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Abstract
To improve education, it is necessary to use evidence- 
based techniques, that is, techniques based on the 
scientific method proven to be effective in improving 
educational practices. One of the strategies indicated by 
the science of learning is the retrieval practice (trying 
to remember the content learned, strengthening the 
memory traces). This study synthesizes the research 
developed on retrieval practice in the teaching and 
learning process of children from a systematic review 
system based on the prisma method. For this, a biblio-
graphic search was carried out in the databases of the 

capes/mec, eric, Scielo, PubMed, Web of Science, 
and Psycinfo. Forty-one articles were included in the 
qualitative synthesis. The studies converge on stating 
there is a beneficial effect of using retrieval practice 
from an early age (18 months of age). This practice can 
help both long-term learning and new learning in 
children, especially when feedback is provided. Thus, 
there is a need to expand the recommendations to 
educators so that this audience also benefits from the 
use of this strategy.
Keywords: Recall (learning); memory; childhood 
development.
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Resumen
Para mejorar la educación es necesario utilizar técnicas 
basadas en la evidencia, es decir, basadas en el método 
científico, utilizar estrategias que demuestren su eficacia 
para mejorar las prácticas educativas. Entre las prácti-
cas muy recomendadas por la ciencia del aprendizaje 
se encuentra la práctica de recordar, que consiste en 
tratar de recordar el contenido aprendido, fortaleciendo 
así las huellas de la memoria. Este estudio resume la 
investigación desarrollada sobre la práctica de recordar 
en el proceso de enseñanza y aprendizaje de los niños, a 
partir de una revisión sistemática basada en el método 
prisma. Para ello, se realizó una búsqueda bibliográ-
fica en las bases de datos de las revistas capes/mec, 
eric, Scielo, Pubmed, Web of Science y PsycINFO. 
Se incluyeron 41 artículos en una síntesis cualitativa. 
Los estudios convergen en que existe un efecto bene-
ficioso de utilizar la práctica de recordar con bebés a 
partir de los 18 meses de edad, es decir, esta práctica 
puede ayudar tanto al aprendizaje a largo plazo como 
a facilitar nuevos aprendizajes en los niños, especial-
mente cuando se brinda retroalimentación. Por lo tanto, 
existe la necesidad de ampliar las recomendaciones a 
los educadores para que ese público también pueda 
beneficiarse del uso de esta estrategia.
Palabras clave: recuerdo (aprendizaje); memoria; de-
sarrollo infantil.

Resumo
Para melhorar a educação, é necessário utilizar técnicas 
baseadas em evidências, ou seja, com base no método 
científico, usar estratégias que são comprovadamente 
eficazes para aperfeiçoar as práticas educativas. Entre 
as práticas altamente recomendadas pela ciência da 
aprendizagem, está a prática de lembrar, que envolve 
tentar evocar o conteúdo aprendido, fortalecendo assim, 
os traços de memória. Esse estudo sintetiza as pesqui-
sas desenvolvidas a respeito da prática de lembrar no 
processo de ensino e aprendizagem de crianças, a partir 
de uma revisão sistemática baseada no método prisma. 
Para isso, foi realizada uma pesquisa bibliográfica nas 
bases de dados do portal de periódicos capes/mec, eric, 
Scielo, PubMed, Web of Science e PsycINFO. Foram 

incluídos em síntese qualitativa 41 artigos. Os estudos 
convergem para o fato de que há efeito benéfico do  
uso de prática de lembrar com bebês a partir dos 18 
meses de idade, ou seja, essa prática pode auxiliar tanto 
a aprendizagem de longa duração, quanto facilitar novas 
aprendizagens em crianças, especialmente quando o 
feedback é fornecido. Dessa maneira, há necessida-
de de ampliar as recomendações a educadores para 
que esse público também seja beneficiado com o uso 
dessa estratégia. 
Palavras-chave: recordação (aprendizagem); memória; 
desenvolvimento infantil.

Educational research generally aims to develop  
cognitive skills by means of practices that are 
based on scientific evidence (Slavin, 2020). That 
is, with scientific confirmation that relies on the 
scientific method, it is possible to improve school 
performance (Agarwal et al., 2018; Dunlosky  
et al., 2013; Sigman et al., 2014). According to the  
science of learning, retrieval practice is one of  
the most effective strategies (Dunlosky et al., 2013). 
This practice intends to promote the retrieval of 
studied information, by “taking information out  
of student’s heads” (Agarwal et al., 2018; Roediger, 
Putnam & Smith, 2011). Thus, students are able to 
retrieve previously studied content by their own vo-
lition whenever they need it (Agarwal et al., 2018; 
Roediger, Putnam & Smith, 2011). To do so, it is pos-
sible to access learned content by means of simple 
techniques such as tests, self-tests, questionnaires, 
quizzes, flashcards, and so on (Agarwal et al.,  
2018; Agarwal et al., 2012; Roediger, Putnam & 
Smith, 2011). It is advisable to use the retrieval tech-
nique without any grading involved (or low stakes) 
(Roediger, Putnam & Smith, 2011; Yang et al., 
2021), as a learning strategy rather than some sort 
of test (Agarwal et al., 2012; McDaniel et al., 2013; 
Roediger, Putnam & Smith, 2011). 

Considering that the retrieval practice stren-
gthens memory features (McDaniel et al., 2013) 
and is seen as one of the best strategies to promote 
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long-lasting learning (Dunlosky et al., 2013), it is 
necessary to understand how researchers reached 
such a conclusion. Basically, the experimental pro-
cedure that leads to the observation of the effects 
of the retrieval practice might be described in the 
following way: I) The students are introduced to 
the to be learned information; II) After that, there 
is a lag, which is the time between the introduc-
tion of content and the first retrieval practice; III) 
Subsequently, the students are introduced to the 
information by means of the retrieval practice with 
a control condition (which, in most of the studies, 
consists of rereading the studied content) (Broek  
et al., 2016; Moreira, Pinto, Starling & Jaeger, 2019; 
Rowland, 2014); IV). Then, there is a retention in-
terval, that is, the time between the reintroduction 
to content and the final test (Broek et al., 2016); 
V). Finally, retention was assessed by a test applied 
to the participants of the study (to gather data for 
measuring performance by the condition of retrie-
val practice in comparison to the control condition) 
(Broek et al., 2016). In all these phases, there are 
variables that researchers might control and these 
variables might interfere with the obtained results 
(for a brief summary, see Figure 1, with the most 
important variables found in each phase). 

