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Abstract Visual-spatial working memory measures are wide-
ly used in clinical and experimental settings. Furthermore, it
has been argued that the male advantage in spatial abilities can
be explained by a sex difference in visual-spatial working
memory. Therefore, sex differences in visual-spatial working
memory have important implication for research, theory, and
practice, but they have yet to be quantified. The present meta-
analysis quantified the magnitude of sex differences in visual-
spatial working memory and examined variables that might
moderate them. The analysis used a set of 180 effect sizes
from healthy males and females drawn from 98 samples rang-
ing in mean age from 3 to 86 years. Multilevel meta-analysis
was used on the overall data set to account for non-
independent effect sizes. The data also were analyzed in sep-
arate task subgroups by means of multilevel and mixed-effects
models. Results showed a small but significant male advan-
tage (mean d = 0.155, 95 % confidence interval = 0.087-
0.223). All the tasks produced a male advantage, except for
memory for location, where a female advantage emerged. Age
of'the participants was a significant moderator, indicating that
sex differences in visual-spatial working memory appeared
first in the 13-17 years age group. Removing memory for
location tasks from the sample affected the pattern of
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significant moderators. The present results indicate a male
advantage in visual-spatial working memory, although age
and specific task modulate the magnitude and direction of
the effects. Implications for clinical applications, cognitive
model building, and experimental research are discussed.
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The existence of cognitive sex' differences has been under
debate recently, especially in the context that they are generally
small, suggesting that similarities between the sexes rather than
differences might be the rule in this domain (Hyde, 2005,
2014). Nevertheless, the male advantage in mental rotation is
noteworthy in producing medium to large effect sizes in meta-
analyses (Cohen’s d of 0.73 according to Linn & Petersen,
1985, and 0.56 according to Voyer, Voyer, & Bryden, 1995).
When focusing on specific tests, the Vandenberg and Kuse
Mental Rotations Test (MRT: Vandenberg & Kuse, 1978) pro-
duces the largest effect, with a magnitude of 0.94 reported by
Linn and Petersen (1985) and an effect size of 0.67 reported by
Voyer et al. (1995). In a more recent analysis, Maeda and Yoon
(2013) examined only the Purdue Visualization of Rotations
test and reported an overall effect size of 0.57 in favor of males.

Essentially, the existing data consistently point to mental
rotation as producing the largest sex difference in cognitive
performance. Therefore, it is not surprising that a large num-
ber of factors have been considered to account for this sex
difference (for a review, see Halpern, 2013). One of the pos-
sible explanations that began to receive attention only recently
relies on the notion that mental rotation requires the operation

! The term “sex” is used throughout as the present study is concerned
with biological sex rather than with gender, which is a social construct
(Torgrimson & Minson, 2005).
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of visual-spatial working memory (Christie et al., 2013; Hyun
& Luck, 2007; Kaufman, 2007; Logie, 1995; Prime &
Jolicoeur, 2010). In fact, this premise is accepted to the point
that Vecchi, Phillips, and Cornoldi (2001) grouped measures of
spatial abilities with visual-spatial working memory tasks. In
terms of mechanism, Wang and Carr (2014) proposed that the
ratio of visual-spatial to verbal working memory capacity de-
termines the strategies used to solve spatial tasks and, in turn,
the efficiency of the selected strategies affects performance.
Essentially, males, with their better visual-spatial working
memory, would select more effective holistic strategies, where-
as females with their superior verbal working memory would
select less effective analytic strategies, resulting in the observed
male advantage (Wang & Carr, 2014). Based on such a premise,
Kaufman (2007) hypothesized that sex differences in visual-
spatial working memory might underlie the male advantage.
He demonstrated this point by showing that visual-spatial
working memory completely mediated the relation between
sex and a spatial factor composed of two measures of mental
rotation (DAT-Spatial Relation, MRT), although the MRT also
had a large unique variance component accounted for by sex.
Essentially, these data support the notion that visual-spatial
working memory plays an important role both in mental rota-
tion and in the sex difference in such tasks (see also Loring-
Meier & Halpern, 1999 on this point).

If we are to accept the notion that sex difference account at
least in part for the male advantage in mental rotation, we need
to demonstrate a consistent male advantage in visual-spatial
working memory as well. Data on this point generally support
the presence of a male advantage, although contradictory data
also exist. Focusing mostly on a review of the evidence based
on the Corsi Blocks task, Wang and Carr (2014) concluded on
the existence of a male advantage in visual-spatial working
memory, which they distinguished from spatial short term mem-
ory. In contrast, Duff and Hampson (2001) reported a female
advantage in a task that involved the maintenance of location in
visual-spatial working memory. However, such a female advan-
tage seems to be an exception in the literature, at least according
to Wang and Carr. Nevertheless, considering that there exists no
systematic review of the literature concerning sex differences in
visual-spatial working memory and no meta-analysis has ever
examined that question, it is impossible to draw definite con-
clusions at this point. Accordingly, the purpose of the present
study was to conduct a meta-analysis of sex differences in
visual-spatial working memory. The goals of this analysis were
to quantify the overall findings as well as to examine potential
moderators of these sex differences.

