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Abstract

Intelligence is a main predictor for a variety of social, academic, and economical outcomes. Therefore,
researchers have been increasingly dedicated to pursuing ways to improve intelligence. In the recent
years, a great interest in working memory training programs has risen as a form to achieve changes
in intelligence. However, the efficacy of these programs is still surrounded by controversies. The
current review aims to perform a critical analysis of the literature, reassessing the effects of working
memory training that leads to improvements in fluid intelligence. After data collection and a detailed
literature review, the effects of working memory training leading to intelligence gain from 45 studies
were assessed. A great variety in methodology was observed within the studies, which used mainly
non-clinical samples, with some material incentive and an #<30. Raven was the predominant measure
of efficacy for training in fluid intelligence, and the improvements in intelligence were significant for
groups of children of similar age range and for longer training periods. The positive effects observed are
still insufficient to indicate a transfer to fluid intelligence, suggesting that a more cautious approach of
the current similar interventions may be necessary.
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Treinar Memoéria de Trabalho Promove Mudancgas
em Inteligéncia Fluida?

Resumo

A inteligéncia ¢ um dos preditores mais robustos de uma variedade de resultados nos ambitos social,
académico e econdmico, por isso pesquisadores cada vez mais dedicam esforgos para promover
melhorias na inteligéncia. Nos Gltimos anos emergiu interesse em programas de treinamento em memoria
de trabalho como forma de promover mudangas na inteligéncia. Tais programas estdo cercados de
controvérsias. A presente pesquisa objetiva realizar uma revisao critica de literatura, analisando os efeitos
de transferéncia do treinamento em memoria de trabalho para a inteligéncia fluida. Apoés levantamento
e analise detalhada da literatura, foram reanalisados os efeitos de treino em memoria de trabalho para
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ganhos em inteligéncia de 45 estudos. Como resultado, observou-se grande variabilidade metodolégica
entre os estudos, cuja maior parte usou amostras nao clinicas, com algum incentivo material e n<30. O
Raven predominou como medida de eficacia dos treinamentos em inteligéncia fluida, e os aumentos na
mesma foram significativos para os grupos etarios de criangas e treinamentos mais longos. Os efeitos
positivos encontrados s@o insuficientes para indicar uma transferéncia real para inteligéncia fluida, o que
sugere a necessidade de maior cautela no uso atual de intervencdes semelhantes.

Palavras-chave: Inteligéncia, treino cognitivo, memoria de trabalho, transferéncia.

¢ Entrenar Memoria de Trabajo Promueve Cambios
en la Inteligencia Fluida?

Resumen

La inteligencia predice resultados diversos en la vida social, académico y econdémico, por lo que los
investigadores cada vez mas esfuerzos dedican a promover cambios positivos en la inteligencia. En los
ultimos afios surgi6 el interés por los programas de entrenamiento de memoria de trabajo con el fin de
promover cambios en la inteligencia. Dichos programas estan rodeados de controversia. Esta investig-
acion tiene como objetivo realizar una revision critica de la literatura sobre los efectos del entrenamiento
en la memoria de trabajo para la inteligencia fluida. Después de la inspeccidn y el andlisis detallado de
la literatura, fueron reanalizados los efectos de 45 estudios. Como resultado, existe una gran variabilidad
metodologica entre los estudios, la mayoria de los cuales utilizan muestras no clinicas, con un poco de
estimulo material y » <30. El Raven era la medida predominante de la eficacia. Los aumentos fueron
significativos para los grupos de los nifios y entrenamientos de mayor duracion. Los efectos positivos
encontrados son insuficientes para indicar una transferencia real para la inteligencia fluida, lo que sug-

iere la necesidad de una mayor precaucion en el uso actual de intervenciones similares.

Palabras clave: Inteligencia, entrenamiento cognitivo, memoria de trabajo, transferencia.

The cognitive training literature has been
inundated with recent interest, mostly due to
constant and consistent affirmations on working
memory (WM) plasticity (Astle, Barnes, Baker,
Colclough, & Woolrich, 2015). The working
memory — ability to store and manipulate
information for short periods of time — is an
important predictor of school performance,
and is also involved with reasoning, solving
mathematical problems, maintaining focused
attention, making decisions, reading and abstract
thinking (Baddeley, 2003; Ilkowska & Engle,
2010). The scientific community interest is
even greater when considering the results from
some studies showing that the gains obtained in
WM training can be transferred to abilities, or
cognitive processes not directly trained, in these
programs (a phenomenon known as far transfer),
for example, for attention, executive functions
or fluid intelligence (Gf; Buschkuehl & Jaeggi,