As a result of the research that used the ex-
perimental procedure described above, there is 
facilitation for learning (McDermott, 2021), better 
memory performance for introduced content, and 
long-lasting learning (e.g. McDaniel et al., 2013), 
including other benefits (see Roediger, Putnam & 
Smith, 2011). These are robust discoveries, with most 
studies showing effect sizes ranging from moderate 
(Adesope et al., 2017) to large, both in the laboratory 
and in the classroom (Agarwal et al., 2021; Yang 
et al., 2021). 

Although retrieval practice is one of the best 
strategies for studying, in regard to defining what 
strategies to use when students are learning or 
reviewing some introduced material, they usually  
choose less effective strategies – not based on  
evidence – such as rereading material and/or notes 
(Ekuni & Pompeia, 2020; Karpicke et al., 2009; 
Tullis & Maddox, 2020). Unfortunately, reread-
ing is not as beneficial as the retrieval practice 
(Rowland, 2014). In addition, most undergraduate 
students report that they do not study the way their 
teachers have instructed them to do (Hartwig & 
Dunlosky, 2012). In this sense, it is indispensable 
that students, as well as teachers, know what are the 
best strategies to use.

Figure 1. Schematic summary of the experimental procedure
Note: within the blue boxes, are the most important variables obtained by this systematic review in every ´phase of the experimental proce-
dure involving the retrieval practice. 
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 A point that deserves attention is the fact that 
old study habits are hard to change. For instance, 
even though undergraduate students experienced 
the perception that studying via retrieval practice 
led to better learning, they still chose to study by 
rereading content (Karpicke et al., 2009). Con-
sidering that childhood is a period of everlasting 
lessons, it is necessary to organize the teaching and 
learning process by their own specific needs (e.g. 
by paying attention to the creative capacity of each 
age group) (Delvan et al., 2002). One plausible hy-
pothesis is that, perhaps, if children are taught good 
study habits since an early age, it might be possible 
to keep them throughout one’s academic career. 
Thus, it is possible to adapt curricula, teaching  
methods, and pedagogical routines (Agarwal et al.,  
2018; Roediger, Agarwal et al., 2018; Tullis & 
Maddox, 2020) to promote retrieval practice since 
childhood (Fazio & Agarwal, 2020).

However, before making practice recommen-
dations for this age group (e.g. Fazio & Agarwal, 
2020), it is necessary to further investigate whether 
the retrieval practice also bears benefits for child 
education (Fazio & Marsh, 2019). For example, 
Aslan and Bäuml (2015) detected positive effects 
only on older children (at the average age of 8 
years), but not on younger children (at the aver-
age age of 6 years). Metcalfe et al. (2007) verified 
that the earlier an item is introduced by means of 
retrieval practice, that is, the shorter the lag is, the 
greater the chance of retrieving the information on 
the final test, after a one-week retention interval. 
Brojde and Wise (2008), using stories, pointed 
out that retrieving the same content twice or more 
times with short-answer questions produced better 
retention than just reading the material. In studies 
conducted by Adlof et al. (2021), they were able 
to verify that the learning protocol with multiple 
presentations via the retrieval practice can be useful 
for the learning of new words, especially when it 
is approached with children with specific language 
disorders. Other studies have identified that by giv-
ing students retrieval practice opportunities, even 

when the children make mistakes, if feedback is 
provided (whether students get it right or wrong and 
what the correct answer is) (Agarwal et al., 2018), 
it is possible to optimize learning (Agarwal et al., 
2012; Agarwal et al., 2018; Fazio & Agarwal, 2020). 

In one review, Fazio and Marsh (2019) assessed 
the benefits of retrieval practice for students from 
kindergarten to elementary school and verified that 
the children retain more information when they 
are given a chance to recall them by memory, that 
is, by retrieval practice. However, this review 
does not approach the literature systematically, 
but rather critically. After an analysis of the avail-
able systematic review, only 10% of the studies 
that were included in the review on the effects 
of the retrieval practice with students focus on  
children; 24% are on children and adolescents 
and the other ones focus on adults (Agarwal et al., 
2021). Likewise, in the literature review conducted  
by Adesope et al. (2017), most of the studies on 
retrieval practice were conducted with adults 
(e.g. undergraduate students). Although most of  
the studies involved undergraduate students, the  
meta-analysis by Yang et al. (2021) shows that 
the benefits of learning via retrieval practice can 
be observed in higher education, as well as basic 
education and high school.

Given the importance of providing guidelines 
for the use of effective strategies (Slavin, 2000), 
this study aims to provide a current synthesis of 
the contemplated variables in the studies, as well 
as the results obtained when the retrieval practice 
was realized with children. To do so, we used the 
method named “Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses” (prisma) 
(Moher et al., 2009). The obtained results are pre-
sented with a focus on the number of experiments 
and participants, the geographical location, age 
group, setting, materials, type of control condi-
tion, repetitions and moments for the retrieval 
practice, presence or absence of feedback, test 
formats, lag, retention interval, and effects of the 
retrieval practice.
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Materials and methods

This review uses the prisma method  (Moher 
et al., 2009). As eligibility criteria, the selected 
articles were reviewed by peers on the theme rela-
ted to the retrieval practice with children up to 12 
years of age (this is the age at which people start 
to be considered adolescents). We considered re-
search works developed at home, in the laboratory 
(including research conducted at the school in a 
separate classroom, with the experimenter), or at 
the school (in the context of a regular classroom) 
(setting) written in Portuguese or in English. 

The bibliographical search was made in the 
period from May 2020 to March 2022. There 
was no deadline for the inclusion of articles.  
Regardless of the publication date was, all arti-
cles identified in the search were considered in  
the screening/analysis. The included databases 
were: Portal of Journals of the Coordination for 
Higher Education Personnel of Ministry of Educa-
tion and Cultura (capes/mec), Education Resourc-
es Information Center (eric), PsycINFO, Scielo, 
PubMed, and Web of Science. As search strate-
gies, the following combinations of keywords 
were used: “testing effect”, “retrieval practice”, 
“test-enhanced learning” (all of them in the title or 
topic/abstract) AND child* (in any part), as well 
as their versions in Portuguese that focused on 
the practice as a study strategy (we excluded, for 
example, research focused on false memories). In 
the advanced search, we restricted the search to 
articles reviewed by peers. The searches were con-
ducted by two researchers independently. When 
there was indecision regarding the eligibility of 
an article, both reassessed the full text to verify 
the previously established inclusion and exclusion 
criteria. In addition, there was the inclusion of 
studies tracked down in the references of the criti-
cal review on the literature with children (Fazio 
& Marsh, 2019) and of the systematic review 
by Agarwal et al. (2021), which did not appear  
in the searches. 

