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In this paper, we examine nearly every available randomized controlled trial that attempts
to raise IQ in children from once they begin kindergarten until pre-adolescence. We use
meta-analytic procedures when there are more than three studies employing similar
methods, reviewing individual interventions when too few replications are available for
a quantitative analysis. All studies included in this synthesis are on non-clinical popula-
tions. This yields five fixed-effects meta-analyses on the roles of dietary supplementation
with multivitamins, iron, and iodine, as well as executive function training, and learning to
play a musical instrument. We find that supplementing a deficient child with multivita-
mins raises their IQ, supplementing a deficient child with iodine raises their IQ, and
learning to play a musical instrument raises a child’s IQ. The role of iron, and executive
function training are unreliable in their estimates. We also subject each meta-analytic
result to a series of robustness checks. In each meta-analysis, we discuss probable causal
mechanisms for how each of these procedures raises intelligence. Though each meta-
analysis includes a moderate to small number of studies (< 19 effect sizes), our purpose
is to highlight the best available evidence and encourage the continued experimentation
in each of these fields.

� 2017 Published by Elsevier Inc.
Introduction

A child’s intelligence is among the most important predictors for the rest of their academic life (Herrnstein and Murray,
1994; Nisbett et al., 2012). Children with higher IQs are less likely to be held back a grade (Safer, 1986), less likely to commit
delinquent acts (Moffitt and Silva, 1988), less likely to be rejected by their peers or have few friends (Wentzel and Erdley,
1993). It would only seem natural to want to increase this trait in children, to enrich their cognitive lives and potentially
prevent negative outcomes.

Long-standing debates question whether IQ at any age can be raised (e.g. Haier, 2014; Herrnstein and Murray, 1994;
Jensen, 1969). In addition, there is argument that it would only be possible or profitable to raise IQ during a child’s earliest
years (e.g. Heckman, 2006). The fact that, as children age, more IQ variance is explained by genetic differences (e.g. Haworth
et al., 2010; Briley and Tucker-Drob, 2013) could be interpreted as intelligence becoming less malleable with age. This
assumption, we hope to show, is unsupported by the causal evidence. While genes are unquestioningly the most important
factor in determining someone’s intelligence (e.g. Davies et al., 2011; Panizzon et al., 2014; Rimfeld, Kovas, Dale, & Plomin,
2015), the purpose of this paper is to aggregate the causal evidence on environmental factors on intelligence, not to argue for
where intelligence comes from.
ed con-
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The theoretical reason for this paper is to simplify the debate on the mutability of intelligence in childhood. A main issue
holding up this debate is the lack of a systematic collection of the work on raising IQ. It is often the same few high profile
studies that are highlighted. The actual literatures span many different fields. Such diversity of fields and widespread nature
of the evidence contributes to the continued belief that intelligence is still something that cannot be raised (Haier, 2014).
What is needed is a comprehensive set and analyses of all causal studies.

We present such a systematic collection on raising IQ among the school–aged. All interventions met the following
requirements: (i) the sample was from a general, nonclinical population; (ii) the randomization occurred at the
individual-level; (iii) the intervention was a sustained intervention; (iv) the outcome measure was a measure of intelligence.

Our first criterion was that the participants must be drawn from the general population. Although data from clinical
populations can be informative, generalizing the effects of interventions designed for clinical populations to nonclinical
populations is problematic. An intervention that helps someone overcome their disabilities (e.g., Klingberg et al., 2005, on
training working memory of children with attention deficit/hyperactivity disorder) may not generalize to the nonclinical
population (Spitz, 1986). Previous meta-analyses can often include clinical and nonclinical samples for meta-analytic
purposes (e.g. Melby-Lervåg and Hulme, 2013).

Our second criterion was that the authors must have used an individual-level randomized controlled trials (RCTs). Par-
ticipants must have had an equal chance of being assigned to an intervention or a control group. We thus exclude studies
that first enrolled an experimental group and then later enrolled a control group, used classroom or cluster randomized tri-
als, or compared an experimental group with a group selected later. This strategy allows us to investigate robustness of the
causal role or specific environmental variables through the logic of counterfactual causation (e.g. Rubin, 2004). In addition,
the use of randomized groups allows us to avoid problems that arise in non-experimental samples (such as Flynn effects (e.g.
Pietschnig and Voracek, 2015), as both groups are equally affected by them; e.g. Kanaya, Ceci, & Scullin, 2005). Briefly, the
Flynn effect is the finding that IQ scores are higher the further away from the standardization sample on an IQ test is. So a
sample of 10 year-olds will score higher on an IQ test normed in 1970 than they would if it were normed in 1990. Since both
groups would be equally affected, they are not a concern in randomized trials.

Furthermore, we omit evidence such as correlations between participation and the activities they engage in (e.g.
Sabaratnam and Klein, 2006). This is in contrast to many meta-analyses that either only use non-experimental data (e.g.
Qian et al., 2005) or mix experimental, quasi-experimental, and non-experimental data (e.g. Jaschke, Eggermont, Honing,
& Scherder, 2013; Warthon-Medina et al., 2015). Such alternate approaches dilute the strength of the causal interpretation
that can be gleaned not only from each study—but from all of the experiments as a whole.

Our third criterion was that the intervention must have been a sustained treatment and not alteration to test adminis-
tration. Some authors alter the procedures, instructions, or context of intelligence test administration to examine effects
on IQ scores. Such effects are obtained as a result of the one-time manipulation during the testing experience. Although such
interventions are informative, we exclude them because their effects may reflect the role of extraneous factors in the testing
environment rather than genuine increases in underlying intelligence. Our definition for a sustained intervention was one
that treats participants for at least two weeks. The purpose of this criteria is to avoid studies which, for example, give IQ tests
in different colors and report changes in intelligence (e.g. Elliot, Maier, Moller, Friedman, & Meinhardt, 2007). We believe
that only sustained interventions represent the potential to increase intelligence, opposed to removing barriers to
performance.

Finally, we only included studies where the authors used accepted measures of IQ. Although imperfect, IQ scores repre-
sent a good approximation of the underlying latent variable shared by all cognitive tests (Jensen, 1998; Tommasi et al.,
2015). For the purposes here, we only included studies that used accepted measures of IQ, not studies using a single subtest.
While other constructs are important (e.g. school grades), they do not represent the same underlying construct. Full-scale IQ
was always used here as the main dependent variable. If multiple measures existed, results were broken down by those dif-
ferent tests. Studies that used a single subtest from an IQ battery (block design, vocabulary) were not included. Many pre-
vious meta-analyses include studies that use any cognitive subtest (e.g. Hetland, 2000), or mix meta-analytic results of
studies using IQ measures with those using other measures (single subtests or school grades; e.g. Falkingham et al.,
2010). Therefore, our meta-analyses were specifically focused towards the increasing of IQ, not just any variable that can
be considered cognitive. We go into further detail on these points in the limitations section.

At the end of the manuscript, we discuss some of the limitations of this work, including small number of randomized con-
trolled trials (as a result of our strict inclusion criteria) and the difference between raising IQ and raising g (latent general
intelligence). In short, raising IQ scores is a necessary but not sufficient condition for showing increases in underlying latent
intelligence.

Overview of analyses

In this paper, we examined all RCTs involving school–aged children (roughly age five through pre-adolescence). The pur-
pose of this was to isolate the effects of environmental manipulations on children’s IQ after they have entered school. It is
believed by some that it is too late to alter IQ at such ages (e.g. Heckman, 2006). Each study came from a search of the lit-
erature using PSYCHInfo and Google Scholar, using the keywords �random, IQ, and cognitive. Every study that met all of the
requirements was then subject to exhaustive forward and backward searches. Backward searches include every relevant
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
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study cited in a manuscript are checked for inclusion. Forward searches use articles that cites a chosen study that are
checked for inclusion. We also contacted the authors of each study for missed and unpublished work from either themselves
or colleagues.

We used the effect size of each study calculated from the standardized difference between experimental and control
groups’ IQ scores at the end of the intervention. This was done to allow interpretations to be made about changes in con-
structs and not change scores (also eliminating the statistical problems that occur with change scores, see Huck and
McLean, 1975 for an introduction to both points).

In this investigation of the literature (published and unpublished studies were included in all analyses), we
meta-analyzed 36 interventions that met our inclusion criteria. These 36 interventions yielded 41 effect sizes across 5730
children. Topics for how to raise intelligence were not chosen a priori, every intervention that met the inclusion criteria,
regardless of type of intervention, were included. Five types of interventions had enough replications to warrant
meta-analysis. The first half of the article describes research on nutritional supplements to children. We meta-analyzed
the effects of providing: multivitamin supplements to children, iodine supplements to children, and iron supplements to
children. The second half of this article describes research where investigators alter the educational environments of
school–aged children. We examined the effect of Executive Function training on a child’s IQ. We also examined the effects
of learning to play a musical instrument.

Throughout the article, we reviewed interventions with too few replications within an experimental paradigm to merit
meta-analysis. The purpose of this is for comprehensiveness of inclusion. We included all models run and those results. In
addition, we included all studies originally found in our search of the published and unpublished literature and our rationale
for removing certain studies from analysis.

All effect sizes were the standardized mean difference between experimental and control groups at immediate posttest.
All studies were weighted by the standard errors calculated according to the following formula (Hedges, 1981):
Please
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We included no additional weighting of studies based on reliability, quality, or any other subjective weighting as doing so
would introduce substantial subjectivity in the analysis (Card, 2012). In addition, as the number of studies is small in each of
the analyses, we used fixed-effects models, as random-effects models have poor power with smaller number of studies
(Field, 2001).

In each meta-analysis, we conducted a series of robustness checks to test the reliability of the meta-analytic results. In
every meta-analysis we tested for meta-analytic outliers (different from normality tests due to the weighting of studies).
Heterogeneity was tested by both the Q and I2 statistics, which have adequate power to detect moderate heterogeneity in
meta-analyses of more than about 17 studies (Huedo-Medina, Sánchez-Meca, Marín-Martínez, & Botella, 2006).

We also tested for missing studies (publication bias) in each meta-analysis. The metric of testing publication bias was
chosen to maximize power for each analysis. The power of different tests of publication bias change based on the number
of studies, as well as the degree of heterogeneity. For large homogenous tests, the Egger tests has the best power (Idris,
2012), for example. When the number of studies is small, the trim and fill method has shown the greatest power for detect-
ing publication bias (Terrin, Schmid, Lau, & Olkin, 2005). When results of publication bias tests were ambiguous or hetero-
geneous, we ran multiple tests of publication bias and report each one. In the meta-analyses where publication bias may
exist, we test different corrections. Unfortunately, monte-carlo tests of different corrections for publication bias show that
they can produce worse estimates than uncorrected ones (Reed, Florax, & Poot, 2015). Because of this, we present multiple
analyses using weighted least squares (WLS) and precision-effect estimate with standard error (PEESE) corrections. These
two corrections have been shown to introduce the least amount of bias in correcting for publication bias in small meta-
analyses (Reed et al., 2015).

We were unable to perform p-curve or p-curve adjusted effect sizes (e.g. p-TES) in any of the meta-analyses as such
procedures require large numbers of statistically significant estimates (p-curves are tests of excessive significant effects;
Simonsohn, Nelson, & Simmons, 2014). This limitation has the added benefit of making the results unusually robust to
p-hacking. It is unlikely that a researcher would p-hack to a non-significant value. We still attempted to address this in
each meta-analysis by imputing all statistically significant results with the largest non-significant effect size given the
sample size. All meta-analyses and tests of publication bias were run in STATA v.13.1; outlier analysis and possible
publication bias corrections were run in R using the metafor package (Stanley and Doucouliagos, 2014; Viechtbauer
and Cheung, 2010).

Nutritional supplements

We first analyzed the effects of several nutritional supplements given to children in the hopes of raising their intelligence.
We discuss each of these interventions as well as possible causal mechanisms. Readers should note that the causal mecha-
nisms discussed are not exhaustive. We direct interested readers to the relevant literature for a more thorough treatment of
the biochemical interactions of supplements and their effects on human cognitive function.
cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
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Multivitamins and intelligence: a meta-analysis

Our search of the literature yielded 15 studies contributing 18 effect sizes across 1901 participants. In these studies, chil-
dren were randomly assigned to receive either a daily multivitamin or a placebo for an average of 19 weeks.

Methods
The first issue is with one study from a previous analysis (Schoenthaler and Bier, 1998) that could not be located. The

study was listed as ‘‘(Wender)” in the paper, with 11 students receiving supplements and seven receiving a placebo. There
was no corresponding citation. The age of the participants was listed as 12. The text of the article refers to a study by
Snowden (1997) and indicates it was included in the analysis, which also includes 11 experimental, and seven control par-
ticipants but lists their age as 9–10. In addition, the Wender and Snowden articles have different effect sizes. As there are
different ages and effect sizes, both are included in this meta-analysis. In addition, one study (Deinard, List, Lindgren,
Hunt, & Chang, 1986) was removed due to previous criticisms of its methodological and randomization quality
(Grantham-McGregor and Ani, 2001). Finally, we only included studies of children with mild deficiency. There is a linear
relationship between degree of deficiency and intellectual impairment (Venables and Raine (2015), so it is still possible that
even mild deficiencies can cause deficits in intelligence.

Two studies (Nelson, Naismith, Burley, Gatenby, & Geddes, 1990; Southon et al., 1994 for both boys and girls) included
data on both verbal and non-verbal composite scores (with no overall IQ score); we only analyzed the nonverbal tests in
these instances. Removing these two studies had no effect on the results.

One study (Osendarp, Baghurst, Bryan, et al., 2007) included a third intervention group (that received multivitamins and
fatty acids). We removed this third group so only the multivitamin vs. placebo was included in the meta-analysis. Finally,
two further studies (Nga et al., 2011; Solon, Sarol, Bernardo, et al., 2003) included a third intervention that includes multi-
vitamins and a de-worming agent. We only included the non-de-worming multivitamin vs. placebo in the meta-analysis,
though de-worming on its own has no effect on IQ (Nga et al., 2011). An additional study used children who receive a
low level of multivitamins and long-chain polyunsaturated fatty acids as the control group (Muthayya et al., 2009). As this
does not provide a proper counterfactual in line with the rest of the studies, we removed this study from the analysis.

