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KEYWORDS Abstract Attempting to recall previously encountered information by being tested or quizzed
Testing effect, (retrieval practice: RP) enhances memory. In real classrooms, however, it is unclear when testing
memory, should take place (placement) in order to elicit better learning. We tested students using authentic
evidence-based learning undergraduate-course materials with two placements, followed by collective feedback: (a) at the

end of the class in which content was taught; or (b) at the beginning of the next class. Re-teaching
(RT) the same content through lecturer led-reviews at the same placements was used as a control
condition. RP and RT plus feedback took 15 min of 100 min-long classes and were applied during
12 classes after which retention was assessed by exams. Participants were 114 students enrolled
in a biweekly taught course. Testing (RP) once at the end of the same class in which content was
taught boosted academic scores by around 10% compared to the other manipulations.
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Mejorando la retencion al realizar la practica de recuperacion al final de la clase: un
estudio naturalistico

PALABRAS CLAVE

Efecto de las pruebas, Resumen El intento de recordar la informacion presentada previamente mediante pruebas o
memoria, cuestionarios (practica de recuperacion, RP) mejora la memoria. Sin embargo, en las clases reales
aprendizaje basado no esta claro en qué momento debe realizarse las pruebas para obtener un mejor aprendizaje.
en la evidencia Probamos a los estudiantes utilizando materiales auténticos de cursos de licenciatura en dos

momentos, seguidos de una retroalimentacion colectiva: (a) al final de la clase en la que se enseio
el contenido; o (b) al principio de la siguiente clase. La reensefianza (RT) del mismo contenido
a través de revisiones dirigidas por el profesor en el mismo momento se utilizd como condicion
de control. LaRP y la RT mas la retroalimentacion tomaron 15 minutos de clases de 100 minutos de
duracion y se aplicaron durante 12 clases después de las cuales la retencion fue evaluada por
examenes. Los participantes fueron 114 estudiantes inscritos en un curso impartido cada dos
semanas. Las pruebas (RP) realizadas una vez al final de la misma clase en la que el contenido se
ensefod, aumento los resultados académicos en alrededor de un 10% en comparacion con las otras
manipulaciones.
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Evidence-based teaching requires research findings to
move from the laboratory into the classroom (Agarwal,
Bain, & Chamberlain, 2012). One way of boosting learning in
naturalistic settings is to use retrieval practice, also known
as the testing effect (Roediger, Finn, & Weinstein, 2012;
Roediger & Karpicke, 2006). Retrieval practice involves
testing or quizzing students on previously presented con-
tent. This not only enables learners to assess the extent of
their retention (Roediger, Agarwal, McDaniel, & McDermott,
2011), but also makes it more likely that information will be
remembered for longer periods of time (Adesope, Trevisan,
& Sundararajan, 2017; Roediger & Karpicke, 2006; Roediger,
Putnam, & Smith, 2011; Rowland, 2014). Some authors have
suggested that retrieval practice is not always effective or
robust in educational settings, in which complex informa-
tion is taught (van Gog & Sweller, 2015). However, these
arguments have not withstood scrutiny and the benefits of
retrieval practice seems to clearly offset any disadvantages
(Karpicke & Aue, 2015; Rawson, 2015). In this paper, we will
refer to “tests” or “testing” as opportunities to practice re-
trieval of information before final assessment of memory
retention, which we will term “exams” (corresponding to
finals or similar terms in usual teaching practices).

Despite the large body of data showing retrieval prac-
tice’s efficiency for promoting lasting learning in labo-
ratory experiments and in classroom settings (Adesope
et al., 2017; Roediger & Karpicke, 2006; Rowland, 2014),
teachers generally use testing and exams as a means of
evaluating acquired knowledge (Roediger & Karpicke, 2006)
rather than a teaching or studying technique. To change
this, teachers should realize that testing could also be an
effective teaching tool that does not involve changing what
is taught. They should simply get students to practice re-
membering information more often. This need not take up
too much of teachers limited classroom time (see Leeming,
2002). In fact, retrieval practice may lead to more efficient
use of time since improved retention reduces the need
to re-explain content (Pyc, Agarwal, & Roediger, 2014).
Furthermore, repeated testing decreases test-anxiety
(Agarwal, D’Antonio, Roediger, McDermott, & McDaniel,
2014) and can even improve students’ perception of their
teachers (Bangert-Drowns, Kulik, & Kulik, 1991).