Results

As a result, 224 articles were identified, 49 re-
sults were based on the CAPES journal database, 
41 from ERIC, 23 from Web of Science, 75 from 
PubMed, 22 from PsycINFO, 14 from Scielo, and 
8 from other sources [references on the reviews 
(Agarwal et al., 2021; Fazio & Marsh, 2019) 
that did not appear in the searches (Adler et al., 
2000; Agarwal et al., 2014; Carneiro et al., 2018;  
Hotta et al., 2016; Lima & Jaeger, 2020; Lipko- 
Speeda et al., 2014; Sheffield & Hudson, 2006; 
Spitizer, 1939)]. After eliminating 46 duplicated 
articles, we screened 186 articles. By means of the 
verification of titles and abstracts of the articles, we 
excluded 97 results as they did not meet the eligi-
bility criteria; that is, they did not refer to research 
developed on the retrieval practice with children. 
Thus, 89 studies were fully read. Of these, 48 arti-
cles were excluded with justification (they did not 
approach the retrieval practice with children, for 
example. For details regarding the reasons why 
studies were excluded, please see the supplemen-
tary document. Therefore, this review contains 41 
articles, according to Figure 2.

Sample Description 

The present review includes a sample of 
approximately 92 experiments (comparisons), with 
10.153 participants (babies and children) (Table 1).  
The numbers of experiments and participants are 
approximate because there are two studies that  
are longitudinal, in which the exact number of ex-
periments and the size of the final sample remain 
unclear (Agarwal et al., 2014; Bailey et al., 2012). 
For example, the research by Agarwal et al. (2014) 
was conducted with a sample of 1.408 students, in-
cluding children and adolescents altogether (1.306 
were students in elementary education whose ages 
ranged from 11 to 14 years). The research works  
by Coyne et al. (2015) involved 15 children and 
adolescents, whose ages ranged from 8 to 16 years. 



 

6 

Lisandra Tamires Mendonça, Roberta Ekuni

Avances en Psicología Latinoamericana / Bogotá (Colombia) / Vol. 40(1) / pp. 1-34 / 2022 / ISSNe2145-4515

Haseneder et al. (2019) also developed their re-
search with a combination of 357 children and 
adolescents whose ages ranged from 10 to 17 years. 
As a consequence, some results overlap investi-
gations with children and adolescents. However, 
whenever possible, adolescents and adults were 
left out of the analysis, as the focus of this review 
is to go over the effects of the retrieval practice 
on children (up to 12 years old), according to the 
descriptions by the eligibility criteria.

Taking into consideration the age group of the 
target sample (children up to 12 years old) and 
the presence of beneficial effects of the retrieval 
practice, the literature shows that babies of 18 
months or older (Sheffield & Hudson, 2006) already 
display the positive effects of this practice (Table 1).  
Three studies (Dang, Yang, Che et al., 2021; Dang, 
Yang & Chen, 2021; Lechuga et al., 2006) aimed 
to compare learning performance after retrieval 
practice with that of children of different ages. For 
example, younger children (6-9 years), older chil-
dren (10-12 years), and adults practiced retrieving 

during the reintroduction to content. In the final 
test, the adults remembered more propositions 
(48%) than the older children (41%) and the youn-
ger children (34%) (Lechuga et al., 2006). On the 
other hand, Dang, Yang, Che et al. (2021), as well 
as Dang, Yang & Chen (2021), observed that the 
frequency of correct retrieval increases with age 
and that, when compared to rereading, learning 
was more substantial for both younger children 
and older children (Dang, Yang, Che et al., 2021). 
In the comparisons, the authors affirmed that there 
is a difference between the performance of children 
and adults. However, the difference between the 
younger children and the older children is just 
numeric and not statistical (p = .47).

Lipowski et al. (2014), in turn, verified that, 
although the general levels of performance were 
better for children aged from 8 years and 2 months 
to 9 years and 11 months than for younger children 
(6 years and 5 months to 8 years and 2 months of 
age), the magnitude of the benefits of the retrieval 
practice did not increase significantly with age.

Illustration 2. Flowchart of the search results
Note: the elaboration of the flowchart for results was based on Moher et al. (2009).
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Most of the studies involved children with typi-
cal development, except for three studies, (Haebig 
et al., 2021; Leonard & Deevy, 2020; Leonard et al., 
2020). In the study by Leonard and Deevy (2020), 
children with specific language disorders benefit-
ted from spaced retrieval practice. In this study, 
the children were introduced to new words (names 
of exotic plants and animals) and their respective 
images and characteristics. Each child participated 
in two learning conditions: more retrieval practice 
and less studying; more studying and less retrieval 
practice, with short breaks between the four learn-
ing phases. During the manipulation of the retrieval 
practices, the children were shown a picture and 
were expected to remember the name and some 
of its characteristics. As a result, retrieval practice 
was more beneficial for learning than rereading/
studying (Leonard & Deevy, 2020). 

Another similar study showed that no matter 
their lexical skills, children with specific language 
disorders benefitted from the retrieval practice for 
learning new words (Leonard et al., 2020). Haebig 
et al. (2021) conducted studies with 36 children 

aged between 4 and 6 years. Half of the children 
presented typical development and the other half 
had specific language disorder. As a material, re-
searchers used sets of names of exotic plants and 
animals and corresponding images, in two control 
conditions (immediate retrieval versus repeated 
retrieval), with cued-recall as criterion tests. The 
authors verify that contextual re-establishment, due 
to the spaces between retrieval practices, enhances 
the long-term retention of words for both groups of  
children (with typical development and with spe-
cific language disorder) (Haebig et al., 2021). 

