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Original Research

Introduction

At the current time, we are witnessing a renewed enthusiasm 
for integrating Cognitive Science and Education, with an 
emphasis on evidence-based practices (Cook et  al., 2012). 
However, even with the consideration that educational prac-
tices are continually changing, some of these changes are not 
supported by scientific evidence. As Roediger (2013) has 
recently emphasized, translational educational science 
should be adopted by schools and educators, to improve edu-
cation, on the basis of the latest cognitive and educational 
research findings.

In this context, one cutting-edge topic bridging cognitive 
science and educational practice is that of retrieval-based 
learning (Nunes & Karpicke, 2015). In essence, retrieval-
based learning requires students to actively engage in activi-
ties that rely on recalling previously studied information 
(retrieval practice; i.e., responding to a teacher’s questions 
by using a clicker), with this practice usually leading to 
enhanced performance on subsequent learning tests (the so-
called “testing effect”) by comparison with other traditional 

learning activities such as rereading or concept mapping 
(i.e., Karpicke & Blunt, 2011; Lechuga et al., 2015; Ortega-
Tudela et al., 2019). Indeed, it is now well established that 
retrieval (and testing) can play a role as a promoter of mean-
ingful learning, and retrieval activities have now been 
proven to benefit learning of academic content and to facili-
tate transfer to related concepts (see Karpicke, 2017, for a 
review). To date, however, most research on retrieval-based 
learning has derived from laboratory settings, with few 
efforts made as yet to examine whether the benefits of 
retrieval practice are also observable when students deal with 
their own course materials in real classroom environments 
(Fazio & Marsh, 2019). The main aim of the present work 
was to contribute in this regard by investigating the 
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effectiveness of retrieval-practice activities in authentic 
classroom environments.

From Laboratory to Naturalistic 
Learning Environments in Primary 
Education

The lack of studies on retrieval-based learning in naturalistic 
settings is remarkable, especially in the case of primary edu-
cation, most likely due to the complexity of its educational 
methodologies and the difficulty of getting teachers actively 
involved in the implementation of “new” learning activities 
with which they are not familiar (Cook et al., 2012). Thus, 
while the benefits of retrieval-based learning have been 
shown for both adolescents and adults in laboratory class-
room settings (Karpicke, 2017), much less research has been 
directed at studying the potential benefits for young children 
(Fazio & Marsh, 2019; Karpicke et al., 2016; Moreira et al., 
2019).

More relevant from an applied standpoint, there remain 
only a few studies that have focused on primary and middle-
school students and their learning of actual curriculum topics 
(rather than artificial materials), such as history facts 
(Carpenter et  al., 2009), science and geography topics 
(Karpicke et  al., 2014), general knowledge topics (Marsh 
et al., 2012), and vocabulary terms (Goossens et al., 2014). 
To give an example of this, McDaniel et al. (2013) showed in 
middle-school students that learning of science concepts 
improved (as measured by class summative assessments) for 
content that had previously been tested (providing feedback) 
using multiple-choice quizzes (a retrieval-practice activity), 
relative to concepts that had not been tested. In brief, while 
there are strong reasons to expect that elementary children 
may show retrieval practice effects, evidence about its use-
fulness in promoting learning in real classes is still limited. 
To the best of our knowledge, in all these studies the retrieval 
activities were created and implemented by experimenters 
who were guests in the classrooms, such that the role of the 
practicing teachers as active agents for learning was conve-
niently minimized.

Thus, before decisively claiming that retrieval practice 
should be somehow incorporated in elementary education 
classrooms as a learning activity, it seems reasonable to 
ensure that retrieval-based learning is possible under the con-
straints imposed by the school reality. To this end, we 
embraced the perspective of effectiveness studies as 
described by Green et  al. (2019), which examine whether 
significant real-world impact is observed when an interven-
tion is used in less than ideally controlled settings. This 
approach holds special relevance in light of the arguments 
put forward by Roediger (2013), who highlighted the need to 
improve education practices on the basis of the latest cogni-
tive and educational research findings. Hence, the main aim 
of the present research was to investigate the effectiveness of 
retrieval-practice activities in children when they are 

embedded in authentic classroom environments and are 
directed by practicing teachers dealing with genuine aca-
demic contents.