One testing opportunity pertaining to each taught con-
tent before long-term evaluation of retention has been
shown to have the strongest effect on learning (Adesope
et al., 2017; Bangert-Drowns et al., 1991; Bjork, Little, &
Storm, 2014). Repeating testing of the same content more
times can also improve retention, but to a much smaller
extent (Rowland, 2014). Therefore, to maximize retriev-
al-practice benefits while minimizing their burden, teach-
ers should test students on previously taught content at
least once before retention is assessed in the longer term
(exams). Regarding test format, cued- or free-recall (short-
answer tests) questions favour retention (Kang, McDermott,
& Roediger, 2007; Rowland, 2014) and multiple-choice
tests also work well (Adesope et al., 2017; Karpicke, 2017;
Rowland, 2014). However, the number and plausibility of
alternative answers in multiple-choice tests can influence
results and, in some cases, even lead students to acquire
incorrect knowledge (see Karpicke, 2017). Hence, feedback
should be provided after retrieval practice to enable stu-
dents to correct any misunderstandings (Butler & Roediger,
2008). If teachers are pressed for time, collective feed-
back can be used, that is, presentation of test answers to

the whole class instead of having to review each students’
answers (Butler, Karpicke, & Roediger, 2007). When short-an-
swer questions are used for testing during class, exams may
consist of multiple-choice questions, which are easier to
mark. Varying the format of tests and exams is a good way
of assessing retention because students are led to diversely
retrieve what they have learned (see Kang et al., 2007). As
such, exams also become additional learning opportunities
(McDaniel, Anderson, Derbish, & Morrisette, 2007).

One question that has not yet been fully answered,
which we aim to assess in this paper, is when (placement) to
apply tests in real classroom environments. Although Row-
land’s (2014) meta-analysis showed that the lag between
presenting information and testing it did not moderate
testing effects, many laboratory studies have shown this
lag to be important. Tests in these laboratory studies were
usually applied only seconds or a few minutes after content
was presented (Karpicke & Roediger, 2010; Pyc & Rawson,
2009), while retention intervals (from testing to exam) typ-
ically spanned minutes to hours, or sometimes up to a cou-
ple of days (McDaniel, Roediger, & McDermott, 2007). The
findings from these studies are evidently of little use when
it comes to deciding what to do in classroom situations.
Testing students every few minutes can interrupt the flow
of lessons. Also, the aim of education is to make informa-
tion retrievable in the long term rather than after just a few
minutes, hours, or days. Additionally, teachers have access
to students only on certain days of the week, so they have
little flexibility in deciding when to place testing.

Some naturalistic studies propose more practical solu-
tions to overcome this issue of placement, such as testing
at the end of each class (Lyle & Crawford, 2011; McDaniel,
Agarwal, Huelser, McDermott, & Roediger (2011) (experi-
ment 1, 2a, and 2b) and Roediger, Agarwal, et al. (2011) (ex-
periments 1 and 2)) or in the next class (Bjork et al., 2014;
Leeming, 2002; McDaniel, Thomas, Agarwal, McDermott, &
Roediger, 2013). Both placements could have advantages.
Testing some days after teaching content introduces some
desirable difficulties (see Bjork & Bjork, 2011), since an-
swering questions becomes harder after time has elapsed
and forgetting (Roediger & Karpicke, 2011) and/or inter-
ference (Hays, Kornell, & Bjork, 2012) have taken hold. In
contrast, testing for retention of concepts soon after they
have been presented may be facilitated by factors such as:
(1) more recent activation of previously formed semantic
networks while learning new content (Carpenter, 2009);
(2) temporal and contextual cues from a recent learning
episode (Karpicke, Lehman, & Aue, 2014; see also Radvan-
sky & Zacks, 2017); (3) less interference from new content
encountered by students after a class (Hays et al., 2012);
and/or (4) less time during which forgetting can occur
(Roediger & Karpicke, 2011). All these factors may enhance
the effects of retrieval practice in the classroom, possi-
bly by allowing associative networks to be strengthened,
reconsolidated, and more efficiently re-organised, which is
in line with the proposed mechanism through which retriev-
al practice works (Bjork, 1975; McKenzie & Eichenbaum,
2011; Roediger & Butler, 2011; Rowland, 2014). Studies that
tested the effects of retrieval practice at the end of class
or the beginning of the next class, however, did not directly
compare these manipulations, which was the objective of
the present study.

