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Attempting recall of information from memory, as occurs when taking a practice test, is one of the most
potent training techniques known to learning science. However, does testing yield learning that transfers
to different contexts? In the present article, we report the findings of the first comprehensive meta-
analytic review into that question. Our review encompassed 192 transfer effect sizes extracted from 122
experiments and 67 published and unpublished articles (N = 10,382) that together comprise more than
40 years of research. A random-effects model revealed that testing can yield transferrable learning as
measured relative to a nontesting reexposure control condition (d = 0.40, 95% CI [0.31, 0.50]). That
transfer of learning is greatest across test formats, to application and inference questions, to problems
involving medical diagnoses, and to mediator and related word cues; it is weakest to rearranged
stimulus-response items, to untested materials seen during initial study, and to problems involving
worked examples. Moderator analyses further indicated that response congruency and elaborated re-
trieval practice, as well as initial test performance, strongly influence the likelihood of positive transfer.
In two assessments for publication bias using PET-PEESE and various selection methods, the moderator
effect sizes were minimally affected. However, the intercept predictions were substantially reduced, often
indicating no positive transfer when none of the aforementioned moderators are present. Overall, our
results motivate a three-factor framework for transfer of test-enhanced learning and have practical

implications for the effective use of practice testing in educational and other training contexts.

Public Significance Statement

examples.

The present meta-analysis found that practice testing can result in learning that generalizes to
different situations and different test types. That transfer of learning is greatest across test formats,
to application and inference questions, to problems involving medical diagnoses, and to tests
involving mediator or related word cues. It is weakest to rearranged cues and responses, to
unpracticed information that was seen during prior study, and to problems involving worked
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The act of attempting to recall information from memory, as
occurs when taking a test, provides not only an assessment of prior
learning but also a potent new learning opportunity. That finding
is the chief result of more than 200 studies from over a century of
research (beginning with Abbott, 1909), in confirmation of earlier
anecdotal observations (e.g., James, 1890). Studies showing the

benefit of testing for memory—more formally known as fest-
enhanced learning, the ftesting effect, or the retrieval practice
effect—commonly utilize a three-phase experimental paradigm
that begins with (a) initial study of a set of to-be-learned materials
(e.g., word lists or text passages), followed by (b) training on those
materials via testing or, for comparison purposes, a nontesting
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reexposure control condition (e.g., restudy), and ending with (c) a
final test. On that final test (also called a criterial test), materials
that were initially tested are usually better remembered than those
that were not. Test-enhanced learning has been demonstrated
across a wide range of materials (for a listing, see Rawson &
Dunlosky, 2011; for reviews, see Bjork, 1975; Dempster, 1996;
Rickard & Pan, 2017; Roediger & Butler, 2011; Roediger &
Karpicke, 2006; Roediger, Putnam, & Smith, 2011; for meta-
analyses, see Adesope, Trevisan, & Sundararajan, 2017; Rowland,
2014), with a variety of test types (e.g., McDaniel, Wildman, &
Anderson, 2012; Pan, Gopal, & Rickard, 2015), with and without
correct answer feedback (i.e., being shown the correct answer)
after attempting retrieval (e.g., McDaniel, Bugg, Liu, & Brick,
2015; Rowland & DeLosh, 2015), across a variety of retention
intervals (e.g., Carpenter, Pashler, Wixted, & Vul, 2008; McDan-
iel, Howard, & Einstein, 2009), and with individuals of diverse
ages (e.g., Carpenter et al., 2016; Jones et al., 2015; Meyer &
Logan, 2013) and different memory abilities (e.g., Agarwal, Fin-
ley, Rose, & Roediger, 2017; Pan, Pashler, Potter, & Rickard,
2015).

Given the strong evidence for its memorial benefits, many
cognitive and educational psychologists now classify testing as
among the most effective educational techniques discovered to
date. These researchers emphasize that tests are beneficial not just
for assessment, but also as powerful learning tools in and of
themselves (i.e., in the form of practice or no-stakes tests; for
discussions see Benjamin & Pashler, 2015; Bourne & Healy, 2014;
Brown, Roediger, & McDaniel, 2014; Fiorella & Mayer, 2015;
Karpicke, 2012; McDaniel, Roediger, & McDermott, 2007; Pash-
ler, Rohrer, Cepeda, & Carpenter, 2007; Rawson & Dunlosky,
2012; Roediger & Pyc, 2012). Accordingly, test-enhanced learning
is prominently featured in reports on evidence-based training
methods from the U.S. National Center for Education and the
National Research Council (Druckman & Bjork, 1994; Pashler,
Bain, et al., 2007), is highlighted in a recent comprehensive review
of effective learning techniques from cognitive and educational
psychology research (Dunlosky, Rawson, Marsh, Nathan, & Will-
ingham, 2013), and has begun to attract attention from the main-
stream media (e.g., Carey, 2013; Lahey, 2014; Paul, 2015).