Coyne et al. (2015) studied children and ad-
olescents who survived traumatic brain injuries. 
They identified that retrieval practice is a promising 
strategy for supporting learning and rehabilitation 
of the memories of children with pediatric cranioen-
cephalic trauma (Coyne et al., 2015). 

Regarding geographical location, 49% of the stud-
ies on retrieval practice in the teaching and learning 
process with children were developed in the US. Only 
5% of studies that were included in this review were 
conducted in Latin America, according to Table 2.

Table 1.
Age of the participants of the studies on the retrieval practice and an indication of the number of studies

Age 
(from)

Number of 
studies

References

18 months 10

(Sheffield & Hudson, 2006); 2 years and a half (Fritz et al., 2007); 2 years and 10 months 
(Cornell et al., 1988); 3 years (Kliegl et al., 2018; Leonard & Deevy, 2020); 4 years 
(Haebig et al., 2019; Haebig et al., 2021; Leonard et al., 2020); 4 years and 5 months 
(Carneiro et al., 2018); 5 years (Hotta et al., 2016)

6 years 10

(Dang, Yang, Che et al., 2021; Ma, Li, Duzi et al., 2020; Ma, Li, Li & Zhou, 2020); 6 
years and 3 months (Bailey et al., 2012); 6 years and 5 months (Lipowski et al., 2014); 7 
years (Bouwmeester & Verkoeijen, 2011; Goossens et al., 2016; Jones et al., 2015; Marsh 
et al., 2012; Moore et al., 2018)

8 years 13

(Coyne et al., 2015; Goossens, Camp, Verkoeijen & Tabbers, 2014; Lechuga et al., 2006; 
Ritchie et al., 2013); 8 years and 10 months (Jaeger et al., 2015); 8 years and 11 months 
(Dang, Yang & Chen, 2021); 9 years (Goossens, Camp, Verkoeijen, Tabbers & Zwaan, 
2014; Karpicke et al., 2014; Leahy & Sweller, 2019; Lima & Jaeger, 2020; Moreira, Pinto, 
Justi & Jaeger, 2019; Rohrer et al., 2010); 9 years and 2 months (Karpicke et al., 2016)

10 years 8
(Haseneder et al., 2019; Lipko-Speed et al., 2014); 11 years (Agarwal et al., 2014; 
Barenberg & Dutke, 2019; Hughes et al., 2018; Roediger, Agarwal et al., 2011; Rowley & 
McCrudden, 2020; Spitizer, 1939)
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Materials

The materials used to investigate the effects of 
the retrieval practice on children were numerous. 
There were stories (Goossens, Camp, Verkoeijen, 
Tabbers & Zwaan, 2014), illustrated books (Cor-
nell et al., 1988), texts adapted from pedagogi-
cal materials (Agarwal et al., 2014; Barenberg & 
Dutke, 2019; Jaeger et al., 2015; Karpicke et al.,  
2014; Leahy & Sweller, 2019; Lima & Jaeger, 
2020; Marsh et al., 2012; Moreira, Pinto, Justi 
& Jaeger, 2019; Roediger, Agarwal et al., 2011; 
Rowley & McCrudden, 2020; Spitizer, 1939), 
proper names (Fritz et al., 2007), names of animals, 
plants, along with their respective information 
and semantic facts (Haebig et al., 2021), names 
of taxonomic categories represented by pictures 
(Lipowski et al., 2014), associated images and 
objects (Kliegl et al., 2018; Ma, Li, Duzi et al., 
2020), associated images and pictures with their 
names and meanings (Leonard & Deevy, 2020; 
Leonard et al., 2020; Moore et al., 2018), lists of 
words  (Bouwmeester & Verkoeijen, 2011; Dang, 
Yang, Che et al., 2021; Dang, Yang & Chen, 2021; 
Haebig et al., 2019; Jones et al., 2015; Karpicke 
et al., 2016; Ma, Li, Li & Zhou, 2020) introduced 
by one illustration, one definition and one context 
phrase (Goossens et al., 2016), words and synonyms, 
(Goossens, Camp, Verkoeijen & Tabbers, 2014). 
Pairs of associated words were also used (Car-
neiro et al., 2018; Coyne et al., 2015; Hughes et 
al., 2018; Lechuga et al., 2006), pairs with con-
cepts and their definitions (Lipko-Speeda et al., 
2014), cards containing geographic information 
(Ritchie et al., 2013), fictitious maps (Rohrer et 
al., 2010), simple adding exercises (Bailey et al., 
2012), theoretical and demonstrative lecture for 
first aid (Haseneder et al., 2019), target actions 
(Sheffield & Hudson, 2006), small items such 
as toys and a box with subdivisions (Hotta et al., 
2016). Equally important are studies that used con-
tent adapted from pedagogical materials (Agarwal  
et al., 2014; Karpicke et al., 2014; Leahy & Sweller, 

2019; Lima & Jaeger, 2020; Marsh et al., 2012; 
Roediger et al., 2011b; Rowley & McCrudden, 
2020; Spitizer, 1939), texts (Jaeger et al., 2015; 
Moreira, Pinto, Justi & Jaeger, 2019), and diverse 
disciplines such as chapters used in social studies 
(Roediger, Agarwal et al., 2011), sciences, history, 
and geography (Marsh et al., 2012). 