The Current Studies

We report three independent studies in which selected classes 
teachers used learning activities that required students to 
recall part of previously taught concepts, while different con-
cepts in the same unit were worked through with other learn-
ing activities (those that were normally used by the teacher). 
Based on previous evidence, our general hypothesis was that 
children would exhibit better learning for those concepts that 
had been the target of retrieval practice relative to those that 
have been worked using other techniques that are not based 
largely on retrieval.

Importantly, and in contrast to previous studies, elemen-
tary school teachers planned and developed the learning 
activities by embedding them into the daily dynamics of their 
classes. While this naturally led to differences across the 
studies (they vary according to the number of retrieval activi-
ties performed by the teacher, whether or not feedback was 
provided after the retrieval activity, and the characteristics of 
the specific activity being performed), these differences 
would provide us with the opportunity to assess the effec-
tiveness of teacher-directed retrieval-based learning (Green 
et  al., 2019). The researchers supervised the process and 
cleared up in advance any doubts that teachers had regarding 
the design and implementation of the retrieval activities, 
while interfering as little as possible in the development of 
the classes. To our knowledge, no previous study on retrieval-
based learning in school settings has taken this approach.

General Methods

Because the three studies share a good number of features, 
we first report their commonalities and then specify the 
details for each.

Participants

Altogether, 70 children who were enrolled in different grades 
(fourth and sixth grade; ages from 9 to 11 years old) partici-
pated in the studies along with their actual (different across 
studies) teachers, who voluntarily joined the project after 
receiving a brief training course on retrieval-based learning. 
The number of children in each class ranged from 13 to 19 
(M = 17.6, SD = 5.03). Two of the studies involved only one 
class, whereas the third one was carried out with two differ-
ent classes of sixth-grade students. This fact was a conse-
quence of the duties of the participating teachers.

The studies were conducted in a public elementary school 
located in a middle-class neighborhood. All participants 
were Castilian Spanish speakers and monolinguals. None of 
them had specific learning difficulties. Importantly, parents 
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were informed through the school board and gave written 
informed consent in advance. Also, the university’s research 
ethics committee approved the studies.

The teachers were experienced professionals (more than 
5 years of teaching experience) who had been in charge of at 
least one group of students since the start of the school year. 
They received three 45-minute sessions of instruction in 
which one of the experimenters showed them (a) basic find-
ings (with children and adults) from the experimental litera-
ture on the testing effect, (b) the most relevant theoretical 
interpretations of the benefits of retrieval-based activities, 
and (c) how to create and make use of these activities through 
adapting them to their classroom materials and dynamics.

Materials and Procedure

Two of the studies involved mathematics and one dealt with 
social sciences. In all of them, teachers made used of learn-
ing activities that required children to recall part of previ-
ously taught concepts, while other concepts from the same 
unit were worked through with those learning activities that 
were normally used by the teacher. Hence, the three studies 
comprised a within-subject design regarding learning 
activities.

All of the groups worked in their lessons using their text-
books, which included different materials and activities to 
facilitate learning (i.e., concept explanations, exercises, and 
examples). The teachers taught their lessons as they usually 
would, without introducing any changes into the dynamic of 
their classes, except for the inclusion of brief retrieval tasks 
at a certain point. The content (i.e., concepts, facts) of the 
unit/lesson to be either retrieved or worked through using 
ordinary activities was chosen by the teachers, who also 
made the decisions on which specific activities were to be 
used in addition to the right moment to do so.

The retrieval activities consisted of questions for which 
students were required to write down their answers on paper, 
without having access to the texts. Some (open) questions 
were to be answered with one word or several words (Studies 
1 and 2), while others were multiple option questions (Study 
3). In all cases, there was only one correct answer to the 
question. The teachers scored the participants’ responses.