Most studies of test-enhanced learning feature identical materi-
als (i.e., test questions) during both initial and final tests. Although
important theoretically and in some educational contexts (e.g.,
simple arithmetic or vocabulary; memorization of critical facts,
equations, or reactions in multiple STEM fields), in numerous
situations more flexibly applicable learning is needed. For in-
stance, instructors frequently eschew revealing exam questions
during classroom lessons, practice quizzes, and other training
activities (e.g., Balch, 1998; Mayer, 2009; Popham, 2011;
Wooldridge, Bugg, McDaniel, & Liu, 2014). Moreover, in eco-
logically valid circumstances one cannot expect always having to
recall the same information or correctly anticipating the manner in
which previously learned information will need to be used. In-
stead, different information is presented or needs to be retrieved,
previously learned and new information must be integrated, or
prior learning must be synthesized to arrive at a correct answer or
solution. Further, in a variety of circumstances it can be imprac-
tical to test on all to-be-learned materials; as such, it would be
desirable to know if and when the benefits of testing on a subset of
materials can yield benefits for other, not directly tested materials.

The aforementioned scenarios raise the issue of transfer of
learning (i.e., the use of prior learning in a new context or
contexts; for a more detailed definition and specific examples, see
the next section). Transfer of learning is commonly described as a
paramount goal or even the “holy grail” of education (Druckman
& Bjork, 1994; Haskell, 2001; McDaniel, 2007). The critical
question arises: beyond aiding retention, does testing enhance the
transfer of learning (henceforth, transfer) to new contexts?

Two reviews of the test-enhanced learning literature, Roediger
and Butler (2011) and Roediger, Putnam, et al. (2011), included
subsections on transfer; in both articles, the conclusion (based on
the limited evidence then available) was that testing does indeed
generate transferrable learning. Roediger, Putnam et al. included
transfer among their “ten benefits of testing,” of which two were
“testing improves transfer of knowledge to new contexts” and
“testing can facilitate retrieval of material that was not tested” (pp.
14-20). Similar statements can be found in recent empirical arti-
cles on test-enhanced learning, including Butler (2010); Rohrer,
Taylor, and Sholar (2010), and Carpenter and Kelly (2012), as well
as in articles on the technique written for the general public (e.g.,
Lahey, 2014; Paul, 2015; Swaminathan, 2006).

Carpenter (2012), in a brief review that was the first and, prior
to this writing, only paper to specifically focus on this topic,
highlighted over two dozen studies and concluded that testing can
yield transferrable learning, but noted that further research is
needed to gain a more comprehensive understanding of that trans-
fer. Since that review, the literature on transfer of test-enhanced
learning has grown exponentially, now exceeding 70 studies. It
contains a diverse set of experiments that vary in terms of transfer
contexts (e.g., involving the same vs. different cues; contexts to be
further detailed later in this article), types of initial tests (e.g., free
vs. cued recall), and other potentially critical experimental design
features (e.g., brief or long retention intervals; between- vs. within-
subjects designs, classroom vs. laboratory settings, etc.).

In light of that growth, it is broadly agreed in the field that a
new, comprehensive review is needed. In the present article, we
address that need through meta-analysis of 192 effect sizes from
122 experiments and 67 articles in which transfer was measured
relative to a nontesting reexposure control condition. That analysis
provides, for the first time at the level of the literature, statistically
based insight into the conditions under which transfer occurs,
important moderating factors, generalizability, and candidate the-
ories.

Definition of Transfer and Relevant Terminology

Drawing on prior literature (e.g., Carpenter, 2012; Gick &
Holyoak, 1987; Haskell, 2001; McGeoch, 1942; Roediger, 2007),
the definition of transfer used throughout this review is the pro-
ductive use of prior learning in a novel context. What exactly
constitutes a “novel context”? In transfer research, a novel context
can potentially refer to any situation that is different in some way
from that in which original learning took place (McDaniel, 2007).
This may include a different topic, a different goal, a different test
type, or any number of other contextual changes (for a taxonomy,
see Barnett & Ceci, 2002). For example, if information that is
trained via a free recall test is later assessed on a final multiple-
choice test, then that final test constitutes a novel context (i.e.,
transfer across test formats). Alternatively, if prior learning needs to
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be integrated with new information on a final application test, then
that application test constitutes a novel context (i.e., transfer to appli-
cation questions). In another example, if learners are trained to
recall words given specific cues (e.g., given mother, recall child),
and then have to recall those words in response to different cues on
a final test (e.g., given father, recall child), then that final test also
constitutes a novel context (i.e., transfer to mediator word cues).
The list of novel contexts that potentially involve transfer is
limitless.

Some contextual changes are more extensive than others. For
instance, a change in test format is typically regarded as less
substantial than the combination of a change in subject matter and
a switch to application questions. In the transfer literature, the
range of possible novel contexts is often dichotomized into near
transfer (i.e., relatively minor) and far transfer (i.e., extensive or
multiple changes) categories (Barnett & Ceci, 2002; Perkins &
Salomon, 1994). Some transfer researchers argue that relatively
minor contextual changes (i.e., “near” transfer) constitute “ordi-
nary learning” and should not be considered as involving transfer
(Perkins & Salomon, 1994), although there is no absolute dividing
line between ordinary learning and transfer. Drawing on that
precedent, in this review we did not consider studies in which the
contextual change was solely the passage of time or a change in
physical location as involving transfer.! For the current pur-
poses, such changes were too minor to constitute meaningful
transfer (i.e., they represent ordinary learning). Overall, our
review encompassed a wide range of educationally, practically,
and theoretically meaningful transfer contexts—including six
major transfer categories that span from “near” to “far” transfer
(namely transfer across test formats, to stimulus-response re-
arrangement, to untested materials seen during initial study, to
application and inference questions, of problem-solving skills,
and to mediator and related word cues; each are defined in
subsequent sections of this review)—that comprise the vast
majority of the literature on transfer of test-enhanced learning
to date.

