(34) = 0.79, p = .44, or following reading only (M
= 41%, SE = 3%), t(34) = 0.08, p = .94.

Final-test performance for pretested items and previously
studied facts Overall performance on the final cued-recall
test for information that was either pretested or studied as
facts prior to reading the passage is presented in Fig. 5.
As indicated there, correct performance for items pretested
as multiple-choice questions or studied as facts with com-
petitors appears to be comparable to that for items
pretested as cued-recall questions or prestudied as facts
without competitors, respectively. A 2 (pre-reading activi-
ty: multiple-choice/facts with alternatives, cued-recall/facts
without alternatives) × 3 (item type: pretested, fact-study
control, reading only) ANOVA revealed a marginally sig-
nificant interaction between pre-reading activity and item
type on performance for previously tested or studied in-
formation, F(2, 67) = 2.86, p = .06, ηp2 = .08. A signif-
icant main effect of item type, F(2, 67) = 77.75, ηp2 =
.70, p < .001, was obtained.

Correct performance for items pretested as cued-recall
questions (M = 77%, SE = 3%) was marginally greater than
that for items pretested as multiple-choice questions (M =
69%, SE = 3%), t(68) = 1.91, p = .06. The cued-recall pretest
provided a performance advantage compared to studying facts
(M = 62%, SE = 3%), t(34) = 4.17, p < .001, d = 0.70, but a
multiple-choice pretest did not (M = 66%, SE = 4%), t(34) =
0.65, p = 0.44. Performance for both types of questions, how-
ever, was reliably better than for the corresponding questions
in the reading-only condition (M = 37%, SE = 3%), t(34) =
7.48, p < .001, d = 1.26, in the multiple-choice condition; (M =
41%, SE = 3%), t(34) = 9.33, p < .001, d = 1.58, in the cued-
recall condition.
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Fig. 4 Correct performance percentages on the final cued-recall test in
Experiment 2 for information related to pretested questions as a function
of the type of pretest (multiple choice or cued recall, both with feedback)
and corresponding fact-study condition. Facts corresponding to the
multiple-choice pretest condition contained competitors; facts corre-
sponding to the cued-recall pretest condition did not contain competitors.
White bars show performance for initially nontested questions from the
nontested passage that were tested in the first half of the final test. Error
bars represent +/- 1 SEM

0
10
20
30
40
50
60
70
80
90

100

Mul�ple-choice/Facts
with Compe�tors

Cued-recall/Facts
without Compe�tors

Co
rr

ec
t P

er
fo

rm
an

ce
 

Pe
rc

en
ta

ge
s

Pre-reading Ac�vity Type

Pretested
Pre-studied as Facts
Reading Only

Fig. 5 Correct performance percentages on the final cued-recall test in
Experiment 2 for previously tested information as a function of the type of
pretest (multiple choice or cued recall, both with feedback) and corre-
sponding fact-study condition. Facts corresponding to themultiple-choice
pretest condition contained competitors; facts corresponding to the cued-
recall pretest condition did not contain competitors. White bars show
performance for initially nontested questions about the nontested passage
that were tested in the second half of the final test. Error bars represent +/-
1 SEM

Mem Cogn (2016) 44:1085–1101 1091



Reading times Given the overall replication of the perfor-
mance patterns observed in Experiment 1, we next analyzed
the results directly pertinent to our main question of interest in
Experiment 2: reading-time allocation to the critical sentences
(i.e., those containing information pertaining to the pretested
or prestudied information or containing information related to
the pretested or prestudied information). Of key interest was
whether individuals allocated more or less time to these criti-
cal sentences when a passage had been pretested or preceded
by fact study versus when it had not. As previously discussed,
the straightforward prediction would be that the better perfor-
mance shown for related information in the multiple-choice
pretest condition as compared to the cued-recall pretest con-
dition or the comparable fact-study condition would be asso-
ciated with increased time allocation; a more interesting pos-
sibility, however, was that better performance would not be
driven by increased time allocation but by more effective or
efficient processing of related information in the multiple-
choice pretest condition.

Related itemsA 2 (pre-reading activity: multiple-choice/facts
with alternatives, cued-recall/facts without alternatives) × 3
(item type: pretest related, fact-study related, reading only)
ANOVA indicated a marginal interaction between pre-
reading activity and item type on reading time allocated to
related items, F(2, 67) = 2.74, p = .07, ηp2 = .08. Planned
paired-samples t tests showed that following a multiple-
choice pretest, individuals spent less time (in ms) reading
sentences containing information pertaining to the non-
pretested related question (M = 5,858, SE = 241) than they
spent reading comparable sentences from the reading-only
passage (M = 6,539, SE = 385), t(34) = 2.20, p = .04, d =
0.41, and comparable sentences from the fact-study passage
(M = 6,613, SE = 405), t(34) = 2.18, p = .04, d = 0.40.
Following a cued-recall pretest, however, time to read
sentences containing information pertaining to the non-
pretested related question (M = 6,309, SE = 380) did not differ
from time spent reading comparable sentences from the
reading-only passage (M = 6,426, SE = 411), t(34) = 0.40, p
= .69, or from the fact-study passage (M = 6,031, SE = 315),
t(34) = 1.01, p = .32. The overall difference between the time
spent in the multiple-choice condition and the cued-recall con-
dition was not reliable, however, t(68) = 1.00, p = .32.
Although the interaction of pre-reading activity and item type
on reading times did not reach statistical significance, and a
reliable difference in overall reading times did not emerge
between the two pretest conditions, the intriguing result is that
the highest performance on the final test (i.e., that related to
multiple-choice pretesting) was associated with the least nu-
merical amount of time spent in study.