2010; Jaeggi, Buschkuehl, Jonides, & Perrig,
2008; Klingberg, 2010; Klingberg et al., 2005;
Klingberg, Forssberg, & Westerberg, 2002).
The possible gains observed in fluid intelligence
tests are of interest for this review. From the
psychometric point of view, fluid intelligence
is the ability to create analogies, reason and
solve new problems, extract meaning and to
adapt to new situations (Jensen, 1998). This is
usually measured through figurative, inductive
and analogical reasoning tests, classification
and matrices tests, such as Raven’s Progressive
Matrices, which constitutes one of the most
commonly used instrument to assess Gf. A
significant number of studies indicate that, among
the most relevant intellectual factors, Gf seems
to be the closest to the theoretical conception of
the g-factor, as proposed by Spearman (Jensen,
1998). In fact, some researchers claim that fluid
intelligence and general intelligence are almost
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equivalent constructs (Ackerman, Beier, &
Boyle, 2005), a presupposition that has been
partially questioned by recent studies (Gignac,
2015). In addition, Gf predicts in a consistent
and robust way, distinct aspects of individual
functioning, as school performance and
attendance, occupational performance, income,
disruptive behavior, neurodegenerative diseases,
physical health, among others (Neisser et al.,
1996; Nisbett et al., 2012). A consistent pattern
of psychometric, clinical and neuroanatomical
similarities provides the basis for the premise
that the WM training could increase performance
in fluid intelligence tests. Many studies have
indicated a moderated or high association (above
0.50) between WM and fluid intelligence tasks,
indicating that both could share a common
underlying structure (Kyllonen & Christal, 1990;
Oberauer, Sull, Schulze, Wilhelm, & Wittmann,
2000; Orzechowski, 2010; Stauffer, Ree, &
Caretta, 1996). There are also similarities from
a neuroanatomical and clinical point of view.
Neuroimaging studies using clinical and non-
clinical sample have indicated that both working
memory tasks and fluid intelligence tests recruit
circuits located in the frontal and parietal lobes,
and this recruitment seems to be moderated
by the difficulty and familiarity with the task
(Baddeley, 2003; Colom, Jung, & Haier, 2007,
Deary, Penke, & Johnson, 2010; Jung & Haier,
2007; Kane & Engle, 2002; Li et al., 2009; Miller
& Cohen, 2001; Woolgar et al., 2010). If these
conclusions are correct, the social, educational
and professional implications are considerable,
since there is extensive literature indicating that
intelligence is the best individual predictor for
a variety of social phenomena (Strenze, 2007).
Precisely for this reason, cognitive training
programs currently drive a billion-dollar industry
(Hayes, Petrov, & Sederberg, 2015).

The debate over the malleability of intel-
ligence is outdated, originating back in the 19th
century and to the studies of Francis Galton,
which pointed to a high influence of genetics
on individual differences in intelligence (Au et
al., 2015; Burt, 1962; Rushton, 1990). Modern
thinkers are also skeptical about the possibility of
changes in intelligence, emphasizing its elevated

heritability and stability throughout the life cycle
(Au et al., 2015). This outdated philosophy that
was accepted 30 years ago, is based on the
results of classical intervention programs, for
which the effect is null or in small magnitude,
often disappearing almost completely over time
(Hernstein & Murray, 1994; Jensen, 1981).

However, recent evidences suggest that
intelligence can be malleable. A solid body of
knowledge accumulated over generational gains
in intelligence — phenomenon known as Flynn
Effect — seems to point out several environmental
factors (for example: nutrition, industrialization,
schooling, technological advances, among
others) could have beneficial effects on
intelligence, even in the long term (Flynn, 1987,
2006; Nisbett et al., 2012). In this context,
results from intervention programs emerged
also showing that working memory could be the
vehicle for the changes in intelligence (Alloway,
Bibile, & Lau, 2013; Borella, Carretti, Zanoni,
Zavagnin, & De Beni, 2013; Borella et al., 2014;
Jaeggi et al., 2008; Jaeggi, Buschkuehl, Jonides,
& Shah, 2011; JauSovec & JauSovec, 2012;
Klingberg et al., 2005; Klingberg et al., 2002;
Rudebeck, Bor, Ormond, O’Reilly, & Lee, 2012;
Schmiedek, Lovdén, & Lindenberger, 2010;
Stephenson & Halpern, 2013; Zinke et al., 2014).
The basic assumption of these programs consists
in request the WM system of the participants
to work at its maximal capacity to stimulate an
increase in their functioning. When this occurs,
improvements could then be transferred to other
similar tasks and cognitive systems that depend
somehow on the integrity of the WM (Au et
al., 2015; Jaeggi et al., 2008; von Bastian &
Eschen, 2016). This possibility, which at first
sight was so attractive to researchers, led to the
development of intervention programs in WM
designated for different age groups, displaying
typical development or not.

Although there has been some initial success,
after more than 10 years of research on the trans-
ference of WM training gains to intelligence, the
results still remain contradictory (Melby-Lervag
& Hulme, 2013; Redick, Shipstead, Wiemers,
Melby-Lervag, & Hulme, 2015; Shipstead,
Redick, & Engle, 2012). Some authors report
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positive results, pointing to increased fluid intel-
ligence (Borella, Carretti, Riboldi, & De Beni,
2010; Borella et al., 2014; Jaeggi et al., 2008;
Jaeggi et al., 2011; Rudebeck ¢ al., 2012; Zinke
et al., 2014) while others do not report such evi-
dence and remain unconvinced of the extent to
which intellectual plasticity can be maintained
for long periods of time after completed training,
especially after such brief and punctual interven-
tions (Chooi & Thompson, 2012; Harrison et al.,
2013; Melby-Lervag & Hulme, 2013, 2015; Pu-
gin et al., 2015; Shipstead et al., 2012; Thomp-
son et al., 2013). The comparison between the
findings from different research groups compli-
cates this scenario, mainly because the method-
ology used in these studies is extremely diverse,
varying from the task used for WM training to
the total time and duration of the intervention
(Au et al., 2015; Buschkuehl & Jaeggi, 2010;
Melby-Lervig & Hulme, 2013, 2015; Redick
et al., 2015). Without a detailed analysis of the
published results on this subject, conclusions re-
garding the benefits of WM training programs
for intelligence is premature.