The Test-Enhanced Learning Paradigm

Studies in the test-enhanced learning literature commonly fea-
ture a three-phase experimental paradigm. This paradigm is de-
scribed as follows. First, after (a) an initial study phase on a set of
to-be-learned materials, which we will refer to as initial study,
those materials are (b) practiced in a training phase via testing or
a nontesting method. We will use initial test to describe training
through testing, and the nontesting method will be described
generally as the nontesting reexposure control (when discussing
individual studies, we will refer to the nontesting reexposure
control by the task that is used, such as restudy or rereading).
Finally, after a common retention interval, prior learning is as-
sessed via (c) a final test (i.e., criterial test). That final test allows
comparison of learning and retention that occurred via testing
versus the nontesting reexposure control condition. In some cases,
the final test includes both transfer and nontransfer questions;
when discussing such cases, we will differentiate final test ques-
tions or tests that directly assess transfer by using the term transfer
test (i.e., a final test that specifically focuses on transfer).

Test-Enhanced Learning Versus Transfer of
Test-Enhanced Learning

In this review we will also distinguish between the effects of
testing where transfer is and is not involved (i.e., testing’s effects
on transfer vs. retention in cases of no contextual change). We
investigated the former case (i.e., transfer of test-enhanced learn-
ing) using quantitative meta-analysis; in a supplementary analysis
we compared both types of effects (test-enhanced learning vs.
transfer of test-enhanced learning). For brevity, the term testing
effect will be used to refer to the case of identical contexts,
retrieval cues, and required responses on initial and final tests
(which could also be described as “conventional test-enhanced
learning” or a “retention effect”), and the term transfer effect will
apply to the case of differences in either cues or required responses
(or both) on the initial and final tests (i.e., the effects of testing
where transfer is involved; a synonym would be “transfer of
test-enhanced learning”).? In this review, both testing and transfer
effects are measured relative to final test performance in a non-
testing reexposure control condition. A positive transfer effect (or,
as shorthand, simply a transfer effect) will refer to final test
performance that is superior to that in the control condition, and a
negative transfer effect will refer to the opposite case (Haskell,
2001; McGeoch, 1942). The use of “transfer” as a verb can be
assumed to refer to a statistically positive transfer effect.

Theorizing Relevant to Transfer of
Test-Enhanced Learning

A comprehensive discussion of all theories and research per-
spectives from the test-enhanced learning and broader transfer
literatures is beyond the scope of this review (for discussions of the
former, see Delaney, Verkoeijen, & Spirgel, 2010; Karpicke, Le-
hman, & Aue, 2014; Roediger & Butler, 2011; Roediger &
Karpicke, 2006; van den Broek et al., 2016; for coverage of the
latter, see Cormier & Hagman, 1987; Ellis, 1965; Haskell, 2001;
McGeoch, 1942; Mestre, 2005; Singley & Anderson, 1989). How-
ever, several theoretical perspectives provide relevant background
and are briefly summarized here.

Perspectives From the Test-Enhanced
Learning Literature

Although many theoretical accounts of test-enhanced learning
do not directly address transfer (e.g., Halamish & Bjork, 2011;

! For studies involving transfer of test-enhanced learning, the retention
interval between the training phase and final test is typically equivalent
across the following categories: (a) items that were not tested (e.g., the
restudied items) during training and only tested on the final test, (b) items
that were tested during training and tested in an identical way on the final
test (yielding the testing effect as defined in this review), and (c) items that
were tested during training and then tested in a different context on the
final test (yielding the transfer effect). Hence, the effect of retention
interval on final test performance should be similar for the non-testing
reexposure control and transfer conditions on the final test, the two con-
ditions through which the transfer effect is measured.

2 Both testing and transfer effects can be assumed to be a result of
testing’s effects on either learning, memory, or both. Thus, “test-enhanced
learning” and “transfer of test-enhanced learning,” respectively, would be
perhaps the most accurate descriptors (and would have been used in this
review if not for their length).
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Kornell, Bjork, & Garcia, 2011; Mozer, Howe, & Pashler, 2004),
the following three theories suggest a process mechanism that
incorporates it. First, the elaborative retrieval hypothesis (Carpen-
ter & DeLosh, 2006; see also Carpenter, 2009) posits that a process
of spreading activation occurs during the search for correct an-
swers on tests (cf. ACT-R, Adaptive Control of Thought-Rational
and SAM, Search of Associative Memory; Anderson, 1996; Col-
lins & Loftus, 1975; Raaijmakers & Shiffrin, 1981); as a result,
multiple retrieval routes are created which aid later recall, resulting
in the testing effect. Transfer effects may also result from the same
mechanism: when information that is semantically related to pre-
viously tested information needs to be recalled on a transfer test,
the process of spreading activation that presumably occurred dur-
ing initial testing increases the likelihood that such information
will be recallable as well (Carpenter, 2011; Chan, 2009; Chan,
McDermott, & Roediger, 2006; Cranney, Ahn, McKinnon, Morris,
& Watts, 2009). Second, the mediator effectiveness hypothesis
(Pyc & Rawson, 2010), posits that mediators (i.e., a word, phrase,
or concept that links a cue with a target) activated during testing
support improved final test performance. By that account, testing
can also be expected to improve performance when the mediators
themselves, or other information linked via mediators, need to be
recalled on a transfer test (Coppens, Verkoeijen, Bouwmeester, &
Rikers, 2016). Finally, the recently proposed dual memory theory
of test-enhanced learning (Rickard & Pan, 2017) constitutes a
viable framework from within which to account for results in some
cases. According to that theory, test-enhanced learning stems from
the fact that two routes to retrieval are accessible for a tested
response (i.e., via “study memory” from initial study or “test
memory” from the initial test). However, when different responses
are required on a transfer test, that theory, in a slightly elaborated
form (see Rickard & Pan, 2018), predicts that only study memory
is accessible. Under such circumstances, testing is predicted to
yield no positive transfer relative to a nontesting reexposure con-
trol.