Control conditions 

Almost half of the control group in the studies 
used rereading (Table 2). The rereading was done 
by the children (Bouwmeester & Verkoeijen, 2011; 
Carneiro et al., 2018; Cornell et al., 1988; Coyne 
et al., 2015; Dang, Yang, Che et al., 2021; Dang, 
Yang & Chen, 2021; Goossens, Camp, Verkoeijen 
& Tabbers, 2014; Goossens et al., 2016; Hughes 
et al., 2018; Jaeger et al., 2015; Karpicke et al., 
2014; Karpicke et al., 2016; Leahy & Sweller, 
2019; Leonard et al., 2020; Lima & Jaeger, 2020; 
Lipko-Speeda et al., 2014; Ma, Li, Duzi et al., 2020; 
Ma, Li, Li & Zhou, 2020; Moreira, Pinto, Justi & 
Jaeger, 2019), or by the experimenter (Dang, Yang, 
Che et al., 2021; Dang, Yang & Chen, 2021). Some 
studies combined rereading with other strategies 
such as conceptual maps (Karpicke et al., 2014), 
age (Dang, Yang, Che et al., 2021); elaboration 
and rereading (Ma, Li, Li & Zhou, 2020), elabora-
tive codification (generation of mediating words) 
(Hughes et al., 2018), pretests and posttests (Lima 
& Jaeger, 2020). Of these studies, which used 
rereading as a control condition, only one found 
a negative effect of retrieval practice. However, 
the effect size was small and the average numeric 
difference between the groups was small (Goos-
sens et al., 2016). The other ones replicated the 
positive effect. The ones that found positive and 
neutral effects depended on other variables of the 
experimental condition. For example, Ma, Li, Li 
& Zhou (2020) found a neutral effect for the re-
trieval practice without feedback. However, when 
the retrieval practice was followed by feedback, the 
effect was positive.
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A similar way to reread is to revisit by looking 
repeatedly at images/pictures (Kliegl et al., 2018; 
Lipowski et al., 2014). While Lipowski et al. (2014) 
found a positive effect in retrieval practice com-
pared to looking at images, Kliegl et al. (2018) 
showed that this effect depended on the test for-
mat (cued-recall generated an effect whereas free 
retrieval did not) and the size of the effect was 
considerable with the inclusion of feedback after 
of retrieval practice attempts.

Five studies used copying/rewriting as a control 
condition (Goossens, Camp, Verkoeijen, Tabbers 
& Zwaan, 2014; Goossens et al., 2016; Jones et al., 
2015; Rohrer et al., 2010; Rowley & McCrudden, 
2020). The retrieval practice strategy was better 
than copying, except in Goossens et al. (2016). 
In this study, the researchers taught vocabulary 
by copying the words or practicing retrieval with 
short breaks (distributed over one week) or long 
breaks (distributed over two weeks) between re-
petitions. As a result, in the two groups, the repe-
titions with short breaks led to a beneficial effect 
of retrieval practices (but the effect was neutral 
for long breaks and, for other groups, there was no 
effect). However, in one group, copying was bet-
ter than retrieval practice via cued-recall, but the 
effect size was quite small, for the other groups, 
the effect was neutral.  

Interestingly, Jones et al. (2015), by comparing 
retrieval practice with the rainbow writing1 tech- 

1 Rainbow writing consists of a method of orthographic prac-
tice that is very popular in the US.it involves copying the 

nique, which is based on the rewriting principle, 
verified that retrieval practice promotes more ef-
ficient learning, with more accurate orthographic 
precision. One study took vision reintegration as 
a control (the babies watched a representational 
media showing target actions) versus live recreation 
(the babies were stimulated to physically realize 
the target actions). As a result, the retrieval prac-
tice, that is, recreating the action, is better than 
copying the action (Sheffield & Hudson, 2006). 
Similarly, having the children place objects in loca-
tions according to instructions, that is, copying the 
movement executed by the experimenter, is worse 
than the retrieval practice (Hotta et al., 2016). Two 
studies used oral repetition as a control and again, 
the retrieval practice was better and produced a 
large effect size (respectively) (Fritz et al., 2007; 
Leonard & Deevy, 2020).

Two studies did not use any test as a control con-
dition (Agarwal et al., 2014; Barenberg & Dutke,  
2019; Brojde & Wise, 2008; Haseneder et al., 2019;  
Ritchie et al., 2013; Roediger, Agarwal et al.,  
2011), while some of these studies used combined 
controls: no test versus inference test, versus fact 
testing (Brojde & Wise, 2008), no test versus re-
reading, versus web-based testing (Roediger, Agar-
wal et al., 2011), and one study used conceptual 
maps versus not using conceptual maps as a control 
(Ritchie et al., 2013). Obviously, all studies pointed 
out that being tested as a means to practice retrieval 
is better than doing nothing.

same word several times using different colors and producing 
a rainbow effect (Jones et al., 2015).
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Placement of retrieval practice, 
repetitions, lag, and retention interval

Other comparisons analyzed repetitions and 
placement of the retrieval practice (Haebig et al., 
2019; Haebig et al., 2021; Spitizer, 1939). They 
pointed to the fact that practicing immediately after 
learning leads to less forgetting (Spitizer, 1939). 
Likewise, in some groups, retrieval practice with 
short lags (distributed throughout one week) was 
better than retrieval practice with long lags (dis-
tributed throughout two weeks) (Goossens et al., 
2016). On the other hand, increasing the number 
of retrieval practices with less rereading generated 
better retention of learned material when compa-
red to more rereading with less retrieval practice 
(Leonard et al., 2020; Spitizer et al., 1939). Lima 
and Jaeger (2020), in research conducted in the 
Brazilian southeast in schools using encyclopaedical 
texts as material, verified that the posttests (episo-
dic memory dependent) resulted in more retrieval 
than the pretests (semantic memory dependent). 
That is, the children supplied more correct answers 
when taking the posttests than when taking the 
pretests. However, the pretests, as well as the post-
tests, produced better memory performance than 
rereading, which was a fact that was evidenced by 
the multiple-choice tests (Lima & Jaeger, 2020). 
Another finding is that including these tests in the 
learning process, that is, encouraging students to 
try and remember information during study time, 
might facilitate good posttest performance in com-
parison to rereading, in immediate posttests as 
well as in late posttests (Leahy & Sweller, 2019).

The lags used in the experimental procedures, 
that is, the time between learning (content intro-
duction) and the first retrieval practice, ranged 
from immediate up to two weeks (Table 2). If we 
consider immediately the amounts of time ranging 
from seconds to a few minutes, this represents 71% 
of the sample. Again, almost all studies showed 
positive effects of the retrieval practice, except for 
the one by Goossens et al. (2016), in which there 

were indications of the fact that the effect of the 
retrieval practice depended on a smaller interval 
between repetitions, but not on the lag, as the 
moment of the first retrieval (lag) did not change 
between the two conditions (Goossens et al., 2016). 

The retention interval, that is, the time after the 
manipulation (retrieval practice and control condi-
tion) and the final test, ranged from immediate to 
9 months (Haseneder et al., 2019) (Table 2). The 
results suggest that the retrieval practice generates 
positive effects, including long retention intervals.