Systematic reviews are important tools pro-
viding detailed analysis of published studies and
in enabling clarification of training program ef-
fects. The studies systematization allows for a
reanalysis of obtained data and controlling factor
variation. Previous systematic reviews published
on this subject generally seek to analyze the ef-
fects of training on WM specific tasks (n-back,
for example). Nevertheless, those systematic
reviews have investigated the effects of train-
ing programs for mixed intelligence measures or
even measures that operationalize other factors
of second order — not specifically fluid intelli-
gence (see details Au et al., 2015; Buschkuehl
& Jaeggi, 2010; Melby-Lervag & Hulme, 2013;
Shipstead et al., 2012). Additionally, the referred
studies do not include articles written in Portu-
guese language, which results in excluding stud-
ies carried out with Brazilian samples.

Therefore, the aim of this study was to ver-
ify the extent of the training effects on working
memory to fluid intelligence, latent construct not
directly trained by tasks used in the interven-
tions (far transfer effects). The assumption for
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far transfer effect to occur is the existence of
underlying mechanisms shared by two or more
cognitive abilities. This is the desirable type of
transference and that which produces significant
cognitive changes (Barnet & Ceci, 2002). In ad-
dition, because of the large methodological vari-
ation among published studies, our aim was to
verify how these differences between the studies
may impact the results.

Method

This review was carried out following the
general guidelines of the PRISMA (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses)® statement, which includes
guidelines to perform and report systematic
reviews and meta-analysis. However, some
inclusion criteria used in this review were based
on Melby-Lervag and Hulme (2013) guidelines
for working memory intervention studies.

The articles were surveyed from August
to December 2015. To be included, studies had
to use a working memory intervention, and in-
cluded standardized fluid intelligence (Gf) tests
as a measure to evaluate the efficacy of the in-
tervention. Such tests are mostly composed of
non-verbal stimuli, only slightly dependent on
previously acquired knowledge and influence of
cultural aspects. The mental operations required
for fluid intelligence tasks include the formation
and recognition of concepts, the identification of
complex relationships, inductive reasoning, the
comprehension/understanding of implications
and the making of inferences (Jensen, 1998; Mc-
Grew, 2009). Since the analysis indicated the ex-
istence of great diversity of Gf measures used to
evaluate the efficacy of intervention, this review
only included analysis of the average and stan-
dard deviations of those intellectual measures
cited in more than 10% of the total sample of all
selected studies. This criterion aimed to ensure
that the intelligence measure used to evaluate the
efficacy was recognized as adequate (through
the quantity of citation) to measure the construct.

2 www.prisma-statement.org
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In this current analysis, the Gf measure ana-
lyzed were: Raven’s Progressive Matrices (Ra-
ven), Bochumer Matrizen-Test (BOMAT), and
Culture Fair Intelligence Test (CFIT). The three
instruments are measures of non-verbal intelli-
gence, contain multiple choices and are indepen-
dent of culture. The Raven’s Progressive Matri-
ces evaluate inductive reasoning, using abstract
figures, and some of its items require the use of
visual-spatial skills with increasing levels of dif-
ficulty. In each item, the participant is required
to select, between 6 to 8 alternatives, the missing
segment to complete a larger picture, presented at
the top of the page. The instrument has three ver-
sions — Colored, Standard, and Advanced scale —
that vary in number of items and complexity per
age group and intellectual level (Klingberg et al.,
2002; Wang, Zhou, & Shah, 2014). In a similar
way, BOMAT is a test of matrices composed of
abstract figures organized according to a logi-
cal pattern, with one of its elements left blank,
which demand inductive reasoning. The diffi-
culty levels are also increasing. The difference
is that, while Raven matrices are 3x3 elements,
BOMAT are of 5x3, and the latter is considered
more difficult than the first (von Bastian, Langer,
Jancke, & Oberauer, 2013). CFIT is composed of
four different nonverbal subtests, which include
matrices, classifications, conditions and series,
that involve different cognitive operations, such
as recognition and formation of concepts, induc-
tive reasoning and problem solving. It is com-
posed of three versions indicated for different
age groups and intellectual levels (Borella et al.,
2013). The analyses were performed separately
for each one of the three Gf measures. A detailed
description of the literature search method and
inclusion criteria can be seen in Figure 1.

For inclusion in this review, the study should
have an experimental design with a control and
an experimental group, random allocation of
participants in each group, and use at least one
Gfinstrument in the pre-test and in the post-test.
When a study included more than one control
group (for example, one active control group
and another passive control group) a decision
was made to analyze the means and standard
deviation only of the active control group. This

is because it is known that results from studies
involving active control group are more reliable
since, in cases of intervention studies, they re-
duce the probability that the improvements ob-
served in the experimental group are due to pla-
cebo (Redick et al., 2015).

Studies that did not present mean and stan-
dard deviation information for Gf measurements
in the pre-test and post-test were excluded from
the analyses. The size/magnitude of the effect
was calculated using the Hedges g, which rep-
resents the Cohen’s d corrected for small size
samples (Hedges & Olkin, 1985). The effect size
calculation was performed to estimate the dif-
ference between the experimental group, which
received training, and the control group. Positive
effect sizes indicate greater gains for the experi-
mental group. For weighting of the results ac-
cording to the quality of the studies, weight was
calculated, which consist of the inverse of the
studies variance. Therefore, the Hedges g index-
es were multiplied by the weights of the studies,
to ensure that those of higher quality — that is,
with lower variance and larger sample size — had
greater representation in the analysis (Neyeloff,
Fuchs, & Moreira, 2012).