Besides those process-based accounts, Roediger, Putnam, et al.
(2011), McDaniel, Thomas, Agarwal, McDermott, and Roediger
(2013), Avci (2011; see also Schmidt & Bjork, 1992), and others
have speculated that testing may generally yield learning that is
more “flexible,” improves overall understanding, and/or increases
higher-order processing. These descriptive accounts imply that
test-enhanced learning will generally yield transfer. Additionally,
McDaniel et al. (2009), McDaniel and Little (in press), Nguyen
and McDaniel (2016), Pan, Gopal, et al. (2015), Pan and Rickard
(2017), and van Eersel, Verkoeijen, Povilenaite, and Rikers (2016)
have suggested that activities associated with but separate from the
act of testing itself (such as the processing of feedback, more
effective subsequent restudy, and more focused attention) may
influence the likelihood of transfer of test-enhanced learning.

Perspectives From the Broader Transfer Literature

Transfer of test-enhanced learning intersects with a long-
running debate in the broader transfer literature between two
prominent and highly influential theoretical perspectives: (a) the
identical elements and related similarity-based models of transfer,
and (b) the general principle and other abstractionist models.
Those perspectives make contrasting predictions as to the preva-
lence of transfer (for related discussions, see Allport, 1937; Barnett

& Ceci, 2002; Detterman, 1993; Dudai, 2007; Healy, 2007; Kelly,
1967; Mestre, 2005; Sternberg, 1993). In the former, transfer is
commonly restricted to situations in which the training and transfer
contexts are highly similar to one another (Thorndike, 1906; see
also Ebbinghaus, 1885). That similarity may be at the level of cues,
responses, available knowledge, mental states, and/or abstract
mental representations (for discussions see Morris, Bransford, &
Franks, 1977; Rickard & Bourne, 1996; Rickard, Healy, & Bourne,
1994; Thorndike, 1906; Tulving, 1984; Singley & Anderson,
1989). In contrast, the general principle and other abstractionist
models suggest that the learning of underlying principles (e.g.,
properties of actions, operations, perceptions, etc.) can facilitate
transfer to contexts that are substantially dissimilar from those that
were encountered during training (Judd, 1908; see also Gick &
Holyoak, 1980; Hayes & Simon, 1977). According to this perspec-
tive, transfer can be increased by making learners aware of rele-
vant information needed for successful transfer (e.g., by training
with multiple or varied examples, or by informing learners to apply
relevant information), and especially if it involves common infor-
mation or an underlying principle.

To accommodate both theoretical perspectives, some transfer
researchers have proposed integrative frameworks. Perkins and
Salomon (1994; see also Salomon & Perkins, 1989) proposed that
transfer can occur in “low” circumstances when the stimuli are the
same or similar to those that were previously learned as well as in
“high” circumstances where learning (i.e., a search for general
principles) occurs at a more abstract level. Barnett and Ceci (2002)
proposed that all transfer, whether through identical elements or
general principles, requires successful (a) recognition of the need
to transfer prior learning to the new context, (b) recall of the
relevant knowledge, and (c) execution of prior learning in the new
context. Both integrative frameworks allow for the possibility that
successful transfer can be very difficult to obtain in various cir-
cumstances.

Method

Literature Search

To obtain a comprehensive list of empirical research studies
addressing the transfer of test-enhanced learning, we first con-
ducted a preliminary analysis of recent empirical and review
articles, and then undertook an extensive formal literature search.
Included were online database searches for peer-reviewed research
articles, dissertations, and theses; ancestral searches of empirical
and review article reference lists; and listserv queries and corre-
spondence with authors to obtain additional data and unpublished
articles. No date restriction was applied during the literature
search, which concluded on September 12, 2016.

Preliminary searches. Because of the lack of standard termi-
nology for transfer studies in this literature (initial database
searches with the keyword fransfer in conjunction with test-
enhanced learning and its synonyms yielded only a portion of the
studies that are known to exist), we examined the Carpenter (2012)
review article, three reviews of test-enhanced learning with sub-
sections that addressed transfer (Roediger & Butler, 2011; Roedi-
ger & Karpicke, 2006; Roediger, Putnam, et al., 2011), as well as
recent empirical articles to identify types of studies that involve
testing and transfer but do not explicitly use transfer terminology.
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That preliminary search revealed that the vast majority of studies
involving transfer of test-enhanced learning do not necessarily
discuss transfer per se (cf. Adesope et al., 2017). Rather, many
studies use terms that are specific to the transfer context or con-
texts under investigation (e.g., test formats). Accordingly, we
compiled a list of the different transfer types that have been
investigated in the literature to date. Keywords addressing these
(for a complete listing, see the next section) were incorporated into
the formal database searches.