Results
We analyzed 15 studies on multivitamin supplementation and children’s intelligence, yielding 18 effect sizes. Results

suggested that there was an incredibly small but significant effect of taking multivitamins on IQ (g = 0.097, 95%CI = 0.006
to 0.187; see Fig. 1).

There was no evidence of heterogeneity in the sample, (Q(17) = 18.24, p > 0.374; I2 = 6.8%, p > 0.373), suggesting the
results are not moderated by already-investigated study characteristics.

Robustness checks. Meta-analytic outliers: There were no outliers in the multivitamin supplementation data (all externally
studentized residuals < 1.33)

Missing Studies (Publication Bias): There was no evidence of missing studies (publication bias) in our data (pEgger > 0.446).
p-hacking adjustment: Two studies showed statistically significant effects of multivitamin supplementation on mildly
deficient children (Benton and Cook, 1991; Snowden, 1997). We shrunk the effect sizes from those studies to 0.607 and
0.992 (respectively) to represent p = 0.0505 and again shrunk them to 0.507 and 0.82 (respectively) to represent
p = 0.099. Re-running the meta-analysis using these values shrunk the meta-analytic estimate to 0.091 and 0.087. The results
remained significant in the p = 0.0505 imputation but not in the p = 0.099 imputation. Therefore, if we believe that the two
statistically significant studies (Benton and Cook, 1991; Snowden, 1997) had really observed p-values between 0.051 and
0.099 and then p-hacked their data, we may say that multivitamin supplementation does not alter the IQ of mildly deficient
children. We cannot know whether this was the case and do not claim the authors behaved that way without proof. What it
does tell us, however, is that the meta-analytic result on supplementing deficient children with multivitamins is sensitive to
small alterations in effect sizes. This could have also been surmised from the confidence interval of the original meta-analytic
estimate (95%CI = 0.006 to 0.187).

Unsubstantiated study: Removing the suspicious ‘‘Wender” study did not substantially alter the results (g = 0.092, 95%CI =
0.001 to 0.183; Q(16) = 17.137, p > 0.377; I2 = 6.6%, p > 0.376).

Discussion
Multivitamins contain an array of vitamins and minerals. This creates a problem when trying to identify a single causal

agent within a multivitamin, as it is not clear which vitamins or combinations of vitamins may be raising IQ. Two studies
included no information on what was in the multivitamins (Todman, Crombie, & Elder, 1991; ‘‘Wender” study). Every other
multivitamin included at least: 1.3mg Iron, 3.75mg Zinc, 40mg Ascorbic Acid, and .5mg B6, except for one study that used an
Indian blend of supplements (Nidich, Morehead, Nidich, Sands, & Sharma, 1993).

Taking a multivitamin can serve one of two purposes, either to remediate an incomplete diet with vitamins and minerals
or to complement a complete diet for further intake of those healthy elements. We explored the conditions under which tak-
ing multivitamins raises IQ to distinguish which of these two situations (remediate or complement) was more congruent
with the literature. Note that the data was not available in this analysis to solve this question meta-analytically.
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
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Fig. 1. Meta-analysis of multivitamin supplementation on children’s IQ.
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Some of the earliest RCTs into the role of taking a multivitamin and IQ occurred in the late 1980s and showed that giving
multivitamins to adolescents increased their IQ (Benton and Roberts, 1988). These reports were subsequently critiqued in a
series of arguments (Bates, Thurniam, & Powers, 1988; Benton, 1988; MacFarlane, 1988; Yudkin, 1988). The resolution to this
was partially finalized with the publication of a study (Benton and Buts, 1990) that answered much of what was under
debate: are multivitamins a miracle pill?

The answer was no. In fact, they do not work for a large portion of the population. Instead, having a poor diet, meaning a
diet deficient in many vitamins and minerals, leads to a decrease in IQ. This follows from the finding that supplementing
depleted children raises their IQ, while supplementing replete children has no effect. Multivitamins work to raise IQ by coun-
teracting this loss; they indeed remediate a deficient diet. Children who have a poor diet gain the most benefit from taking
multivitamins, while children whose diets are sufficient gain no advantage (Benton and Buts, 1990). Therefore, a multivita-
min is only a partial remedy for a poor diet, not a get-smart pill on its own (Maseck and Engr, 1980).

These results mostly support past review articles (e.g. Benton, 2001; Eysenck and Schoenthaler, 1997). Many review arti-
cles also look at non-experimental literature to bolster claims or compare gain scores opposed to test scores—potential
sources of bias that are avoided here. The effect size from this meta-analysis is small and the 95% confidence interval comes
very close to zero. Six additional studies are also included here that have been conducted since the 1997 review, all of which
are larger than any previous RCT in school-aged children. In addition, we focused on school-aged children and do not include
work in adolescence; previous work suggests the effects may be stronger for pre-adolescent children opposed to adolescents
(Eysenck and Schoenthaler, 1997).

Iodine and IQ: a meta-analysis

The role of iodine in intelligence was first investigated by reversing the endemic effects of iodine deficiency and goiter.
Remedying these diseases led to massive increases in IQ across populations, often through public policy interventions like
iodized salt (Feyrer, Politi, & Weil, 2013). While to date there has been no work on iodine supplementation in replete chil-
dren, the RCTs presented here represent the effect of reversing only mild iodine deficiency.

Methods
We originally found five studies providing six effect sizes on the effects of iodine supplementation and IQ. One study was

removed for using children with severe iodine deficiency (Bautista, Barker, Dunn, Sanchez, & Kaiser, 1982). A further study
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
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included two experimental groups, one with iodine supplementation and another with iodine and iron supplementation
(Shrestha, 1994). We only included the iodine only supplementation in this meta-analysis.

Results
We analyzed four studies contributing one effect size each across 907 children who were randomly assigned to receive

either iodine supplements or a placebo for between four and ten months. Across these studies, we found remedying mild
iodine deficiency increased the IQ of school–aged children by over half a standard deviation (g = 0.531, 95%CI = 0.394 to
0.668; see Fig. 2). There was, however evidence for heterogeneity (Q(3) = 123.236, p < 0.001; I2 = 97.6%, p < 0.001).

Robustness checks. Meta-analytic outliers: There was one meta-analytic outliers present in this analysis, with an externally
studentized residuals of 2.719 (Shrestha, 1994). Removal of the outlier attenuated the effect size but did not negate it
(g = 0.308, 95%CI 0.164 to 0.451); nor did it resolve the problem of heterogeneity (Q(2) = 9.843, p < 0.007; I2 = 79.7%,
p < 0.008).

Missing Studies (Publication Bias): There was no evidence for missing studies (publication bias) in this data. To test this,
as the number of studies was so small, we used the trim and fill method (Duval and Tweedie, 2000) which has been shown to
have high power to detect moderate to severe publication bias even in small meta-analyses (Idris, 2012). This method has
also been shown to have inflated type I errors as well, meaning a ‘‘non-significant test from trim and fill method clearly indi-
cates the presence of publication bias has been ruled out” (Idris, 2012; p. 1416; see also Terrin et al., 2003). p-hacking adjust-
ment: Two studies showed statistically significant effects of iodine supplementation on mildly deficient children (Shrestha,
1994; Zimmermann, 2011). We shrunk the effect sizes from those studies to 0.232 and 0.157 (respectively) to represent
p = 0.0505 and again shrunk them to 0.195 and 0.133 (respectively) to represent p = 0.099. Re-running themeta-analysis using
these values shrunk the meta-analytic estimate to 0.145 and 0.133. The results remained significant in the p = 0.0505 imputa-
tion but not in the p = 0.099 imputation. Therefore, if we believe that the studies from Shrestha and Zimmerman really had
observed effect sizes of 0.195 and 0.133, and then p-hacked their data to the reported effect sizes of 3.017 and 0.586, we
may say that iodine supplementation does not alter the IQ of mildly deficient children. We think this scenario is unlikely.

Discussion
It is extremely important to emphasize the limitations of this analysis. First, there is significant heterogeneity within the

results. Second, all of the children were mildly iodine deficient. Mild iodine deficiency was defined as clinically low levels of
iodine intake without additional diseases caused by deficiency (e.g. goiter). There was no experimental research to date
on iodine supplementation in replete children. Therefore, the findings from this meta-analysis cannot be used to argue that
iodine supplementation raises IQ for all children.

Severe iodine deficiency in childhood causes mental retardation, stunted growth, and cretinism (Zimmerman, 2011).
Supplementing children with moderate to severe iodine deficiency can reverse some of the negative cognitive effects
(Bleichrodt and Born, 1994). Here we show iodine supplementation can raise the IQ of children who are even mildly
deficient. Iodine deficiency slows the production of thyroid hormones (Zimmerman, 2011). Since thyroid hormones
(especially triiodothyronine; Calzà et al., 2010; Gordon et al., 2009) are partly responsible for the myelination of neurons
(Dussault and Ruel, 1987; Kester et al., 2004), part of the reason iodine deficiency leads to intellectual delays is through
Overall
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Fig. 2. Meta-analysis of iodine supplementation on children’s IQ. Effects of daily iodine supplementation on IQ for mildly iodine-deficient children. Note the
results remain significant with the removal of the Shrestha study.
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slowing the myelination of neurons in the brain. This would suggest that iodine supplementation increases the IQ of mildly
deficient children through increased white matter development.

The development of white matter in the brain is most pronounced through childhood and adolescence and supports the
development of intelligence (Ferrer et al., 2013). Iodine deficiency can slow down this entire process, including restricting
the development of intelligence through a stunting of myelination. It is not readily understandable whether supplementa-
tion of iodine replete children could raise their IQ, unless myelination over and above standard development would confer
additional intellectual benefits. There is no direct evidence from this meta-analysis or any of the interventions included to
suggest this possibility. Future research is necessary not only to confirm the findings of this heterogeneous, small meta-
analysis—but also to explore whether supplementation in iodine-replete children has an effect on their white matter devel-
opment and IQ.

Iron and IQ: a meta-analysis

Iron is a crucial mineral for proper cell function (Watanabe, Kodama, & Hikosaka, 1997). Reversing iron-deficiency anemia
through supplementation can reverse these decreases in cognitive ability (Idjradinata and Pollitt, 1993; Soemantri, Pollitt, &
Kim, 1985). It therefore could be possible that iron supplementation in non-anemic individuals can also increase their IQ.

Methods
We originally found 11 studies contributing 21 effect sizes providing iron to children and testing if it raised their IQ. Two

studies (Kashyap and Gopaldes, 1987; Seshadri and Gopaldes, 1989) were removed as they only included children with iron
deficiency anemia. Two additional studies (Pollitt, Soemantri, Yunis, & Scrimshaw, 1985; Soemantri et al., 1985) included
data on both anemic and non-anemic children, for the purposes of generalizability we only included non-anemic children
where such a breakdown was available; fuller data from (Pollitt et al., 1985) was found in a different publication (Pollitt,
1997). Two studies included information on follow-up data from the children (Rico et al., 2006; Soemantri, 1989); we only
included the immediate posttest after the intervention ends to see the immediate effect of iron supplementation on IQ. One
study (Sungthong, Mo-suwan, Chongsuvivatwong, & Geater, 2004) included two intervention groups, one where children
received iron daily and one where they received it once per week. To keep the data in line with the rest of the studies in this
meta-analysis we only included the daily intervention. In the end, we were left with nine studies providing 10 effect sizes.

Results
We analyzed 10 effect sizes from nine studies across 2472 participants; all children were non-anemic though still mildly

iron deficient. In each RCT children were supplemented with iron or a placebo daily for at least three months. Results
indicated that supplementing a child who was iron deficient without iron-deficiency anemia does not reliably raises their
IQ (g = 0.032, 95%CI = �0.048 to 0.111; see Fig. 3).1

There was, however, significant heterogeneity in the sample (Q(9) = 77.673, p < 0.001; I2 = 88.4%, p < 0.001) so we must
either remove outliers, look for moderators, or run a random effects analysis. Unfortunately, there were no outliers and not
enough effect sizes for a reliable random effects analysis. In addition, there was very little power to detect moderators.

Robustness checks. Meta-analytic outliers: There were no meta-analytic outliers present in this analysis; all externally
studentized residuals fell below 1.297.

Missing Studies (Publication Bias): There was mixed evidence of missing studies (publication bias) in our data. Estimation
using the Egger test showed no bias (p > 0.657) but has low power in a meta-analysis of this size (Idris, 2012); estimation
using the trim and fill method showed evidence of moderate publication bias, but this method also has a tendency towards
inflated type I errors (Idris, 2012). In addition, trim and fill may spuriously indicate publication bias under heterogeneity
(Terrin et al., 2005). We therefore report adjusted estimates using a couple of estimators (following Reed et al., 2015).
The WLS estimator correcting for publication bias produced the same coefficient as the standard estimate (g = 0.032) but
with wider standard errors and thus does not change the results here. The PEESE estimator also returned a similar coefficient
and did not alter the results (g = 0.015, 95%CI = �0.235 to 0.265); nor did it demonstrate evidence for publication bias
(p > 0.157). Therefore, whether there are missing studies adjusting for the possibility of publication bias would not alter
the results here. Furthermore, as the meta-analytic results were not statistically significant it is unlikely the results are con-
taminated by influential p-hacking.

Other nutrients and combinations of nutrients—a review

Iodine and iron
In one study, mildly deficient children in Malawi were supplemented daily with either iron (60 mg) and iodine (490 mg)

together or a placebo (Shrestha, 1994). Mirroring the effects from the Iodine meta-analyses, children who received the
combined drugs had higher IQs than those who received the placebo.
1 These results remain unchanged when three studies from infancy are included (Lozoff et al., 2003; Soewondo et al., 1989; Zhou et al., 2006)
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Fig. 3. Meta-analysis of multivitamin supplementation on children’s IQ effects of daily iron supplementation on IQ for iron-deficient, non-anemic children.
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Zinc
Three studies supplemented children with zinc to see if there were any differences in their IQ. In one study (Tupe and

Chiplonkar, 2009) the authors administered either (i) daily zinc (16.6 mg) and Iron (0.74 gm) supplements; (ii) food fortified
with 20mg zinc, or (iii) a placebo, to 170 Indian girls for 10 weeks. There was no effect on the girls’ IQ. In another other study
(Rico et al., 2006) the authors gave either Zinc (30 mg) or a placebo to 256 Mexican schoolchildren for six months. There was
no effect on the children’s IQ. Finally, supplementing 154 Guatemalan schoolchildren with Zinc offered no benefit to intel-
ligence after 25 weeks of daily supplementation (Cavan et al., 1993). Therefore, it is safe to conclude Zinc does not affect
intellectual ability within non-clinical ranges.