To analyze the level of heterogeneity be-
tween the studies, Cochrane’s Q and I? were
calculated. Both indexes test the null hypothesis
that all studies included in this review are mea-
suring a same effect size (and that the variations,
in this case, are due to sampling errors). Here,
we decided to use these two measures to ensure a
more rigorous analysis, since Cochrane’s Q, al-
though it is the most widely used measure, may
be inaccurate for analysis with a small number
of studies, in which cases it is suggested to use I?
(Higgins, Thompson, Deeks, & Altman, 2003).
For interpretation of Cochrane’s Q, significant
results indicate high heterogeneity. For analysis
of I?values above 25 and above 75 are indicative
of moderate and high heterogeneity, respectively
(Higgins et al., 2003). The results of the hetero-
geneity tests were used to define the type of ef-
fect synthesis analysis to be used: fixed effect
or random effect. Fixed effect presupposes the
existence of homogeneity between the studies
while random effect presupposes between-study
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SEARCH
Electronic Databases
Scopus, PsycNet, Scielo and Google Scholar
Keywords
“Working Memory Training” e “Intelligence’; “Working Memory Training” e
“Reasoning”, and their variations in Portuguese.

PAPERS SCREENING
Number of papers collected (after duplicates removed)
400 articles

l

INCLUSION CRITERIA

— Full-text articles, written in Portuguese, English or Spanish

— The studies involved working memory training exclusively

— The pre- and post-test measures included at least one fluid intelligence test
(G/)

— Participants from control and experimental groups were randomly chosen

— The information available in the article or in supplementary material must
enable to compute size effect in intelligence

l

Record after reading the abstract
117 articles selected/ 283 excluded

v

Records after reading the full article
32 articles with 45 comparisons between groups

EXCLUDED (N=96)

— Did not involve training in Working Memory

— Does not use Gf as pre- and post-test measure

— Does not present data that enable to compute effect size

— Training in working memory was performed simultaneously with
another type of training (for example, reasoning or attention
control)

— Did not use a control group

Figure 1. Description of the literature search method and inclusion criteria.
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variations, in addition to sampling errors (Neye-
loff et al., 2012).

For a graphical analysis of the Gf results,
Forest Plots were created, in which the effect
size was presented in each study for comparison,
in addition to the total mean effect (Li & Shot-
ton, 2013). The publication bias was analyzed
from a funnel plot only for Raven, since this
procedure is not indicated to samples with less
than 10 studies (Pereira & Galvao, 2014). Fun-
nel plots are scatter plots, presenting the effect
size on the abscissa axis and precision (inverse
of variance) on the ordinate axis. Less accurate
studies would be distributed symmetrically in the
wide part of the funnel, while the most accurate
studies would be in the narrowest part. Settings
that were different than expected (for example,
a higher number of studies with positive results)
would indicate a publication bias. This indicates
that a certain portion of the studies — often those
with negative or non-significant result — were not
found. It is possible that an editorial or author
decision to not publish articles with negative or
non-significant results limits the availability of
many studies from the current literature (Pereira
& Galvao, 2014).

The following moderator variables were
used to examine the variability in effect sizes be-
tween the studies:

1. Age. The participants were divided into
age groups as follows: children/adoles-
cents (18 years or younger), adults (19 -
59 years) and the elderly (over 60 year);

2. Intensity of training. Studies with a total
duration of less than 8 hours were con-
sidered of low intensity and studies with
total duration above 8 hours were con-
sidered of high intensity. The classifica-
tion was according to the Melby-Lervég
and Hulme (2013) criteria.

3. Type of control group. The studies were
divided in two groups, according to the
type of intervention performed with
the control group, namely: (a) passive
control group (no-contact) — received
no intervention; and (b) active control
group — The task performed by the con-
trol group was of a different nature than

the task performed by the experimental

group.

4. Type of task used for training. The WM tasks
used were coded according to their content
in: visuospatial (which did not use alpha-
numeric symbols, carrying the visuospatial
sketchpad), verbal (with main content carry-
ing the phonological loop) and both (when
the intervention program was aimed to work
in both systems, simultaneously).

5. Material incentive. The studies were coded
into two groups: those whose participants
received incentives to join (for example,
money or gifts) and those whose participa-
tion did not involve receiving any type of
material bonus.

The difference between types of practice
(distributed x concentrated) could not be ac-
counted/computed, since less than three studies
used distributed practice (less than 3 sessions
per week). The same occurred for comparisons
between the studies with clinical and non-clin-
ical samples, since less than three studies were
performed with clinical samples. To identify the
differences between the general mean effects
in each moderating variable, Z tests were per-
formed for comparing subgroups (Borenstein,
Hedges, Higgins, & Rothstein, 2009).

Results

Detailed information regarding all the
studies included in this review is presented in
Table Al (Appendix A). Most of the studies
were performed with small sample size (1<30),
non-clinical, and with the use of material incen-
tives for participants. A large part of the studies
(74%) used some version of Raven Progressive
Matrices (Coloured, Standard or Advanced),
which indicates some agreement in the chosen
measure to evaluate the effectiveness of WM
training. The heterogeneity tests revealed mod-
erate to high variability among the studies, even
after exclusion of extreme values (more than
2 standard-deviation from the sample mean).
Therefore, general mean effect size analyses
were performed for random effects (Neyeloff et
al., 2012). The results for analysis of publication
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Figure 2. Forest plot for working memory training effects on the Raven (A) CFIT (B) and BOMAT (C),
for each specific study evaluated in this review. Confidence intervals are represented by horizontal lines.