Database searches. Two online databases were queried for
empirical research articles: PsycINFO and ProQuest Dissertations
and Theses. Using these databases, a total of 72 separate searches
were performed using the keywords fest-enhanced learning, test-
ing effect, practice testing, and retrieval practice in combination
with the terms transfer, format, related, application, inference,
problem solving, category, classification, or visuospatial. These
searches were intended to broadly capture any studies that may
involve testing and transfer, plus address studies from the afore-
mentioned major transfer categories. The searches yielded 383
hits; 103 were duplicates, leaving 280 database records (212 peer-
reviewed articles and 66 dissertations, dating from as early as 1963
and as recent as 2016) for further examination. These records were

entered into a three-stage review process to determine suitability
for inclusion in the meta-analyses. That process, based on that
detailed in a prior meta-analytic review on an unrelated topic (Pan
& Rickard, 2015) and summarized in Moher, Liberati, Tetzlaff,
Altman, and the PRISMA Group (2009; see also APA Publications
and Communications Board Working Group on Journal Article
Reporting Standards, 2008) diagram format in Figure 1, was first
completed for the PsycINFO database search results and is detailed
as follows.

The first stage, title-level review, involved both authors of
this review separately screening each title for (a) any mention
of test-enhanced learning research, as well as (b) any mention
of transfer. If either condition held or if the title was ambiguous,
it was flagged for potential inclusion. If the title clearly indi-
cated that the article did not address testing or transfer, or stated
that it was a review, commentary, or did not involve the
standard test-enhanced learning paradigm (e.g., generation ef-
fects, hypercorrection effects, hypermnesia, and retrieval-
induced forgetting), it was eliminated from consideration (cf.
Rowland, 2014). All articles flagged by at least one rater were
retained for the next stage. Of the 212 peer-reviewed articles
entered into the first stage of review, 110 were excluded and

Database searches

Additional sources

Keyword searches of PsychINFO,
ProQuest Dissertations and Theses

Ancestral searches of empirical
and review articles; requests for

(n = 383)

d solely for the personal use of the

unpublished data (n = 74)

v

v

Number of unique records remaining

after all duplicates removed:
(n=354)

v

Figure 1.

Stade. Tiledevalievisi Records excluded (i.e., did not
.(n = 354) —| address testing or transfer)
(n=102)
. Records excluded (i.e., did not
Stage |l. A(bns t_razcst-zlt)avel review —| address testing or transfer)
- (n=92)
Stage lll. Article-level review Excluded per inclusion criteria
(n=160) . (n=190)
Eligible studies after all :
stages of review completed: |[— EX::hédedf dute 1 belng_sg le
(n=170) study of category (n = 3)
Final set of studies included in quantitative
synthesis (i.e., meta-analysis):
(n=67)

Flowchart of the literature search and selection process (n refers to individual studies).
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102 survived. Overall interrater agreement was good (Cohen’s
k = 0.81).

The second stage, abstract-level review, involved the same two
raters separately reading each article abstract to verify whether
both conditions (a) and (b) from the first stage applied. Similar to
the first stage, if either rater determined that the necessary condi-
tions applied or that the abstract was too ambiguous for a definitive
rating, then the article was flagged for potential inclusion. Addi-
tionally, if the abstract indicated that only clinical populations
were involved, then the article was excluded. Of the 102 articles
entered into the second stage of review, 41 were excluded and 69
survived. Overall interrater agreement was k = 0.83.

The third and final stage, article-level review, involved the first
author of this review examining the full text of each article to
determine whether it unambiguously met a set of five inclusion
criteria (which are detailed later in this section) to qualify for
meta-analysis, as well as to verify that it did not violate any of the
exclusion rules from the preceding stages. In nine instances where
an article contained ambiguities, the final inclusion decision was
made by both authors discussing and arriving at mutual agreement.
Of the 69 articles entered into the third stage, 35 were excluded
and 34 survived.

Because of the good interrater agreement that was observed for
the PsycINFO search results, the 66 unpublished results from the
ProQuest Dissertations and Theses database were screened by the
first author only. Seventeen records survived title- and abstract-
level review; of these, six dissertations passed article-level review
and were included in the meta-analyses.

Ancestral searches. In an effort to obtain further studies, the
reference lists of all studies that survived the three-stage screening
process, as well as those of six review articles or chapters address-
ing test-enhanced learning and/or transfer (including the four
aforementioned articles that were consulted in the preliminary
searches, as well as the reference lists of articles in Rawson &
Dunlosky, 2011 and Rowland, 2014) were examined. Sixty-three
unique references were identified in this manner. All of these
references survived title- and abstract-level review; 21 survived
article-level review and were included in the meta-analyses.