Zinc and iron
In one study the authors supplemented 259 Mexican schoolchildren with a combination of Zinc and Iron (30 mg each) or

a placebo for six months (Rico et al., 2006). There was no effect.

Environmental changes on IQ

We now consider those interventions designed to increase intelligence by altering the environments of school–aged chil-
dren. Most of these interventions aim to alter the educational practices of children either through different instruction prac-
tices or instruction in subjects not tested by standardized tests (i.e. the Fine Arts). In this section, we review interventions
where there is insufficient data to enable meta-analysis and present two meta-analyses, one on the effects of executive func-
tion training and one of music instruction.

Balance and coordination exercise

One study looked at balance and coordination training on the IQ of school–aged children. In this study, 142 middle–
schoolers were paired and randomly assigned to either their standard physical education class or a highly organized balance
and coordination regimen. The intervention significantly raised the IQ of boys by about 3 points and significantly lowered the
IQ of girls by about 3 points (Ismail, 1967). There was no rationale for analyzing the results by gender beyond the finding of a
significant gender by treatment interaction. However, analyzing the overall results showed no effect of balance and coordi-
nation exercise on IQ. In light of these confusing results, we cannot draw any conclusion about such specific training on IQ.

Home academic support

In an effort to help children from high-risk homes, children in the Abecedarian project were randomized at birth to either
experimental or control groups (Ramey and Campbell, 1991). Children in the experimental group had their entire early
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environment altered for the first five years of their life with home visits, special center visits, and parental support. When the
children were five years-old some children were re-randomized from both the experimental and control groups into a new
condition where they were provided home tutors who gave individual help and supplemented school learning with activities
for three years. These tutors met with the child a couple times per month at school and home for three years. Mothers of
these children were given support and taught how to help their children with what they were learning in school with sup-
plemental activities. Comparing children who only received the school-aged intervention to controls showed no effect on IQ.
The results of the earlier parts to the intervention are treated elsewhere as that intervention was on young children and not
school–aged children (Protzko, Aronson, & Blair, 2013).

Reasoning training

In an attempt to increase the IQ of school–aged children, there has been a push for many years to train some of the speci-
fic skills tapped by IQ tests—most specifically non-verbal tests. While certain IQ subtests such as vocabulary and information
tap knowledge (questions like what does the word vapid mean, or who was Susan B. Anthony), non-verbal tests tap ways of
finding relations between objects. This inductive reasoning, finding patterns and commonalities, is one specific component
of the mental processes needed to solve non-verbal IQ tests. As non-verbal tests are more frequently being used for admis-
sion requirements into selective schools, (e.g. NYC DoE FAQ, 2013) it is not surprising that such skills have become more
highly prized. Elementary math textbooks in the early 20th century, for example, focused on teaching counting, number con-
cepts, and simple addition; by the end of the 20th century, math texts shifted to heavily teaching items and processes copied
from non-verbal IQ tests (Baker et al., 2010).

Reasoning training sometimes suffers from the problem of teaching to the test. Often the teaching process involves train-
ing on measures nearly identical to the IQ tests. Some programs explicitly train students on matrix items (e.g. unit 2, Adams,
1986) nearly identical to those from the Ravens’ Progressive Matrices and Cattell Culture Fair Intelligence Test. Some
programs have children make pictures with different pieces of colored paper (e.g. unit 5, Adams, 1986) similar to block
design subtests of some IQ tests. Some programs specifically train children with pictures making up a story and ask them
to extrapolate the problems or structure of the story, similar to the picture completion subtest from the WISC (Illustrations
instrument from Feuerstein, Rand, Hoffman, & Miller, 1980).

We believe, quite subjectively, that these studies are too similar to teaching to the IQ test. Teaching to the test and
practice on adapted problems has been shown to raise IQ scores; those gains, however, have no effect on the central factor
common to IQ tests, suggesting that such practice effects do not represent genuine increases in intelligence (te Nijenhuis, van
Vianen, & van der Flier, 2007). Similarly, schools have used teaching to the test to raise achievement test scores under the No
Child Left Behind law; this has resulted in an increase in academic achievement performance with no carryover to
intelligence (Finn et al., 2014).

In addition, one of the reasons one reasoning training program was created was for the purpose of exposing
disadvantaged children to the information and procedures common in intelligence testing (Feuerstein et al., 1980). This
program has also been shown to have no effect on g-scores of IQ tests (te Nijenhuis et al., 2007).

Some reasoning training paradigms have shown subsequent increases in educational achievement (e.g. Klauer, 1998), a
finding that would not be consistent with the totality of effects being from training to the IQ test. Although such practices are
admittedly only part of much larger programs, we are too concerned with the similarities of the training material and the
posttest material to be confident some of the IQ gains from such programs are not instances of teaching to the test. Therefore,
instead of meta-analyzing the literature, we present the relevant citations in Table 1. Overall, we are simply too skeptical to
be confident in any conclusions regarding IQ that can be drawn from reasoning training.

Executive function training: a meta-analysis

Executive functions can be considered control mechanisms that orchestrate different processes of human cognition
(Miyake et al., 2000). Training this general control is a proposed way to increase intelligence. Standard procedures involve
computer training with a program that stresses executive functions. The reason such training could raise IQ is the high cor-
relation between certain executive functions and intelligence (Blair, 2006). In addition, IQ and many executive functions
share a similar cognitive architecture (Barbey, Koenigs, & Grafman, 2012). It therefore seems natural that training similar
skills in the same parts of the brain should lead to increases in IQ. Results from children may provide especially useful
and different results from experiments with adults (e.g. Shipstead, Redick, & Engle, 2012) as executive functions, IQ, and
the common neural architecture are still developing in children (Engle, Kane, & Tuholski, 1999).

Methods
We combined working memory training and executive control training under the heading of executive function training,

unlike analyses in adults (e.g. Karbach and Verhaeghen, 2014). We did this because abilities like working memory and effort-
ful control represent a strong unitary ability (executive functions) in the ages studied here; it is not until later ages that exec-
utive functions diverge into separate constructs (Brydges, Fox, Reid, & Anderson, 2014).

One study only used one subtest (Rueda, Checa, & Combita, 2012) and was thus not included in this meta-analysis. One
study included follow-up data after executive function training (Jaeggi, Buchkuehl, Lonides, & Shah, 2011); we only used the
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
trolled trials. Developmental Review (2017), http://dx.doi.org/10.1016/j.dr.2017.05.001

http://dx.doi.org/10.1016/j.dr.2017.05.001


Table 1
List of studies where children are taught reasoning skills.

Study Notes

Feuerstein et al. (1980) See Romney and Samuels (2001) for a meta-analysis of effects on disparate outcomes; Picture Completion trained with
alternate pictures

Levinson (1971) Spatial Group is trained with materials from the Stanford-Binet test; Verbal Group is trained in word concepts not
included in the posttest

Riding and Powell (1987) Some lessons like Completing Series and Find the Pattern may be very similar to matrix reasoning
Klauer (1998) Some lessons such as Cross-Classification & Systems Construction are very similar to matrix reasoning. See Klauer and

Phye (1994)
Olton and Crutchfield

(1969)
Lessons are mysteries and hypotheticals to be solved using productive thinking; program emphasizes thinking of
multiple solutions as opposed to being worried of finding the correct solution the first time

Kafadar, Akıncı, and Çakır
(2014)

Children underwent training tasks to improve memory, attention, and reasoning for Verbal, Numeric, and Visual tasks
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data from the immediate posttest. Another study included three experimental groups with one control, all included execu-
tive functioning training but two additional groups included verbalization and switching stimuli. We only included the basic
executive function training in this meta-analysis. This left us with eight studies.

Results
We found eight studies, contributing one effect size each, on 740 children who underwent executive function training for

at least two weeks. Results indicated that executive function training may raise a child’s IQ (g = 0.151, 95%CI = 0.006 to 0.296;
see Fig. 4). There was no evidence for heterogeneity within the sample (Q(7) = 10.47, p > 0.233; I2 = 23.6%, p > 0.233).

Robustness checks. Meta-analytic outliers: There were no meta-analytic outliers present in this analysis; all externally stu-
dentized residuals fell below 1.

Missing Studies (Publication Bias): We found evidence of missing studies (publication bias) in this data. To test this, as the
number of studies was so small, we used the trim and fill method (Duval and Tweedie, 2000) which has been shown to have
high power to detect moderate to severe publication bias even in small meta-analyses (Idris, 2012). This method showed
evidence of publication bias through imputing three studies in four iterations. To adjust for this bias, we ran both a WLS
and PEESE estimator. The WLS estimator returned the same estimate (ES = 0.151) but with wider confidence intervals which
included zero 95%CI = �0.044 to 0.346). Furthermore, the PEESE estimator also returned a smaller, non-significant estimate
(ES = 0.023, 95%CI = �0.088 to 0.134). Therefore, there exists evidence for publication bias in the literature on training
children’s Executive Functioning. The degree of this bias is enough to conclude that there is not enough evidence to believe
such training reliably increases IQ. p-hacking adjustment: The was one study to produce statistically significant results
at posttest (Zhao, Wang, Liu, & Zhou, 2011). We therefore shrunk their effect sizes to 0.5, which would represent
Fig. 4. Effects of executive function training on the IQ of children. Notes: Karbach and Kray (2009) is effortful control training; TONI analyzed for Jaeggi et al.
(2011) due to nonstandard administration of the RSPM. WLS estimates corrected for publication bias shown for overall effect.
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p = 0.0505; and again shrunk the effect sizes to 0.288, which would represent p = 0.099. Doing so shrunk the overall effect
size, which does not alter the results from the p-hacking adjustment. Therefore, if the results from Zhao et al., 2011 were p-
hacked from marginal to statistical significance, we would not see an effect of executive function training on IQ (although
this would entail p-hacking from 0.5 to 1.107, which we find very unlikely). We do not believe this is the case, and would
not suggest one to ever conclude a researcher engaged in questionable research practices without explicit evidence. What
this does highlight, however, is how the change of one estimate can influence the interpretation of results.

Finally, there was one study we included in this meta-analysis where the control group received treatment in speed of
processing training (Mackey, Hill, Stone, & Bunge, 2011); as the control group received a non-innocuous treatment the
results from this study may underrepresent the true effect size. It could be argued that this would make the inclusion of this
study more conservative if the speed-of processing training also had an effect on IQ.

Overall, more work is needed in training school-aged children on executive functions to see if it reliably raises their intel-
ligence, especially at the latent level due to concerns over the specific posttests used. Results from adults suggest executive
function training may increase visual mental rotation skills but not underlying intelligence at the latent level (e.g. Colom
et al., 2013).

Finally, it is becoming clearer that executive function training may not be an unconditional causal effect; meaning, the
effects may be moderated by such factors as personality (Schwaighofer et al., 2015; in adults) or temperament (Studer-
Luethi, Bauer, & Perrig, 2015; in children). If this turns out to be true across experiments, we will not be able to make claims
about whether executive function training is effective. The truth may be more complicated.

Music lessons and IQ: a meta-analysis

Musicians have many advantages over non-musicians. Other than the ability to make beautiful music, people who know
how to play a musical instrument score higher on standardized achievement tests (Hetland and Winner, 2001), exhibit bet-
ter executive functions (Bugos, Perlstein, McCrae, Brophy, & Bedenbaugh, 2007), have higher IQs (Forgeard, Winner, Norton,
& Schlaug, 2008) and higher levels of latent g (Silvia, Thomas, Nusbaum, Beaty, & Hodges, 2016). Children who choose to
learn a musical instrument, however, are very different from those who do not; coming from wealthier, two-parent homes
(Kinney, 2010), for example. Some studies have shown that musical students do no better on cognitive tests once a host of
confounds are taken into account (Elpus, 2013). This is why it is important to investigate the experimental evidence.

Methods
Two studies were excluded because one used only one subtest of an IQ measure (Rauscher, Shaw, & Ky, 1993) and one

only taught children musical concepts instead of a musical instrument and did not have enough data to calculate an effect
size (Moreno et al., 2011).

Results
We found five RCTs where children learned to play a music instrument. These five studies contributed six effect sizes over

303 participants (see Fig. 5). These interventions involved instruction and practice on musical instruments multiple times
per week for many weeks. All participants had no prior training.
Fig. 5. Effects of learning to play a musical instrument on IQ.
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We found that teaching a child a musical instrument raises their IQ by over a third of a standard deviation (g = 0.421, 95%
CI = 0.196 to 0.646; see Fig. 5). In addition, there was no evidence for heterogeneity in this sample (Q(5) 4.68, p > 0.466;
I2 = 0%).

Robustness checks. Meta-analytic outliers: There were no meta-analytic outliers present in this analysis; all externally
studentized residuals fell below 1.

Missing Studies (Publication Bias): There was mixed evidence of missing studies (publication bias) in our data. Estimation
using the Egger test showed no evidence for bias (p > 0.572); this test, however, has low power in a meta-analysis of this size
to detect bias (Idris, 2012). We also tested publication bias using the more powerful trim and fill method which showed
possible evidence of small publication bias. This method, however, also has a tendency towards inflated type I errors
(Idris, 2012). We therefore carried out corrections to possible missing studies using multiple estimators (following Reed
et al., 2015). The WLS estimator correcting for publication bias produced the same coefficient as the standard estimate
(g = 0.421) but with a larger confidence interval (95%CI = 0.137 to 0.704) that remained statistically significant. The PEESE
estimator also returned a similar coefficient (g = 0.42, 95%CI = �0.356 to 1.197) but did not show evidence for publication
bias (p > 0.97). Finally, for an added check, testing publication bias using the Vevea and Hedges (1995) Weight-Function
Model also showed no evidence of publication bias at the level of p = 0.1 (p > 0.228). Therefore, there is little reason to
suspect missing studies and most corrections for this possibility do not alter the results. p-hacking adjustment: There
was one study to produce statistically significant results at posttest (Schellenberg, 2004). We therefore shrunk their effect
sizes to 0.493, which would represent p = 0.0505; and again shrunk the effect sizes to 0.413, which would represent
p = 0.099. Though the meta-analytic effect sizes were attenuated, (g = 0.373, 95%CI = 0.148 to 0.598; g = 0.356,
95%CI = 0.131 to 0.581), they remained statistically significant. Therefore, if the results from Schellenberg were p-hacked
from marginal to statistical significance, we would still see the effect of learning to play a musical instrument on IQ.