We sought to determine the best testing/quizzing place-
ment to enhance retention in a manner that can feasibly
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be applied by teachers, using authentic study materials in
undergraduate classes. Students were submitted to one test
or retrieval practice opportunity (short-answer questions)
pertaining to content taught in one class that was part of
a sequence of 12 Educational Psychology classes. We mea-
sured how this affected retention of information in final,
multiple-choice exams when testing was placed either:
(@) at the end of the same classes in which the content was
taught; or (b) at the beginning of the next classes. Thus,
twelve retrieval practice opportunities occurred many min-
utes to days after students were exposed to new course
information. However, each content was tested only once.
Spreading testing over time in this way has been shown to
be advantageous for lasting learning (Adesope et al., 2017).
Our control condition was re-teaching the same content
that was tested at both placements. We chose this condition
because re-reading content, the usual control condition for
the type of experiment conducted in this paper (Adesope et
al., 2017; Roediger, Agarwal, et al., 2011), has been shown
to be inefficient (Rowland, 2014; Adesope et al., 2017). We
considered this manipulation to be unethical because scores
on final exams in the present naturalistic experiment were
part of students’ final grades. Furthermore, although retriev-
al practice is more beneficial when compared to “shallow”
encoding conditions, such as rereading, in naturalistic stud-
ies there is less evidence that testing works better than
activities that are usually employed in the classroom, such
as concept mapping and lecturing (Moreira, Pinto, Starling,
& Jaeger, 2019). Because teachers often highlight or direct
attention to critical facts (Kornell, Rabelo, & Jacobs, 2012),
which can be characterized as a “deeper” form of encoding
than rereading, we opted to use lecturer-led reviews of con-
tent (Bol & Hacker, 2001) as a control condition. This type
of re-exposure to content, which we will call “re-teaching”,
has been shown to be a powerful means of improving learn-
ing, and is on a par with testing (Bol & Hacker, 2001; Kang et
al., 2007). However, studies that have compared these ma-
nipulations have not varied testing placement. Therefore,
we reasoned that if retrieval practice in one of our place-
ments were found to improve learning more than usual tea-
ching practices, this could increase the credibility of this
technique as a teaching tool. We hypothesized that testing
during the next class would be more advantageous because
studies tend to show that longer intervals between being
exposed to content and being tested enhances long-term
storage (Adesope et al., 2017). This occurs in part because
learning seems to be strongly dependent on the amount of
effort required to answer tests (see Adesope et al., 2017).
In order to maintain control over the re-teaching ma-
nipulation, the same experienced lecturer taught all
classes. She had access to two classrooms of students in
each year, so the experiment took place over two consecuti-
ve years. Each classroom had lessons at a different time of day
(afternoon or evening). Undergraduates tend to be chron-
ically sleep deprived when they have to wake up early in
the morning to study or work due to their chronotype being
shifted two to three hours later in the day during this phase
of life (Evans, Kelley, & Kelley, 2017). Because there is a
strong body of evidence that students tend to learn best
when they are most alert (Levandovski, Sasso, & Hidalgo,
2013; Preckel et al., 2013; Rahafar, Maghsudloo, Farhang-
nia, Vollmer, & Randler, 2016), our study design considered
the time of day at which participants’ classes were sched-
uled (by reversing the manipulations considering time of

class in the two consecutive years). Sex was also taken into
account because it can influence academic performance.
Female students consistently obtain better grades than male
students (Voyer & Voyer, 2014), and men and women also
differ in terms of academic self-efficacy, that is, in their
belief in their ability to achieve intended results (Huang,
2013), which can affect how they study. Additionally,
age can have significant effects on how people remember
information (e.g. Old & Naveh-Benjamin, 2008), so we con-
trolled for age in our analyses.

Method

Participants

Participants were 131 undergraduate students major-
ing in Biological Sciences or Information Systems at the
Universidade Estadual do Norte do Parana. Their native lan-
guage was Portuguese and they were taking an Education-
al Psychology course. The Ethics Committee approved the
experimental procedures (approval number: 670,895), and
all students provided written informed consent. They were
told at the beginning of the course that all the manipula-
tions they would be exposed to had been found to be good
for learning.

Experimental Design and Procedure

We manipulated three variables: type of re-exposure
to materials (retrieval practice (RP) versus re-teaching
(RT)), placements (at the end of the same class (RPsame or
RTsame)) or at the beginning of the next class (RPnext
or RTnext), and time of day when courses were taught (af-
ternoon versus evening), which coincided with the degrees
participants were pursuing (see Figure 1).

We had access to four classes taught twice a week by the
same experienced lecturer (the first author) for two consec-
utive years. In each year there were two types of students:
one class was undergraduates studying Information Systems
(with classes on Monday and Wednesday evenings), and the
others were Biological Sciences undergraduates (afternoon
course on Mondays and Thursdays). Therefore, with a few
exceptions (e.g. bank holidays), the lags between classes
and testing or re-teaching were three and four days for the
Information System degree (Monday to Thursday and Thurs-
day till the following Monday) and two and five days for the
Biological Sciences degree course (Monday to Wednesday
and Wednesday till the following Monday).

Each course had 24! lessons during each semester, di-
vided into two blocks with different sequential manipula-

" The RPnext or RTnext conditions included an initial
class in which content was taught but no retrieval practice
or re-teaching took place. The manipulations were applied
to the following 12 classes, the last of which included only
RP or RT relative to content from the prior class, followed
by other activities that did not involve teaching new infor-
mation. The RPsame and RTsame conditions included an
initial class in which no content was taught, followed by 12
classes with taught content, and at the end there was RP or
RT. Therefore, manipulations (RP or RT) were applied only
during 12 classes in each block.
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Figure 1. A) Experimental design: four groups of students were enrolled for two consecutive blocks of 12 classes each (two classes
per week) during which testing was manipulated. Retention of taught material was assessed at the end of each block by using
multiple-choice tests including three questions on content tested (RP) or Re-Taught (RT) in the block (totalling 36 questions).
B) Placement of manipulations: In the Retrieval Practice condition (RP), students answered three short-answer questions (followed
by blocked feedback) either at the end of the same class during which tested material was taught (RPsame) or at the beginning of
the next class (RP next). The control lecturer-led review condition (Re-Teaching - RT) also occurred either at the end of the class
in which content was taught (RTsame) or at the beginning of the next class (RTnext).