Unpublished studies. To address publication bias and the
“file drawer” issue (Strube & Hartmann, 1983), we contacted 52
researchers to request any unpublished studies involving transfer
of test-enhanced learning. The list of contacts was drawn from
listservs of researchers in the fields of learning, memory, cogni-
tion, and instruction, as well as lists of authors of studies already
included in the meta-analyses. In response to our request (issued
on May 15, 2016), we received 15 responses and obtained the full
text of 10 unpublished articles (and were also referred to articles
and dissertations that we had already obtained); of these, six met
article-level inclusion criteria and were included in the meta-
analyses. In four cases (Cho, Neely, Brennan, Vitrano, & Crocco,
2017; Eglington & Kang, 2016; additionally, Pan, Hutter,
D’Andrea, Unwalla, & Rickard, 2018; Rickard & Pan, 2018), we
obtained or had an in-progress or partially redacted article; each of
these had sufficient information to determine study eligibility and
to extract effect size and other necessary data.

Inclusion criteria for the article-level review stage. At the
final review stage, all studies from the database and ancestral
searches, as well as unpublished works solicited via author corre-
spondence, were screened against a set of five inclusion criteria.

The purpose of these criteria was to verify that all included studies,
experiments, or conditions had specific, clearly identifiable exper-
imental design features and contained sufficient data for quantita-
tive meta-analyses. Exclusion of individual studies or experiments
was done solely on the basis of these criteria and was not the result
of any assessment of study quality or outcome. The five criteria
were:

1. The most common three-phase test-enhanced learning par-
adigm must have been used. This paradigm, which we noted
earlier, involves three phases: first, initial study of to-be-learned
materials; second, an intervening training phase on those materials
which features a testing versus a nontesting reexposure control
manipulation; and third, a final test. This criterion excluded studies
which featured unambiguously different sequences of events,
dropout schedules, or had the presentation of new and different
to-be-learned information during the training phase (e.g., studies of
test-potentiated new learning), as well as studies of adjunct pre-
questions (for reviews of that literature, see Anderson & Biddle,
1975; Frase, 1968; Hamaker, 1986).

2. Transfer must have been assessed relative to a nontesting
reexposure control. Multiple types of nontesting reexposure
controls have been used in the test-enhanced learning literature,
including restudy (or rereading), concept mapping, highlighting,
and notetaking (among those, restudy is the most common). The
requirement that a nontesting reexposure control be used reflected
prior assertions (e.g., Carrier & Pashler, 1992; Carpenter & De-
Losh, 2006; Kuo & Hirshman, 1996; Rowland, 2014) that studies
in which testing is compared against a no-training condition (i.e.,
materials in the control condition were not presented in any form
during the training phase) preclude any objective assessment of
testing’s benefits relative to any other learning strategy (for similar
observations on the importance of the control condition in the
broader transfer literature, see McGeoch, 1942). From an educa-
tional standpoint, it is more meaningful to examine whether testing
can yield transfer relative to a nontesting learning activity rather
than no learning activity. Included studies fell into one of two
widely used experimental design types. In the first type, only the
transfer effect is assessed on the final test. In the second type, both
testing and transfer effects are assessed on the final test.

3. Transfer must have been specifically assessed on the final
test and separately reported. Performance on final test questions
that address transfer must have been reported apart from any final
test questions that did not involve transfer. Studies in which data
from transfer and nontransfer questions were not separated were
excluded on this basis (for related discussion see Butler, 2010).
Additionally, the exact transfer category under investigation (e.g.,
application questions or stimulus-response rearrangement) must
have been clearly identifiable or inferable from the article text.

4. Proportion correct must have been the dependent measure
on the final test. In most studies in the literature, final test
performance is reported in terms of proportion correct ranging
from O to 1.0. Studies that reported data in that manner, as well as
studies in which that data could be derived (e.g., number of points
earned out of a maximum possible total), were included. For five
studies in which a recognition final test was used, proportion
correct was used where it was reported as the dependent measure
(e.g., Bies-Hernandez, 2014; Huff, Balota, & Hutchison, 2016;
Verkoeijen, Bouwmeester, & Camp, 2012) or was derivable from
reported mean rates of hits (e.g., Carpenter, 2011) or hits minus
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false alarms (e.g., Jacoby, Wahlheim, & Coane, 2010). (It should
be noted, however, that proportion correct in the case of recogni-
tion does not account for response criterion effects and is an
incomplete measure of performance; for discussion see Stanislaw
& Todorov, 1999.)

5. All necessary information for effect size calculations must
have been reported or derivable. Effect size, sampling variabil-
ity, sample size, type of experimental design (between- or within-
subjects), and the relevant test statistics and degrees of freedom for
pairwise comparisons (e.g., transfer performance in the testing vs.
nontesting reexposure control conditions) must have been pro-
vided in the text, be derivable from figures in the article (using the
pixel-based graphical measurement technique described in Pan &
Rickard, 2015), or provided by the authors in response to elec-
tronic correspondence.

Nonindependent effect sizes within experiments. Experiments
within several included studies involved data that was noninde-
pendent in some fashion (i.e., multiple transfer conditions com-
pared against the same reference condition, a transfer condition
compared against multiple reference conditions, repeated final
tests, or data collapsed across conditions). Our criteria for address-
ing those cases were as follows.