Clustering of effect sizes: One study included two musical experimental groups using the same control group
(Schellenberg, 2004). Removing the higher effect size also does not change the results.

Imputed missing study: A study in Los Angeles randomly assigned 29 students to learn a musical instrument for a year or
be added to the waitlist to learn the instrument the following year (Slater, Tierney, & Kraus, 2013). One of the measures taken
at posttest was the Wechsler Abbreviated Scale of Intelligence, a short form IQ test (D. Strait, personal communication).
Unfortunately, the data from this intervention are not yet available and so it cannot be added to this meta-analysis. However,
if we impute the data as having absolutely no effect (ES = 0; worst case plausible scenario) we find that the overall effect size
shrinks to a still significant 0.351 (95%CI = 0.146 to 0.557). Not only would the results of our analysis remain significant, the
updated meta-analytic effect size including the worst case scenario would still be within the original confidence interval.

Discussion
To understand how learning to play a musical instrument would raise IQ, we try to understand what can be seen across all

of these studies. First, only two of the studies included learning to read sheet music (Costa-Giomi, 1999; Schellenberg, 2004),
while the other two did not. Second, some studies focused on a ‘‘high-brow” instrument like the piano (Costa-Giomi, 1999;
Schellenberg, 2004), while others focused on more ‘‘low-brow” instruments like percussion (Kaviani et al., 2013). Therefore,
we find it unlikely that any increase is due to priming or expectation effects. Third, two studies included active control
groups (drama: Schellenberg, 2004; painting: Moreno et al., 2009); while the other two did not. This suggests the results
are unlikely to be due to Hawthorne effects, but does not prove so. In addition, this result seems to be specific to learning
to create music (learning an instrument). Simply exposing preschool children to music environments, for example, allowing
them to freely dance to music, and singing to and with them does not confer any benefit to IQ (Mehr, Brady, Katz, & Spelke,
2013).

Instead, we argue (very speculatively), musical instrument instruction may raise IQ through strengthening white matter
tracts in the prefrontal cortex associated with rhythm perception and discrimination. Rhythm perception and discrimination
are one of a family of sensory discrimination tasks (Troche and Rammsayer, 2009). Rhythm ability can be tested a number of
ways, two of the most common being discriminating whether two beats have the same rhythms, or tapping in time to a beat
and continuing after the beat ends. Musicians are unsurprisingly more accurate at these tasks than non-musicians (Chen,
Penhune, & Zatorre, 2008; Rammsayer et al., 2012). Randomly assigning children to learn a musical instrument increases this
rhythm ability as well (Slater et al., 2013).

Rhythm ability is related to general intelligence. People who have a better sense of rhythm have higher IQs (Madison,
Forsman, Blom, Karabanov, & Ullén, 2009). This remains true when controlling for other forms of sensory discrimination
and measuring intelligence as g as opposed to an IQ score (Rammsayer and Brandler, 2007). In addition, these relationships
remain when controlling for speed of processing and working memory (Troche and Rammsayer, 2009; Troche and
Rammsayer, 2011) and complex reaction time (Helmbold, Troche, & Rammsayer, 2007). Overall, sensory discrimination,
of which rhythm ability is a part, is directly related to general intelligence. Crucially, aside from being related, intelligence
and rhythm ability share white matter tracts in the prefrontal cortex (Ullén, Forsman, Blom, Karabanov, & Madison, 2008)—
part of the brain network for intelligence (Jung and Haier, 2007).

Thus, learning to play a musical instrument raises two separate correlates of g, IQ scores and rhythm ability. These two
separate correlates of g share some of the same neural architecture. Therefore, we propose that the reason learning to play a
musical instrument raises intelligence could be through strengthening white matter tracts used in rhythm ability and
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sensory discrimination, white matter tracts that are shared by general intelligence. To prove this mechanism, research
should focus on the causal effect of learning to play a musical instrument on such shared white matter tracts. Though we
believe this is a plausible account, we are scientists, not logicians. As such, very little can be guaranteed. Music training
may only increase working memory, or some other component of intelligence.

Supplemental evidence canhelp strengthen the case for this sharedwhite-matter tractsmechanism. Changes in otherwhite
matter tracts have already been shown in response to memory training (Engvig et al., 2012), mental calculation training (Hu
et al., 2011), juggling training (Scholz, Klein, Behrens, & Johansen-Berg, 2009). Separately, training children in rhythm and tap-
ping alone (without music instruments) causes an increase in academic achievement (Taub, McGrew, & Keith, 2007; Taub,
McGrew, & Keith, 2015). Though the evidence here does not prove this causal mechanism, the weight of evidence suggests
it would be a profitable place to look to better understand the causal effect of learning to play a musical instrument on IQ.

General discussion

Overview of nutrition interventions

The work presented here shows that multivitamins and iodine supplementation reliably raises the IQs of mildly deficient
children. The results from other nutrients are either not reliable or absent. It is important to stress that the above work only
uses children who are mildly deficient for overall nutrient intake.

This work is relatively silent on the effects of supplementing children who are not nutritionally deficient. The work on
multivitamins suggests that complementing an already replete diet with either multivitamins or iodine would not have
an effect on IQ. In addition, there may be dangers of over–supplementation to children who are nutritionally replete. Work
should be conducted in a safe manner on non-deficient children to examine the effects of such supplementation on IQ.

It should be noted that some of these studies are conducted in non-Western countries. Some could consider this a source
of bias in the use of IQ tests that are created and normed on Western samples. Most studies, however, use some version of
non-verbal tests such as the Ravens Coloured Progressive Matrices (Raven, Raven, & Court, 1962) or the Test of Nonverbal
Intelligence (Brown, Sherbenou, & Johnsen, 1988) or the Cattell Culture Free Intelligence Test (Cattell and Cattell, 1960;
exceptions to this are: Nidich et al., 1993; Shrestha, 1994, and Osendarp et al., 2007). Debate on whether these non-
verbal tests measure intelligence similarly in non-Western samples is beyond the scope of this paper. However, if a nutrient
deficiency can lower scores on a test purporting to measure intelligence, and the remediation of that deficiency can raise
scores on that test, that stands as evidence towards the validity that the test is indeed measuring some underlying ability
(Wilson, 2005). This is hardly definitive and a better treatment of this debate can be found elsewhere (e.g. Brouwers,
Mishra, & Van de Vijver, 2006; Jensen, 1998; Sternberg and Grigorenko, 2004).

Overview of environmental interventions

We see that executive function training may not have an effect on IQ; however, the results may also be limited to mental
rotation skills. This would be in line with the results from adulthood. Either way, more work in school-aged children is
needed before drawing any firm conclusions. The implications of whether EF training can transfer to intelligence has strong
theoretical implications. Theories of the development of intelligence often rely on the assumption of causal connections
between executive functioning and the rest of cognitive life (e.g. Kovacs and Conway, 2016). The ability for EF training to
transfer is central to testing the causal implication of such arguments. While the results of such training have not upheld
in adults (e.g. Melby-Lervåg et al., 2016), it has been suggested that this failure of transfer may be due to ceiling effects
in individuals Executive functioning due to the ubiquity of use in daily life (Oberauer, 2016). If this line of reasoning is cor-
rect, the promise of increasing EF in childhood should hold the promise of not only transfer, but also tests of the validity of
the causal connections between EF and g. The results of this synthesis do not unanimously uphold such causal connections,
so it may be that EF, while trainable, is not causally related to intelligence (see Protzko, 2016b).

Learning to play a musical instrument, as shown here, raises the IQ of children. We posit that the reason this occurs is
from strengthening the white matter tracts in the PFC that are shared by both general intelligence and rhythm ability. Neu-
rological work is needed to confirm our prediction as this mechanism.

One concern with a project of this type is some may believe that the evidence provided here somehow excludes other
causal possibilities. This paper is silent on such variables as schooling, family income, and literacy (e.g. Ritchie, Bates, &
Plomin, 2015) as potential causes in intellectual development. It would be mistaken to assume that because they are
excluded, this manuscript is claiming they could not be causes. To our knowledge there is no RCT that randomly assigned
children to either attend or not attend school; no RCT that randomly assigned children to grow up in wealthy or poor homes;
no RCT that teaches only some children to read. Quasi-experimental, ‘‘natural” experiments, regression discontinuity
designs, and advanced statistical analyses have argued that schooling increases IQ (e.g. Cahan and Cohen, 1989; Ceci and
Williams, 1997; Winship and Korenman, 1997; Brinch and Galloway; 2012); while others argue this increase is not to g
but instead to extraneous variance on IQ tests (e.g. Ritchie et al., 2015; Tommasi et al., 2015) or school does not raise IQ
at all (Brouwers et al., 2006). Similar arguments have been made regarding socioeconomic status (e.g. Hansen,
Heckman, & Mullen, 2002; Reardon, 2011), as cash transfers to poor families have not shown positive effects on IQ
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(Paxson and Schady, 2010), for example. While we are strong proponents of such approaches when individual-level RCTs are
not possible, that is not the aim of this paper.

Potential limitations

The goal of this paper is not to be the final word on raising intelligence in school-aged children—but instead to be the
aggregation and analysis of all of the fully causal work on the subject to date. This analysis is subject to the same limitation
as any meta-analysis, that of inclusion criteria. We argue that the criteria we used are a benefit and not a limitation.

Focusing on individual-level RCTs removes the possibility of including cluster-randomized interventions (e.g. classroom,
school, village), ‘‘natural” experiments, and advanced statistical analyses (instrumental variable, propensity-score). The rea-
son for the restriction to individual-level randomization is to create a set of studies that only conform to the gold standard of
causal analysis. Cluster-randomized studies, such as classroom- or school-randomized studies, can approximate individual-
level counterfactual causal claims only under certain conditions, minimally such as having at least four to seven clusters
(classrooms, schools, villages) per condition and the analysis taking into account the nesting of individuals within clusters
on top of demonstrating a lack of or at least accounting for biases between clusters (e.g. Torgerson and Torgerson, 2008).
Most of the cluster-randomized trials in intelligence research fall short of these minimums (see Herrnstein et al., 1986,
for example).

It should also not be assumed that every RCT is perfectly conducted. Many of these problems, such as transfer of infor-
mation from experimental to control groups, or efficacy of the manipulation, are likely to downward bias all results. Aggre-
gating experimental studies via meta-analysis is one way to prevent imperfections of a single study from influencing an
entire field. Again, we believe the wealth of experimental data on raising intelligence is not fully known or appreciated.
Meta-analyses are only as good as the data they contain. As more work is done in these fields, we can get a clearer picture
of the causal efficacy of environments in the development and raising of intelligence.

The first step in much of science is to establish causality—to establish that x causes y. In this case, to establish that certain
environmental manipulations cause changes in intelligence. Once causality can be established, then searches for mecha-
nisms and moderators can commence. It is the goal of this investigation to first assess the plausibility of causality. The ques-
tion of whether the effects are moderated by study characteristics depends on first showing heterogeneity across studies.
This heterogeneity was not found in the meta-analyses on multivitamins, executive function training, or learning to play
a musical instrument. Unfortunately, power to detect heterogeneity with either the Q or I2 is low in meta-analyses with
low number of studies (Huedo-Medina et al., 2006) and cannot be completely discounted.

Range restriction is also a topic of concern. Specifically, participants in most of these studies represent those drawn from
poverty. This causes a downward restriction in the total variance of intelligencewithin the samples.While this does not cause
problems forwithin-study causal estimates (due to randomization), it doesmake understanding the generalizability to the rest
of the population difficult. An intuitive fix would be to replace the sample standard deviations with population standard devi-
ations (15 for IQ). This creates an unnecessarily conservative approach that necessarily depressed effect estimates. To under-
stand the likely effect size in non-restricted populations, more advanced corrections for range restriction must be pursued.

As children in these studies generally come from impoverished environments, the cause of the range restriction is partly
due to pre-existing cognitive ability, and partly due to other factors. As such, we can correct for this direct and indirect range
restriction to understand the likely effects of the interventions to broader populations.2 We therefore conducted a correction
for range restriction on the meta-analytic estimates (see Hunter, Schmidt, & Le, 2006) for music training only to find the ‘prac-
tical’ IQ points return (see below). Correcting for range restriction in the nutritional interventions assumes homogeneity of
results across populations. For multivitamins, we know this is untrue. For iodine, we do not know empirically but are doubtful
iodine supplementation in non-deficient populations will have any effect.

The topic of raising intelligence is extremely important and extremely contentious. The belief that intelligence cannot be
raised is strong (Haier, 2014; for example) and is unlikely to ever completely go away. The purpose of this project, and this
paper, is to provide the scientific audience with a complete account of the experimental evidence on raising intelligence. If
readers are concerned about the small number of studies, we suggest they are looking at the wrong number. These analyses
are over hundreds if not thousands of children. The strongest causal evidence cannot be ignored, the inclusion of supplemen-
tary evidence would at best fall in line with the causal evidence, and at worst bias the results.

Wemake every effort to include every intervention in our study thatmeets the inclusion criteria.We also acknowledge that
additional studiesmayexist; somemayevenbeunderwayat the timeofwriting andpublication. It is for this reason thatweare
updating continually as new studies are published and file drawers are opened.We invite scientists in all fieldswho have com-
pleted or are in the process of conducting studies thatmeet our inclusion criteria to send their results or relevant publications.

Are the gains to IQ gains to Intelligence?
There is a danger of equatingmanifest scoreswith latent traits. Although IQ tests represent exceptionally valid indicators of

the underlying latent trait (e.g. Jensen, 1998), changes in the test do not necessarily correspond to changes in the trait. Work
on non-experimental groups have often showed group differences to IQ do not correlate with latent intelligence differences
2 We would like to thank Dr. Huy Le for his clarification on this point.
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Table 2
List of all studies included in this meta-analysis. Effect size estimates have been trimmed to 3 decimal places. (H) indicates substantial heterogeneity.