Unfilled markers indicate non-significant effect.

bias indicated that there was no bias for the stud-
ies using Raven. This result is shown in Figure
1B of the Appendix B.

Figure 2A shows the Forest Plot with 33 re-
sults found in the Raven (n of the training group
= 800; mean =24.24; SD=8.62; n of the control

group=827; mean=25.06; SD=10.57). The over-
all mean effect size was 0.09 (0.02 — 0.16, for
95% Confidence Interval, with p<.001). The
group heterogeneity was high, with Q=121.11
(»<.001) and 1>=73.58%, even after exclusion of
the cases with extreme values.
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Table 1

Analysis of the Homogeneity of the Studies Considering the Moderators for the Raven

Moderators N G Q I
Age group

Children/adolescents 05 0.12" -23.99

Adults 22 0.15™ 164.16™ 64.14

Elderly 06 -0.27 65.66
Intensity of training

Up to 8 hours 10 -0.03 38.11
130.85™
Above 8 hours 23 0.12" -74.58

Type of CG

Passive 09 0.26 14.54

189.97

Active 24 0.03 77.23
Type of training

Visuospatial WM 05 0.12° 61.87

Verbal WM 06 0.13 15.59* 36.40

Mixed WM 22 0.06 -124.34
Material Incentive

Present 23 0.07 -40.92

3.76
Absent 04 0.12 -3.52

Note. CG, control group; WM, Working memory.
"p<.05; “p<.01.

The Forest Plot with the CFIT results is
shown in Figure 2B (training group n= 194;
mean=21.56; SD=5.79; control group »n=221;
mean=24.56; SD=8.59). The overall mean effect
size was 0.24 (0.14 — 0.34, for 95% Confidence
Interval, p<.05). The heterogeneity of the
group was moderate, with Q=15.81 (p<.05) and
1’=49.39%, even after exclusion of cases with
extreme values.

The effects on BOMAT are also presented
in Figure 2C (training group n = 186; mean =
23.25; SD = 6.63; control group n = 216; mean
= 27.00; SD = 13.42). The overall mean effect/
effect mean size was significant and of small
magnitude (g = 0.24; p < .05). The degree of
heterogeneity between the studies was moderate
(Q=10.27; p > .05/ 1= 31.87). In general, the
size effect between the post-test and the pre-test,
between experimental group (EG) and control

group (CG), found in Raven were smaller than
those found from CFIT and BOMAT. The
number of studies using Raven is larger and no
publication biases were observed. Furthermore,
Raven is considered one of the most consistent
and reliable measures, and has the highest
factorial load in Gf (for details see, Ackerman
et al., 2005; Au et al., 2015; Carpenter, Just, &
Shell, 1990; Gray & Thompson, 2004; Jensen,
1998). Therefore, it is considered that the results
obtained for the Raven could represent the real
effect of WM training and its far transfer to
Gf. This issue will be discussed further in the
discussion section.

The effects analyzed by the moderating
variable are shown in Table 1, whenever the
sample size permits (at least 3 studies per sub-
group). Analysis of the Raven through moder-
ating variable indicates significant and positive
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effects (i.e., in favor of the intervention group),
however their magnitude was small. Increases in
Gf were significant for children/adolescents and
adults, longer duration training programs, and
training with visuospatial WM tasks. Other re-
sults did not reach statistical significance. Com-
parison analysis between the subgroups (Z test)
showed significant differences only for children/
adolescents compared to adults (Z = 130.37; p
<.001).

The long-term effects of the interventions
were also investigated. Follow-up data were
found in 8 of the studies that used Raven and in 3
of the studies that used CFIT. For the Raven test,
the interval from the immediate post-test to the
follow-up ranged from 90 and 270 days (mean
= 170 days; SD = 96.12). For the three studies
that used CFIT, the post-test to follow-up inter-
val was 240 days. The overall mean size of the
long-term effect for Raven was -0.03 (- 0.14 —
0.08; for 95% Confidence Interval, p < .05). The
sample consisted of 261 individuals in the ex-
perimental group (mean = 32.62; SD =7.29) and
211 in the control group (mean = 26.37; SD =
7.40). The heterogeneity of the group was mod-
erate, with Q = 17.22 (p < .05) and I> = 59.36%.
For CFIT, the general mean size of the long-term
effect was practically zero (0.0001), with moder-
ate heterogeneity among the studies, as Q =2.87
(p <.05) and I? = 30.22% (n of the experimental
and control groups, each = 58, mean = 19.33;
SD = 1.15). It is important to note that the three
studies using CFIT were published by the same
group of principal investigators (Borella et al.,
2014; Borella et al., 2013), which could indicate
the presence of the same type of methodological
bias. Therefore, for the results to be generalized,
it would be necessary to expand the sample,
with studies performed by independent research
groups that used CFIT.

Discussion

This review aimed to perform a critical
analysis of the available literature data to shed
light on the controversy over the efficacy and
transfer of gains from working memory training
programs to fluid intelligence. In addition, it fo-
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cused on the identification of possible modera-
tors of the transfer, to better understand which
methodological variants could be contributing
more effectively to the gains.