1. Each transfer effect size must have been derived from
nonoverlapping experimental means. In some experiments,
there were an uneven number of testing and nontesting reexposure
control conditions. These fell into two broad categories: (1) a
greater number of testing conditions than nontesting reexposure
controls (e.g., a free recall test, a cued-recall test, and a restudy
training condition), or (2) multiple nontesting reexposure controls
compared against a comparatively smaller number of testing con-
ditions (e.g., notetaking and rereading conditions compared against
a single test condition). In both circumstances, the multiple pair-
wise comparisons that are calculable between testing and nontest-
ing conditions are nonindependent. For cases involving (a), one
pairwise comparison was chosen at random for inclusion in the
quantitative meta-analyses (effect sizes that were not included in
those analyses are indicated by a superscript letter a in Table 1).
For cases involving (b), the nontesting reexposure control condi-
tion that most closely matched restudy (i.e., the most common
reference condition in this literature) was included. Where there
were multiple reexposure controls involving restudy, the reexpo-
sure control condition that was subject to comparable experimental
conditions as the transfer condition was included. For example, in
Butler (2010; Experiment 2), there were three training conditions:
testing, restudy of isolated sentences, and restudy of passages.
Given that the testing condition involved viewing feedback in the
form of isolated sentences (and not whole passages), the included
reexposure control condition involved isolated sentences.

2. Data from studies with multiple identical final tests must not
have been confounded by the effects of a prior identical final test.
In some studies, subjects completed the same exact final test
multiple times, such as immediately after training and then again
after a delay (e.g., the previously tested items condition in Mc-
Daniel, Howard, et al., 2009) or across multiple test blocks. In such
situations, only data from the first test for an item were included,
as the results of that test constitute the purest measures of the
retention and transferability of learning from the training phase.
For studies which had independent between-subjects assignment to
an immediate and delayed final test, data from both tests were

included. For studies which used within-subjects assignment to
immediate and delayed final tests, but in which independent and
randomly assigned materials (e.g., two separate text passages)
were used on the two tests, data from both tests were included
(yielding two effect sizes in the analysis dataset).

3. Data collapsed across conditions or experiments were in-
cluded and identified as such if no other inclusion criteria were
violated. In some studies, results were only reported for data
collapsed across experiments or across conditions (e.g., different
retention intervals). Provided that no other inclusion criteria were
violated, those results were included as such in the meta-analyses
and noted in Table 1 in the following manner: where multiple
experimental conditions were collapsed together, those conditions
are denoted with a superscript letter c; where multiple experiments
were collapsed together, the experiment numbers are presented
side-by-side in the table; where multiple retention intervals are
collapsed together, the delay interval in hrs. is the average of those
intervals.

Further criteria for studies of transfer across test formats.
Two additional rules applied to studies of transfer across test
formats: test format must have been the only change between the
initial and final test (and not a change in assessed content). Studies
excluded on this basis remained eligible for inclusion in other
categories (throughout the dataset, each effect size was included in
only one category). Additionally, studies in which subjects com-
pleted a final test in the same format as during training (i.e., a test
condition), plus completed another final test in a different format
as during training (i.e., a transfer condition), were not eligible for
inclusion if the test condition preceded the transfer condition. This
rule was implemented to avoid including any data in which the
effect of a change in final test format was contaminated by a
preceding final test in which there was no change in format.

Outliers. We did not specifically identify, nor exclude, outlier
effect sizes. All data that qualified according to the aforementioned
inclusion criteria were analyzed.

Missing or incomplete information. We contacted 13 au-
thors to request clarifications or additional data; all but one re-
sponded, and nine authors were able to provide the requested
information within the requested 3-month period. In one other case
(Coppens et al.,, 2016), we were able to derive the necessary
information from a dataset made publicly available on the Open
Science Framework.

Summary of literature search results. Overall, 67 studies
comprising 192 transfer effect sizes from 122 experiments met the
criteria for inclusion in the overall and category-level meta-
analyses. Of these, 53 studies had been published and 14 were
unpublished by the conclusion of the literature search period. The
publication, completion, or submission dates of these studies
ranged from 1975 to 2016, with most (60 studies) finished in 2006
or later. All studies but one (Zhou, Ma, Li, & Cui, 2013) were
written in English. Nearly all were performed using samples re-
cruited from young adult (i.e., university student) populations;
exceptions included 3 studies involving elementary schoolchil-
dren, 2 studies with high school students, and 2 studies with older
(50-66 years in age) adults. Descriptive and statistical information
for each study, including stimulus type, delay interval, test format,
condition identifiers, sample size, effect size, and sampling vari-
ability, are included in Table 1. Forest plots depicting each effect
size across the reviewed literature are included in Figure 2.
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TESTING AND TRANSFER

Test format

Free recall to  Karpicke & Blunt, 2011 (Exp 1)t 2 1.15 [0.48,1.82)
cued recall Zhou et al., 2013 (Exp 1)t e 0.38 [-0.06, 0.82]
Zhou et al., 2013 (Exp 2)t —— 0.44 [0.13,0.75]
Blunt & Karpicke, 2014 (Exp 2)t L 4 0.82 [0.17, 1.46]
Free recall to  Verkoeijenetal., 2012 ——1— -0.15 [-0.49, 0.20)
recognition Huff et al., 2016 (Exp 1) —_————— 0.66 [0.20, 1.11]
Huff et al., 2016 (Exp 2) g 1.09 [0.39, 1.77]
Huff et al., 2016 (Exp 3) ——1— -0.18 [-0.54,0.18]
Cued recall to Carpenter et al., 2006 (Exp 1)t —_— 0.64 [0.27,1.00]
free recall Carpenter et al., 2006 (Exp 2)t ——— 0.42 [0.02,0.82]
Carpenter & Pashler, 20071 —— 0.48 [0.18,0.78]