tions. In the first year of the experiment, each of the two
classrooms of students was submitted to either the same
(RTsame followed by RPsame) or the next (RPnext followed
by RTnext) condition. This was done so as not to confuse
students who, in Brazil, often turn up late or leave befo-
re the end of class. They were informed that during the
course they should not be late (next conditions) as manipula-
tions occurred at the beginning of class, or that they should
stay until the end of class (same conditions) as the manipula-
tions took place at the end of class. Hence, in the next con-
dition, participants always experienced retrieval practice
in the first block and re-teaching in the second, while in the
same conditions, participants always experienced a block
of re-teaching followed by a block of retrieval practice.
After the twelfth class in every block, participants under-
went a block exam (respectively, block exam one and two)
which included questions related to the content taught over
the prior 12 classes. This exam was used to assess retention
of information under each manipulation.

In the second year of the study, we kept the same pro-
tocol (with new students pursuing the same undergraduate
degrees); the only exception was that we alternated manip-
ulations across the two degree options taught at different
times of day (indicated by arrows on Figure 1). The purpose
was to control for time of day in which classes were held,
a factor that is mostly ignored in the retrieval practice lit-
erature. We believed that time of class could be a more

determinant factor for learning than the order of manipula-
tions within blocks in each of the same and next conditions.
Hence, although we controlled for time of class/course in
our model and, consequently, for the number of days (lags)
between the classes and the next manipulations, our ma-
nipulations were confounded with order: each classroom of
students was subjected to two sequential manipulations and
the total counterbalancing of testing/re-teaching, same
and next conditions was not obtained (see Figure 1). This
was taken into account in the statistical analysis, which
controlled for the between/within-participant and sequen-
tial nature of the variables (see below).

Each class lasted 100 minutes; 85 min of which were for
teaching content, and the remaining 15 min were for re-
trieval practice (testing) or re-teaching. This happened at
either the beginning of class (next conditions, pertaining
to information presented in the last class) or at the end of
each class (same conditions, pertaining to content present-
ed in that same class). In the retrieval practice conditions,
students used the first ten minutes of the 15 minute period
to answer three short-answer questions (self-paced), while
the final five minutes were used for collective feedback (de-
layed blocked-practice feedback; Kornell & Vaughn, 2016;
Rowland, 2014). To ensure students were paying attention
during feedback, they were asked to mark their answers as
correct, partly correct, or wrong. The lecturer reviewed
all answers and scored them 1 (correct), 0.5 (partially cor-
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rect), or 0 (wrong) to make sure students had marked them
correctly. Consequently, scores for short-answer questions
for each class ranged from 0 to 3. Students were not grad-
ed on these results (no-stakes testing). We compared mean
retrieval accuracy for the daily retrieval practice tests in
the RPsame and RPnext conditions because getting test
answers right can influence retrieval practice effects, al-
though exactly how is still unclear (see Karpicke, 2017; Row-
land, 2014).

In order to equate overall exposure to materials in the
retrieval practice and re-teaching conditions (see Rowland,
2014), during re-teaching the lecturer reviewed/summa-
rized the same information that had been assessed in re-
trieval practice tests by briefly reviewing content. During
this time, students were allowed to interact with the lec-
turer and ask questions, but the lecturer did not ask any
questions because this would characterize retrieval prac-
tice (Smith, Roediger, & Karpicke, 2013).

The participants, under all manipulations, could keep
notes taken in class and during re-teaching. However, under
the retrieval practice conditions they were not allowed to
keep copies of the quizzes because the questions focused on
the content of the target material that would be used in the
block exams. Hence, if they used these tests to study, they
would have an advantage over those exposed to re-teaching.
Note taking during RT was different, as it was based on what
aspects of the re-taught information was regarded by the
student as important and not only what the teacher selected
as being the core of the class (the target material).

Retention of material (percentage of correct answers)
was measured based on the final exams following the end of
each block, which corresponded to two thirds of students’
grades in the course. These exams were multiple-choice,
self-paced tests covering all content that had been tested/
re-taught in that particular block (three questions from each
of the 12 classes, totalling 36 multiple-choice questions). As
the classes during which the final block exam was applied
lasted 100 minutes, students had approximately three min-
utes to choose answers for each multiple-choice question.

Table 1

Materials

The Educational Psychology course content was based on
Consenza and Guerra (2011) and Santrock (2009) and divided
into 24 classes (Appendix, Table 1A). Based on the content
in each class, three relevant facts were used to compose re-
trieval-practice short-answer questions and/or to be retau-
ght. For the final exams, we composed multiple-choice tests
from all selected relevant facts that were tested/re-taught
in all classes in that block; there were 36 questions, each
with five alternative answers. The order of the alternatives
was randomly positioned among participants. Thus, we used
a cross-format assessment (short answers in the tests, and
multiple-choice for exams measuring retention).