Type of intervention Citation nE nC ES Test used Country

Multivitamins
Maseck and Engr (1980) 11 8 0.142 PPVT USA
Nelson et al. (1990) 25 25 0.385 Heim AH4 UK
Nelson et al. (1990) 80 80 0.072 Heim AH4 UK
Crombie et al. (1990) 26 47 �0.013 RCPM UK
Todman et al. (1991) 36 36 0.267 DH-4 UK
Benton and Cook (1991) 22 22 0.866 BAS UK
Nidich et al. (1993) 18 16 0.018 C-FIT USA
Southon et al. (1994) 10 9 0.367 WISC-R UK
Southon et al. (1994) 12 20 �0.147 WISC-R UK
Snowden (1997) 11 7 1.027 Calvert UK
Naismith, Nelson, Burley, and Gatenby (1988) 77 77 0.035 WISC-R UK
Wender 11 7 0.613
Schoenthaler, Bier, Young, Nichols, and Jansenns (2000) 125 120 0.221 WISC-R nv USA
Solon et al. (2003) 185 183 �0.018 PMAT Philippines
Khan et al. (2004) 56 55 �0.086 RCPM Bangladesh
Osendarp et al. (2007) 66 70 0 g Australia
Osendarp et al. (2007) 61 54 �0.130 g Indonesia
Nga et al. (2011) 114 119 0.167 RCPM Vietnam

Overall effect 0.097, 95%CI = 0.006 to 0.187

Iodine supplementation
Shrestha (1994) 72 72 3.017 gF Malawi
Huda, Grantham-McGregor, and Tomkins (2001) 145 142 0.087 RCPM Bangladesh
Zimmerman et al. (2006) 159 151 0.586 RCPM Albania
Gordon et al. (2009) 84 82 0.19 Composite New Zealand

Overall Effect 0.531, 95%CI = 0.394 to 0.668 (H)

Iron supplementation
Gopaldes, Kale, and Bhardwaj (1985) 5 4 0.82 G-WISC India
Gopaldes et al. (1985) 4 4 0.794 G-WISC India
Pollitt et al. (1985) 19 21 0 PPVT Egypt
Soemantri (1989) 37 35 0.091 RCPM Indonesia
Pollitt, Hathirat, Kotchabhakdi, Missell, and Valyasevi (1989) 605 605 0 RCPM Thailand
Shrestha (1994) 76 72 1.298 gF Malawi
Lynn and Harland (1998) 208 205 0.156 RSPM UK
Sungthong et al. (2004) 139 122 �0.5 TONI-II Thailand
Rico et al. (2006) 138 128 �0.293 PPVT Mexico

Overall effect 0.032, 95%CI = �0.048 to 0.111 (H)

EF training
Rueda, Rothbart, McCandliss, Saccomanno, and Posner (2005) 12 12 0.1 KABC USA
Karbach and Kray (2009) 14 14 0.461 RSPM Germany
Zhao et al. (2011) 16 17 1.107 RSPM China
Studer-Luethi et al. (2015) 34 31 0.158 RAPM Switzerland
Jaeggi et al. (2011) 32 30 0.15 RSPM USA

32 30 �0.075 TONI USA
Mackey et al. (2011) 17 11 0.257 TONI USA
Roberts et al. (2016) 205 205 0.079 WISC Australia
Lee (2014) 25 25 �0.03 TONI USA
Wang, Zhou, and Shah (2014) 20 20 0.54 RSPM China; 20 days group

Overall effect 0.151, 95%CI = �0.044 to 0.346

Musical instrument
Costa-Giomi (1999) 32 35 0 DCAT Canada
Schellenberg (2004) 30 36 0.484 WISC Canada
Schellenberg (2004) 32 36 0.72 WISC Canada
Kaviani et al. (2013) 30 30 0.513 SB-IV Iran
Moreno et al. (2009) 16 16 0.45 WISC-III Portugal
Nering (2002) 10 10 0.357 WPPSI/WISC USA

Overall effect 0.421, 95% CI = 0.196 to 0.646
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(e.g. Flynn, teNijenhuis, &Metzen, 2014), however these studies often fail to test tomake sure the groups are retaining the same
factor structure (e.g. Wicherts et al., 2004), a minimal requirement for latent-level group comparisons (see Jensen, 1998).
Experimental tests have shown that retest effects increase IQ without altering g (Estrada, Ferrer, Abad, Román, & Colom,
2015). Intense early interventions, however, have shown to raise both IQ scores and latent g (Protzko, 2016a).
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Fully testing for these effects require access to either the raw data of covariance matrices, neither of which we have
access. Looking at patterns across subtests may be worthwhile, but this requires that we are correct about the causal struc-
ture of human abilities. If, for example, a hierarchical model is the true underlying causal model of human cognitive abilities,
then gains to g should be proportional to sub-factors based on the loading from g. If, however, a bi-factor model is correct,
gains to g can be seen without any increase to specialized abilities. This dichotomy of predictions represents a strong falsi-
fication test of the two models, and should be the focus of future experimental psychometric work (see Protzko, 2016b).

If all of the results here are to latent intelligence, then it represents another step forward in the understanding of the small
but non-negligible effects of environmental differences on the development of intelligence. If the results are consistently not
to latent intelligence, then it is important to understand what, if any, practical implications exist. Non-g variance of IQ tests
still has predictive utility for both academic and economic outcomes (Coyle and Pillow, 2008; Woodley, 2012; respectively).
Conclusion

The present work has been a collection of nearly all of the data on raising the intelligence of school–aged children (see
Table 2). From our analyses, we may draw the following tentative conclusions:

� Studies supplementing inadequate diets with multivitamins raised IQ
� Studies remediating mild iodine deficiency raised IQ
� Studies involving teaching a musical instrument raised IQ. After correcting for range restriction, this corresponded to an
increase of 4.002 IQ points in the population.

We currently lack the data to determine whether any of the other interventions we examined are effective. Some of these
meta-analyses are also met with heterogeneity, meaning more work needs to be done in each of these fields before we can be
firm in our conclusions. The methods here provide stricter controls on experimental methodology and intelligence measures
than have been conducted in previous meta-analyses (explained in the inclusion criteria).

This analysis suggests some new avenues of research, aside from the need for additional replication. The analysis of iodine
supplementation brings up the question of whether supplementing replete children would confer any benefit to IQ. It also
brings up the possibility that supplementing deficient individuals would alter the white-matter architecture of their brain.
The analysis of music instruction suggests rhythm may be correlated with IQ and specifically training rhythm in children
may raise their IQ without the need to learn a musical instrument directly. What is most important is to understand that
the results presented here also tell us about the sample sizes needed to further investigate effects. In the analysis with the lar-
gest effects (iodine supplementation), to achieve 80% power in future investigations requires a sample size of 57 participants
per group. This grows larger as we move to interventions with smaller effects, such as learning to play a musical instrument
(sample size for 80% power would be n = 94 per group). This is larger than any previous investigation, suggesting future inves-
tigations will also have to greatly increase the size of samples to confirm these effects as well as provide well-powered tests.

Future research should also focus on what factors may moderate the effectiveness of these interventions. Moderation of
environmental effects on intelligence can include genetic moderation (e.g. Söderqvist, Matsson, Peyrard-Janvid, Kere, &
Klingberg, 2013) or moderation by other psychological variables (e.g. Studer-Luethi et al., 2015). An environmental effect
with no net effect may indeed have strong effects in a sub-population. An effect with strong net effects may have none in
others. Finding, and more importantly, replicating these moderations will better help us understand the interplay of what
small environmental effects may exist in intelligence.

In the end, it would be nicer if the bulk of our experimental knowledge pointed to a consistent story: yes intelligence can
be raised by anything; no intelligence cannot be raised at all. The truth, however, is under no obligation to be a unified story
to us. There have been hundreds of attempts to raise intelligence, some of them fail, some of them succeed. Focusing only on
studies which push a narrative (i.e. mutability, immutability) prevents the field from seeing the whole picture. Not every-
thing works—but some things do.
Acknowledgments

We would like to thank the following authors for sending us their data needed for this project: Drs. Sashi Chiplonkar,
Kasia Kordas, Julia Karbach, and Barbara Studer-Luethi. We would also like to thank Robert Sternberg for his comments
on an earlier draft of this paper; as well as Dave Geary, Michael Woodley of Menie, and the two anonymous reviewers
for their help making this a stronger paper.
References

⁄ = studies that were included in a meta-analysis

⁄Benton, D., & Cook, R. (1991). Vitamin and mineral supplements improve the intelligence scores and concentration of 6-year-old children. Personality and
Individual Differences, 12, 1151–1158.
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
trolled trials. Developmental Review (2017), http://dx.doi.org/10.1016/j.dr.2017.05.001

http://refhub.elsevier.com/S0273-2297(16)30014-4/h0005
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0005
http://dx.doi.org/10.1016/j.dr.2017.05.001


J. Protzko /Developmental Review xxx (2017) xxx–xxx 17
⁄Costa-Giomi, E. (1999). The effects of three years of piano instruction on children’s cognitive development. Journal for Research in Music Education, 47(3),
198–212.

⁄Crombie, I. K., Todman, J., McNeill, G., Florey, Cd. u. V., Menzies, I., & Kennedy, R. A. (1990). Effect of vitamin and mineral supplementation on verbal and
non-verbal reasoning of schoolchildren. Lancet, 335, 744–747.

⁄Gopaldes, T., Kale, M., & Bhardwaj, P. (1985). Prophylactic iron supplementation for underprivileged school boys II. Impact on selected tests of cognitive
function. Indian Pediatrics, 22, 737–743.

⁄Gordon, R. C., Rose, M. C., Skeaff, S. A., Gray, A. R., Morgan, K. M. D., & Ruffman, T. (2009). Iodine supplementation improves cognition in mildly iodine-
deficient children. American Journal of Clinical Nutrition, 90, 1264–1271.

⁄Huda, S. N., Grantham-McGregor, S. M., & Tomkins, A. (2001). Cognitive and motor functions of iodine deficient but euthyroid children in Bangladesh do
not benefit from iodized poppy seed oil (Lipiodol). Journal of Nutrition, 131, 72–77.

⁄Jaeggi, S. M., Buchkuehl, M., Lonides, J., & Shah, P. (2011). Short- and long-term benefits of executive function training. Proceedings of the National academy
of Sciences of the United States of America, 108(25), 10081–10086.

⁄Karbach, J., & Kray, J. (2009). How useful is executive control training? Age differences in near and far transfer of task-switching training. Developmental
Science, 12(6), 978–990.

⁄Kaviani, H., Mirbaha, H., Pournaseh, M., & Sagan, O. (2013). Can music lessons increase the performance of preschool children in IQ tests? Cognitive
Processing, 1–8.

⁄Khan, M. A., Haseen, F., Jalal, C. S., Rahman, M., Akter, S., Huda, S. N., Ellipsis & Hyder, S. Z. (2004). Effects of a multiple micronutrient beverage supplement
on haematologic, iron, vitamin A and growth status and cognitive development and school performance among adolescent girls in Bangladesh. Nutrition
research unit Research and Evaluation Division BRAC.

⁄Lee, S. E. (2014). The impact of working memory training on third-grade students’ reading fluency and reading comprehension performance (Doctoral
dissertation). Carbondale, IL: Southern Illinois University Carbondale.

⁄Lynn, R., & Harland, P. (1998). A positive effect of iron supplementation on the IQs of iron deficient children. Personality and Individual Differences, 24,
883–885.

⁄Maseck, D., & Engr, B. A. (1980). Vitamins: The get-smarter pills? Journal of Orthomolecular Psychiatry, 9, 58–65.
⁄Moreno, S., Marques, C., Santos, A., Santos, M., Castro, S. L., & Besson, M. (2009). Musical training influences linguistic abilities in 8-year-old children: More

evidence for brain plasticity. Cerebral Cortex, 19, 712–723.
⁄Naismith, D. J., Nelson, M., Burley, V. J., & Gatenby, S. J. (1988). Can children’s intelligence be increased by vitamin and mineral supplements? Lancet, 332

(8606), 335.
⁄Nelson, M., Naismith, D. J., Burley, V., Gatenby, S., & Geddes, N. (1990). Nutrient intakes, vitamin-mineral supplementation, and intelligence in British

schoolchildren. British Journal of Nutrition, 64, 13–22.
⁄Nering, M. E. (2002). The effect of piano and music instruction on intelligence of monozygotic twins PhD diss. University of Hawai’i.
⁄Nga, T. T., Winichagoon, P., Dijkhuizen, M. A., Khan, N. C., Wasantwisut, E., & Wieringa, F. T. (2011). Decreased parasite load and improved cognitive

outcomes caused by deworming and consumption of multi-micronutrient fortified biscuits in rural Vietnamese schoolchildren. The American Journal of
Tropical Medicine and Hygiene, 85(2), 333–340.

⁄Nidich, S. I., Morehead, P., Nidich, R. J., Sands, D., & Sharma, H. (1993). The effect of Maharishi Student Rasayana on non-verbal intelligence. Personality and
Individual Differences, 15(5), 599–602.

⁄Osendarp, S. J., Baghurst, K. I., Bryan, J., Calvaresi, E., Hughes, D., ... Transler, C. (2007). Effect of a12-mo micronutrient intervention on learning and memory
in well-nourished and marginally nourished school- aged children: two parallel, randomized, placebo-controlled studies in Australia and Indonesia.
American Journal of Clinical Nutrition, 86(4), 1082–1093.

⁄Pollitt, E., Hathirat, P., Kotchabhakdi, N. J., Missell, L., & Valyasevi, A. (1989). Iron deficiency and educational achievement in Thailand. American Journal of
Clinical Nutrition, 50, 687–697.