Learning was assessed once the thematic unit was fin-
ished, although the precise time that elapsed between the end 
of the lesson and the learning test varied across studies 
depending upon the teachers’ requirements. The learning 
tests were created by the teachers in collaboration with the 
researchers. An effort was made to design the learning tests 
so that their questions differed in nature from those used in 
the retrieval activities. This was done to prevent an eventual 
advantage for the retrieved contents (relative to non-retrieved 
ones) due to the simple repetition of questions (and answers). 
Importantly, the learning tests included questions on retrieved 
and non-retrieved concepts from the lessons. The students 
were allowed to take the time they needed to answer the set 

of questions, which came to 15 minutes on average. The 
teachers elaborated templates to score student responses so 
that the scoring procedure was relatively simple and free of 
ambiguity. Responses were scored by a PhD student who 
was blind to the conditions governing the learning tests.

Study 1. Mathematics, Grade 4

Method

Participants.  One classroom group with 13 fourth grad-
ers (ten girls, Mage = 9.9, SDage = 0.3) took part in this study, 
although only ten students were included in the analysis 
because three of the students failed to attend at least one ses-
sion.

Materials and procedure.  The material was selected from 
the geometric objects unit included in the fourth-grade math 
book for elementary school. The teacher chose ten relevant 
concepts/facts about geometric objects before starting the les-
son. The difficulty of the concepts was similar, based on the 
teacher’s experience. Five of them were randomly selected to 
be the target of retrieval activities. The teacher also decided 
that retrieval activities would consist of answering short 
questions on concepts worked on in previous classes. In each 
retrieval activity, one question was provided on a piece of 
paper on which students wrote/drew their responses, which 
could be one or two words, a number, or a simple shape. 
The teacher provided feedback on correct answers immedi-
ately. The remaining five target concepts of the unit were 
not worked on using retrieval activities. Instead, they were 
reviewed with activities such as rereading, summarization or 
problem solving that the teacher usually used in their classes.

The class had five 45-minute lectures of mathematics per 
week and, as scheduled, the teacher spent 2 weeks dealing 
with the geometric shapes unit. Over the course of the 
2 weeks, one retrieval activity or non-retrieval activity 
(focused on concepts that had been taught on previous days) 
was carried out at the beginning of a class, alternating 
between the two types of activity from day to day.

One week after finishing the thematic unit, the students 
took a learning test that included seven multiple-choice 
(three alternative responses) questions: four of them referred 
to concepts reviewed/worked through using retrieval activi-
ties and the remaining three referred to concepts reviewed/
worked through using conventional activities. The teachers 
developed templates to score the students’ responses. Only 
one of the three possible response choices was considered 
correct.

Results

In the present and following studies, the effect of retrieval 
activities on learning was examined using an analysis of 
variance (ANOVA) on the proportion of correct responses in 
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the learning test, with the type of learning activity (retrieval 
vs. non-retrieval) as the factor. In addition, we accomplished 
non-parametric (Spearman’s rho) correlation analyses to 
explore if accuracy during the retrieval activities were pre-
dictive of performance in the learning test.

The repeated measures ANOVA1 showed that there was a 
reliable effect of learning activity, F(1, 9) = 50.46, Mse = 0.02, 
p < .001, pη2 = .85 (see Table 1). The students produced more 
correct responses for concepts that had been worked through 
with retrieval activities (M = 0.93; SD = 0.12) than for con-
cepts that had been worked through with alternative activi-
ties (M = 0.53; SD = 0.17).

Correlation analyses failed to show a reliable association 
between the proportion of correct responses in the retrieval 
activities (M = 0.81; SD = 0.21) and performance in the learn-
ing test (ps > 0.40).

Study 2. Mathematics, Grade 6

Method

Participants.  The participants comprised one classroom 
group of nineteen sixth graders (nine girls, Mage = 12.16, 
SDage = 0.51). One girl did not attend the final learning test.

Materials and procedure.  The material from this study 
was selected from the sixth-grade math book for ele-
mentary school. The topics evaluated in this study were 
geometric objects, Platonic solids and capacity units of 
measure. Over the course of 2 weeks, the students had a 
45-minute lecture on each of the 5 days of the school week 
and used the above-mentioned textbook. The teacher chose 
ten relevant concepts at the beginning of the thematic unit 
and they explained the lesson as they usually would do. 
Five of the concepts were randomly selected to be the tar-
get of retrieval activities.

