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Retrieval practice as a learning strategy for
individuals with Down syndrome
A preliminary study
Daniela Siqueira Veloso Starling’, Bruna Fernanda Tolentino Moreira?, Antonio Jaeger®

ABSTRACT. Remembering recently studied materials (i.., retrieval practice) is more beneficial for learning than restudying
these materials. Objective: To investigate whether retrieval practice benefits learning for individuals with Down syndrome.
Methods: Eighteen individuals with Down syndrome (mean age=21.61 years, SD=5.93) performed a task entailing a
first read of an encyclopedic text covering a series of target words. After reading the text twice, participants recalled
half of the target words (retrieval practice), and reread the other half (restudy). After 48 hours, participants answered
a multiple-choice test including all target words. Subsequently, WASI’s Vocabulary and Matrix reasoning subtests were
administered to estimate intelligence. Results: The benefit of retrieval practice for learning was numerically greater
than the benefit of restudy, although this advantage did not reach statistical significance. Inspection of individual data
suggested that the benefit of retrieval practice was greater than the benefit of restudy for the majority of the participants,
independently of the participants’ vocabulary or reasoning abilities. Conclusion: Although more research is needed before
retrieval practice can be recommended as a learning strategy for individuals with Down syndrome, the data suggest
that retrieval practice can be a useful teaching tool for at least part of this population.
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A PRATICA DA RECUPERAGAO ENQUANTO UMA ESTRATEGIA DE APRENDIZAGEM PARA INDIViDUOS COM SiNDROME DE
DOWN: UM ESTUDO PRELIMINAR.

RESUMO. Lembrar materiais recentemente estudados (i.e., pratica da recuperagdo) é melhor para a aprendizagem do
que reestudar esses materiais. Objetivo: Investigar se a pratica da recuperagao beneficia a aprendizagem de individuos
com sindrome de Down. Métodos: Dezoito individuos com sindrome de Down (idade média=21,61, DP=5,93) leram um
texto enciclopédico com varias palavras-alvo. Depois de o texto ser lido duas vezes, metade das palavras-alvo (pratica
de recuperacao) foi relembrada, e metade foi relida (reestudo). Apos 48 horas, 0s participantes responderam a um
teste de multipla escolha incluindo todas as palavras-alvo. A inteligéncia dos participantes foi avaliada pelos subtestes
Raciocinio matricial e Vocabulario do WASI. Resultados: O beneficio da pratica de recuperagéo para o aprendizado foi
melhor quando comparado ao reestudo, embora essa diferenga ndo tenha alcangado significancia estatistica. A inspegao
de dados individuais sugeriu que o beneficio da pratica de recuperacéo foi melhor que o beneficio do reestudo para a
maioria dos participantes, independentemente do vocabuldrio ou capacidade de raciocinio. Conclusdo: Embora mais
pesquisas sejam necessarias para recomendar o uso dessa estratégia de aprendizado para essa populagdo, os dados
sugerem que a pratica de recuperagao pode ser uma ferramenta de ensino Util, para pelo menos parte dessa populagéo.
Palavras-chave: sindrome de Down, pratica de recuperacéo, efeito de teste, aprendizagem.
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he practice of remembering studied materials (i.e.,

retrieval practice) promotes greater subsequent
learning of those materials than repeatedly study-
ing them (i.e., restudy). This mnemonic phenomenon,
called the “testing-effect”, has been intensely studied in
the last decade'® and shown to be a promising teaching
strategy to improve learning in classroom settings.®

The benefits of retrieval practice for education
have been investigated in students from elementary
to graduate school.”* Studies conducted with elemen-
tary school children demonstrated that several types of
memory tests improved long-term learning of studied
materials.”31%1213 However, despite the large body of evi-
dence suggesting that retrieval practice is beneficial for
long-term learning, only a few studies have examined
whether it interacts with differences among individu-
als regarding intelligence or specific cognitive abilities.
Thus, to date, few studies have investigated whether
retrieval practice can be a beneficial learning strategy
for individuals with diverse cognitive and developmental
characteristics.