Regarding the main question of the pres-
ent study, as related to the gains of WM train-
ing programs for a skill not directly trained by
the program (in this case, those underlying the
construct of fluid intelligence), it can be said that
the results suggest that there is insufficient evi-
dence that WM training produces immediate and
widespread gains in fluid intelligence measures
considered here. Although the mean effect sizes
pointed to effects in favor of the experimental
group, they were of small magnitude (0.09 for
Raven and 0.24 for CFIT and BOMAT). It is
important to consider that it was not possible to
identify publication bias for the studies that used
CFIT and BOMAT as measures of Gf, since the
number of studies for these two measures was
less than 10. Thus, it is not possible to know
whether the mean effect size found would be
maintained in the absence of bias, given that if
the number of studies using these measures was
higher, it would also increase the number of
studies with null or negative effects, and, there-
fore, the mean effect size could be lower than
that found in the present study. Therefore, con-
sidering that: (a) the studies using Raven were
more numerous and had no publication bias; (b)
the referred instrument is one of the most used
instruments in studies that propose to measure
Gf and (c) this instrument has a high factorial
load in the general factor of intelligence, it is
possible to infer that the average results found
in Raven reflect the effect size most likely in Gf.

The results of studies that included a fol-
low-up indicate that long-term gains (9 months
maximum) tend to be null or zero. This means
that even if there is a small increase in the skill
directly trained by the program or indirect ef-
fects of theses on other associated cognitive
abilities, these effects are not maintained over
time. One of the main difficulties of cognitive
training programs since its advent in the 1960s
and 1970s, lies in what is known as fade-out ef-
fects (Hernstein & Murray, 1994), that is, the
waning of benefits obtained with participation
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in intervention programs, as soon as these pro-
grams are completed. It is possible to argue that,
based on general principle of brain plasticity,
the induction of it requires sufficient repetition.
Although there is no consensus indicating the
meaning of sufficient — especially for complex
cognitive processes, such as WM or intelligence
(Kleim & Jones, 2008) — for plasticity to occur
in brain systems with gains in some function or
process, not only the acquisition, but the con-
tinuous use of that system over time is needed.
The continuous use would be the cause for the
newly acquired behaviour or ability not to be
lost in the absence of training (Monfils, Plautz,
& Kleim, 2005). If an individual who undergoes
a cognitive training program does not have or
does not create adequate opportunities to use the
new acquired cognitive repertoire, his system
would return to the initial state (before training).
In this sense, this has been defended as the im-
portance of considering the ecological validity
of the tasks used in the training programs and the
teaching of cognitive and metacognitive strate-
gies in a direct and conscious way (Bahar-Fuchs,
Clare, & Woods, 2013; Green & Bavelier, 2008:
McDaniel & Bugg, 2012). The trained strategies
and tasks used in the laboratory have, in many
cases, little resemblance to the demands encoun-
tered by the subjects in their daily lives. It could
be more relevant and efficient to train specific
strategies (subvocal rehersal, organization, es-
tablishment of relationships, among others) that
could be applied to the solution of diverse prob-
lems and that could be generalized to other situ-
ations and activities. McDaniel and Bugg (2012)
further emphasize that training programs that
have positive results in terms of plasticity brain
systems, are those whose tasks used for training
have direct repercussion on the lives of trained
individuals. Healy, Wohldmann, Parker, and
Bourne (2005) believe that one solution would
be to opt for what they call distributed practice
in training programs. Distributed practice con-
sists of delivering activities that can accelerate
cognitive development or promote intellectual
changes over a longer period. It would be the
same as creating a WM training program, for
example, that could be applied throughout the

school year, once a week, at home and at school.
In the specific case of the Brazilian context and
the organization of our current formal education
system, it is understood that it is practically im-
possible to establish a training program based on
a distributed practice without public power sup-
port or more effective education policies.

From an optimistic point of view, one could
say that, although small, there would be an ef-
fect of transferring training from WM to fluid
intelligence, which could ultimately and at long
term lead to a positive impact on social and ed-
ucational indicators (Chein & Morrison, 2010;
Buschkuehl & Jaeggi, 2010). However, this
small effect could be subject to several other
interpretations, including failures in evaluation
methods, not necessarily indicating real gains
in this capacity. This hypothesis is defended by
Hayes et al. (2015), who affirms that gains in in-
telligence test scores can occur without increase
in processing speed and capacity, and may in-
dicate the development of strategies, including
visual analysis. According to these authors, there
are two ways to verify whether the WM gains
actually transfer to Gf. One of them is the inclu-
sion of multiple measures of Gf, which would
allow the extraction of a latent factor. The sec-
ond, which has been used by those authors is to
analyze the ocular fixation pattern to infer if the
refinement of strategies could be responsible for
the test-retest gains observed in Gf. Hayes et al.
(2015) states that this small effect observed in
WM training to Gf could be explained by the
development of better elaborated and more re-
fined visual strategies. It would also be possible
to hypothesize that the development of more
refined strategies of visual analysis could act
as a mediator of observed gains. Considering
the idea of mediation of gains it is important to
highlight the role of the attention resources. At-
tention can be understood as a set of processes
that favor the selection and distribution of pro-
cessing resources of the cognitive system, and is
therefore ultimately important for the efficiency
of the superior cognitive functioning (Schweizer
& Moosbrugger, 2004). Different types of at-
tention, but especially the executive attention,
have been associated with both working mem-
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ory and intelligence (Schweizer & Koch, 2002;
Schweizer, Moosbrugger, & Goldhamme, 2005;
Schweizer, Zimmermann, & Koch, 2001). Both
attention and WM, predict performance on in-
telligence tests, although it is unclear how this
relationship happens, and there may be unrelated
contributions or interdependence. Schweizer and
Moosbrugger (2004) tested, through confirma-
tory factorial analysis, different models of the
relationship between WM, attention and intel-
ligence (measured by Raven Progressive Matri-
ces — Advanced Scale) in a sample of university
students and concluded that attention contrib-
utes to the performance on the intelligence test,
separately and through working memory. This
implies that the ability to maintain high level of
attention and coordinate different cognitive re-
sources is especially important when complex
cognitive tasks need to be finalized. Extending
these results to training programs is feasible to
infer that attention could be and act as a media-
tor of cognitive gains and that complementing
that with attentional training (other types of at-
tention) to working memory could potentiate
future gains. Green and Bavelier (2008) point
to the promising results that are found in formal
and informal training that use multicomponent
intervention models that consider attention as an
essential component of intervention programs.
The present study does not allow us to affirm
anything about the role of attention as a likely
mediator of gains in WM training programs in
intelligence, nor does it allow us to verify the
unique and differential contribution of training
programs focusing exclusively on attentional
processes and their impact on fluid intelligence
measures. In this sense, until the mechanisms in-
volved in this transference are better described,
it cannot be said with certainty that the effects of
WM training are transferred to fluid intelligence,
at least not directly, and may even be mediated
by other cognitive functions or strategies used
for problem solving or attention.