Pretested and prestudied items A 2 (pre-reading activity:
multiple-choice/facts with alternatives, cued-recall/facts

without alternatives) × 3 (item type: pretested, fact-study con-
trol, reading only) ANOVA did not indicate an interaction be-
tween pre-reading activity and item type on reading time allo-
cated to pretested or prestudied items, F(2, 67) = 0.04, p = .96.
A main effect of item type, however, did emerge, F(2, 67) =
10.57, p < .001, ηp2 = .24. Paired-samples t tests confirmed that
individuals spent less time reading sentences containing infor-
mation that had been previously tested than reading comparable
sentences from a passage that had not been preceded by a pre-
reading activity of any type in both the multiple-choice condi-
tion (M = 5 400, SE = 208 vs. M = 6,398, SE = 387), t(34) =
2.80, p < .01, d = 0.47, and the cued-recall condition (M = 5,
367, SE = 280 vs.M = 6,335, SE = 370), t(34) = 3.27, p < .01, d
= 0.55. They also spent significantly less time, compared to the
reading-only condition, on sentences with information
pertaining to facts with competitors (M = 5,478, SE = 306 vs.
M = 6,398, SE = 387), t(34) = 3.37, p < .01, d = 0.57, and on
facts without competitors (M = 5,423, SE = 272 vs.M = 6,335,
SE = 370), t(34) = 2.50, p = .02, d = 0.42. Preexposure in any
form reduced the time participants spent during subsequent
study on that directly preexposed information.

The goal of Experiment 2 was to gain further insight into
how pretesting might direct subsequent study, especially for
related information, and whether time spent studying would
relate to later test performance. One clear possibility was that
testing would direct learners’ attention toward tested material:
Learners would spendmore time processing this material, thus
leading to its enhanced retrieval on a later exam. A more
interesting possibility was that testing would enhance later
recall performance without learners having to spend more
time on this information during subsequent study.
Experiment 2 provides evidence consistent with this second
possibility, and its results are especially intriguing in terms of
retention of related information. Although participants could
have learned the specific pretested information before study—
that is, while taking the pretest—their learning of any specific
information associated with incorrect alternatives would seem
unlikely. They could learn, however, that such information
may be important to attend to later, and the results suggest
that they then learned such information more efficiently.
That is, following a multiple-choice pretest, learners spent less
time on related sentences (compared to that spent on corre-
sponding sentences in the reading-only or pre-fact-study con-
ditions), but (based on their later test performance) they
learned such information better, at least compared to the
fact-study control condition. Although following a multiple-
choice pretest, learners did not spend significantly less time on
sentences containing related information than they did follow-
ing a cued-recall pretest, the efficacy of learning that informa-
tion was clearly better in the case of the multiple-choice pre-
test than in the case of the cued-recall pretest, as indicated by
the significantly better performance for such items on the final
cued-recall test.
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How is related information being processedmore efficient-
ly? On the one hand, it seems reasonable to assume that
choosing incorrect answers would lead to interference and
potentially the persistence of incorrect associations (see, e.g.,
research on the effect of choosing an incorrect photograph on
later eyewitness identification; Gorenstein & Ellsworth,
1980). On the other hand, it also seems reasonable to assume
that because the pretest is followed by learning (and not pre-
ceded by it), participants are likely to seek out corrections to
their errors (knowing that they have likely made many), and
thus incorrect alternatives are likely to garner more attention
and processing during subsequent passage reading when they
have been previously presented as part of a multiple-choice
pretest question than as part of a prestudied fact. Furthermore,
it also seems reasonable to assume that an incorrect alternative
and its associated information would be processed more deep-
ly during subsequent reading when it had been previously
selected as the answer to the pretest question than when it
had not been. The reasoning for this conjecture is that when
learners do not already have sufficient knowledge to select the
correct answer, they may turn to some other basis for selecting
an answer that may involve deep processing. Perhaps, for
example, they select the one that seems most pleasant to them
or the one that is most relevant to their own personal lives—
two types of processing that have been shown to improve
subsequent recall of information even when subjects are not
expecting a later test (see Craik & Tulving, 1975; Packman &
Battig, 1978). Processing that leads to enhanced encoding of a
given alternative may then lead to more efficient and effective
learning of information pertaining to that alternative when
encountered later in the subsequently studied passage.