The few studies investigating this issue have shown
that retrieval practice is more beneficial than restudy
for both younger and older individuals,” individuals
with neurological conditions,'**” those with low general
fluid intelligence and low episodic memory,*® individuals
with higher working memory capacities,' and for chil-
dren with a wide range of reading skills.?*?! In contrast,
retrieval practice is apparently no more beneficial than
restudy for individuals with attention-deficit hyperactiv-
ity disorder.?

Previous research has revealed mixed results con-
cerning the association of intelligence with the efficacy
of retrieval practice for learning. While Brewer and
Unsworth’® showed that retrieval practice is more ben-
eficial for low- than for high-general fluid intelligence
young adults, other authors® found no associations
between intelligence and the testing-effect in third
grade children. Thus, the current knowledge concern-
ing the interaction of retrieval practice with intelligence
remains embryonic. Unfortunately, the picture is even
more incipient regarding the knowledge about the
potential benefits of retrieval practice for individuals
with intellectual disabilities, such as those with Down
Syndrome (DS), since to date no studies have addressed
this issue. This is especially important considering the
educational demands specific to this population.?

For this reason, in the current study we examined
whether individuals with Down syndrome could be ben-
efited by retrieval practice. To accomplish this, these
individuals were asked to perform fill-in-the-gap tests
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on a narrative text about the Sun.? In a multiple-choice
test conducted after an interval of 48 hours, the partici-
pants’ long-term memory for the fill-in-the-gap items
was compared with their memory for reread items (i.e.,
words from the text that were not missing during the
fill-in-the-gap test). Because no association between the
benefits of retrieval practice and intelligence was found
in prior studies,”® we expected to find evidence show-
ing that this strategy can improve learning for these
individuals.

METHODS

Participants

Twenty-five participants were initially recruited for this
study. However, four participants were subsequently
excluded due to absence at the second session of the
experiment, and three were excluded by request of their
families to withdraw from the study. Thus, the final
sample comprised eighteen teenagers and adults with
Down syndrome. Participant age ranged from 12 to 37
years (mean=21.61, SD=5.93, 11 females) and Down
syndrome was identified in these individuals through
phenotype inspection. All participants lived with their
families in middle class neighborhoods in the city of
Belo Horizonte, in the southeastern state of Minas
Gerais, Brazil. All subjects were literate (i.e., able to read
or write without assistance), and had been enrolled at
regular or special schools for at least 5 years. Parents
were informed of the study and a written consent
form was obtained for each participant according to
the Institutional Review Board of the Federal Univer-
sity of Minas Gerais (UFMG). The Research Ethics
Committee approved the study under Approval Number
39898514.1.0000.5149.

Materials and design

Two instruments were used in the current study. The
Wechsler Abbreviated Intelligence Scale (WASI), to
estimate the participants’ intelligence, and an encyclo-
pedic text about the Sun, to investigate retrieval prac-
tice. The WASI is a brief test for assessing intelligence,
applicable to individuals aged 6 to 89 years. The subtests
Vocabulary and Matrix reasoning were used to estimate
participant IQ. The retrieval practice material consisted
of a 175-word text about the Sun (see Figure 1), adapted
from a 335-word text used in a prior retrieval practice
study with third grade children,? and from a text used
in an earlier study on the testing-effect.! The text was
analyzed by directors, teachers and coordinators experi-
enced in working with individuals with Down syndrome,
and was considered appropriate for this population. Ten
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THE SUN

Today we will learn a little about the Sun! Did you know that
plants need the energy of the sun to live? Most living things
need to be fed by solar energy to grow. Plants capture sunlight,
which is transformed into energy in the form of a sugar called
glucose. This process is called photosynthesis. The Sun is
also responsible for the climate on planet Earth. The name Sun
comes from the latin word “solis”. The Sun is the central star
of our solar system. In the solar system, there are also planets,
satellites, comets and meteors. The closest planet to the Sun
is called Mercury, and the farthest planet is called Neptune.
The Sun is the biggest object of the solar system, and it is much
larger than the planet Earth. As plants need the energy of the
sun to live, the lives of humans and animals also depend on
the heat of the sun. Have you ever imagined what it would be
like to live in a dark, icy world without the sun to warm us up
every day?