Moderator analysis was performed only for
Raven and an important pattern emerged: signif-
icant gains for children and adolescents in com-
parison with adults, for longer duration training
and for visuospatial WM tasks. Brain plasticity
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seems to be an important factor in determining
gains in untrained skill and abilities, especially
for children and adolescents. Plasticity is related
to neurochemical and structural changes in the
nervous system that can be induced by training
of experiences in cognitively enriched environ-
ments. Although the capacity for these changes
is present in all stages of life, during childhood
the responses to environmental stimulation are
faster and seem to occur on a larger and greater
magnitude than in later stages of development
(Astle et al.,, 2015; Rosenzweig & Bennett,
1996). In addition to plasticity issues, some au-
thors have suggested that short term (even inten-
sive) training would not be sufficient to include
brain plasticity in a skill traditionally refractory
to change, such as fluid intelligence (Astle et al.,
2015; Chein & Morrison, 2010; Melby-Lervag
& Hulme, 2013, 2015). This seems to corrobo-
rate the results found here that longer dura-
tion training would be more effective. A more
intense practice would therefore be necessary
not only to enable the desired change, but also
to maintain that change. Rosenzweig and Ben-
nett (1996) point out that although environments
and training may not reverse a whole series of
deficits present in the individual, the stimulation
needs to be constant and the programs should be
maintained for longer periods. This would enable
the constant challenge of the cognitive system
and would consolidate the gains obtained for the
longest duration (von Bastian & Eschen, 2016).
Although it is not possible to know, so far, what
would be the ideal dose of training, short-term
intervention programs may not lead to gains in
untrained skills. Thus, the results found seem to
indicate that the gains would be of specific mo-
dality. Only visuospatial working memory tasks
produced (even if small) effects on Raven. Al-
though Raven test does no demand/require vi-
suospatial processing skills in all its items, some
items of the matrix series saturate visuospatial
components, which are also present in the visuo-
spatial WM tasks included in the training pro-
grams analyzed here (Gignac, 2015; Hayes et
al., 2015). However, to verify whether the gains
are in fact of specific modalities or whether they
would be of general domination (for example in
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the central executive), it would be important to
include as a measure of efficacy, a battery of flu-
id intelligence tests. This battery should include
most, if not all, of the operations characteristic
of the fluid intelligence construct, such as recog-
nition and concept formation, problem solving,
inference and transformation of information in
verbal and nonverbal modalities.

Despite these results and proposed discus-
sions, it is known that the present review has
some limitations. There were no searches in dis-
sertation banks and in annals of conferences, and
no contact was made with researchers to obtain
the complete text, when it was not available in
the accessed databases. Therefore, the potential-
ly missing data could reveal a bias in our analy-
sis of publications. In addition, due to the small
number of available studies in the literature and
retained for analyses, it was not possible to in-
vestigate the potential differential effects of Gf'
transfer from WM training to distinct clinical
group and, also, for children and adolescents at
different ages and therefore different stages of
cognitive and neuronal development. In the lat-
ter case, it was not possible to test the hypoth-
esis that the observed effects should be greater
for children in the earlier stages of development.
The presented limitations do not compromise the
value of the results found, but point to the need
of future reviews that consider and overcome the
limitations listed here.

Conclusions

Overall, the present review did not find ro-
bust evidence of transfer of gains to fluid intel-
ligence from working memory trainings. The
obtained results point to derisory gains, which
were limited to children with typical develop-
ment. In addition, the methodological quality of
the studies investigating the subject and included
raise some doubts. It was not possible to analyze
differences in the average effect between clinical
and nonclinical samples and for different types
of training practice (distributed and concentrat-
ed). Only three studies included clinical groups
and only four worked with distributed practice
(intense and continuous). It is often stated that