As a way of assessing this possibility, we calculated the
rates of correct performance on non-pretested related ques-
tions on the final test conditional upon the answers to such
questions having been incorrectly chosen in the prior multiple-
choice pretest versus having not been chosen on that test. The
results of this analysis for Experiments 1 and 2, as well as for
the to-be-presented Experiment 3, are shown in Table 1. As
revealed there by the percentages shown in the last two col-
umns, participants were more likely to answer a related ques-
tion correctly when its answer had been incorrectly chosen on
the pretest than when it had not been chosen (i.e., the correct
answer for the pretested question or one of the other incorrect
alternatives had been chosen instead). We do not see this pat-
tern of results arising because participants are simply choosing
the same answer twice for two different questions (partici-
pants, in fact, were unlikely to provide their previously chosen
answer for both questions). Instead, we believe this pattern of
results to be consistent with our conjecture that the processing
of related information is enhanced during subsequent reading
of the passage as a consequence of thinking more deeply
about all the alternatives during the initial test and, in these
particular cases, having specifically chosen that alternative as

the correct answer. (Note also that these results are inconsis-
tent with the possibility that participants are correctly recalling
information pertaining to the incorrect alternatives during the
pretest, with such recall providing the benefit in retention ev-
ident on the final test, as this benefit is strongest when learners
incorrectly chose the incorrect alternative on the pretest that
will later be the correct answer to a related non-pretested ques-
tion on the final cued-recall test.)

One might also wonder how the selection of an incorrect
alternative influenced the time spent studying information
pertaining to that alternative during subsequent reading.
Thus, for Experiment 2, we also analyzed the reading times
associated with correct performance, as a function of whether
participants chose the incorrect alternative on the initial test
that would later become the answer to the related question on
the final test versus when they chose another alternative on the
initial test. When participants incorrectly chose an alternative
that would later become the answer to the related question and
then answered that related question correctly, the average
reading time (M = 4,376, SE = 620) was shorter than when
participants chose any other alternative and then answered the
question correctly (M = 5,865, SE = 310), t(34) = 2.34, p = .03.
This finding is consistent with the idea that selection of an
answer made it easier for participants to learn the information
related to that choice when it was later encountered in their
reading of the passage; when another answer had been select-
ed, participants could still answer the related question correct-
ly, but their learning of the information necessary to do so was
associated with more time to process it when encountered in
their subsequent reading of the passage. The results thus far
are consistent with the notion that answering multiple-choice
questions leads to processing of competitive incorrect alterna-
tives that is deeper than that occurring when such alternatives
are provided within facts. Furthermore, this benefit for the
learning of related information is especially clear for the item
that is chosen, both in terms of the level of performance and

Table 1 Likelihood of Choosing the Answer to the Non-Pretested
Related Question as an Incorrect Response on the Pretest and Resulting
Conditional Correct Performance on Non-Pretested Related Questions on
the Final Test in Experiments 1–3

Experiment Percentage of
times chosen
on pretesta

Final test correct
performance |
chosen on pretest

Final test correct
performance | not
chosen on pretestb

1 23% 61% 47%

2 19% 65% 45%

3 (5 min) 19% 66% 50%

3 (48 hr) 20% 44% 27%

Note. a Percentage of times an incorrect alternative that will later be a
correct answer to a nontested related question was incorrectly chosen as
an answer on the pretest. b Includes correct choices on pretest.
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the efficiency of learning. Neither cued-recall pretesting nor
exposure to the alternatives in facts directs reading in such an
effective manner.

Experiment 3

The results of Experiments 1 and 2 demonstrate a potentially
unique benefit of using multiple-choice pretests to promote
learning in educational contexts. Namely, not only are
multiple-choice pretests about as beneficial as cued-recall pre-
tests or studying comparable facts for the retention of the
pretested information, they are actually more effective than
these other activities for the learning of competitive related
information. This latter advantage of multiple-choice pretests
would, in particular, seem to be a valuable asset for their
fruitful application to educational settings. After all, it seems
likely that most instructors would typically want to ask simi-
lar, but not identical, questions on a later exam to assess
whether students learned concepts more generally rather than
simply being able to remember specific answers to previously
tested questions.

In educational contexts, however, delays between learning
activities and a final test of the to-be-learned information are
often longer than those we used in the present Experiments 1
and 2. Thus, in Experiment 3, we used a modified procedure
to assess whether benefits of pretesting would persist across
longer delays and, in particular, whether the ability of
multiple-choice pretesting to foster retention of nontested re-
lated information would persist, as compared to cued-recall
pretesting. If the performance benefits observed for previously
tested and related information in Experiments 1 and 2 resulted
as the consequence of deep processing, then we should expect
such benefits to persist over time.