To reduce the possibility of the experimental design
and material influencing results, with a few exceptions,
the tested/re-taught content and short-answer and multi-
ple-choice exam questions were different for the two years
during which the experiment was carried out. An example
is shown in Table 1. However, the same questions were used
for each year when two parallel manipulations were con-
ducted at the same time in different classes/blocks.

Care was taken to create test questions based on content
presented in the same/prior class, depending on the manip-
ulation. However, as this was a naturalistic study, content
from various classes was inevitably repeated throughout the
course, which included unstructured, semantically themed
information, and also semantically related materials (see
Rowland, 2014). Therefore, some questions may have been
easier to answer if students had understood content from
previous classes.

Statistical Analyses

The level of significance was set at 5%. The proportion of
male and female students in classrooms was compared us-
ing a Chi square test, and the other data were analysed
using univariate General Linear Models (GLM): factors and le-
vels are detailed below). Post hoc contrasts were carried

Examples (translated from Portuguese) of short-answer questions used during a class and the multiple-choice final test

question on the same content (cross-format assessment, similar to McDaniel et al., 2007). The correct multiple-choice alternative

is marked in bold.

Short-Answer

Multiple-choice

Considering the concept of indirect instruction, choose the correct alternative:
a) Indirect instruction is centred on the teacher; a positive point of this method is that learning

is faster.
What is indirect instruction?
Name one positive and one
negative characteristic of
this method.

not use playful activities.

b) Indirect instruction is centred on the teacher; a negative point of this method is that it does

c) Indirect instruction is student centred; a positive point of this method is the interpersonal
relationship between the teacher and the student.

d) Indirect instruction is student centred; a negative point of this method is that it is not focused
on the student’s reflective abilities.
e) Indirect instruction is student centred; a positive point of this method is that learning is faster.

What are the three dimensions of executive functions that are worth highlighting?

What are the three dimen-
sions of executive functions
that are worth highlighting?

a) Executive memory, shifting, and attentional control

b) Working memory, attentional control, emotions

c) Updating, planning, language

d) Working memory, inhibitory control, mental flexibility

e) Mental flexibility, shifting, and updating
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out with Tukey’s Honest Significance Difference (HSD) tests
for samples of different sizes, a test that corrects for multi-
ple comparisons. Effect sizes were measured with Cohen d
values (Cohen, 1998), which were either corrected (or not)
between/within participant comparisons, depending on the
contrasting values.

To compare students’ ages in the four classrooms, we
used a between-participant univariate GLM with the class-
room as a categorical factor (four levels). As there was no
difference among classes, age was not entered as a co-
variate into the following models. To compare the mean
number of correct answers to short-answer tests in the RP
conditions, we used a univariate GLM including same vs.
next as a two-level factor. We then included sex and time of
class as categorical predictors to determine whether they
influenced results.

Differently, to determine the effects of retrieval prac-
tice and re-teaching at different placements (same and
next class), the dependent measure used was retention
(percentage of correct answers) in the final block exams,
which was analysed with a mixed (between- and within-par-
ticipant) GLM. We obtained data on retention under four
conditions: RPsame, RPnext, RTsame, and RTnext. How-
ever, some participants took part in two consecutive ma-
nipulations that we aimed to compare (within-participant),
while other comparisons involved data obtained from differ-
ent people (between-participant). Thus, treating these four
manipulations as independent would be statistically incor-
rect because part of the data was obtained from the same
person and part was not. To account for this, our mixed
model included the following factors: (1) order of manip-
ulation, a between-subject factor (two levels: RTsame fol-
lowed by RPsame vs. RPnext followed by RTnext); and (2)
block, which was a within-participants factor (two levels):
first block (either RPsame or RPnext, depending on the two
orders of testing in each class) vs. second block of manip-
ulation (either RTsame or RTnext). This statistical model,
therefore, takes into consideration the between- (different
classrooms) and within-participant (different blocks) con-
secutive design.

If only order of manipulation were found to be signifi-
cant, this would mean that possible carryover effects had
occurred. In other words, one sequence was different from
the other. If we only obtained a block effect, this would
mean that students faired differently in learning the con-
tent presented in the first and second blocks, or that there
were carry-over effects. Conversely, an interaction of these
factors would reveal a difference between the four manip-
ulations that was true, even when considering that part of
the data was from the same or from different individuals
and that the effect was not solely due to order of manip-
ulations or block, but to the nature of the manipulation in
terms of retention of information. Next, we added to the
model the categorical factor time of day at which class-
es were scheduled, which corresponded to the different
courses (two levels: biological sciences (afternoon) vs.
information systems (evening)) and sex, because the pro-
portion of men and women differed between classrooms.