WM training programs could be beneficial to
clinical populations (Cortese et al., 2015). It is
not possible to know whether future studies will
find consistent transfer effects to fluid intelli-
gence measures, but until the transfer of gains
to measure of cognitive and school performance
(verbal and arithmetic skill) is consistently stud-
ied, clinical and widespread use of such pro-
grams should be reduced and performed more
cautiously, if the intention is to achieve gains in
intelligence (Redick et al., 2015).
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Appendix A
Table 1A
Characterization of the Selected Studies
n n Incen- Days of Type of
Mean age (SD) EG CG tive  training  training Gf task
Reference
EG CG
(Klingberg et al., 2002) 11(2) 11.4 (3) 7 7 NI 21 Combined Raven
(Klingberg et al., 2005) 9.8 (1.4) 9.7 (1.3) 22 22 NI 35 Combined Raven
(Dahlin, 2010) NI NI 42 15 NI 35 Combined Raven
%ﬁ‘g)“ﬂm & Sawaguchi, NI NI 20 40 NI 56  Visuospatial  CFIT
(Van der Molen, Van Luit,
Van der Molen, Klugkist, 15.3 (0.69) NI 41 54 P 35 Visuospatial Raven
& Jongmans, 2010)
(Chein & Morrison, 2010) 20.1 (NI) 20.6(NI) 21 21 P 30 Combined Raven
(Jacggi et al., 2010) 1915 19) 21 43 p 30 Visuospatial POMAT
aven
(Jaeggi et al., 2010) 19.1 (1.2) 19 (1) 25 43 P 35 Combined BEMAT/
aven
(Borella et al., 2010) 69(3.2) 69.129) 20 20 NI 14 Alphabeti- CFIT
cal-verbal
(Jaeggi et al., 2011) 9.1(1.5) 8.8(1.4) 32 30 NI 30 Visuospatial Raven
(Richmond, Morrison, .
Chein, & Olson, 2011) NI NI 21 19 NI 35 Combined Raven
(Salminen, Strobach, .
& Schubert, 2012) 244 (NI) 245 (NI 20 18 P 21 Combined Raven
(Brehmer, Westerberg, & .
Biickman, 2012) 262 (2.8) 257@3.5) 29 26 P 35 Combined Raven
(Brehmer et al., 2012) 63.9(3.4) 63.6(3.1) 26 19 P 42 Combined Raven
(Chooi & Thompson, 2012) 20 (NI) NI 9 15 P 21 Combined Raven
(Chooi & Thompson, 2012) 20 (NI) NI 13 11 P 35 Combined Raven
(JauSovec & Jausovec, 2012) 20 (NI) 20 14 15 P 84 Combined Raven
(Rudebeck et al., 2012) 254 (44) 25547 27 28 NI 30 Visuospatial BOMAT
(Oelhafen et al., 2013) NI NI 14 8 P 21 Combined BOMAT
(Oelhafen et al., 2013) NI NI 14 8 P 21 Combinedo  BOMAT
. . Raven/
(Von Bastian et al., 2013) 23 (4) 23 (4) 34 32 P 30 Combined BOMAT.
(Von Bastian et al., 2013) 68 (4) 69 (3) 27 30 P 30 Combined Ravew
? BOMAT
(Colom et al., 2013) 18 (.90) 18.2(1.2) 28 28 NI 84 Combined Raven
(Harrison et al., 2013) NI (NI) NI 21 17 P 30 Combined Raven
(Harrison et al., 2013) NI NI 17 17 P 35 Combined Raven
(Redick et al., 2013) 21.1(Q2.7) 207(25) 24 29 NI 30 Combined  Ravew

CFIT
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Mansur-Alves, M., Saldanha-Silva, R.

n n Incen- Days of Type of
Mean age (SD) EG CG tive  training  training Gf task
Reference
EG CG

(Sprenger et al., 2013) NI NI 33 37 P 42 Visuospatial Raven
(Stephenson & Halpern, . Raven/
2013) NI NI 28 28 P 30 Combined CFIT
(Stephenson & Halpern, . . Raven/
2013) NI NI 29 28 P 35 Visuospatial CFIT
(Stephenson & Halpern, Alphabetical-  Raven/
2013) NI NI > 28 P 42 verbal CFIT
(Thompson et al., 2013) 21.2(NI) 213 (NI) 20 19 P 30 Combined Raven
(Mansur-Alves, Flores- .
Mendoza, & Tierra-Criollo, NI NI 8 8 A 84 Alphabl;a tical- Raven
2013) verba
(Borella et al., 2013) 792(3.49) 79.1(295) 18 18 NI 21 Alp‘;:fg;‘lca" CFIT
(Carretti, Borella, Fostinelli, Alphabetical-
& Zavagnin, 2013) 71.8(2.2) 70.6(2.63) 10 10 NI 21 verbal CFIT
(Heinzel et al., 2014) 259(1.9) 256(2.1) 15 15 P 30 Alphabetical - paven
(Heinzel et al., 2014) 66 (4.7) 656(3.9) 15 15 P 35 Alp};:ﬁf;"al' Raven
(Borella et al., 2014) 699 (2.8) 69.5(2.9) 20 20 NI 14 Visuospatial Cattell
(Borella et al., 2014) 79.6 (2.3) 79.7(2.3) 20 20 NI 14 Visuospatial Cattell
(Xin, Lai, Li, & Maes, 2014) 70 (5.8) 69 (7.0) 15 14 P 21 Combined Raven
(Zinke et al., 2014) 75.7(8.4) 77.7(79) 40 40 A 21 Combined Raven
(Jaeggi, Buschkuehl, Shah, & . Raven/
Jonides, 2014) NI NI 25 27 A 30 Combined BOMAT

. Alphabetical-  Raven/
(Jaeggi et al., 2014) NI NI 26 27 A 30 verbal BOMAT

Note. CG — Control Group; EG — Experimental Group; NI — Not Informed; P — present; A — absent.
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Figure 1B. Funnel plot for the Raven Test.