In the modified procedure of Experiment 3, participants
were first given pretests for two different passages, with one
being a multiple-choice pretest and the other being a cued-
recall pretest. Then, participants read three passages; two of
the passages had received a pretest and the third had not re-
ceived a pretest, thus serving as a reading-only baseline. A
final cued-recall test was then administered for information
presented in each of the three passages at either a short (5
min) or long (48 hrs) delay to assess the persistence of
pretesting effects on retention for both pretested and non-
pretested related information.

Method

Participants and design Seventy-two individuals in the
Washington University in St. Louis community participated
for either pay or partial credit in a psychology course and were
all recruited for a two-session study. All participants took two
pretests (onemultiple choice and one cued recall), followed by

the reading of three passages. On the final cued-recall test,
participants answered pretested questions and related non-
pretested questions from the two pretested passages, and
nontested questions from the passage not receiving an initial
pretest. We randomly manipulated whether participants were
given the final test after a 5-min or 48-hour delay.

Materials and procedure The materials were the same as
those used in Experiments 1 and 2, and the procedure was
the same except for the following differences. First, partici-
pants took two pretests before reading any passages: one
consisting of multiple-choice questions for one of the three
to-be-presented passages and the other consisting of cued-
recall questions for another one of the three to-be-presented
passages. Importantly, and unlike the procedures of
Experiments 1 and 2 (but like the procedure used by Little
& Bjork, 2011, in their Experiment 1), the pretests did not
provide feedback. After administration of the two pretests,
all three passages were read in immediate succession and for
6 min each. Which passages were pretested or not pretested,
the type of pretest received, and the order of the two pretests
were counterbalanced across participants. After a 5-min
distractor task, participants randomly assigned to the 5-min
delay condition were given a final cued-recall test for both
pretested and non-pretested related information. Those partic-
ipants randomly assigned to the 24-hour delay condition were
dismissed after the 5-min distractor task and asked to return in
2 days.

As in the present Experiments 1 and 2, non-pretested relat-
ed questions and the corresponding questions from the
reading-only passage appeared in the first half of the final
cued-recall test, whereas pretested questions and their corre-
sponding questions from the reading-only passage appeared in
the second half of the final cued-recall test.

Results and discussion

Pretest performance For the multiple-choice pretest, partici-
pants chose the correct answer to 34% (SD = 15%) and 33%
(SD = 15%) of the questions in the 5-min delay condition and
the 48-hour delay condition, respectively, with this level of
performance being greater than chance performance (25%),
t(71) = 4.81, p < .01. For the cued-recall pretest, participants
provided the correct answer to 10% (SD = 9%) and 9% (SD =
11%) of the questions in the 5-min delay condition and the 48-
hour delay condition, respectively.

Final-test performance for related items Overall correct
performance on non-pretested related questions is shown in
Fig. 6. As indicated there, the advantage of using multiple-
choice pretests over using cued-recall pretests appears to oc-
cur, regardless of the delay used. That is, a 2 (delay: short,
long) × 3 (pre-reading activity: multiple-choice pretest, cued-
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recall pretest, no pretest/reading only) ANOVA did not indi-
cate an interaction between delay and pre-reading activity on
retention of related information, F(2, 69) = 0.05, p = .955.
There were, however, main effects of both pre-reading activ-
ity, F(2, 69) = 5.11, p < .01, ηp2 = .13, and delay, F(1, 70) =
46.81, p < .001, ηp2 = .40. A paired-samples t test confirmed
that, regardless of delay, taking a multiple-choice pretest (M =
43%, SE = 3%) was better for the retention of related infor-
mation than was taking a cued-recall pretest (M = 37%, SE =
2%), t(71) = 2.46, p = .02, d = 0.29. Additionally, whereas
taking a multiple-choice pretest improved performance for
related questions as compared to that for corresponding ques-
tions in the reading-only condition (M = 36%, SE = 2%), t(71)
= 2.94, p < .01, d = .35, taking a cued-recall pretest did not
produce such a benefit for related questions as compared to
that for corresponding questions in the reading-only condi-
tion, t(71) = 0.57, p = .57.

Final-test performance for pretested items Performance ob-
tained on the final cued-recall test for information initially
pretested on a multiple-choice test, a cued-recall test, or not
pretested (reading only) at both the 5-min and 48-hr retention
intervals is presented in Fig. 7. As indicated there, correct
performance on questions pretested with either type of test
appears to be higher than that for comparable non-pretested
questions, regardless of retention interval.