Broad implications

So far, we have emphasized the relevance of potential sex
differences in visual-spatial working memory to their

@ Springer

relatively narrow implications for spatial abilities research.
However, visual-spatial working memory tasks also are used
widely for assessment and theory building in clinical (Alonso-
Recio, Martin-Plasencia, Loeches-Alonso, & Serrano-
Rodrigues, 2014; Barrett, Kelly, Bell, & King, 2008), devel-
opmental (Almela, van der Meij, Hidalgo, Villada, &
Salvador, 2012; Teixeira, Zachi, Roque, Taub, & Ventura,
2011), and purely experimental settings (Hegarty, Montello,
Richardson, Ishikawa, & Lovelace, 2006; Martin & Chaudry,
2014). Thus, visual-spatial working memory applies to many
contexts and knowing whether it produces sex differences has
important implications for how data are interpreted in these
various contexts. Essentially, if we determine that sex differ-
ences exist in visual-spatial working memory, it might require
an adjustment of norms in clinical settings, consideration of
potentially different developmental trajectories for males and
females, and additional components to existing theories. Yet,
sex as a factor often is ignored in this area of research, as we
discovered in our literature search. This means that the impli-
cations of the present paper go beyond establishing a potential
link between sex differences in visual-spatial working memo-
ry and spatial ability. This paper also has implications for how
we use visual-spatial working memory in clinical, develop-
mental, and experimental settings.

With this in mind, we will now proceed to define specifi-
cally what we mean by “visual-spatial working memory.”
This will be followed by the identification of potential mod-
erators that have found support in the literature.

Defining visual-spatial working memory

One issue that arises when attempting to define visual-spatial
working memory is that there are as many definitions of this
concept as there are theories used to explain its functioning.
Wang and Carr (2014) present an excellent summary of the
various theoretical perspectives and their implied definitions
for visual-spatial working memory. However, our goal in de-
fining visual-spatial working memory was to stay away from
any specific theory while remaining broad in the inclusiveness
of our definition. Therefore, throughout the present article, we
use the term visual-spatial working memory in a theory-
neutral manner to refer to the processes involved in the storage
of spatial or visual information over a limited period of time.
The studies that we sampled in our meta-analysis reflect this
general definition.

Identifying potential moderators

The identification of potential moderators is a crucial step in a
meta-analysis (Borenstein, Hedges, Higgins, & Rothstein,
2009), although it also is important to limit the number of
moderators considered to reduce the risk of Type 1 error in
hypothesis testing (Lipsey & Wilson, 2001). This is why
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Lipsey and Wilson (2001) suggested that the identification of
moderators should be based on what past researchers have
considered as important in their empirical studies.
Accordingly, the set of potential moderators that we have
identified in what follows stems from past literature.

Task The specific task used in a study is an obvious choice as
a moderator considering the contradictory findings as a func-
tion of task mentioned earlier. Specifically, as we have seen,
Wang and Carr (2014) found a male advantage in reviewing
the evidence available for the Corsi Blocks tasks, but they also
noted the female advantage observed by Duft and Hampson
(2001) in a task focusing on location.

The Corsi Blocks task is a fairly common measure of
visual-spatial working memory and it involves many varia-
tions presented under different names. In the classic imple-
mentation of this task, nine blocks are placed randomly in
front of the participant and the experimenter taps a number
of them on each trial. Participants are asked to reproduce the
order in which the blocks were tapped. The maximum number
of objects one can tap correctly is the measure of span.
Although some might view the Corsi task as a measure of
location memory, the fact that the blocks have to be tapped
in the correct order also is crucial. Therefore, the Corsi task
has both a location and sequencing component. Accordingly,
we categorized any task that involved such a location and
sequencing component under the Corsi Blocks label, even
though the authors of the specific study might have labelled
it otherwise.

In contrast, some researchers have used pure location tasks
as their measure of visual-spatial working memory. For exam-
ple, Duff and Hampson (2001) asked their participants to re-
member the location of matched pairs of stimuli. In this task,
only location mattered, not order of recall. In another variation
of the location memory task, participants are asked to associ-
ate a location with a specific pattern and they then have to
remember where a centrally presented pattern was presented
(Flannery et al., 2007). This requirement to recall the pattern
as well as the location adds a level of complexity to the task
that distinguishes it from a pure location task. Accordingly, it
was coded as a distinct task in the moderator analysis. The
Cambridge Neuropsychological Test Automated Battery
(CANTAB) Spatial Working Memory test is a variant of the
location task in that participants have to locate one token in an
array of boxes presented on a computer. However, because
they are told that the token will be presented in a different
box on each trial, participants have to recall where they found
items on previous trials. Therefore, the location aspect is com-
plicated by the need to remember an increasing number of
distractor locations as one progresses through the task.
Therefore, this task was coded as a distinct category under
the label “token.” The n-back task also is a well-known mea-
sure of working memory, although it might be more readily