Results

All enrolled students agreed to participate, but 17
dropped out of the class for reasons unrelated to the

experiment, soourfinalsample consisted of 114students (aged
20.0+3.0: mean+SD) whowere majoringin: Biological Sciences
(afternoon) (first year: n = 23; 8 men; second year: n = 30;
8 men); Information Systems (evenings) first year: n = 28;
27 men; second year: n = 33; 25 men). There were no age
differences between students in the four classes (p =.38),
so age was not used as a covariate in the statistical models
mentioned below. However, there were more males major-
ing in Information Systems and more females in Biological
Sciences (Chi Square (df = 3) = 38.76, p < .0001), so sex was
always included in the models. In the first year of the ex-
periment, there was a teachers’ strike half-way through the
course, so data were not collected for the last six classes
of block one. In these cases, retention was measured as a
proportion of correct answers based on information given
in the classes. Block two took place normally. In the second
year of the experiment, six participants did not sit one of
the block exams. Since there were at most two missing data
points for each of the four experimental conditions, we
substituted their missing scores for their classmates’ mean
scores. This was done because GLM exclude all data from a
participant if there are missing data, so our sample would
have been reduced by six participants even though they had
valid data in the other blocks.

Scores on short-answer questions throughout the
course

In the class by class testing, mean accuracy was high-
er for the RPsame (mean+SD: 2.29+0.33) than it was for
the RPnext condition (1.56+0.46, or 52%), F(1,110) = 91.98,
p < .001, a difference that reached a large effect size
(d = 1.82). Sex and time of day when classes were scheduled
were not significant factors.

We reran this analysis considering mean correct answers
only in the first half of the blocks (first six classes) because
we had less data on the second half of the two blocks due to
the teacher strike during the first year of the experiment.
The same findings were observed, F(1,109) = 81.22,p < .001;
d=1.38. Importantly, there were very few cases in which
students marked their answers in the collective correction
differently from the teacher, so collective feedback wor-
ked well. Because of the great similarity between both sets
of corrections, there was no variance in the model, so a
statistical comparison between the teacher’s and students’
ratings was not possible.

Retention Scores on the Multiple-Choice Block Exams

Regarding retention (proportion of correct answers) in
the final block exams, the analysis only showed a two-way
interaction between order of testing and block: F(1,112) =
6.50, p < .02. Post hoc contrasts with corrections for multi-
ple comparison indicated that the interaction resulted from
higher retention in the RPsame condition compared to all
the other manipulations (Tukey test p values < .03). Effect
sizes were medium to large: RPsame vs. RTsame (d = .78,
corrected for within-subject analysis), RPsame vs. RPnext
(d = .85), and RPsame vs. RTnext (d = .57) (Figure 2). When
we included the time of class/course and sex as controls in
the model, these factors had no effect (pvalues > .21), and the
above-mentioned interaction was unchanged. We reran this



28

R. Ekuni, S. Pompeia

analysis considering the percentage of correct answers in
the block’s final exams that only pertained to the first six
classes in each block. These classes were further in time
from the final block exams, so scores could indicate lon-
ger-term retention. The interaction was once again obser-
ved F(1,106) = 4.91, p < .03, with the same pattern of results:
RPsame led to better recall than all other manipulations.

Discussion

In this experiment, testing content at the end of the
classes in which the content was taught [RPsame, following
McDaniel et al., 2011 (in experiments 2a and 2b); Roediger,
Agarwal et al., 2011 (in experiments 1 and 2); Lyle & Craw-
ford, 2011] was more effective in promoting lasting learn-
ing than testing in the next class (as in Bjork et al., 2014;
Leeming, 2002; McDaniel et al., 2013) and re-teaching the
same content at either placements. The increase in reten-
tion reached medium to high effect sizes and was around
10% higher than the other conditions, mirroring gains in
retrieval practice studies compared to manipulations such
as rereading (Adesope et al., 2017; McDaniel et al., 2011
(experiment 2b); Roediger, Agarwal, et al. 2011).

In contrast to the advantage of RPsame over the other
manipulations, retrieval practice did not have the same ad-
vantage when it took place in the class following the one
in which the tested content was taught (RPnext). This is
not surprising for the following reason: learning can be
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Figure 2. Mean (+SE) percentage retention in the four experimen-
tal conditions: Retrieval Practice at the end of the same class
(RPsame); Retrieval Practice at the beginning of the next class (RP-
next); Re-Teaching at the end of the same class (RTsame);
Re-Teaching at the beginning of the next class (RThext).

N.B. There was an interaction of block and order of manipu-
lation (see text). RPsame> all other manipulations (post hoc
p values <0.03). Effect sizes of the differences are indicated by
Cohen d values.

strengthened by drawing attention to relevant material in
a wide range of ways (see Bol & Hacker, 2001; Butler &
Roediger, 2007; Kang et al., 2007), which, in the present case,
was undertaken through re-teaching content. This indicates
that students were engaged by both lecturer-led reviews
and retrieval practice but that, nevertheless, the RPsame
manipulation enhanced retention more than RPnext, which
is a novel finding and will be further detailed below. How-
ever, lower retention in the RPnext condition contrasts with
the advantage of retrieval practice at this placement re-
ported by Leeming (2002) and Bjork et al. (2014). However,
these authors compared retention after retrieval practice
with doing nothing, so simple re-exposure to content rather
than retrieval practice as such could account for their re-
sults, as discussed by Moreira et al. (2019) and Adesope et
al. (2017). Likewise, studies that showed beneficial retrieval
practice effects by placing testing at the end of each class
compared this manipulation with either testing before the
class was taught or testing all content during the last class
before the exam (McDaniel et al., 2011; Roediger, Agarwal,
et al. 2011). These studies did not manipulate different test-
ing placements after the content was taught, as we did, so
their results do not contradict ours.

