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a  b  s  t  r  a  c  t

We  examined  whether  the  power  of tests  as learning  events,  frequently  demonstrated  in the  laboratory,
would  also  occur  in  a large  undergraduate  course.  Our goals  were  to determine:  if learning  of  information
tested  on  multiple-choice  quizzes  administered  across  the  course  would  be  enhanced  compared  to  non-
tested  control  information;  and  what  the  effects  of  quizzing  would  be for the learning  of  information
conceptually  related  to the  tested  information  but not  itself  tested  on  the quizzes.  Given  that  retrieval
practice  can  have  positive  (testing  effect)  and  negative  consequences  (retrieval-induced  forgetting),  our
concern  was  that  the  learning  and  later  retention  of  non-tested  conceptually  related  information  might
be  impaired  by  the  multiple-choice  quizzes.  Importantly,  learning  benefits  were  found  for  both  types  of
information  on  the  final  exam,  indicating  that  quizzing  within  a course  can  enhance  not  only  the  learning
of  specifically  tested  information,  but  the  learning  of non-tested  conceptually  related  information  as  well.

©  2014  Published  by Elsevier  Inc  on behalf  of Society  for Applied  Research  in  Memory  and  Cognition.

1. Introduction

As instructors, we are faced with a challenging problem: to
determine the conditions of instruction that optimize student
learning. This is a challenging problem because the main resources
that we would use in making this determination—our intuitions,
our common sense, and even our observations about what condi-
tions seem to work best at improving our students’ performance in
the classroom—often turn out to be poor guides for informing our
decisions.

This predicament arises because conditions of instruction that
make performance improve rapidly often fail to support long-term
retention and transfer; whereas, conditions of instruction that cre-
ate difficulties for the learner—often slowing the rate of apparent
learning—can actually optimize long-term retention and transfer.
It is thus possible for us—as instructors, teachers, and trainers—to
be misled as to what are and are not the most effective educational
practices and conditions of learning.
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The need to distinguish between learning and performance is
an old one in psychology. Early investigators were forced to make
this distinction when several, now classic, studies examining maze
learning (e.g., Blodgett, 1929; Postman & Tuma, 1954) and motor-
skills learning (e.g., Adams & Reynolds, 1954; Stelmach, 1969)
showed that learning can occur even with no evidence of changes
in performance (see Soderstrom & Bjork, in press; Tolman, 1948, for
reviews of the performance/learning distinction and latent learn-
ing). More recently, a variety of findings suggest that the converse to
this old learning/performance distinction is true as well: Namely,
just as there can be learning without performance, there can be
observable improvements in performance during training with lit-
tle or no learning, with this lack of learning revealed by, say, a
delayed test or a change of context. Thus, as instructors, we are
confronted with the following challenge: While we can observe
performance, we can only infer learning—our ultimate goal—and
the former is an unreliable index of the latter. Consequently, to the
extent that we interpret current performance as a valid measure
of learning, we  become susceptible to preferring poorer conditions
of instruction and learning to better conditions of instruction and
learning.

The nature of these better, but often challenging, conditions of
learning that we, as instructors, should prefer is captured in the
framework of desirable difficulties (Bjork, 1994). Such conditions
include distributed practice (e.g., spacing as opposed to massing
study trials), varying the conditions of practice (e.g., studying or
practicing in different contexts rather than a constant context),
providing contextual interference (e.g., interleaving study trials of
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different to-be-learned topics, skills, and/or categories rather than
blocking them), and testing (e.g., engaging in retrieval practice of
to-be-learned information rather than repeatedly studying it). They
are desirable because they support better long-term retention and
transfer compared to their counterparts; but because they intro-
duce difficulties that can lower performance during acquisition or
training, instructors and students alike are susceptible to perceiving
such conditions as ineffective rather than desirable study strate-
gies. As instructors, however, we need to become sensitive to the
idea that short-term performance is not a reliable index of long-
term learning and that difficult, or challenging, learning conditions
often lead to enhanced long-term learning.

A more detailed discussion of these desirable difficulties and
how both instructors and students can use them to optimize learn-
ing can be found in Bjork and Bjork (2011), and a theoretical account
of why conditions that appear to hurt performance can actually help
learning can be found in the New Theory of Disuse (Bjork & Bjork,
1992). We  turn now, however, to a discussion of testing—the desir-
able difficulty on which the present study focuses—and its benefits
for long-term learning and transfer.

2. Testing as a desirable difficulty in the laboratory and the
classroom

The effects of testing for long-term retention and transfer have
been the focus of much laboratory research in recent years, with
many studies providing convincing evidence for the benefits of test-
ing as compared either to no testing or to additional study, and for
materials ranging from word lists (e.g., McDaniel & Masson, 1985)
to paired associates (e.g., Carrier & Pashler, 1992) to text passages
(e.g., Roediger & Karpicke, 2006b; for excellent reviews of the test-
ing effect, see Roediger, Agarwal, Kang, & Marsh, 2010; Roediger &
Karpicke, 2006a). Our objective in the present study was to assess
the degree to which such effects would also occur in the less con-
trolled environment of the classroom—particularly that of a large
multi-sectioned undergraduate course. We  had two main goals.
One was to determine whether we would see benefits on a final
exam for information that had been previously tested on quizzes
administered across the course as compared to information that
was also presented in the course but not previously tested. Our
other main goal—and, in some ways, of most interest to us—was to
determine what the effects of such tests might be for the retention
of information that was conceptually related to the tested infor-
mation but that had not itself been tested on any of the quizzes
administered during the course.