associated with verbal working memory. In an example of a
visual-spatial working memory version of the n-back task,
Kalmady et al. (2013) asked participants to identify the loca-
tion of the dot that changed color immediately after it was
presented (0 back) or two trials before (2 back). Considering
that the direction of sex differences can vary as a function of
task, specific task is a potentially important moderator of sex
differences in visual-spatial working memory that was coded
in the present analysis.

Because location seems to be a central component of so
many tasks, it is important to distinguish the studies sampled
here from the ones that were sampled by Voyer, Postma,
Brake, and Imperato-McGinley (2007) in their meta-analysis
of sex differences in object location memory. Their analysis
focused mostly on tasks similar to the one proposed by
Silverman and Eals (1992), in which a large array of objects
is memorized and, after an intervening object identity memory
task, participants are tasked to identify moved and unmoved
objects. Essentially, the time interval between encoding and
retrieval is typically too long and the number of objects is too
numerous to fit within the limits of working memory (Cowan,
2008). Therefore, the location tasks included in the present
analysis are distinct from the type of task that was discussed
by Voyer et al. (2007).

Age of participants Age of participants is an obvious poten-
tial moderator in any meta-analyses of sex differences in cog-
nitive performance as cognitive abilities are well known to
change across the life span (Techentin, Voyer, & Voyer,
2014). Visual-spatial working memory is no exception con-
sidering that De Luca et al. (2003) showed clear changes in
visual-spatial working memory capacity across the life span.
Accordingly, age of participants was considered as a potential
moderator in the present analysis.

Medium of presentation The medium used for stimulus pre-
sentation method (e.g., computer or physical material as in the
original Corsi Blocks) could account for some variance that is
not relevant to visual-spatial working memory. In particular,
there is some evidence suggesting that males feel more posi-
tively about computers and that they are more comfortable in
their use than females (Cooper, 2006; Kay, 2006). This sex
difference still persists in more recent studies, despite the high
exposure of both sexes to computers in our modern world
(Scherer & Siddiq, 2015; Sieverding & Koch, 2009). If this
moderator proves significant, it will suggest the presence of a
third variable in the relation between sex and visual-spatial
working memory. However, it is important to keep in mind
that specific task and testing medium are confounded to some
extent. For example, the CANTAB measures of visual-spatial
working memory are always computerized, whereas the Corsi
Blocks test can be presented physically or on computer.
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Findings of an effect of testing medium will thus require cau-
tious interpretation, especially if an effect of task also is found.

Stimulus type The specific stimuli used in a given task typi-
cally are a constant within a given study, but they tend to vary
across tasks. For example, blocks, squares, or boxes are by far
the most common stimuli (Coluccia & Martello, 2004). The
use of dots or circles is quite common (Duff & Hampson,
2001; Evardone & Alexander, 2009). At this point, however,
it seems that whether stimulus type has an impact in terms of
performance or magnitude of sex differences remains an em-
pirical question. The need to consider this variable arises from
the possibility that verbalizable content might affect the result
of individual studies (Lejbak, Vrbancic, & Crossley, 2009).
For example, Lejbak et al. (2009) used not only dots and
circles but also common objects as stimuli, whereas Seghete,
Cservenka, Herting, & Nagel (2013) used alphanumeric char-
acters as stimuli. Both of these studies produced, at least, a
trend for a female advantage in their task. As these findings
suggest, the possibility that the use of verbalizable stimuli
might affect the magnitude or direction of sex differences in
visual-spatial working memory, stimulus type was coded as a
potential moderator.

Type of memory task: the distinction between recall and
recognition The distinction between recall and recognition is
crucial in memory research as these two processes sometimes
can produce opposite effects. For example, in the context of
verbal memory, MacLeod and Kampe (1996) reported poorer
recognition of high-frequency than low-frequency words for
recognition but no word frequency effect for recall. Recall and
recognition also are believed to involve somewhat different
cerebral networks, at least in the context of episodic memory
(Cabeza et al, 1997), and they often are presented as entailing
different cognitive processes (Johnson, 2013). Although there
seems to be a paucity of research examining the distinction
between these two processes in visual-spatial working mem-
ory, empirical and theoretical evidence suggest that it should
be considered as a moderator in any meta-analysis examining
a memory task. Therefore, this distinction was coded as a
variable reflecting the type of memory task. However, in this
case as well, specific task and instruction often are confound-
ed. For example, the Corsi Blocks task usually involves recall,
whereas pattern recognition obviously involves recognition.
Therefore, a significant effect of this moderator will call for a
closer look at the actual data.