Figure 1. Text entitied “The Sun” used to test retrieval practice. The
target-words are in bold.

words from the text were selected as “target-words”,
which were then assigned for the retrieval practice or
for the restudy condition. The full text, along with the
target words (in bold), can be seen in Figure 1. The
assignment of the target-words for each experimental
condition was counterbalanced among participants.
The activities promoting retrieval practice and
restudy were organized in 4 booklets. Booklet 1 con-
tained the complete 175-word text, and participants
were instructed to read the whole text twice. After they
had finished the second reading, participants performed
a brief buffer task involving the solving of simple addi-
tion and subtraction operations. Booklet 2 contained
the same text, but in place of 5 of the target-words,
there was a gap with the corresponding target-word’s
word stem (e.g., so for the target-word solis). The
remaining 5 target-words were presented in full, but
were in bold font. The participants were instructed to
reread the text while completing the 5 missing target-

words from their word stems. After finishing this activ-
ity, participants performed another buffer task involv-
ing simple mathematical operations. Booklet 3 was
similar to booklet 2, with the exception that no word
stems were presented in place of the missing words.
Participants were instructed to fill in the gaps with the
corresponding target-word while rereading the whole
text again.

Finally, booklet 4 contained the 10 multiple-choice
questions, which were given to the participants 48 hours
after completion of activities from booklet 3. The ques-
tions required the completion of 10 sentences extracted
from the text, with their respective target-words pre-
sented along with 3 distractor alternatives. The distrac-
tor alternatives were similar to the target words and
equally plausible for those with no previous knowledge
about the subject (e.g., the word sun derives from the
Latin word: (a) solum, (b) solis, (c) solen, (d) soales). Par-
ticipants were instructed to choose the correct alterna-
tive according to the text about the Sun, read in booklets
1to 3.

Procedures

The experiment took place in two sessions separated
by a 48-hour interval. In the first, participants received
booklet 1 and read the text “The Sun” twice. After
finishing the reading, they had five minutes to complete
the buffer task. At this point, some participants asked
whether, instead of solving the mathematical opera-
tions, they could draw. The experimenter allowed the
change, observing that the goal of the buffer task was to
keep participants from dwelling on the contents of the
text and, thus, engagement in the buffer task was more
important than its nature. After completing booklet 1,
participants received booklet 2, in which they reread the
text, performed the first fill-in-the-gaps task (with word
stems) and completed another buffer task. Finally, in
booklet 3, participants reread the text and performed
the second fill-in-the-gaps task (without word stems)
(Figure 2).

Figure 2. Schematic of experimental design. After the initial reading of the text, participants restudied and retrieved different target words from the text.
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After retrieval practice, participants performed a multiple-choice recognition task with both the studied and tested target words.
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TESTING EFFECT FOR PARTICIPANT
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Figure 3. The magnitude of Testing Effect. This figure illustrates the magnitude of the testing effect (i.e., retrieval scores minus
restudy scores) for each participant. Thus, it is possible to note that retrieval practice was more advantageous than restudy
for most participants (10). The Testing-effect was equivalent to restudy for 4 participants and was more disadvantageous than

restudy for only 4 participants.

After an interval of 48 hours, participants received
booklet 4, in which they answered ten multiple-choice
questions involving the target words. Five of the ques-
tions comprised target words that were previously
retrieved in the fill-in-the-gap tasks, and five comprised
target words that had only been reread. After complet-
ing booklet 4, the Vocabulary and Matrix reasoning
subtests of the WASI were administered. Both sessions
were held individually at participant’s homes, and lasted
approximately 30 minutes each.