A 2 (delay: short, long) × 3 (pre-reading activity: multiple-
choice pretest, cued-recall pretest, no pretest/reading only)
ANOVA did not indicate an interaction between delay and
pre-reading activity on retention of pretested information, F(2,
69) = 1.36, p = 0.26, although there were main effects of both
pre-reading activity, F(2, 69) = 44.20, p < .001, ηp2 = .56, and
delay, F(1, 70) = 31.11, p < .001, ηp2 = .31. Indeed, as con-
firmed by planned-comparison tests, overall final-test perfor-
mance for information pretested with either a multiple-choice

test (M = 57%, SE = 3%) or a cued-recall test (M = 52%, SE =
2%) was better than that for corresponding information from
the reading-only passage (M = 34%, SE = 2%), t(71) = 8.49, p <
.01, d = 1.00, and t(71) = 7.94, p < .01, d = 0.94, respectively.

The pattern of results observed in Experiment 3 demon-
strates that a pretesting benefit for the retention of pretested
information (as compared to non-pretested information) can
persist over a delay that would be considered more education-
ally realistic (i.e., 48 hrs) and, additionally, in the case of a
multiple-choice pretest, that a pretesting benefit for the reten-
tion of related information can also persist over such a delay.
In evaluating this outcome, it is important to note that al-
though we presented participants with the same textual mate-
rials as those used in Experiments 1 and 2, we introduced
changes to the design and procedure of Experiment 3 that
could have been expected to impact the previously observed
benefits of pretesting. First, in Experiment 3, all participants
received both a multiple-choice pretest and a cued-recall test,
which they took before presentation of any of the to-be-
studied passages. Thus, whereas in Experiments 1 and 2 a
given passage was always presented for study immediately
after participants had taken the relevant pretest, a given pas-
sage was unlikely to be presented for study immediately after
participants had taken the relevant pretest in Experiment 3. In
fact, for some participants, as much as 20 minutes of filled
activity (e.g., taking another pretest, reading other passages)
may have occurred between their taking of a given pretest and
their opportunity to read the relevant passage—a procedural
difference that would seem likely to diminish the participants’
ability to direct their attention to previously tested or related
information during the reading of the relevant passage. This
procedure also served to directly compare effects of cued-
recall pretests to multiple-choice pretests in the same
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Fig. 6 Correct performance percentages on the final cued-recall test in
Experiment 3 for information related to pretested questions as a function
of the type of pre-reading activity (multiple-choice pretest, cued-recall
pretest, no pretest/reading only) and retention interval. White bars show
performance for initially nontested questions from the nontested topic,
which were tested in the first half of the final test. Error bars represent +/-
1 SEM
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Fig. 7 Correct performance percentages on the final cued-recall test in
Experiment 3 for previously tested information as a function of the type of
pre-reading activity (multiple-choice pretest, cued-recall pretest, no
pretest/reading only) and the retention interval. White bars show perfor-
mance for initially nontested questions about the nontested topic, which
were tested in the second half of the final test. Error bars represent +/- 1
SEM
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participants and without specific fact-study conditions being
tied to those pretest conditions. Second, in Experiment 3, we
did not provide feedback during the pretests, which also might
be expected to produce a smaller pretesting benefit for tested
information. Despite these changes, however, a pretesting
benefit emerged in Experiment 3, which we believe under-
scores the strength and persistence of such effects.

Another procedural change made in Experiment 3 that we
believe to be important, as it speaks to the generality of the
pretesting effect, was our change from using an extended-
reading condition (i.e., in Experiment 1, the time allotted for
studying the reading-only passage was the sum of the time
allowed for the study of a pretested passage plus the time
taken for administrating its pretest) to giving all passages the
same amount of time for reading. Our use of an extended-
reading condition in Experiment 1 models the situation in
which students might elect to spend a given amount of time
for their study activities (or instructors have allowed only a
fixed amount of classroom time for such activities), and, thus,
taking a pretest before reading a passage would take away
from the time they have available for reading/studying the
passage. Students, however, may not always follow such
total-time study routines. Theymight, for example, sometimes
elect to engage in extra study activities, such as taking a pre-
test, in addition to the total time they spend studying or read-
ing a passage or chapter.

General discussion

Increasingly in classrooms, instructors are using pretests given
with the help of classroom response systems, such as clickers,
with the goal of increasing attention and learning in their
courses (Buhay et al., 2010; Glass et al., 2008; Lantz &
Stawiski, 2014; Mayer et al., 2009; Smith et al., 2009). Our
findings suggest that using multiple-choice questions for such
purposes would make the subsequent learning of related com-
petitive information more effective than would the use of
cued-recall questions (Experiments 1–3) or even studying
facts beforehand (Experiments 1 and 2), and that this benefit
of multiple-choice pretesting over cued-recall pretesting per-
sists over a delay of 48 hours and even when feedback is not
provided on the pretest (Experiment 3).1 Furthermore, our
findings from Experiment 2 provide evidence that the en-
hanced recall of related information observed on a later test
is not associated with increased time devoted to the study of
that information, suggesting that, following a multiple-choice
pretest, information pertaining to the incorrect alternatives on

a previously given multiple-choice test is learned more effi-
ciently. Finally, it should be noted that this benefit of a
multiple-choice pretest occurs even though the format of the
later test is cued recall.