Previously tested information. With respect to the fate of pre-
viously tested information in our study, some findings in the
literature suggest that we would see a testing benefit in that
such benefits have been observed in studies using education-like
materials (e.g., Butler and Roediger, 2007; Glover, 1989; Kang,
McDermott, & Roediger, 2007; McDaniel & Fisher, 1991; Roediger
& Karpicke, 2006b). In most such studies, however, the tests were
based on separate and non-related types of verbal materials, such
as brief passages, rather than on the type of integrated material
taught across an actual course spanning several months. Addi-
tionally, studies including comparisons of the testing benefits
derived from different types of tests—in particular multiple-choice
versus open-ended tests (e.g., short-answer, cued- and/or free-
recall tests)—typically find retention of tested information to be
better following cued-recall or free-recall testing than following
multiple-choice testing (e.g., Carpenter & DeLosh, 2006; Glover,
1989; Kang et al., 2007; Butler and Roediger, 2007), which was  the
type of testing used in all quizzes of the present study. Exceptions to
the use of individual passages and lectures, however, are a study by
McDaniel, Anderson, Derbish, and Morrisette (2007), which tested

materials across six weeks of a college-level web-based science
course, and one by Carpenter, Pashler, and Cepeda (2009), which
tested facts at two different times within a semester-long eighth-
grade U.S. History course. Although in both of these studies, the
information tested was  better remembered on a delayed criterion
test than was information not tested, the delayed criterion test was
not the actual final exam that would be used in calculating the stu-
dents’ final course grades; whereas, in the present classroom study,
both quiz performance and our criterion test (i.e., the course final-
exam) did factor into the calculation of course grades. Moreover,
in the Carpenter et al. study, quizzing was  done with factual cued-
recall questions, and in the McDaniel et al. study, which used both
short-answer and multiple-choice quizzing, the benefits on the
final criterion test were not statistically reliable for multiple-choice
quizzing.

Recent studies with features closer to the present study are ones
conducted by researchers at Washington University in Saint Louis
in a public middle school. In both a sixth-grade social studies class
(Roediger, Agarwal, McDaniel, & McDermott, 2010) and an eighth-
grade science class (McDaniel, Agarwal, Huelser, McDermott, &
Roediger, 2011), benefits on final criterion tests that contributed
to the student’s course grade were found for the retention of
content that had been quizzed versus content that had not been
quizzed over the duration of the course. Thus, these latter results,
in particular, would seem to imply that similar benefits for pre-
viously tested information should also be observed in the present
study. Then again, several differences in these studies and ours—in
particular, (a) our quizzes not being given immediately after pre-
sentation of the tested content (instead, they were given after a
delay of 3–4 days); (b) our quizzes being given only once; (c) our
quizzes not followed with immediate feedback; and (d) differences
in the nature of the multiple-choice questions used (mostly fac-
tual in the preceding studies and mostly conceptual or inferential
in the present study, as defined by the Bloom, 1956, educational
taxonomy)—could mean that a benefit for the retention of quizzed
information in the present study would be less likely to be observed.
In particular, the timing of feedback could be critical, as at least
some prior research indicates that immediate feedback following
quizzing leads to better learning than delayed feedback (e.g., Kang
et al., 2007; McDaniel et al., 2007), but note that other results indi-
cate that delayed feedback can in some instances be more beneficial
for long-term retention (e.g., Butler, Karpicke, & Roediger, 2007;
Butler, Mullet, Verdin, von Borries, & Marsh, 2013).

Related non-tested information. With respect to what might be
the fate of information that is related to previously tested informa-
tion but that is not itself tested on any of the previous quizzes,
the findings of McDaniel et al. (2011), Roediger, Agarwal, Kang,
et al. (2010) and Roediger, Agarwal, McDaniel, et al. (2010) do not
provide much guidance as questions on the criterion exams used
in those studies were the same as those used for the quizzes. We,
however, see this question—that is, how testing or giving retrieval
practice to some facts or information might affect students’ ability
to answer questions about related but not tested information—to
be critical with respect to whether low-stake quizzing should be
used for learning in the classroom owing to the following con-
siderations. First, there can be both positive and negative effects
stemming from retrieval practice in that retrieval acts as a mem-
ory modifier in two  different senses. While information retrieved
(or given retrieval practice) becomes more recallable in the future
than it would have been otherwise—the testing effect (e.g., Bjork,
1975; Carrier & Pashler, 1992; Roediger & Karpicke, 2006a); infor-
mation in competition with the retrieved information can become
less recallable—a phenomenon called retrieval-induced forgetting
(e.g., Anderson, Bjork, & Bjork, 1994).

Although the theoretical explanation of retrieval-induced for-
getting is still being debated, what has become clear, across a
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