Setting

Concerning the setting, most of the studies 
(56%) were conducted at school (Table 2), (Agar-
wal et al., 2014; Bailey et al., 2012; Barenberg & 
Dutke, 2019, Fritz et al., 2007; Goossens, Camp, 
Verkoeijen, Tabbers & Zwaan, 2014; Goossens, 
Camp, Verkoeijen & Tabbers, 2014; Goossens et al.,  
2016; Haseneder et al., 2019; Jaeger et al., 2015; 
Jones et al., 2015; Karpicke et al., 2014; Karpicke 
et al., 2016; Kliegl et al., 2018; Leahy & Sweller, 
2019; Lechuga et al., 2006; Lima & Jaeger, 2020; 
Lipko-Speeda et al., 2014; Moreira, Pinto, Justi 
& Jaeger, 2019; Ritchie et al., 2013; Roediger, 
Agarwal et al., 2011; Rohrer et al., 2010; Rowley 
& McCrudden, 2020; Spitizer, 1939). In the studies 
conducted in the classroom at school, only one 
obtained a negative effect of the retrieval practice, 
which is probably not related to the setting, but 
to the interval between repetitions and the control 
condition (copying) (Goossens et al., 2016). One 
result was neutral when compared to the concept 
map condition, but positive for the rereading con-
dition (Karpicke et al., 2014), and the other results 
were positive for retrieval practice (Table 2).

 Despite taking place at school, nine stud-
ies were conducted in individual rooms, which 
characterizes it as a laboratory study (Table 2) 
(Bailey et al., 2012; Fritz et al., 2007; Goossens, 
Camp, Verkoeijen & Tabbers, 2014; Jaeger et al., 
2015; Kliegl et al., 2018; Leahy & Sweller, 2019; 
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Lechuga et al., 2006; Lima & Jaeger, 2020; Lipko- 
Speeda et al., 2014). In the longitudinal study, some 
children changed schools or districts. Therefore, 
they were assisted on campus or in a van (Bailey  
et al., 2012). One study was conducted with small  
groups, with 2 to 4 children (Rohrer et al., 2010),  
also mimicking the laboratory setting. Out of these 
studies, six found positive effects of retrieval prac-
tice, and the other studies were mixed (positive 
and neutral). Seventeen (41,5%) studies were con-
ducted in a laboratory (see Table 2). Out of these 
studies, 6 were realized in a laboratory, 12 pointed 
to the positive effects of the retrieval practice, 4 
were mixed (positive and neutral) and one was 
positive for easy questions and negative for diffi-
cult questions in the absence of feedback (Marsh 
et al., 2012) (Table 2). That is, in all environments 
(classroom, school, but not in the classroom, or a 
laboratory), there are more positive than negative or 
neutral effects of the retrieval practice. 

Other studies were total (Cornell et al., 1988) 
or partially realized in the participants’ homes. 
Sheffield and Hudson (2006) realized experiments 
1 and 2 in the laboratory, and experiment 3 was 
conducted in the laboratory and at home, accord-
ing to the availability of each participant. As a 
result, the obtained effects were more positive 
for the retrieval practice in turn with the readings 
of the text (Cornell et al., 1988), as well as in the 
condition where the children physically re-enacted 
the target actions in an active way than when the 
children just listened to or observed the answers 
passively (Sheffield & Hudson, 2006).

 

Presence of feedback

Feedback was provided in 61% of the studies 
(Table 2). Of these, 68% found positive effects 
of the retrieval practice followed by feedback 
(Fritz et al., 2007; Haebig et al., 2021; Hotta et al.,  
2016; Hughes et al., 2018; Kliegl et al., 2018; Lipko- 
Speeda et al., 2014; Ma, Li, Duzi et al., 2020; 

Marsh et al., 2012; Roediger, Agarwal et al., 2011; 
Rohrer et al., 2010; Ritchie et al., 2013). The other 
ones were positive or neutral. However, difficult 
questions with no feedback generated a negative 
retrieval practice effect (Marsh et al., 2012).

Effects of the retrieval practice

Concerning the retrieval practice effects, 40 
studies (approximately 93%, Table 2) found pos-
itive effects in some conditions that involved the 
retrieval practice (Agarwal et al., 2014; Bailey et al.,  
2012; Barenberg & Dutke, 2019; Bouwmeester & 
Verkoeijen, 2011; Carneiro et al., 2018; Cornell  
et al., 1988; Coyne et al., 2015; Dang, Yang, Che et al., 
2021; Dang, Yang & Chen, 2021; Fritz et al., 2007; 
Goossens, Camp, Verkoeijen, Tabbers & Zwaan, 
2014;  Goossens, Camp, Verkoeijen & Tabbers, 2014;  
Haebig et al., 2019; Haebig et al., 2021; Haseneder 
et al., 2019; Hotta et al., 2016; Hughes et al., 2018; 
Jaeger et al., 2015; Jones et al., 2015; Karpicke et al.,  
2014; Karpicke et al., 2016; Kliegl et al., 2018; 
Leahy & Sweller, 2019; Lechuga et al., 2006; Leon-
ard & Deevy, 2020; Leonard et al., 2020; Lima & 
Jaeger, 2020; Lipko-Speeda et al., 2014; Lipows-
ki et al., 2014; Ma, Li, Li & Zhou, 2020; Ma, Li,  
Duzi et al., 2020;  Marsh et al., 2012; Moore et al., 2018; 
Moreira Pinto, Justi & Jaeger, 2019; Ritchie et al.,  
2013; Roediger, Agarwal et al., 2011; Rohrer  
et al., 2010; Rowley & McCrudden, 2020; Sheffield 
& Hudson, 2006; Spitizer, 1939). 

In approximately 25% of the research analyzed, 
experiments had a neutral effect, that is, no differ-
ence between carrying out the retrieval practice or 
the control condition (Carneiro et al., 2018; Cornell 
et al., 1988; Goossens, Camp, Verkoeijen, Tabbers 
& Zwaan, 2014; Hughes et al., 2018; Karpicke et al.,  
2014; Kliegl et al., 2018; Leahy & Sweller, 2019; 
Lipko-Speeda et al., 2014; Ma, Li, Duzi et al., 2020; 
Ma, Li, Li & Zhou, 2020; Moore et al., 2018). This 
neutral effect can be explained by the use of some 
variables such as the testing format. For example, 
the students did a little better in the cued-recall 
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than in the free recall (Karpicke et al., 2014), or the 
effect stopped being neutral and became positive 
in the presence of feedback (Ma, Li, Li & Zhou, 
2020; Kliegl et al., 2018). 