How does multiple-choice pretesting (compared
to cued-recall pretesting or studying facts) benefit
the retention of related information?

As discussed in the Results and Discussion section for
Experiment 2, the present results are consistent with the notion
that multiple-choice pretesting can direct attention more
broadly during subsequent study than can cued-recall
pretesting—both toward information pertaining to the ques-
tion at hand and toward information pertaining to the incorrect
alternatives. It, of course, may not be the case that all multiple-
choice questions presented in pretests would serve as effective
learning tools in this way. Rather, they may need to possess
certain qualities in order to do so. The alternatives, for exam-
ple, may need to be competitive. This quality has been shown
to be necessary for the learning of related, nontested informa-
tion to be enhanced in prior research by Little and Bjork
(2015; see also, Little et al., 2012) when multiple-choice tests
are given following study rather than prior to study. Themech-
anism proposed for the enhanced retention of related,
nontested information observed by these investigators, how-
ever, does not readily apply to the present situation of giving
multiple-choice pretests, as it involves the assumption that test
takers think back to the previously studied passage in search
of information related to the alternatives to help them in their
selection of the correct answer. By so doing, information
about the competitive incorrect alternatives can be retrieved
and thereby strengthened in addition to information related to
the specifically correct answer. Then, if such nontested infor-
mation becomes the bases for related questions on the final
cued-recall test, the test taker’s ability to answer such ques-
tions will be enhanced. In the present situation, however,
when the multiple-choice tests are presented before study,
accessing of information contained in the passage is not pos-
sible during the taking of the test. Thus, in light of this inherent
difference in the pretest versus the posttest situation, it remains
unclear whether the incorrect alternatives in multiple-choice
pretests questions need to be competitive in order to produce
the enhanced processing of information related to them during
the test takers’ subsequent reading of the passage, and the
resolution of this issue will require future research.

For the time being, however, our results are consistent with
the notion that presenting competitive information as
multiple-choice alternatives leads to deeper processing of that
information (particularly with respect to the item that is select-
ed) than does presenting competitive information within a
fact. We argue that learners, although not able to successfully
answer most questions, may bring to mind any information

1 Since the conclusion of this laboratory experiment, evidence consistent
with our finding that the potentiation of learning resulting from multiple-
choice pretests can last for educationally realistic durations has also been
obtained in an actual classroom (Soderstrom & Bjork, 2015).
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that they can—whether entirely relevant to the to-be-studied
information or not—in order to help them decide upon an
answer. They might, for example, in trying to answer a ques-
tion asking for the name of the oldest geyser in Yellowstone
Park, turn to semantic knowledge (e.g.,Old Faithful has Bold^
in its name—thus, maybe it is the oldest) or theymight choose
an answer for reasons that are arbitrary yet helpful for memory
(e.g., selecting the most pleasant one or the one that is most
relevant to their own personal lives; Craik & Tulving, 1975;
Packman & Battig, 1978). Then, when participants see these
items in the text, they will be more likely to (a) notice them
and (b) encode them, perhaps using the information that they
had previously used to select them as mediator(s) for their
encoding (see, e.g., Pyc & Rawson, 2010, and also Kornell,
Hays, & Bjork, 2009; Richland et al., 2009, for related
arguments about why pretesting might improve learning of
pretested information). It is possible, however, that other en-
tirely different mechanisms also play a role in enhancing the
learning of related information when encountered during sub-
sequent study, and this possibility should be examined in fu-
ture research.

Multiple-choice pretesting and the retention of pretested
information

In the present research, performance on the final cued-recall
test did not differ for questions about information that was
either directly tested in a multiple-choice pretest question or
studied as a fact before subsequent passage reading. This find-
ing is intriguing because, in the present context, one might
have expected that later performance on questions for infor-
mation previously studied as a fact would be better than that
for information previously tested in a multiple-choice ques-
tion. To clarify: Our fact-study activity essentially provided
participants with 24 seconds of access to the question and
correct answer prior to their being asked that same question
on the final test. In contrast, in our multiple-choice pretesting
activity, participants were presented with the correct answer
for only 4 seconds after spending 20 seconds considering the
question and, typically, choosing an incorrect answer for it.
Nonetheless, the ability of participants to recall such tested
information was not impaired in the later final cued-recall test
compared to their ability to recall the same information when
it had, instead, appeared in the fact-study condition. That lack
of a difference between later recall of previously tested and
previously studied information, combined with the finding
that participants’ ability to answer questions about related in-
formation was significantly better in the multiple-choice pre-
test condition than in the fact-study condition, would seem to
suggest that trying to answer a multiple-choice question about
to-be-studied information, even if one cannot do so correctly,
would function as a more powerful way to potentiate overall
future learning than simply being preexposed to that