Data analysis

Initially, with the goal of estimating the participants’
intelligence, the estimated IQ from the WASI subtests
was analyzed and the t-scores estimated from each
subtest were then reported. After this, the goal was
to examine participants’ basic memory performance,
accomplished by analyzing the performances on the two
fill-in-the-gap tests (i.e., with and without word stems).
Statistical analysis was then conducted, with the goal of
examining whether retrieval practice was more benefi-
cial than restudy. This analysis consisted of a t-test
comparing the final multiple-choice test performance
for items from the retrieval practice condition with
items from the restudy condition. In order to examine
whether retrieval practice was beneficial for most
participants, despite the absence or presence of statis-

tical significance on the analysis of the whole group,
the data regarding the magnitude of the testing effect
(i.e., retrieval practice scores minus restudy scores) were
reported for each participant.

Finally, to investigate whether intelligence was asso-
ciated with memory performance and with the testing
effect, correlation analyses were performed between
intelligence scores and the memory tests (both fill-in-
the-gaps tests) and between the intelligence scores and
the testing effect. For all memory tests, one point was
assigned for each correct response, and zero for each
blank or incorrect response. Thus, the maximum score
in each retrieval practice fill-in-the-gaps test was 5, and
the maximum overall score on the final multiple-choice
test was 10 (i.e., 5 points for the retrieval and 5 for the
restudy conditions). For the correlation analysis, the
magnitude of the testing effect was estimated by sub-
tracting restudy scores from test scores (i.e., retrieval
minus restudy). This measurement represented the
mnemonic advantage or disadvantage of retrieval prac-
tice over restudy for each participant. For all statistical
analysis, differences with p values < 0.05 were consid-
ered significant.

RESULTS

The average intelligence of the participants, as estimated
by the WASI subtests was 56.33 (SD=7.33, range=40-
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65), corresponding to an average percentile of 0.2. Of
the 18 participants included in the study, 5 presented
moderate intellectual disability (estimated 1Q 40-46)
and 13 had mild intellectual disability (estimated IQ
50-65). The average Vocabulary and Matrix Reasoning
t-scores were 21.67 (SD=8.85) and 9.17 (SD=5.45),
respectively.

Considering memory performance, in the first fill-in-
the-gaps test (with word stems), participants recalled an
average of 3.22 (SD=1.59) out of 5 target words, whereas
in the second fill-in-the-gaps test (without word stems),
they recalled an average of 1.56 (SD=1.69). On the final
multiple-choice recognition test administered two days
later, participants recognized more target words from
the retrieval practice condition than the restudy con-
dition task. Participants recalled an average of 2.78
(SD=1.44) out of 5 target words for the retrieval prac-
tice condition, and an average of 2.39 (SD=1.72) out of
5 target words for the restudy condition, a difference,
however, that did not reach statistical significance,
t(17)=1.16, p=0.26.

Nevertheless, because the current sample of par-
ticipants and number of target-words were relatively
small, statistical comparisons may not have captured
individual patterns, where these can be informative
for future research or educational purposes. Thus, as
can be seen in Figure 3, plots of the magnitude of the
testing-effect (retrieval scores minus restudy scores) of
each participant reveal that retrieval practice was more
advantageous than restudy for most participants. There-
fore, the testing effect proved more advantageous than
restudy for 10 participants, was equivalent to restudy
for 4 participants, and was more disadvantageous than
restudy for 4 participants.

Memory performance was positively correlated with
IQ in the retrieval practice tests (first fill-in-the-gaps
test, r=0.63, p<0.01; second fill-in-the-gaps test, r=0.53,
p=0.02), although it was not significantly correlated with
performance in the delayed multiple-choice test (r=0.34,
p=0.16). More importantly, however, no significant cor-
relation between IQ and the magnitude of the testing
effect was found (r= -0.08, p=0.75). Thus, although IQ
was associated with memory performance, it was not
associated with the magnitude of the testing effect, sug-
gesting that retrieval practice may be equally beneficial
for individuals with diverse intelligence scores.