The finding that testing soon after presenting informa-
tion (end of class: RPsame) enhanced long-term retention
compared to testing days later (RPnext) did not concur with
our initial hypothesis, which was based on results from some
laboratory studies that tend to show that longer intervals
between presentation and testing (initial test lags) makes
retrieval practice more advantageous (e.g. Adesope et al.,
2017; Roediger & Karpicke, 2011). In laboratory studies, the
intervals between presentation of to-be-remembered con-
tent and testing were much shorter and their material was
much simpler than ours (e.g. a small number of word pairs or
vocabulary tested after a few seconds or minutes (Karpicke
& Roediger, 2010; Pyc & Rawson, 2009)). It follows that re-
quiring answers at the end of class can also constitute a lag
that is long enough to maximize long-term recall, especially
as the content was more complex than usual information
studied in most investigations conducted in the laboratory.
This lag was found to be better than the one separating the
class in which content was presented from the next class (a
few days). We are unaware of studies that have discussed
the best initial test lags in relation to the type of content or
memory (semantic or episodic) that is involved in different
kinds of retrieval practice conditions. Therefore, there are
no published results to contrast our findings with.

It makes sense that learning associations between words
presented in an experiment, for example, improves with
contextual reinstatements of a specific episode, which can
be strengthened by testing at longer lags when contextual
and temporal cues have shifted (see Karpicke et al., 2014).
Conversely, material learned in class must be bound to stu-
dents’ semantic knowledge and not to the episode or class
in which the concept was taught. In this sense, context
reinstatement may not be a major driver in promoting bet-
ter retention. Learning facts regardless of episodes may,
in turn, benefit more from semantic elaboration (Carpen-
ter, 2009) during testing. Our findings show that this may
be enhanced if retrieval practice takes place shortly after
or during the same learning episode, possibly because re-
cently activated semantic networks would have suffered
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less from forgetting (Hays et al., 2012) and/or retroactive
interference (Szpunar, McDermott, & Roediger, 2008) than
when testing occurs days later. This may explain why, in
Rowland’s (2014) meta-analysis, initial test lags, or place-
ment of the first testing opportunity did not moderate test-
ing effects. Naturalistic and laboratory investigations may
differ in this respect, leading to high variability in results that
preclude findings from becoming statistically significant.

Another factor that could have influenced better long-
term recall after the RPsame manipulation is that stu-
dents answered more tests correctly than in the RPnext
manipulation, which was probably due to there being
less time for interference and forgetting to occur. Higher
accuracy at testing can positively influence long-term re-
tention, strengthening memory traces (e.g., Karpicke, 2017;
Karpicke et al.,, 2014) and facilitating reconsolidation
(McKenzie & Eichenbaum, 2011), corroborating our findings.
But the opposite has also been shown (see Rowland, 2014),
perhaps because of the differing importance of context
for recall in the laboratory and naturalist studies discussed
above, which may involve more episodic and semantic
memory, respectively. We thus propose that, in the class-
room, processes that facilitate retrieval (RPsame) during
testing may override the benefits of context reinstatement
and/or larger retrieval effort (Radvansky & Zacks, 2017)
needed to counteract forgetting or interference. Nonethe-
less, our proposal and results warrant confirmation, as we
found no studies that contrasted comparable test place-
ment manipulations in the classroom and in the laboratory
or that discussed in detail the different types of material
learned in these kinds of study.

A final potential explanation for the better recall at
test in the RPsame condition, compared to the other ma-
nipulations, is that we used no-stakes tests. Under these
conditions, participants may not have been encouraged
enough to exert the extra-effort needed to recall informa-
tion in the next class; this contrasts to the easier recall
conditions for those who had just learned the lessons in
the same class. It remains to be established whether using
low-stakes testing, during which cognitive demands are met
with more incentive (e.g. Roediger, Agarwal, et al., 2011),
could alter the results found in this paper. We believe this
is unlikely because the final block exams were high stakes
(corresponded to two thirds of participants’ grades), so us-
ing the proposed study techniques in class should have been
motivation enough to do well. After all, all students were
told that the techniques worked before entering the exper-
iment. Also, there are countless studies mentioned through-
out this paper that involved no incentives to remember, and
they still found retrieval practice effects.