Formats of the retrieval practice

It is possible to observe a variety of formats 
that one can use to engage in retrieval practice, 
such as multiple-choice, free recall, short answer, 
cued-recall, fill-in-the-blank, and recognition tests, 
as well as a combination of them all (Table 2). For 
example, a study by Karpicke et al. (2014), using 
texts adapted from pedagogical textbooks on scien-
ces as material, used a free recall test compared to 
rereading and conceptual maps as a control condi-
tion. The final test was a short answer format; as a 
result, they found that retrieval practice is feasible 
as a study strategy for children when they receive 
guidance from their teachers to reach successful 
retrievals (Karpicke et al., 2014). 

In experiment 2, Lechuga et al. (2006) applied 
cued-recall tests, presenting the first letters of the 
target word that matched the studied word pairs 
(material used in the research). In the final test, 
they used free recall. Similar to a previous study, 
even using different test formats at the moment 
of study and the criterion test, it is still possible 
to verify the positive effects of the retrieval prac-
tice, that is, this effect does not depend on the 
congruence between the formats of the test at the 
moment of reintroduction to the information and 
on the criterion test (Lechuga et al., 2006).

However, by offering easy and difficult tests 
with contents on science, history, geography, and 
other educational topics, Marsh et al. (2012) con-
ducted experiments with multiple-choice tests (in 
which students were given tricky choices, that is, 
wrong answers among the right alternatives), and 
the final test was short answer tests. As a result, 
they observed that the difficult questions with no 
feedback generated a negative effect on the retrie-
val practice, as students learned wrong answers. 

Discussion

The present systematic review assessed 41 com-
plete articles on retrieval practice with children. 
Due to the need to instruct educators to use an 
education based on evidence (Slavin, 2020), there 
is plenty of replicability in the retrieval practice 
effect, which leads to proposing its use since child-
hood, according to what was previously suggested 
(Fazio & Agarwal, 2020). The present review in-
cluded studies on different age groups, starting 
with babies as young as 18 months old (Sheffield 
& Hudson, 2006). Such a result matters because it 
might amplify the use of this study strategy from an 
early age, as studies suggest that the direct effect 
of the test, that is, the decrease in forgetfulness by 
making learning last through the use of retrieval 
practice, shows up early in human life (Dang, 
Yang, Che et al., 2021). In addition to this direct 
effect, there is also facilitation for further learning 
(Dang, Yang & Chen, 2021).

Nonetheless, there are details concerning age, 
perhaps due to cognitive development itself. For 
example, a study points to the fact that older chil-
dren benefit more from retrieval practice than 
younger children do (Lechuga et al., 2006), which 
is consistent with the findings by Aslan and Bäuml 
(2015). Nevertheless, it is still possible to observe 
the benefits of the retrieval practice in different 
age groups (Table 2), which does not appear to 
depend on levels of reading skills, comprehension, 
or processing speed (Karpicke et al., 2016). This 
corroborates the premise that the human brain is 
ready to learn from the very beginning using retrieval 
practices (Hotta et al., 2016). 

However, to recover information accurately, it 
is necessary to have some skills developed (Bailey 
et al., 2012). Thus, we must pay attention to the 
development of children by adapting the practices, 
which takes us to the topic of test formats. The test 
formats (e.g. multiple-choice, short answer) might 
vary and amplify the possibilities for teachers in 
the classroom, and it will not be necessary to be 
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restricted to just one format. In addition, when 
there is incongruence between the formats at the 
moment of reintroduction to content and the final 
test, a transfer can occur, leading to even more ex-
pressive results (Rohrer et al., 2010). It is important 
to emphasize that the test format to be chosen must 
be in accordance with the level of difficulty of the 
content, that is, for difficult content, it might be 
a good idea to avoid multiple-choice tests as stu-
dents can learn the wrong answer (Butler, 2018). 
Besides that, professionals should use scaffolding 
strategies when reintroducing content via retrieval 
practices, for example, by providing clues, such 
as the initials of the words the students are sup-
posed to remember (cued-recall) (Lechuga et al., 
2006). Images can be presented with little pixel 
distortion (Kliegl et al., 2018). Thus, there is an 
increase in the probability of obtaining at least 
half of the answers correctly, which seems to be 
necessary to reveal the beneficial effect of this 
practice (Rowland, 2014). Other recommendations 
point to the fact that tests that attribute little or no 
grading might benefit learning more than those that 
involve grading (Roediger, Agarwal, et al., 2011).

Similar to the review by Agarwal et al. (2021), 
most of the studies were conducted in the US. 
Therefore, it is still necessary to conduct research 
in other cultures with diverse populations (Henrich 
et al., 2010). Even though one of the inclusion cri-
teria was that the articles were written in English 
or Portuguese, we found no studies in Portuguese. 
This is probably because publications are re-
quired to be internationalized, that is, published in 
English to extend the reach of the article. 

We can observe that the materials used in the 
studies were diverse, and it was possible to note 
benefits ranging from vocabulary amplification,  
the learning of synonyms (Goossens, Camp, Verkoei- 
jen & Tabbers, 2014), orthographic improvement 
(Jones et al., 2015), learning of semantic infor-
mation (Heabig et al., 2021), proper names (Fritz  
et al., 2007), texts in illustrated books (Cornell et al.,  
1988), chapters from books on science, history,  

and geography (Marsh et al., 2012), and the learn-
ing of first-aid skills (Haseneder et al., 2019). 
Such diversity of materials is important because 
it shows that the effect of the retrieval practice can 
be observed in different materials, which makes it 
a highly useful strategy (Dunlosky et al., 2013).

Similar to in other reviews (e.g. Agarwal et al.,  
2021), the most commonly used control condition 
is rereading. Here, our analysis also shows a repli-
cation of the benefit of retrieval practice. However, 
there are other ecological strategies for the class-
room in this age group such as copying/rewriting 
(Rohrer et al., 2010; Goossens, Camp, Verkoeijen, 
Tabbers & Zwaan, 2014; Jones et al., 2015; Rowley 
& McCrudden, 2020), oral repetition (Fritz et al., 
2007; Leonard & Deevy, 2020), and conceptual 
maps (Karpicke et al., 2014). Most of them point 
to the beneficial or neutral effect of the retrieval 
practice. Future studies should use other strategies 
that are widely used for this age group as a control 
condition, such as word-searching games, hidden 
vocabulary and brainstorming.