Retrieval activities consisted of answering three paper 
and pencil questions regarding concepts taught in previous 
classes. Only two retrieval-activity sessions were carried out 
(at the beginning of the third and seventh classes). In each 
retrieval activity, three questions were provided on a piece of 
paper on which students wrote/drew their responses, which 
could be one or two words, a number, or a shape. The teacher 
provided feedback on correct answers immediately. The 
remaining five target concepts of the unit were worked 

through with rereading, summarization and problem-solving 
activities that the teacher usually used in their classes.

The final learning test took place after finishing the unit 
and consisted of 10 multiple-choice questions on the target 
concepts (four related to retrieved concepts and six referring 
to non-retrieved concepts). The learning test involved the use 
of Plickers,2 since the teacher usually employed this tech tool.

Results

The repeated measures ANOVA on the proportion of correct 
responses in the learning test showed a reliable effect of 
learning activity, F(1, 17) = 7.55, Mse = 0.025, p = .01, 
pη2 = .74. Questions on concepts that were worked on in the 
classroom using retrieval activities received more correct 
responses (M = 0.90; SD = 0.15) than questions on concepts 
that were addressed using other learning activities (M = 0.76; 
SD = 0.13) (see Table 1).

In addition, accuracy in the retrieval activities (M = 0.77; 
SD = 0.22) predicted performance in the learning test. 
Specifically, the rate of correct responses during retrieval 
practice correlated with accuracy in responding to questions 
on concepts that had been worked through with retrieval 
activities (rho = .54, p = .02). No association emerged regard-
ing concepts that had been worked through with non-retrieval 
activities (p > .80).

Study 3. Social Sciences, Grade 6

Method

Participants.  Participants were 38 students from two class-
room groups (19 children in each, with even gender distribu-
tion; 17 girls) in the sixth grade (Mage = 12.08, SDage = 0.42). 
Four participants were eliminated from the analyses because 
they failed to attend at least one of the learning sessions.

Materials and procedure.  The learning material (the unit 
“Spain in the XIX century”) was selected from the social 
science textbook. The students had two 45-minute lec-
tures of social science per week, and the teacher taught the 
selected unit in the usual way over 6 weeks, using the above- 
mentioned textbook. In advance, the teacher selected sixteen 
topics from the unit so that half of them could be worked on 
using a retrieval activity.

Table 1.  Accuracy (Means and Standard Deviations) in the Retrieval Activities (During Learning) and in the Learning Tests (At the End 
of the Lessons) as a Function of Learning Activities and Studies.

Learning activity

  Retrieval activity Retrieval-based Business-as-usual

Study 1 (n = 10) .81 (.21) .93 (.12) .53 (.17)
Study 2 (n = 18) .77 (.22) .90 (.15) .76 (.13)
Study 3 (n = 32) .74 (.20) .39 (.27) .35 (.24)
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The teacher decided to implement a retrieval activity that 
consisted of a paper and pencil test composed of eight multi-
ple-choice questions, without providing feedback on the 
responses. Importantly, since the teacher was in charge of 
two class groups, the concepts to be worked through using 
retrieval and non-retrieval activities were counterbalanced 
across groups. Hence, at the end of the thematic unit the 
group A engaged in the retrieval activity for half of the con-
cepts whereas the group B did retrieval of the remaining 
eight target concepts of the unit.

One week after finishing the unit, students took a final 
learning test on the target concepts, consisting of 16 short-
answer questions. The test was identical for both groups and 
students were told to take the time they needed to answer the 
questions, which came to approximately 30 minutes on 
average.

Results

The repeated measures ANOVA on the proportion of correct 
responses in the final learning test did not reveal differences 
between the students’ performance for retrieved (M = 0.39; 
SD = 0.27) and non-retrieved concepts (M = 0.35; SD = 0.24), 
F(1, 31) = 1.73, Mse = 0.016, p = .198, pη2 = .05 (see Table 1). 
However, accuracy during the retrieval activities (M = 0.74; 
SD = 0.20) predicted success at responding questions on both 
type of concepts (retrieved concepts: rho = .52, p < .001; 
non-retrieved concepts: rho = .62, p < .001).