DISCUSSION

The current study shows that, for several individuals
with Down syndrome, retrieval practice may be an effec-
tive alternative learning strategy, although this possi-
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bility was only observed when we assessed the magni-
tude of the testing effect using a more individualized
approach. In other words, the statistical analysis did not
show significant results here. Interestingly, although
intelligence correlated with performance on the fill-in-
the-gap tests, it did not correlate with the magnitude
of the testing effect. This latter finding suggests that
potential advantages promoted by retrieval for long-
term retention are not affected by intelligence, thus
indicating that individuals with diverse intelligence
scores can benefit from this strategy. These issues are
discussed further below.

The lack of statistically significant results for the
testing effect in the overall group analysis may appear
discouraging at first. A reason for this unexpected result
might be related to the size of the current sample, or
to the small number of target-words used. These are
important limitations of the current study. Perhaps,
with a larger sample and more target-items, the favor-
able numerical difference for retrieval versus restudy
might reach statistical significance, and future research
will be necessary to verify this possibility. On the other
hand, it is possible that retrieval practice is not really
advantageous for all Down syndrome individuals. Per-
haps, because of individual differences not assessed in
the current study (other than IQ), some individuals with
Down syndrome are more benefited by repeatedly study-
ing the materials to be learned than recalling them. As
mentioned in the Introduction section, research con-
cerning the interaction between the testing effect and
individual differences is still in its infancy'#1%2-2
with few exceptions, research in this field has neglected
individual performances.

Regarding the application of retrieval practice in
educational settings, a more personalized approached
might be useful. More specifically, it might be impor-
tant to assess whether retrieval practice is a beneficial
learning strategy for each student. For example, in the
current study, the strategy is possibly not advantageous
for participants 1, 6, 11, and 15 (see Figure 3). For stu-
dents showing these patterns, instead of retrieval prac-
tice, alternative strategies could be employed in actual
educational settings.

However, the lack of statistical significance for the
testing effect in the current study might be related to
the accuracy rate on the first and second fill-in-the-gap
tests. For example, on the first test (with word stems),
participants recalled an average of 64.4% of the target-
words, while on the second (without word stem) they
recalled an average of 31.2% of the target-words. This
finding is consistent with previous research exploring
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the difficulties encountered by individuals with Down
syndrome on long-term memory tests.?? Thus, this
overall memory limitation may be the main cause of
the lack of positive testing effects found in the current
study, since to promote testing-effects, it is important
that most materials are recalled during the practice of
retrieval !

Alternatively, the current choice of materials might
have influenced the results. Although the text used in
the experiment was previously analyzed by professionals
involved in the education of individuals with intellectual
disabilities, some of the participants might have found
them difficult. This issue is critical, especially consider-
ing that Down syndrome individuals typically exhibit
more difficulties with verbal materials, relative to visual
materials.”” Future research should take this issue into
consideration, and explore whether retrieval practice
can be more consistently beneficial when visual materi-
als are used.

Another limitation of the current study is that the
identification of Down syndrome in the current sample
was performed only through phenotype inspection.
Because cognitive performance may be influenced by
the type of chromosome abnormality exhibited by the
individual, future research should examine this issue
more closely by perhaps recruiting participants who
were diagnosed based on karyotype tests. This is espe-
cially important considering that individual differences
may play an important role in the effectiveness of the
testing effect.

Finally, considering the correlations between IQ and
memory, as assessed by the two fill-in-the-gap tests, the
results showed that memory was associated with IQ.
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Importantly, however, IQ was not associated with the
magnitude of the testing-effect. Interestingly, in an ear-
lier study using similar materials®, but employing the
Raven Coloured Progressive Matrices? to assess intel-
ligence in typically developing children, no correlation
between IQ and the magnitude of the testing effect was
found.

Overall, the convergence between current and previ-
ous data® suggests that retrieval practice can be ben-
eficial for individuals with a wide range of IQ scores.
However, this benefit is not evident for all individuals.
Thus, future research should elucidate which individual
characteristics are associated with advantages in using
retrieval over restudy.
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