information in the form of facts. Additionally, this pattern of
results would seem to call for a reconsideration of claims
made by proponents of errorless learning, who would argue
that the making of errors should be avoided during learning
activities, with the assumption that such errors will tend to
persist and thereby impair future correct learning (e.g.,
Guthrie, 1952; Skinner, 1958). We also see the pattern of
results obtained in the present Experiments 1 and 2 to be
consistent with findings observed by Kornell et al. (2009;
see also, Carpenter, 2011; Grimaldi & Karpicke, 2012;
Hays, Kornell, & Bjork 2013; Huelser & Metcalfe, 2012;
Knight, Ball, Brewer, DeWitt, & Marsh, 2012; Kornell,
2014; Vaughn & Rawson, 2012; Yue et al. 2015) in their
research on test-potentiated learning.

Concluding comments

Trying to answer multiple-choice pretest questions—at least
ones constructed with competitive alternatives, as was used in
the present research—can provide unique benefits to the learn-
ing of subsequently studied related and competitive informa-
tion that outweighs that of other activities, such as cued-recall
pretests and/or prestudy of to-be-encountered facts. This
unique advantage of multiple-choice pretests may well come
about owing to the operation of two simultaneous but different
processes stemming from the taking of such tests. First, the
answering of multiple-choice questions with competitive al-
ternatives induces deeper processing of the information
contained in the question than what results from simple expo-
sure to that competitive information (e.g., in the form of facts
with competitors), and second, it directs attention more broad-
ly (but without requiring more time) during subsequent read-
ing than does answering cued-recall pretest questions. From
an educational perspective, then, the present results suggest an
effective, efficient, and practical way for instructors to en-
hance their students learning: giving them multiple-choice
pretests containing competitive alternatives before their study
of potentially confusable topics.

Author Note This research was supported by a Collaborative Activity
Award from the James S. McDonnell Foundation (Grant 29192G). We
thank Robert Bjork, Nate Kornell, Barbara Knowlton, and members of
CogFog for helpful insights. Experiment 1 appears as part of the disser-
tation of Jeri L. Little.

Appendix

Following are the passage and 20 multiple-choice questions
constructed about Yellowstone National Park. Correct an-
swers are shown in boldface.

Yellowstone National Park
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Yellowstone, America’s first national park, is located at the
headwaters of the Yellowstone River, for which it takes its
name. In the 18th century, French trappers named the river
Roche Jaune, which is a translation of the Minnetaree name
for BRock Yellow River.^

Approximately 96% of Yellowstone National Park is located
in the state of Wyoming, but the park extends into neighboring
states of Idaho and Montana. The Yellowstone region is tradi-
tionally home to several Native American tribes, including the
Nez Perce, Crow, and Shoshone. European explorers first en-
tered the region in the early 19th century. One such explorer,
John Colter, explored the region with the Lewis and Clark
Expedition. In 1806, he left the expedition to explore the region
with a group of fur trappers. Colter explored the region for 4
years, until two of his partners were killed by Blackfeet
Indians. After an 1856 exploration, mountain man Jim Bridger
reported observing boiling springs, spouting water, and a moun-
tain of glass and yellow rock. These reports were largely ignored
because Bridger was known for being a Bspinner of yarns.^ His
stories did arouse the interest of explorer and geologist Ferdinand
Vandeveer Hayden, who, in 1895, started a 2-year survey of the
upper Missouri River region. Bridger and United States Army
surveyor W. F. Raynolds acted as guides. After exploring the
Black Hills region in what is now the state of South Dakota,
the party (Bridger, Hayden, and Raynolds) neared the
Yellowstone River, but heavy snows forced them to turn back.

In 1872, Yellowstone officially became a national park.
President Ulysses S. Grant signed a bill into law that deemed
Yellowstone America’s first national park. Nathaniel
Langford was appointed as the park’s first superintendent,
serving for 5 years although denied a salary, funding, and
staff. Langford’s lack of resources left Yellowstone vulnerable
to poachers, vandals, and others seeking to raid its resources.
In 1916, pioneering industrialist and conservationist Stephen
Tyng Mather, along with journalist and writer Robert Sterling
Yard, spearheaded a publicity campaign to promote the crea-
tion of a federal agency to oversee the national parks. Mather
helped to establish other parks, and in 1917, administration of
Yellowstone was transferred to the National Park Service.

Yellowstone is the centerpiece of the 20-million acre
Greater Yellowstone Ecosystem and is home to a variety of
animals, including elk, moose, and bison. Threatened species
include the endangered gray wolf, the threatened lynx, and
grizzly bears. Only an estimated 600 grizzly bears live in the
Greater Yellowstone Ecosystem. Population figures for elk are
in excess of 30,000, making them the largest population of
any large mammal species in Yellowstone. Bison are also well
represented in the park.