Concerning the ideal placement of the retrieval 
practice, in the intervening phase, it is possible to 
observe experiments that offer this practice before 
(Lima & Jaeger, 2020), during (Cornell et al., 1988), 
or after the introduction of content (Lipko-Speeda 
et al., 2014) with diverse lags, and especially im-
mediate ones (or almost immediate, from seconds 
to minutes). Regarding that matter, there is no con-
sensus about the best moment for providing retrieval 
practice. For example, Üner and Roediger (2018) 
verified that the retrieval practice after reading a 
whole chapter or after reading each section pro-
motes equivalent benefits. However, one naturalist 
study with undergraduate students, showed that 
performing retrieval practice at the end of the class 
was more effective in promoting long-lasting learn-
ing, than placing this moment at the beginning of  
the following class (Ekuni & Pompeia, 2020). At the 
same time, there are indications of greater benefit 
in smaller intervals between repetitions in experi-
ments with children (Goossens et al., 2016). Smolen  
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et al. (2016) explain that the ideal procedure in-
volves not waiting too long after the initial intro-
duction to the content to do the retrieval practice 
because time makes it harder to reactivate memory.    

There is no research comparing the same exper-
iment in a real classroom environment and in the 
laboratory. However, concerning the setting, there 
are retrieval practice benefits in studies conducted  
at the participants’ homes (e.g. Cornell et al., 1988), 
as well as in the laboratory (e.g. Haebig et al., 2021), 
and most importantly, at the schools in ecologic 
conditions (e.g. Rowley & McCrudden, 2020). 
Thus, there is coherence with literature reviews that 
replicate the efficacy of retrieval practice strategies, 
not only in the laboratory (Moreira, Pinto, Starling 
& Jaeger, 2019). 

Feedback is provided by most of the studies, al-
though there is a positive effect of retrieval practice 
even without feedback (e.g. Moore et al., 2018). 
Nevertheless, it is important to emphasize that 
feedback helps children correct their mistakes and 
retain the correct information (Marsh et al., 2012). 
The inclusion of feedback reversed the negative 
effects of the retrieval practice when compared to 
rereading. The paradigms that include feedback 
do not measure only the participants’ capacity to 
learn with the retrieval practice; they also measure 
their capacity to learn with the feedback itself 
(Fazio & Marsh, 2019). In other words, there is an 
enhancement in learning when feedback is included 
(Agarwal et al., 2012; Agarwal et al., 2018; Fazio 
& Agarwal, 2020). Some studies demonstrate more 
significant benefits when immediate feedback is 
provided (Kliegl et al., 2018). 

Finally, concerning the durability of the retriev-
al benefit, most of the studies took short retention 
intervals (less than 30 days). We emphasize that 
more repetitions lead to better retention (Leonard 
et al., 2020; Spitizer et al., 1939), and in regard to 
long-lasting learning, this is a variable that must 
be taken into account. Performing several tests 
has learning benefits, however, a meta-analysis 
conducted by Rowland (2014) shows that the first 

test produces a greater magnitude effect, whereas 
the second repetition is not as robust as the first test 
boost. Future studies should test longer retention 
intervals for this age group.

Given the need to provide students and teachers 
with guidelines on the best way to study (Tullis &  
Maddox, 2020), retrieval practice improves meta-
cognition, that is, the capacity to recognize, or  
become aware of one’s own performance during the 
teaching and learning process (Agarwal et al., 2018; 
Rowland, 2014). This is a relevant factor in regard 
to the implementation of this practice since early 
childhood. Other advantages involve an increase 
in memory precision and less confusion (Moore 
et al., 2018), less test anxiety (Agarwal et al.,  
2014), and the promotion of self-confidence in 
preschoolers (Fritz et al., 2007).

Thus, the recommendation is that teachers can 
improve learning results by encouraging students 
to retrieve the previously introduced information. 
This applies to children with typical development 
and seems advisable for children with specific 
learning disorder (Haebig et al., 2021; Leonard 
& Deevy, 2020; Leonard et al., 2020), and even 
brain injuries (Coyne et al., 2015). 

However, even though the searches had been 
realized on a large number of databases (Journal 
Portals: capes/mec, eric, PubMed, PsycINFO, 
Scielo, and Web of Science), the present systematic 
review presents limitations regarding the results 
identified in the database search using the proposed 
keywords. It is not possible to guarantee that the 
searches have identified all available papers on 
the theme. One example is the paper by Spitizer 
(1939). However, in this review, we considered 
the studies mentioned in other sources of reviews 
to mitigate such limitations. Nonetheless, some 
papers might not have been contemplated in the 
present review. Another limitation was related 
to the systematic literature review without con-
ducting a meta-analysis. Future studies might fill 
that gap, including unpublished studies to avoid 
publication bias. 
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In sum, it is possible to observe that the results 
of this research are consistent with the findings of 
systematic reviews with meta-analyses in adults, 
which hinted at the fact that retrieval practice is more 
beneficial for learning than commonly used strategies 
(such as rereading) (Adesope et al., 2017; Rowland, 
2014). This effect is replicated both in the laboratory 
and in the classroom (Agarwal et al., 2021), includ-
ing different educational levels, test formats, and 
procedures. Therefore, it is possible to improve the 
teaching and learning process by encouraging stu-
dents to use the retrieval practice when they study 
from an early age, according to what was suggested 
in the narrative review by Fazio and Marsh (2019).  

Final Considerations

The present review focuses on studies involv-
ing retrieval practice with children, both in real 
classroom environments and in the laboratory. 
The results, with a high degree of replicability, 
indicate that retrieval practice is beneficial in the 
teaching and learning process for children from 
the age of 18 months with a diversity of materials 
and it has durable effects. However, it is necessary 
to take into account the adaptation to the level 
of difficulty of the material and provide clues so 
that recuperation is not so difficult. In addition, it 
is advisable to provide opportunities for retriev-
al practice immediately after introduction to the 
content to avoid forgetting information. It is im-
portant to emphasize that retrieval practice can be 
enhanced by providing feedback. Thus, teachers in 
child education are provided with robust evidence 
to support their decision to include the retrieval 
practice more often in their pedagogical routines.  
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