General Discussion

While it is now well established that activities that rely on 
retrieving information from memory promote meaningful 
learning of this information and facilitate transfer to related 
concepts (see Karpicke, 2017, for a review), thus far research 
on retrieval-based learning has mostly come from laboratory 
studies with adult participants. Importantly, the few studies 
that have focused on curricular contents have also demon-
strated the learning benefits of retrieval activities in elemen-
tary and middle-school students (i.e., Carpenter et al., 2009; 
Karpicke et  al., 2014; Marsh et  al., 2012), although in all 
these studies the learning activities were designed and imple-
mented by the experimenters, with the students’ actual teach-
ers playing no relevant role in the process. The present 
research aimed to go a step further in investigating the effec-
tiveness of retrieval-based learning in primary schools by 
engaging practicing teachers in the conception, design, and 
implementation of the retrieval activities, which they incor-
porated into their otherwise typical classes.

Studies 1 and 2 revealed that, relative to business-as-usual 
learning tasks, having students perform retrieval activities 
during the classes led to better performance (a testing effect) 
in assessments at the of end lessons. This finding is remark-
able because (a) it is in line with the results of a number of 
well-controlled experiments showing that practicing retrieval 

may be a powerful way to enhance learning (for a review, see 
Karpicke, 2017), and (b) it demonstrates for the first time 
that retrieval-based learning is feasible (and may be effec-
tive) even when it is managed by real teachers in authentic 
classroom environments. Thus, while the present studies 
conveniently tempered the experimental control that is nec-
essary in other types of research, their results are of special 
relevance to discovering the feasibility and effectiveness of 
implementing retrieval activities as a way of enhancing 
learning in elementary school children even when such activ-
ities are devised by teachers in the exercise of their profes-
sional duties.

Contrary to Studies 1 and 2, Study 3 failed to show learn-
ing differences. Having children engage in a task that 
required them to recall some relevant concepts of the lesson 
did not lead to better performance in the final assessment 
than typical procedures. While the reasons behind this null 
result are not obvious to us, [it should be noted that simply 
judging by the overall low performance (about 37% on aver-
age) in the assessment, one could argue that the relative strin-
gency of the final test might have made it difficult to reveal 
significant differences], a few features of Study 3 deserve 
attention here. First of all, a potentially relevant difference 
from Studies 1 and 2 is that in Study 3 the retrieval-based 
learning activity consisted of a multiple-choice test without 
feedback. Whether or not a multiple-choice test may be 
effective as a learning tool is still unclear (i.e., Greving & 
Richter, 2018; Moreira et al., 2019). On the one hand, the act 
of selecting the correct response from several presented 
options is thought to demand less retrieval effort than gener-
ating a response from memory and has been shown to pro-
duce limited benefits (i.e., Kang et al., 2007). On the other 
hand, multiple-choice tests necessarily expose students to 
plausible incorrect responses that could cause confusion and 
unsuccessful learning (Marsh et  al., 2012). Additionally, 
feedback was not provided to children during retrieval prac-
tice in Study 3, which may have played a role in buffering the 
benefit of retrieval activities. Though the role of corrective 
feedback in retrieval-based learning is still poorly under-
stood, in a recent review Moreira et al. (2019) concluded that 
the use of retrieval practice in classroom settings may be 
effective regardless of whether feedback is provided or not, 
there is evidence that feedback may be especially useful in 
elementary school children (i.e., Lipko-Speed et al., 2014). 
In any case, it is important to underline here that, such as is 
usually the case in real school environments, it was the 
teacher in charge of each classroom who made the decisions 
on how to proceed with the learning (including retrieval) 
activities that they used in their classes (format, feedback, 
content, etc.), which demonstrates that retrieval-based learn-
ing may be feasible and effective in naturalistic school 
settings.