⁄Pollitt, E., Soemantri, A. G., Yunis, F., & Scrimshaw, N. S. (1985). Cognitive effects of iron- deficiency anemia [Letter to the editor]. The Lancet, 325(8421), 158.
⁄Rico, J. A., Kordas, K., López, P., Rosado, J. L., Vargas, G. G., Ronquillo, D., ... Stoltzfus, R. J. (2006). Efficacy of iron and/or zinc supplementation on cognitive

performance of lead- exposed Mexican schoolchildren: a randomized, placebo-controlled trial. Pediatrics, 117(3), e518–e527.
⁄Roberts, G., Quach, J., Spencer-Smith, M., Anderson, P. J., Gathercole, S., Gold, L., . . . & Wake, M. (2016). Academic outcomes 2 years after working memory

training for children with low working memory: A randomized clinical trial. JAMA Pediatrics.
⁄Rueda, M. R., Rothbart, M. K., McCandliss, B. D., Saccomanno, L., & Posner, M. I. (2005). Training, maturation and genetic influences on the development of

executive attention. Proceedings of the National Academy of Sciences, 102, 4931–4936.
⁄Schellenberg, E. G. (2004). Music lessons enhance IQ. Psychological Science, 15, 511–514.
⁄Schoenthaler, S. J., Bier, I. D., Young, K., Nichols, D., & Jansenns, S. (2000). The effect of vitamin-mineral supplementation on the intelligence of American

schoolchildren: A randomized, double-blind placebo-controlled trial. The Journal of Alternative and Complementary Medicine, 6(1), 19–29.
⁄Shrestha, R. (1994). Effect of iodine and iron supplementation on physical, psychomotor and mental development in primary school children in Malawi.

Landbouwuniversiteit te Wageningen.
⁄Snowden, W. (1997). Evidence from an analysis of 2000 errors and omissions made in IQ tests by a small sample of school- children, undergoing vitamin

and mineral supplementation, that speed of processing is an important factor in IQ performance. Personality and Individual Differences, 22, 131–134.
⁄Soemantri, A. G. (1989). Preliminary findings on iron supplementation and learning achievement of rural Indonesian children. American Journal of Clinical

Nutrition, 50, 698–702.
⁄Soemantri, A. G., Pollitt, E., & Kim, I. (1985). Iron deficiency anemia and educational achievement. American Journal of Clinical Nutrition, 42, 1221–1228.
⁄Solon, F. S., Sarol, J. N., Jr., Bernardo, A. B., Solon, J. A. A., Mehansho, H., Sanchez-Fermin, L. E., ... Juhlin, K. D. (2003). Effect of a multiple-micronutrient-

fortified fruit powder beverage on the nutrition status, physical fitness, and cognitive performance of schoolchildren in the Philippines. Food Nutrition
Bulletin, 24, S129–S140.

⁄Southon, S., Wright, A. J. A., Finglas, P. M., Bailey, A. L., Loughridge, J. M., & Walker, A. D. (1994). Dietary intake and macronutrient status of adolescents:
effect of vitamin and trace element supplement on indices of status and performance in tests of verbal and non- verbal intelligence. British Journal of
Nutrition, 71, 887–918.

⁄Studer-Luethi, B., Bauer, C., & Perrig, W. J. (2015). Working memory training in children: Effectiveness depends on temperament. Memory & Cognition,
1–16.

⁄Sungthong, R., Mo-suwan, L., Chongsuvivatwong, V., & Geater, A. F. (2004). Once-weekly and 5-days a week iron supplementation differentially affect
cognitive function but not school performance in Thai children. The Journal of Nutrition, 134(9), 2349–2354.

⁄Todman, J., Crombie, I., & Elder, L. (1991). An individual difference test of the effect of vitamin supplementation on non-verbal IQ. Personality and Individual
Differences, 12, 1333–1337.

⁄Wang, Z., Zhou, R., & Shah, P. (2014). Spaced cognitive training promotes training transfer. Frontiers in Human Neuroscience, 8, 5–10. http://dx.doi.org/
10.3389/fnhum.2014.00217 217.

⁄Zhao, X., Wang, Y. X., Liu, D. W., & Zhou, R. L. (2011). Effect of updating training on fluid intelligence in children. Chinese Science Bulletin, 56, 2202–2205.
⁄Zimmermann, M. B., Connolly, K., Bozo, M., Bridson, J., Rohner, F., & Grimci, L. (2006). Iodine supplementation improves cognition in iodine-deficient

schoolchildren in Albania: A randomized, controlled, double-blind study. American Journal of Clinical Nutrition, 83, 108–114.
Adams, M. J. (1986). Odyssey: A curriculum for thinking. Mastery Education Corporation.
Baker, D., Knipe, H., Collins, J., Leon, J., Cummings, E., Blair, C., & Gamson, D. (2010). One hundred years of elementary school mathematics in the United

States: A content analysis and cognitive assessment of textbooks from 1900 to 2000. Journal for Research in Mathematics Education, 383–423.
Barbey, A. K., Koenigs, M., & Grafman, J. (2012). Dorsolateral prefrontal contributions to human working memory. Cortex, 49, 1195–1205.
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
trolled trials. Developmental Review (2017), http://dx.doi.org/10.1016/j.dr.2017.05.001

http://refhub.elsevier.com/S0273-2297(16)30014-4/h0010
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0010
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0015
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0015
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0020
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0020
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0025
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0025
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0030
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0030
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0035
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0035
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0040
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0040
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0045
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0045
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0050
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0050
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0055
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0055
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0065
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0070
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0070
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0075
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0075
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0080
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0080
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0085
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0090
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0090
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0090
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0095
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0095
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0990
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0990
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0990
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0100
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0100
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0105
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0110
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0110
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0115
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0115
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0120
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0125
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0125
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0130
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0130
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0135
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0135
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0140
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0145
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0145
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0145
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0150
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0150
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0150
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0155
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0155
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0160
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0160
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0165
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0165
http://dx.doi.org/10.3389/fnhum.2014.00217
http://dx.doi.org/10.3389/fnhum.2014.00217
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0175
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0180
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0180
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0185
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0195
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0195
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0200
http://dx.doi.org/10.1016/j.dr.2017.05.001


18 J. Protzko /Developmental Review xxx (2017) xxx–xxx
Bates, C. J., Thurniam, D. I., & Powers, H. J. (1988). Letter to the Editor. The Lancet, 331, 407.
Bautista, A., Barker, P. A., Dunn, J. T., Sanchez, M., & Kaiser, D. L. (1982). The effects of oral iodized oil on intelligence, thyroid status, and somatic growth in

school-age children from an area of endemic goiter. American Journal of Clinical Nutrition, 35, 127–134.
Benton, D. (1988). Letter to the Editor. The Lancet, 331, 408–409.
Benton, D. (2001). Micro-nutrient supplementation and the intelligence of children. Neuroscience and Biobehavioral Reviews, 25(4), 297–309.
Benton, D., & Buts, J. P. (1990). Vitamin/mineral supplementation and intelligence. The Lancet, 335(8698), 1158–1160.
Benton, D., & Roberts, G. (1988). Effect of vitamin and mineral supplementation on intelligence of a sample of schoolchildren. The Lancet, 331(8578),

140–143.
Blair, C. (2006). How similar are fluid cognition and general intelligence? A developmental neuroscience perspective on fluid cognition as an aspect of

human cognitive ability. Behavioral and Brain Sciences, 29(2), 109–124.
Bleichrodt, N., & Born, M. P. (1994). A metaanalysis of research on iodine and its relationship to cognitive development. In J. B. Stanbury (Ed.), The Damaged

Brain of Iodine Deficiency, 195–200. New York: Cognizant Communication.
Briley, D. A., & Tucker-Drob, E. M. (2013). Explaining the increasing heritability of cognitive ability across development: a meta-analysis of longitudinal twin

and adoption studies. Psychological Science, 24, 1704–1713.
Brinch, C. N., & Galloway, T. A. (2012). Schooling in adolescence raises IQ scores. Proceedings of the National Academy of Sciences, 109(2), 425–430.
Brouwers, S. A., Mishra, R. C., & Van de Vijver, F. J. (2006). Schooling and everyday cognitive development among Kharwar children in India: A natural

experiment. International Journal of Behavioral Development, 30(6), 559–567.
Brown, L., Sherbenou, R. J., & Johnsen, S. K. (1988). Test of nonverbal intelligence. Austin, TX: Pro-Ed.
Brydges, C. R., Fox, A. M., Reid, C. L., & Anderson, M. (2014). The differentiation of executive functions in middle and late childhood: A longitudinal latent-

variable analysis. Intelligence, 47, 34–43.
Bugos, J. A., Perlstein, W. M., McCrae, C. S., Brophy, T. S., & Bedenbaugh, P. H. (2007). Individualized piano instruction enhances executive functioning and

working memory in older adults. Aging and Mental Health, 11(4), 464–471.
Cahan, S., & Cohen, N. (1989). Age versus schooling effects on intelligence development. Child Development, 60, 1239–1249.
Calzà, L., Fernandez, M., & Giardino, L. (2010). Cellular approaches to central nervous system remyelination stimulation: Thyroid hormone to promote

myelin repair via endogenous stem and precursor cells. Journal of Molecular Endocrinology, 44(1), 13–23.
Card, N. A. (2012). Applied meta-analysis for social science research. Guilford Press.
Cattell, R. B., & Cattell, A. K. S. (1960). Culture Fair Intelligence Tests. Champaign, IL: Institute for Personality and Ability Testing.
Cavan, K. R., Gibson, R. S., Grazioso, C. F., Isalgue, A. M., Ruz, M., & Solomons, N. W. (1993). Growth and body composition of periurban Guatemalan children

in relation to zinc status: A longitudinal zinc intervention trial. The American Journal of Clinical Nutrition, 57(3), 344–352.
Ceci, S. J., & Williams, W. M. (1997). Schooling, intelligence, and income. American Psychologist, 52(10), 1051–1058.
Chen, J. L., Penhune, V. B., & Zatorre, R. J. (2008). Moving on time: Brain network for auditory-motor synchronization is modulated by rhythm complexity

and musical training. Journal of Cognitive Neuroscience, 20(2), 226–239.
Colom, R., Román, F. J., Abad, F. J., Shih, P. C., Privado, J., Froufe, M., ... Jaeggi, S. M. (2013). Adaptive n-back training does not improve fluid intelligence at the

construct level: Gains on individual tests suggest that training may enhance visuospatial processing. Intelligence, 41(5), 712–727.
Coyle, T. R., & Pillow, D. R. (2008). SAT and ACT predict college GPA after removing ‘‘g”. Intelligence, 36, 719–729.
Davies, G., Tenesa, A., Payton, A., Yang, J., Harris, S. E., Liewald, D., ... McGhee, K. (2011). Genome-wide association studies establish that human intelligence

is highly heritable and polygenic. Molecular Psychiatry, 16(10), 996–1005.
Deinard, A. S., List, A., Lindgren, B., Hunt, J. V., & Chang, P. N. (1986). Cognitive deficits in iron-deficient and iron-deficient anaemic children. Journal of

Pediatrics, 108, 681–689.
Dussault, J. H., & Ruel, J. (1987). Thyroid hormones and brain development. Annual Review of Physiology, 49, 321–334.
Duval, S., & Tweedie, R. (2000). A nonparametric ‘‘trim and fill” method of accounting for publication bias in meta-analysis. Journal of the American Statistics

Association, 95(449), 89–98.
Elliot, A. J., Maier, M. A., Moller, A. C., Friedman, R., & Meinhardt, J. (2007). Color and psychological functioning: The effect of red on performance attainment.

Journal of Experimental Psychology: General, 136(1), 154.
Elpus, K. (2013). Is it the music or is it selection bias? A nationwide analysis of music and non-music students’ SAT scores. Journal of Research in Music

Education, 61(2), 175–194.
Engle, R. W., Kane, M. J., & Tuholski, S. W. (1999). Individual differences in working memory capacity and what they tell us about controlled attention,

general fluid intelligence, and functions of the prefrontal cortex. Models of Working Memory: Mechanisms of Active Maintenance and Executive Control,
102–134.

Engvig, A., Fjell, A. M., Westlye, L. T., Moberget, T., Sundseth, Ø., Larsen, V. A., & Walhovd, K. B. (2012). Memory training impacts short-term changes in aging
white matter: a longitudinal diffusion tensor imaging study. Human Brain Mapping, 33(10), 2390–2406.

Estrada, E., Ferrer, E., Abad, F. J., Román, F. J., & Colom, R. (2015). A general factor of intelligence fails to account for changes in tests’ scores after cognitive
practice: A longitudinal multi-group latent-variable study. Intelligence, 50, 93–99.

Eysenck, H. J., & Schoenthaler, S. J. (1997). Raising IQ level by vitamin and mineral supplementation. In R. Sternberg & E. Grigorenko (Eds.), Intelligence,
heredity and environment (pp. 363–392). Cambridge, UK: Cambridge University Press.

Falkingham, M., Abdelhamid, A., Curtis, P., Fairweather-Tait, S., Dye, L., & Hooper, L. (2010). The effects of oral iron supplementation on cognition in older
children and adults: A systematic review and meta-analysis. Nutrition Journal, 9(4), 1–16.

Ferrer, E., Whitaker, K. J., Steele, J. S., Green, C. T., Wendelken, C., & Bunge, S. A. (2013). White matter maturation supports the development of reasoning
ability through its influence on processing speed. Developmental Science, 16(6), 941–951.

Feuerstein, R., Rand, Ya’acov, Hoffman, M. B., & Miller, R. (1980). Instrumental enrichment: An intervention program for cognitive modifiability. Baltimore:
University Park Press.

Feyrer, J., Politi, D., & Weil, D. N. (2013). The Economic Effects of Micronutrient Deficiency: Evidence from Salt Iodization in the United States. NBERWorking
Paper.

Field, A. P. (2001). Meta-analysis of correlation coefficients: A Monte Carlo comparison of fixed- and random-effects methods. Psychological Methods, 6,
161–180.

Finn, A. S., Kraft, M. A., West, M. R., Leonard, J. A., Bish, C. E., Martin, R. E., ... Gabrieli, J. D. (2014). Cognitive skills, student achievement tests, and schools.
Psychological Science, 25(3), 736–744.

Flynn, J. R., te Nijenhuis, J., & Metzen, D. (2014). The g beyond Spearman’s g: Flynn’s paradoxes resolved using four exploratory meta-analyses. Intelligence,
44, 1–10.