Yellowstone National Park rests at an average altitude of 8,
000 feet above sea level. The highest point in the park is atop
Eagle Peak, which is almost 11,400 feet above sea level. The
most prominent summit in the Yellowstone Plateau (although

not the highest) is Mount Washburn, at 10,243 feet. Nearby
mountain ranges include the Beartooth Mountains to the north
and the Absaroka Range to the east. Forests comprise 80% of
the park’s land area—the remaining land area is primarily
comprised of grasslands. Of the eight conifer tree species doc-
umented, lodgepole pine forests cover 80% of the total forest-
ed area. Other conifers, such as the Douglas fir and whitebark
pine, are found in scattered groves throughout the park. As of
2007, the whitebark pine is threatened by a fungus known as
the white pine blister rust. Aspen and willow are the most
common species of deciduous trees in the park.

Yellowstone National Park sits atop the Yellowstone
Caldera, an active volcano, and the park is well known for
its geothermal features. Hot springs are a common hydrother-
mal features in the park. Geysers are a special type of hot
spring that erupts periodically. There are only 300 geysers in
Yellowstone, making them the least common of the park’s 10,
000 geothermal features. The most famous geyser in the park
is Old Faithful. The tallest active geyser in the park, as well as
in the world, is Steamboat Geyser. Daisy Geyser is known for
its predictability; it usually erupts every 90–110 minutes.
Castle Geyser is thought to be the oldest geyser in the world.
Besides geysers, Yellowstone has other geothermal features,
including mud pots and fumaroles. A fumarole is an opening
in the earth’s crust that emits steam and gasses.

Set A

1. What explorer left the Lewis and Clark Expedition to
explore the region with a group of fur trappers?

a. Raynolds
b. Colter
c. Bridger
d. Hayden

2. About 600 of what threatened species live within the
Greater Yellowstone Ecosystem?

a. elk
b. bison
c. grizzly bears
d. gray wolf

3. Attacks by what tribe caused Colter to leave the
Yellowstone region?

a. Minnetaree
b. Shoeshone
c. Blackfeet
d. Nez Perce

4. What is the tallest geyser in Yellowstone National Park?
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a. Old Faithful
b. Steamboat Geyser
c. Castle Geyser
d. Daisy Geyser

5. In what year did Colter first explore Yellowstone with a
group of fur trappers?

a. 1806
b. 1856
c. 1872
d. 1917

6. The majority of Yellowstone National Park resides in
what state?

a. Idaho
b. South Dakota
c. Wyoming
d. Montana

7. What is the highest peak in Yellowstone National Park?

a. Eagle Point
b. Mt. Washburn
c. Beartooth
d. Absoroka

8. Who was Yellowstone National Park’s first superinten-
dent, who served for 5 years devoid of salary, funding,
andstaffing?

a. Mather
b. Yard
c. Grant
d. Langford

9. Which species of tree covers 80% of the total forested
areas in Yellowstone National Park?

a. Douglas fir
b. Lodgepole pine
c. Whitebark pine
d. Aspen

10. What type of geothermal feature is an opening in the
earth’s crust that emits steam and gasses?

a. Geyser
b. Hot Spring
c. Fumarole
d. Mudpot

Set B

1. What mountain man reported observing boiling springs,
sprouting water, and a mountain of yellow rock, but was
largely ignored due to a reputation of being a Bspinner of
yarns?^

a. Raynolds
b. Colter
c. Bridger
d. Hayden

2. What species makes up the largest population of a large
mammal species in Yellowstone National Park?

a. elk
b. bison
c. grizzly bears
d. gray wolf

3. French trappers named Yellowstone River Roche Jaune,
probably a translation of what Native American tribe’s
name for Yellow Rock River?

a. Minnetaree
b. Shoeshone
c. Blackfeet
d. Nez Perce

4. What geyser is thought to be the oldest in the world?

a. Old Faithful
b. Steamboat Geyser
c. Castle Geyser
d. Daisy Geyser

5. In what year did Yellowstone become a national park?

a. 1806
b. 1856
c. 1872
d. 1917

6. The Black Hills region is found primarily in what state?

a. Idaho
b. South Dakota
c. Wyoming
d. Montana

7. At 10,243, what is the most prominent peak (but not the
highest) in Yellowstone National Park?
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a. Eagle Peak
b. Mt. Washburn
c. Beartooth
d. Absoroka

8. Who signed a bill into law making Yellowstone the first
national park?

a. Mather
b. Yard
c. Grant
d. Langford

9. As of 2007, which tree, found only in scattered groves, is
threatened by a specific fungus?

a. Douglas fir
b. Lodgepole pine
c. Whitebark pine
d. Aspen

10. With only about 300 examples in the park, what is the
least common type of hydrothermal feature in
Yellowstone?

a. Geyser
b. Hot Spring
c. Fumarole
d. Mudpot
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