It must be highlighted (and recognized) here that partici-
pating teachers played a primary role in the present studies. 
They spent time attending the instruction sessions on 
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retrieval-based learning, but they also led the process of 
adaptation and implementation of the (retrieval and non-
retrieval) activities to test their relative effectiveness. While 
the experimenters advised them and tried to answer their pro-
cedural questions, decisions were made by the teachers 
themselves, who incorporated the new activities into their 
classroom dynamics. To our knowledge, no study to date has 
explored the benefits of retrieval-based activities in natural-
istic school settings, bringing the leading role of real teachers 
into focus.

Practical Implications

Given the overall positive results derived from Studies 1 and 
2, it seems reasonable to posit that learning activities that 
strongly rely on retrieval can be created and used (in addition 
to and/or in combination with other activities such as concept 
mapping; i.e., Ortega-Tudela et al., 2019) by teachers in their 
classes in order to enhance conceptual learning in children. 
After explaining concepts and facts for the first time, teach-
ers typically ensure students’ learning by using a variety of 
activities such as rereading, concept mapping, summarizing, 
or homework setting. However, they are usually reluctant to 
engage students in activities that strongly rely on retrieval. 
Neither students (children or adults) nor teachers usually 
consider retrieval practice to substantially contribute to 
learning (Tullis et  al., 2013). Instead, retrieval is uniquely 
seen as a component of assessment, and tests are thought to 
serve only to measure knowledge. Hence, the incorporation 
of testing procedures as learning tools in the classrooms 
would necessarily require better communication flows 
between cognitive/education researchers and education prac-
titioners in order to allow teachers to become familiar with 
such activities and their potential impact on learning. In 
addition to the direct benefits that retrieval activities have 
been shown to have (for a review, see Karpicke, 2017), test-
ing may also contribute to learning in more indirect ways 
(i.e., it provides students with more and better opportunities 
to detect possible gaps in their knowledge; Roediger et al., 
2011).

Limitations and Future Directions

Although our findings may be interpreted with optimism, we 
recognize the limitations of the present studies. The small 
number of students, teachers and courses participating, and 
the short-term assessment of learning that was considered, 
force us to be cautious regarding our results. Hence, further 
research is warranted to replicate the present positive find-
ings as well as to shed light on the conditions that can modu-
late retrieval-based learning in natural environments. Thus, 
for example, it will be of relevance to determine the role of 
corrective feedback in elementary school children, which has 
been proposed to be especially useful when it comes to learn-
ing with retrieval activities (i.e., Lipko-Speed et al., 2014).

In our view, the naturalistic approach that was taken in 
the present studies is necessary, as a forward step, to 
endorse the use of retrieval-based activities in natural learn-
ing environments. The considerable diversity and complex-
ity of educational settings make it difficult to directly 
generalize findings from basic research to real classroom 
dynamics. Thus, the direct involvement of teachers in this 
type of research will provide valuable findings on human 
learning and help design better interventions in genuine 
educational settings. Practitioners of education need to 
know about the potential benefits of testing as a tool of 
learning (not only as a tool of assessment), and we hope 
that research initiatives like the one presented here will 
contribute to raise students’ and teachers’ awareness of 
retrieval-based strategies.

Conclusion

Our results provide preliminary evidence that practicing 
retrieval may be an effective learning strategy in naturalistic 
school settings. Also, these results highlight the important 
role of teachers in implementing retrieval-based strategies in 
their daily duties. We expect these findings to foster further 
research of this nature in order to define with greater preci-
sion the extent to which retrieval-based learning is feasible 
and effective in children’s elementary education.
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Notes

1.	 Due to the small number of participants in this study, we also 
performed a (non-parametric) Wilcoxon signed-rank test that 
confirmed that the retrieval activities led to better performance 
(p = .005) than the typical learning activities.

2.	 Plickers is a free tech tool that allows teachers to collect data 
without having students use devices or paper and pencil. 
Students have a card with a QR code printed upon it; each 
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edge of this QR code has a letter (a, b, c, or d) that corre-
sponds to different response options. They simply need to 
rotate their card to show their answer. Teachers need to create 
the questions on the application first. Then, in the classroom, 
the teacher asks the questions to the students, who respond 
by using their cards. Finally, the teacher scans the cards using 
a mobile phone or a tablet. Plickers automatically scores the 
students’ responses and provides feedback on performance.
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