Carpenter, 2009 (Exp 1)t —_— 1.41 [1.04,1.77)
Carpenter, 2009 (Exp 2)t e — g 1.19 [0.84, 1.54)
Rohrer et al., 2010 (Exp 1)t —_——— 0.77 [0.34,1.18]

Sensenig et al., 2011 (Exp 1)t —— 0.51 [0.30,0.72)
Sensenig et al., 2011 (Exp 3)t —— 0.66 [0.44,0.87]
Halamish & Bjork, 2011 (Exp 1)t ————4—— 1.44 [0.86,2.01]
Halamish & Bjork, 2011 (Exp 2)t —_— 0.66 [0.17,1.14]
Peterson & Mulligan, 2013 (Exp 3)t 2 0.78 [0.09, 1.45]
Karpicke et al., 2014 (Exp 3)t —— 0.42 [0.20, 0.64]
Rowland et al., 2014 (Exp 1)t —— 0.47 [0.21,0.73]
Rowland et al., 2014 (Exp 2)f —_—— 0.93 [0.56, 1.28]
Rowland et al., 2014 (Exp 3)t 4 0.51 [-0.09, 1.09]

Rowland & DeLosh, 2015 (Exp 1)t ——
Rowland & DelLosh, 2015 (Exp 2)t H——

-0.27 [0.60, 0.06]
0.19 [-0.04,0.43]

Rowland & DeLosh, 2015 (Exp 3)t —— 0.72 [0.44, 1.00]
Rowland & DeLosh, 2015 (Exp 4)t —_— 0.92 [0.53, 1.30]
Mulligan & Peterson, 2015 (Exp 4)t —— 0.42 [-0.11, 0.95]
Mulligan & Peterson, 2015 (Exp 4)t —_—— 1.29 [0.78,1.79]
Cued recall to Jacoby et al., 2010 (Exp 1) —_—— 0.75 [0.40, 1.10]
recognition Jacoby et al., 2010 (Exp 2) —— 0.58 [0.22,0.92]
Jacoby et al., 2010 (Exp 3) —— 0.48 [0.23,0.72]
Jacoby et al., 2010 (Exp 3) —— 0.68 [0.42,0.94]
Carpenter, 2011 (Exp 1)t —————— 0.51 [-0.01, 1.03]
Bies-Hernandez, 2013 (Exp 1) L 2 0.79 [0.21, 1.36]

Bies-Hernandez, 2013 (Exp 1) 2 4 1.13 [0.53,1.73]
Bies-Hernandez, 2013 (Exp 2) 4 0.75 [0.18,1.32]
Bies-Hernandez, 2013 (Exp 2) L 2 1.03 [0.43, 1.61]
Cued recall to Nungester & Duchastel, 19821 —_————— 0.81 [0.30, 1.32)
multiple- Kang et al., 2007 (Exp 1)t —— -0.30 [-0.58, 0.01]
choice Kang et al., 2007 (Exp 2)t —— 0.47 [0.17,0.76]
Avci, 2011 (Exp 4)t — 0.53 [0.20, 0.85]
Hinze & Wiley, 2011 (Exp 3)t — 0.44 [0.02,0.85]
Hinze & Wiley, 2011 (Exp 3)t T 0.35 [-0.086, 0.75)
McDaniel et al, 2012 (Exp 1)t L 1.05 [0.42, 1.65]
McDaniel et al, 2012 (Exp 2)t ————— 0.82 [0.37, 1.25)]
Wooldridge et al., 2014 (Exp 1)t —————4—— 1.52 [0.90,2.12]
Multiple- Nungester & Duchastel, 1982t —_— 0.92 [0.40, 1.43]
choice to Butler & Roediger, 2007t —_——— 0.01 [-0.32,0.32]
cued recall Kang et al., 2007 (Exp 1)t ——— 0.28 [-0.01,0.56)
Kang et al., 2007 (Exp 2)t — 0.17 [-0.11, 0.46]
Sensenig, 2010 (Exp 1)t —— -0.44 [-0.68, -0.20]
Sensenig, 2010 (Exp 3)t —— 0.18 [-0.09, 0.44]
Avci, 2011 (Exp 4)t — 0.60 [0.26,0.93]
Meyer & Logan, 20131 —— 1.03 [0.85,1.22]
Pan et al., 2015 (Exp 3)t —— 0.52 [0.22,0.80]
-1.5 -1 -0.5 0 0.5 1 1.5 2
Effect Size (d)

Figure 2. (a) Forest plot of effect sizes (Cohen’s d) with 95% confidence intervals for the transfer across test
formats category. Study order matches Table 1. (*) denotes strong response congruency and/or elaborated

retrieval practice.
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Figure 2. (continued). (b) Forest plot of effect sizes (Cohen’s d) with 95% confidence intervals for the transfer
to stimulus-response rearrangement and to untested materials categories. Study order matches Table 1. Italicized
entries with () denotes exclusions for nonindependent reexposure controls; () denotes strong response
congruency and/or elaborated retrieval practice.
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