Despite strong associations between sleep and academic
achievement (Evans et al., 2017; Levandovski et al., 2013;
Preckel et al., 2013; Rahafar et al., 2016), having classes/
practicing retrieval in the afternoon or evening did not alter
the pattern of results, suggesting that, irrespective of alert-
ness, undergraduate students benefit from being tested at
the end of class, soon after learning content. Results might
well have differed had we used classes that took place in
the morning when undergraduates are usually not at all alert
(Evans et al., 2017). Sex also failed to affect findings, which
shows that differences in academic achievements (Voyer &
Voyer, 2014) and self-efficacy (Huang, 2013) between men

and women cannot explain our results and are unlikely to
influence the benefits of end-of-class retrieval practice.

There are limitations to our study, which are mainly due
to its naturalistic nature. Ideally, total counterbalancing of
our manipulations should have been obtained, but it would
have been unrealistic to get students to comply with not
being late for class in part of the course and then staying
until the end of classes in the other part. For this reason,
we maintained the same and next conditions fixed in each
class and controlled for this in our statistical model. It must
be stressed that our participants were not usual experimen-
tal participants. They were volunteers who accepted to ta-
ke partin the experiment during their undergraduate studies.
Moreover, testing effects seem to be robust irrespective of
a blocked or mixed design. Despite our fixed ordering of ma-
nipulations, there were no spillover effects (see McDaniel,
Anderson et al., 2007; McDermott et al., 2014) from the use
of retrieval practice from block one to block two because
we found no benefit for retention in the RTnext (block two)
in comparison to RPnext (block one). There was also no way
of reliably assessing out of class studying (see McDaniel,
Anderson et al., 2007), or controlling for the possibility that
understanding prior content enhanced retention of subse-
quent material, but neither of these factors can account for
our results. Another factor that was beyond our control was
a teacher strike that interrupted part of the experiment,
but our statistical analyses considered this and found the
same effects. A possible concern could be that test scoring
was not blind (the first author was the teacher), but the
results did not confirm our predictions so it is unlikely that
this affected results: we expected that a longer interval
between content exposure and testing (lag) would be most
beneficial, as this has been repeatedly shown by laboratory
studies (Karpicke & Roediger, 2010; Pyc & Rawson, 2009),
but, in fact, testing in the same class led to better retention.
Additionally, in the RT condition, students could take not-
es and keep them, while those in the RP condition could
not take home the tests done in class. This was the case be-
cause studying by using tests would give students an advan-
tage over those who were involved in re-teaching, as tests
comprised the target information that was used in the block
exams. However, this was true of both RPsame and RPnext
conditions, so this probably did not lead to our results.
Finally, future studies should seek to replicate our findings
by manipulating all conditions within the same participants.

In conclusion, our ecological study found that retrieval
practice at the end of class with tests that involved content
presented in that same class was the best manipulation in
terms of boosting academic performance. This should be
confirmed in more counterbalanced experimental designs.
We believe that this finding is not restricted to learning con-
tent in Educational Psychology by undergraduates. Dunlosky,
Rawson, Marsh, Nathan, and Willingham, (2013) and Adesope
et al. (2017) have shown that retrieval practice works
irrespective of type of to-be-remembered information and
age. Importantly, this advantage was not affected by par-
ticipants’ sex or the time of day of the class (afternoon or
evening). Our findings also speak to the controversies re-
garding the effectiveness of retrieval practice in educational
and laboratory settings (see van Gog & Sweller, 2015), which
may stem from differences between learning mainly based
on semantic or episodic memory, respectively.
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The present study raises important points in terms of
practical utility for guiding teaching practices. Testing stu-
dents only once on each taught content with short-answer
questions at the end of the same class in which the content was
taught was more effective that re-teaching this content and
revising it in the next class. Classroom time used for this
kind of testing may be offset by enhanced learning, so less
time will be spent re-explaining content. Furthermore, fre-
quent testing reduces test anxiety and has even been found
to increase students’ evaluation of their teachers (Agarwal
et al., 2014). Students should also have access to feedback,
to correct any possible misunderstandings, but this can be
done collectively to reduce teacher burden. Multiple-choice
tests in final exams may be used for ease of marking, and
have the added benefit of assessing the ability to recall facts
in a different way to how they were learned and tested. This
constitutes a better means of evaluating what was learned,
provides students with an extra opportunity for practicing
retrieval and, therefore, benefits learning.
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Appendix

Table 1A Content taught in each class assessed by Retrieval Practice or Re-Teaching (lecturer-led review), per block.

Class Theme

Block 1

1 Introduction to Educational Psychology

2 Planning, Teaching and Technology

3 Classroom management

4 Classroom assessment

5 Human development | (children)

6 Human development Il (adolescents)

7 Piaget and cognitive development

8 Vygotsky and cognitive development

9 Constructivism and relationship between affect and cognition in learning

10 Behaviourism and Learning |

1 Behaviourism and Learning Il

12 Contributions of Behavioural Analysis to Education
Block 2

1 Motivation, teaching, and learning

2 Educational Psychology and Special Education: Dealing with diversity in the educational context

3 Brain, behaviour, and cognition

4 Plasticity, emotions, and learning

5 Perception

6 Attention

7 Intelligence and creativity

8 Memory

9 Executive Functions

10 Thought and language

11 Neuromyths and education

12 Neuroscience and education