Forgeard, M., Winner, E., Norton, A., & Schlaug, G. (2008). Practicing a musical instrument in childhood is associated with enhanced verbal ability and
nonverbal reasoning. PLoS ONE, 3(10), e3566.

Grantham-McGregor, S., & Ani, C. (2001). A review of studies on the effect of iron deficiency on cognitive development in children. The Journal of Nutrition,
131(2), 649S–668S.

Haier, R. J. (2014). Increased intelligence is a myth (so far). Frontiers in Systems Neuroscience, 8(34), 1–3.
Hansen, K., Heckman, J., & Mullen, K. (2002). Educational Attainment, Ability and Test Scores. working paper, University of Chicago.
Haworth, C. M. A., Wright, M. J., Luciano, M., Martin, N. G., De Geus, E. J. C., Van Beijsterveldt, C. E. M., ... Plomin, R. (2010). The heritability of general

cognitive ability increases linearly from childhood to young adulthood. Molecular Psychiatry, 15(11), 1112–1120.
Hedges, L. V. (1981). Distribution theory for Glass’s estimator of effect size and related estimators. Journal of Educational Statistics, 6(2), 107–128.
Heckman, J. J. (2006). Skill formation and the economics of investing in disadvantaged children. Science, 312(5782), 1900–1902.
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
trolled trials. Developmental Review (2017), http://dx.doi.org/10.1016/j.dr.2017.05.001

http://refhub.elsevier.com/S0273-2297(16)30014-4/h0205
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0210
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0210
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0215
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0220
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0225
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0230
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0230
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0235
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0235
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0240
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0240
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0245
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0245
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0250
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0260
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0260
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0265
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0270
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0270
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0275
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0275
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0280
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0285
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0285
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0290
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0295
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0300
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0300
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0305
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0310
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0310
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0325
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0325
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0330
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0330
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0340
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0340
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0345
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0345
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0350
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0355
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0355
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0355
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0360
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0360
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0365
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0365
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0370
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0370
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0370
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0375
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0375
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0375
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0385
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0385
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0390
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0390
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0395
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0395
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0400
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0400
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0405
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0405
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0415
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0415
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0420
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0420
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0425
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0425
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0430
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0430
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0435
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0435
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0440
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0450
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0450
http://refhub.elsevier.com/S0273-2297(16)30014-4/h9000
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0455
http://dx.doi.org/10.1016/j.dr.2017.05.001


J. Protzko /Developmental Review xxx (2017) xxx–xxx 19
Helmbold, N., Troche, S., & Rammsayer, T. (2007). Processing of temporal and nontemporal information as predictors of psychometric intelligence: A
structural-equation-modeling approach. Journal of Personality, 75(5), 985–1006.

Herrnstein, R. J., & Murray, C. (1994). The bell curve: The reshaping of American life by differences in intelligence. New York: Free.
Herrnstein, R. J., Nickerson, R. S., de Sanchez, M., & Swets, J. A. (1986). Teaching thinking skills. American Psychologist, 41(11), 1279–1289.
Hetland, L. (2000). Learning to make music enhances spatial reasoning. Journal of Aesthetic Education, 34(3–4), 179–238.
Hetland, L., & Winner, E. (2001). The arts and academic achievement: What the evidence shows. Arts Education Policy Review, 102(5), 3–6.
Hu, Y., Geng, F., Tao, L., Hu, N., Du, F., Fu, K., & Chen, F. (2011). Enhanced white matter tracts integrity in children with abacus training. Human Brain Mapping,

32(1), 10–21.
Huck, S. W., & McLean, R. A. (1975). Using a repeated measures ANOVA to analyze the data from a pretest-posttest design: A potentially confusing task.

Psychological Bulletin, 82(4), 511–518.
Huedo-Medina, T. B., Sánchez-Meca, J., Marín-Martínez, F., & Botella, J. (2006). Assessing heterogeneity in meta-analysis: Q statistic or I2 index? Psychological

Methods, 11(2), 193–206.
Hunter, J. E., Schmidt, F. L., & Le, H. (2006). Implications of direct and indirect range restriction for meta-analysis methods and findings. Journal of Applied

Psychology, 91(3), 594–612.
Idjradinata, P., & Pollitt, E. (1993). Reversal of developmental delays in iron-deficient anaemic infants treated with iron. The Lancet, 341(8836), 1–4.
Idris, N. R. N. (2012). A comparison of methods to detect publication bias for meta-analysis of continuous data. Journal of Applied Sciences, 12(13),

1413–1417.
Ismail, A. H. (1967). The effects of a well-organized physical education programme on intellectual performance. Research in Physical Education, 1, 31–38.
Jaschke, A. C., Eggermont, L. H., Honing, H., & Scherder, E. J. (2013). Music education and its effect on intellectual abilities in children: A systematic review.

Reviews in the Neurosciences, 24(6), 665–675.
Jensen, A. R. (1969). How much can we boost IQ and scholastic achievement? Harvard Educational Review, 39(1), 1–123.
Jensen, A. R. (1998). The g factor: The science of mental ability. Westport, CT: Praeger.
Jung, R. E., & Haier, R. J. (2007). The Parieto-Frontal Integration Theory (P-FIT) of intelligence: Converging neuroimaging evidence. Behavioral and Brain

Sciences, 30(2), 135–154.
Kafadar, H., Akıncı, Z., & Çakır, B. (2014). Long-term effect of IQ Up Cognitive Development Method on the development of cognitive process in children.

American International Journal of Social Science, 3(4), 88–97.
Kanaya, T., Ceci, S. J., & Scullin, M. H. (2005). Age differences within secular IQ trends: An individual growth modeling approach. Intelligence, 33(6), 613–621.
Karbach, J., & Verhaeghen, P. (2014). Making working memory work a meta-analysis of executive-control and working memory training in older adults.

Psychological Science, 25(11), 2027–2037.
Kashyap, P., & Gopaldes, R. (1987). Impact of hematinic supplementation on cognitive function in underprivileged school girls (8–15 yrs of age). Nutrition

Research, 7, 1117–1126.
Kester, M. H., de Mena, R. M., Obregon, M. J., Marinkovic, D., Howatson, A., Visser, T. J., ... Morreale de Escobar, G. (2004). Iodothyronine levels in the human

developing brain: Major regulatory roles of iodothyronine deiodinases in different areas. Journal of Clinical Endocrinology and Metabolism, 89,
3117–3128.

Kinney, D. W. (2010). Selected nonmusic predictors of urban students’ decisions to enroll and persist in middle school band programs. Journal of Research in
Music Education, 57(4), 334–350.

Klauer, K. J. (1998). Inductive reasoning and fluid intelligence: A training approach. Advances in Cognition and Educational Practice, 5, 261–289.
Klauer, K.J., & Phye, G. D. (1994). Executive function training for children: A developmental program of inductive reasoning and problem solving. Hogrefe &

Huber Pub.
Klingberg, T., Fernell, E., Olesen, P., Johnson, M., Gustafsson, P., Dahlstrom, K., ... Westerberg, H. (2005). Computerized training of working memory in

children with ADHD: A randomized, controlled trial. Journal of the American Academy of Child and Adolescent Psychiatry, 44, 177–186.
Kovacs, K., & Conway, A. R. (2016). Process overlap theory: A unified account of the general factor of intelligence. Psychological Inquiry, 27(3), 151–177.
Levinson, E. J. (1971). The modification of intelligence by training in the verbalization of word definitions and simple concepts. Child Development, 42(5),

1361–1380.
Lozoff, B., De Andraca, I., Castillo, M., Smith, J. B., Walter, T., & Pino, P. (2003). Behavioral and developmental effects of preventing iron-deficiency anemia in

healthy full-term infants. Pediatrics, 112(4), 846–854.
MacFarlane, A. (1988). Letter to the Editor. The Lancet, 331, 408.
Mackey, A. P., Hill, S. S., Stone, S. I., & Bunge, S. A. (2011). Differential effects of reasoning and speed training in children. Developmental Science, 14, 582–590.
Madison, G., Forsman, L., Blom, Ö., Karabanov, A., & Ullén, F. (2009). Correlations between intelligence and components of serial timing variability.

Intelligence, 37(1), 68–75.
Mehr, S. A., Brady, A. M., Katz, R. C., & Spelke, E. S. (2013). Two Randomized Trials Provide No Consistent Evidence for Nonmusical Cognitive Benefits of Brief

Preschool Music Enrichment.
Melby-Lervåg, M., & Hulme, C. (2013). Is working memory training effective? A meta-analytic review. Developmental Psychology, 49(2), 270–291.
Melby-Lervåg, M., Redick, T. S., & Hulme, C. (2016). Working memory training does not improve performance on measures of intelligence or other measures

of ‘‘far transfer” evidence from a meta-analytic review. Perspectives on Psychological Science, 11(4), 512–534.
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. (2000). The unity and diversity of executive functions and their

contributions to complex ‘‘frontal lobe” tasks: A latent variable analysis. Cognitive Psychology, 41(1), 49–100.
Moffitt, T. E., & Silva, P. A. (1988). IQ and delinquency: A direct test of the differential detection hypothesis. Journal of Abnormal Psychology, 97(3), 330–333.
Moreno, S., Bialystock, E., Barac, R., Schellenberg, E. G., Cepeda, N. J., & Chau, T. (2011). Short-term music training enhances verbal intelligence and executive

function. Psychological Science, 22(11), 1425–1433.
Muthayya, S., Eilander, A., Transler, C., Thomas, T., van der Knaap, H. C. M., Srinivasan, K., ... Kurpad, A. V. (2009). Effect of fortification with multiple

micronutrients and n-3 fatty acids on growth and cognitive performance in Indian schoolchildren: The CHAMPION (Children’s Health and Mental
Performance Influenced by Optimal Nutrition) Study. American Journal of Clinical Nutrition, 89, 1766–1775.

Nisbett, R. E., Aronson, J., Blair, C., Dickens, W., Flynn, J., Halpern, D. F., & Turkheimer, E. (2012). Intelligence: New findings and theoretical developments.
American Psychologist, 67(2), 130–159.

NYC DoE FAQ, 2013 <http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&ved=0CE0QFjAC&url=http%3A%2F%2Fschools.
nyc.gov%2FNR%2Frdonlyres%2F6CA3B9DE-55B4-4E06-A334-59F18A8E9A7F%2F0%2FNYCGiftedandTalentedScoreReportFAQforParents_426.pdf&ei=
o6tuUrWKIKOriQL714H4AQ&usg=AFQjCNHYvAZWd3XZLAizYCJpOCQps8pbyw&sig2=obWSds0yyrYnUVvEUT7DBQ>.

Oberauer, K. (2016). Parameters, not processes, explain general intelligence. Psychological Inquiry, 27(3), 231–235.
Olton, R. M., & Crutchfield, R. S. (1969). Developing the skills of productive thinking. Trends and issues in developmental psychology. New York: Holt, Rinehart &

Winston, 68–91
Panizzon, M. S., Vuoksimaa, E., Spoon, K. M., Jacobson, K. C., Lyons, M. J., Franz, C. E., ... Kremen, W. S. (2014). Genetic and environmental influences on

general cognitive ability: Is g a valid latent construct? Intelligence, 43, 65–76.
Paxson, C., & Schady, N. (2010). Does money matter? The effects of cash transfers on child development in rural Ecuador. Economic Development and Cultural

Change, 59(1), 187–229.
Pietschnig, J., & Voracek, M. (2015). One Century of Global IQ Gains A Formal Meta-Analysis of the Flynn Effect (1909–2013). Perspectives on Psychological

Science, 10(3), 282–306.
Pollitt, E. (1997). Iron deficiency and educational deficiency. Nutrition Reviews, 55(4), 133–140.
Protzko, J. (2016a). Does the raising IQ-raising g distinction explain the fadeout effect? Intelligence, 56, 65–71.
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
trolled trials. Developmental Review (2017), http://dx.doi.org/10.1016/j.dr.2017.05.001

http://refhub.elsevier.com/S0273-2297(16)30014-4/h0460
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0460
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0465
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0470
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0475
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0480
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0485
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0485
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0490
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0490
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0495
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0495
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0495
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0500
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0500
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0505
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0510
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0510
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0520
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0530
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0530
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0535
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0540
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0545
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0545
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0550
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0550
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0550
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0550
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0550
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0555
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0560
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0560
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0565
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0565
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0570
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0570
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0570
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0580
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0580
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0585
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0595
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0595
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0600
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0605
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0605
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0615
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0615
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0620
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0625
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0630
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0630
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0640
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0645
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0645
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0645
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0650
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0650
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0650
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0655
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0660
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0660
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0665
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0665
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0665
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0670
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0670
http://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=3%26cad=rja%26ved=0CE0QFjAC%26url=http%3A%2F%2Fschools.nyc.gov%2FNR%2Frdonlyres%2F6CA3B9DE-55B4-4E06-A334-59F18A8E9A7F%2F0%2FNYCGiftedandTalentedScoreReportFAQforParents_426.pdf%26ei=o6tuUrWKIKOriQL714H4AQ%26usg=AFQjCNHYvAZWd3XZLAizYCJpOCQps8pbyw%26sig2=obWSds0yyrYnUVvEUT7DBQ
http://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=3%26cad=rja%26ved=0CE0QFjAC%26url=http%3A%2F%2Fschools.nyc.gov%2FNR%2Frdonlyres%2F6CA3B9DE-55B4-4E06-A334-59F18A8E9A7F%2F0%2FNYCGiftedandTalentedScoreReportFAQforParents_426.pdf%26ei=o6tuUrWKIKOriQL714H4AQ%26usg=AFQjCNHYvAZWd3XZLAizYCJpOCQps8pbyw%26sig2=obWSds0yyrYnUVvEUT7DBQ
http://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=3%26cad=rja%26ved=0CE0QFjAC%26url=http%3A%2F%2Fschools.nyc.gov%2FNR%2Frdonlyres%2F6CA3B9DE-55B4-4E06-A334-59F18A8E9A7F%2F0%2FNYCGiftedandTalentedScoreReportFAQforParents_426.pdf%26ei=o6tuUrWKIKOriQL714H4AQ%26usg=AFQjCNHYvAZWd3XZLAizYCJpOCQps8pbyw%26sig2=obWSds0yyrYnUVvEUT7DBQ
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0680
http://refhub.elsevier.com/S0273-2297(16)30014-4/h9050
http://refhub.elsevier.com/S0273-2297(16)30014-4/h9050
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0700
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0700
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0705
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0705
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0710
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0715
http://dx.doi.org/10.1016/j.dr.2017.05.001


20 J. Protzko /Developmental Review xxx (2017) xxx–xxx
Protzko, J. (2016b). Effects of cognitive training on the structure of intelligence. Psychonomic Bulletin & Review, 1–10.
Protzko, J., Aronson, J., & Blair, C. (2013). How to make a young child smarter evidence from the database of raising intelligence. Perspectives on Psychological

Science, 8(1), 25–40.
Qian, M., Wang, D., Watkins, W. E., Gebski, V., Yan, Y. Q., Li, M., ... Chen, Z. P. (2005). The effects of iodine on intelligence in children: A meta-analysis of

studies conducted in China. Asia Pacific Journal of Clinical Nutrition, 14(1), 32–42.
Ramey, C. T., & Campbell, F. A. (1991). Poverty, early childhood education, and academic competence: The Abecedarian experiment. Children in Poverty: Child

Development and Public Policy, 190–221.
Rammsayer, T. H., & Brandler, S. (2007). Performance on temporal information processing as an index of general intelligence. Intelligence, 35(2), 123–139.
Rammsayer, T. H., Buttkus, F., & Altenmueller, E. (2012). Musicians do better than nonmusicians in both auditory and visual timing tasks. Music Perception:

An Interdisciplinary Journal, 30(1), 85–96.
Rauscher, F. H., Shaw, G. L., & Ky, K. N. (1993). Music and spatial task performance. Nature, 365(6447), 611.
Raven, J. C., Raven, J. C., & Court, J. H. (1962). Coloured progressive matrices. London: HK Lewis.
Reardon, S. F. (2011). The widening academic achievement gap between the rich and the poor: New evidence and possible explanations. Whither

Opportunity, 91–116.
Reed, W. R., Florax, R. J., & Poot, J. (2015). A Monte Carlo analysis of alternative meta- analysis estimators in the presence of publication bias (No. 2015–9).

Economics Discussion Papers.
Riding, R. J., & Powell, S. D. (1987). The effect on reasoning, reading and number performance of computer-presented critical thinking activities in five-year-

old children. Educational Psychology, 7, 55–65.
Rimfeld, K., Kovas, Y., Dale, P. S., & Plomin, R. (2015). Pleiotropy across academic subjects at the end of compulsory education. Scientific Reports, 5.
Ritchie, S. J., Bates, T. C., & Plomin, R. (2015). Does learning to read improve intelligence? A longitudinal multivariate analysis in identical twins from age 7 to

16. Child Development, 86(1), 23–36.
Romney, D. M., & Samuels, M. T. (2001). A meta-analytic evaluation of Feuerstein’s Instrumental Enrichment program. Educational and Child Psychology, 18

(4), 19–34.
Rubin, D. M. (2004). Direct and indirect causal effects via potential outcomes. Scandinavian Journal of Statistics, 31, 162–170.
Rueda, M. R., Checa, P., & Combita, L. M. (2012). Enhances efficiency of the executive attention network after training in preschool children: Immediate and

after two months effects. Cognitive Developmental Neuroscience, 2S, S192–S204.
Sabaratnam, P., & Klein, J. D. (2006). Measuring youth development outcomes for community program evaluation and quality improvement: Findings from

Dissemination of the Rochester Evaluation of Asset Development for Youth (READY) tool. Journal of Public Health Management and Practice, 12, S88–S94.
Safer, D. J. (1986). Planning and administration nonpromotion correlates and outcomes at different grade levels. Journal of Learning Disabilities, 19(8),

500–503.
Schoenthaler, S. J., & Bier, I. D. (1998). Vitamin-mineral intake and intelligence: A macrolevel analysis of randomized controlled trials. The Journal of

Alternative and Complementary Medicine, 5(2), 125–134.
Scholz, J., Klein, M. C., Behrens, T. E., & Johansen-Berg, H. (2009). Training induces changes in white-matter architecture. Nature Neuroscience, 12(11),

1370–1371.
Schwaighofer, M., Fischer, F., & Bühner, M. (2015). Does working memory training transfer? A meta-analysis including training conditions as moderators.

Educational Psychologist, 50(2), 138–166.
Seshadri, S., & Gopaldes, T. (1989). Impact of iron supplementation on cognitive functions in pre-school and school-aged children: The Indian experience.

American Journal of Clinical Nutrition, 50, 675–686.
Shipstead, Z., Redick, T. S., & Engle, R. W. (2012). Is working memory training effective? Psychological Bulletin, 138(4), 628–654.
Silvia, P. J., Thomas, K. S., Nusbaum, E. C., Beaty, R. E., & Hodges, D. A. (2016). How Does Music Training Predict Cognitive Abilities? A Bifactor Approach to

Musical Expertise and Intelligence.
Simonsohn, U., Nelson, L. D., & Simmons, J. P. (2014). P-curve and effect size correcting for publication bias using only significant results. Perspectives on

Psychological Science, 9(6), 666–681.
Slater, J., Tierney, A., & Kraus, N. (2013). At-risk elementary school children with one year of classroom music instruction are better at keeping a beat. PLoS

ONE, 8(10), e77250.
Söderqvist, S., Matsson, H., Peyrard-Janvid, M., Kere, J., & Klingberg, T. (2013). Polymorphisms in the dopamine receptor 2 gene region influence

improvements during working memory training in children and adolescents. Journal of Cognitive Neuroscience, 1–9.
Soewondo, S., Husaini, M., & Pollitt, E. (1989). Effects of iron deficiency on attention and learning processes in pre-school children: Bandung, Indonesia.

American Journal of Clinical Nutrition, 50, 667–674.
Spitz, J. (1986). The raising of intelligence. Englewood, NJ: Erlbaum.
Stanley, T. D., & Doucouliagos, H. (2014). Meta-regression approximations to reduce publication selection bias. Research Synthesis Methods, 5(1), 60–78.
Sternberg, R. J., & Grigorenko, E. L. (2004). Intelligence and culture: How culture shapes what intelligence means, and the implications for a science of well-

being. Philosophical Transactions-Royal Society of London Series B Biological Sciences, 359(1449), 1427–1434.
Taub, G. E., McGrew, K. S., & Keith, T. Z. (2007). Improvements in interval time tracking and effects on reading achievement. Psychology in the Schools, 44(8),

849–863.
Taub, G. E., McGrew, K. S., & Keith, T. Z. (2015). Effects of improvements in interval timing on the mathematics achievement of elementary school students.

Journal of Research in Childhood Education, 29(3), 352–366.
te Nijenhuis, J., van Vianen, A. E. M., & van der Flier, H. (2007). Score gains on g-loaded tests: No g. Intelligence, 35, 283–300.
Terrin, N., Schmid, C. H., & Lau, J. (2005). In an empirical evaluation of the funnel plot, researchers could not visually identify publication bias. Journal of

Clinical Epidemiology, 58(9), 894–901.
Tommasi, M., Pezzuti, L., Colom, R., Abad, F. J., Saggino, A., & Orsini, A. (2015). Increased educational level is related with higher IQ scores but lower g-

variance: evidence from the standardization of the WAIS-R for Italy. Intelligence, 50, 68–74.
Torgerson, D. J., & Torgerson, C. J. (2008). Designing randomised trials in health, education and the social sciences: an introduction. Palgrave Macmillan.
Troche, S. J., & Rammsayer, T. H. (2011). Temporal information processing and mental ability: a new perspective. InMultidisciplinary Aspects of Time and Time

Perception (pp. 186–195). Springer, Berlin Heidelberg.
Troche, S. J., & Rammsayer, T. H. (2009). Temporal and non-temporal sensory discrimination and their predictions of capacity-and speed-related aspects of

psychometric intelligence. Personality and Individual Differences, 47(1), 52–57.
Tupe, R. P., & Chiplonkar, S. A. (2009). Zinc supplementation improved cognitive performance and taste acuity in Indian adolescent girls. Journal of the

American College of Nutrition, 28, 388–396.
Ullén, F., Forsman, L., Blom, Ö., Karabanov, A., & Madison, G. (2008). Intelligence and variability in a simple timing task share neural substrates in the

prefrontal white matter. The Journal of Neuroscience, 28(16), 4238–4243.
Venables, P. H., & Raine, A. (2015). The impact of malnutrition on intelligence at 3 and 11 years of age: The mediating role of temperament. Developmental

Psychology, 52(2), 205–220.
Vevea, J. L., & Hedges, L. V. (1995). A general linear model for estimating effect size in the presence of publication bias. Psychometrika, 60(3), 419–435.
Viechtbauer, W., & Cheung, M. W. L. (2010). Outlier and influence diagnostics for meta- analysis. Research Synthesis Methods, 1(2), 112–125.
Warthon-Medina, M., Moran, V. H., Stammers, A. L., Dillon, S., Qualter, P., Nissensohn, M., ... Lowe, N. M. (2015). Zinc intake, status and indices of cognitive

function in adults and children: A systematic review and meta-analysis. European Journal of Clinical Nutrition, 69, 649–661.
Watanabe, M., Kodama, T., & Hikosaka, K. (1997). Increase of extracellular dopamine in primate prefrontal cortex during a working memory task. Journal of

Neurophysiology, 78(5), 2795–2798.
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
trolled trials. Developmental Review (2017), http://dx.doi.org/10.1016/j.dr.2017.05.001

http://refhub.elsevier.com/S0273-2297(16)30014-4/h0720
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0725
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0725
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0730
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0730
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0735
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0735
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0740
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0745
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0745
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0750
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0755
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0760
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0760
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0770
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0770
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0775
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0780
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0780
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0790
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0790
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0795
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0800
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0800
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0805
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0805
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0810
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0810
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0815
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0815
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0820
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0820
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0825
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0825
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0830
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0830
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0835
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0850
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0850
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0855
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0855
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0860
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0860
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0865
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0865
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0870
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0875
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0885
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0885
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0890
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0890
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0895
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0895
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0900
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0905
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0905
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0915
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0915
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0920
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0930
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0930
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0935
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0935
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0945
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0945
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0955
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0955
http://refhub.elsevier.com/S0273-2297(16)30014-4/h9005
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0965
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0970
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0970
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0975
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0975
http://dx.doi.org/10.1016/j.dr.2017.05.001


J. Protzko /Developmental Review xxx (2017) xxx–xxx 21
Wentzel, K. R., & Erdley, C. A. (1993). Strategies for making friends: Relations to social behavior and peer acceptance in early adolescence. Developmental
Psychology, 29(5), 819–826.

Wicherts, J. M., Dolan, C. V., Hessen, D. J., Oosterveld, P., Van Baal, G. C. M., Boomsma, D. I., & Span, M. M. (2004). Are intelligence tests measurement
invariant over time? Investigating the nature of the Flynn effect. Intelligence, 32(5), 509–537.

Wilson, M. (2005). Constructing measures: An item response modeling approach. Mahwah, New Jersey: Lawrence Erlbaum Associates.
Winship, C., & Korenman, S. (1997). Does staying in school make you smarter? The effect of education on IQ in the bell curve. In B. Devlin, S. Fienberg, D.

Resnick, & K. Roeder (Eds.), Intelligence, Genes, and Success: Scientists respond to The Bell Curve (pp. 215–234). New York: Copernicus Press.
Woodley, M. A. (2012). The social and scientific temporal correlates of genotypic intelligence and the Flynn effect. Intelligence, 40, 189–204.
Yudkin, J. (1988). Letter to the Editor. The Lancet, 331, 407.
Zimmermann, M. B. (2011). The role of iodine in human growth and development. Seminars in Cell & Developmental Biology, 22(6), 645–652.
Zhou, S. J., Gibson, R. A., Crowther, C. A., Baghurst, P., & Makrides, M. (2006). Effect of iron supplementation during pregnancy on the intelligence quotient

and behavior of children at 4 y of age: long-term follow-up of a randomized controlled trial. American Journal of Clinical Nutrition, 83, 1112–1117.
Please cite this article in press as: Protzko, J. Raising IQ among school-aged children: Five meta-analyses and a review of randomized con-
trolled trials. Developmental Review (2017), http://dx.doi.org/10.1016/j.dr.2017.05.001

http://refhub.elsevier.com/S0273-2297(16)30014-4/h0980
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0980
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0985
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0985
http://refhub.elsevier.com/S0273-2297(16)30014-4/h0995
http://refhub.elsevier.com/S0273-2297(16)30014-4/h1000
http://refhub.elsevier.com/S0273-2297(16)30014-4/h1000
http://refhub.elsevier.com/S0273-2297(16)30014-4/h1005
http://refhub.elsevier.com/S0273-2297(16)30014-4/h1010
http://refhub.elsevier.com/S0273-2297(16)30014-4/h9025
http://refhub.elsevier.com/S0273-2297(16)30014-4/h1015
http://refhub.elsevier.com/S0273-2297(16)30014-4/h1015
http://dx.doi.org/10.1016/j.dr.2017.05.001

	Raising IQ among school-aged children: Five meta-analyses�and a review of randomized controlled trials
	Introduction
	Overview of analyses
	Nutritional supplements
	Multivitamins and intelligence: a meta-analysis
	Methods
	Results
	Robustness checks

	Discussion

	Iodine and IQ: a meta-analysis
	Methods
	Results
	Robustness checks

	Discussion

	Iron and IQ: a meta-analysis
	Methods
	Results
	Robustness checks


	Other nutrients and combinations of nutrients—a review
	Iodine and iron
	Zinc
	Zinc and iron


	Environmental changes on IQ
	Balance and coordination exercise
	Home academic support
	Reasoning training
	Executive function training: a meta-analysis
	Methods
	Results
	Robustness checks


	Music lessons and IQ: a meta-analysis
	Methods
	Results
	Robustness checks

	Discussion


	General discussion
	Overview of nutrition interventions
	Overview of environmental interventions
	Potential limitations
	Are the gains to IQ gains to Intelligence?


	Conclusion
	Acknowledgments
	References
	&lowast; = studies that were included in a meta-analysis