Dependent variable Research on visual-spatial working
memory often uses memory span or accuracy of responses
as a dependent variable and these could be seen as reflecting
different process. Essentially, memory span directly quantifies
memory capacity, whereas accuracy has been presented as a
subcomponent of memory span (Unsworth, Redick, Heitz,
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Broadway, & Engle, 2009). Unsworth et al. (2009) also found
that processing time is correlated with memory span.
Therefore, it appears that span, accuracy, and response time
measure different components of memory capacity. In fact,
they can produce different results in the context of sex differ-
ences in visual-spatial working memory. For example, Lejbak,
Crossley, & Vrbancic (2011) reported a significant male ad-
vantage in an n-back task for accuracy but not for response
time. Accordingly, as studies of visual-spatial working mem-
ory typically use at least one of these dependent variables as a
measure of performance, this factor was coded as a potential
moderator. However, here as well, specific task and dependent
variable can be confounded. For example, the Corsi Blocks
task typically produces a measure of memory span, whereas n-
back tasks can involve accuracy and response time as depen-
dent variables but not span. This means that, in this case as
well, a closer look at the actual data might be required.

Current meta-analysis

Visual-spatial working memory is ubiquitous as a measure of
general functioning in clinical and lifespan development set-
tings. In addition, it often is viewed as an important compo-
nent of any theory of human memory. Therefore, the present
meta-analysis concerns the question of whether sex of partic-
ipants should be considered as a relevant factor when investi-
gating visual-spatial working memory in clinical and experi-
mental settings. Furthermore, the current meta-analysis ad-
dresses whether sex differences in visual-spatial working
memory warrant their hypothesized role in accounting for
sex differences in spatial ability, especially mental rotation.
Essentially, a comparison of the magnitude of sex differences
in visual-spatial working memory with that for spatial perfor-
mance will provide an indirect measure of their importance in
accounting for the latter effects. Moreover, the examination of
potential moderators of these sex differences should allow
some speculations concerning underlying factors while also
providing directions for future research. Therefore, quantify-
ing sex differences in visual-spatial working memory and the
identification of moderators of the effect sizes constituted the
two primary goals of the present analysis.

To achieve these goals, a two stage process was used, sim-
ilar to the approach proposed by Voyer and Voyer (2014) in
the analysis of sex differences in scholastic achievement.
Specifically, because many researchers used a variety of rele-
vant measures of visual-spatial working memory in their de-
sign, the typical fixed effect or random effect meta-analysis
would require collapsing across these tests or randomly
selecting one effect size to avoid violation of the homogeneity
of effect sizes assumption (Borenstein et al., 2009).
Accordingly, the present analysis relied on the multilevel
modeling approach to meta-analysis (Hox, 2008;
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Raudenbush & Bryk, 2002), because it makes no assumption
concerning independence of effects and it applies readily to
the hierarchical structure of a meta-analysis. Therefore, as a
first step, computation of the overall effect size and of the
moderator analysis relied on this approach.

The second step in data analysis considered the fact that
many of the moderator variables that were discussed earlier
are confounded with specific task. Therefore, this second step
involved the application of mixed-effects meta-analysis (when
all effects sizes were independent or did not include enough
samples to compute robust standard errors (Raudenbush &
Bryk, 2002) or multilevel modeling (in the case of non-
independent effect sizes with enough samples to compute ro-
bust standard errors) to examine the influence of moderator
variables within each specific task.

This combination of approaches to meta-analysis should
allow more fine grained conclusions to be reached from the
data. In this way, the analytic approach proposed maximizes
the contribution of the present meta-analysis.

Method
Study selection

Studies retrieval was initially performed through a search for
research in the PsycINFO, ERIC, and Dissertation & Theses
databases. The option “include related terms” was turned on for
all database searches. The searches also included foreign lan-
guage articles as the databases provided an English abstract for
all of them. The first search was conducted in November 2014
and subsequent searches were limited to that date. The initial
search used the terms spatial and immediate memory or work-
ing memory or short term memory. The total number of hits was
8,848 for this original search. After removing non-human re-
search, literature reviews, and research summaries, the number
of relevant hits was reduced to 2,072 and coding started.
Although this search was as inclusive as possible, a major ob-
stacle quickly became obvious. Specifically, in the vast majority
of this research, sex was completely ignored as a possible in-
fluence on performance. In particular, the number of men and
women tested was rarely presented and performance was not
divided by sex. In fact, it was impossible to tell for most of these
papers whether they had actually tested participants of both
sexes. After attempting to code half of the relevant hits, nearly
1,000 authors had to be contacted to obtain information relevant
to our research question. This state of affairs suggests that ad-
herence to the Journal Articles Reporting Standard elaborated
by the American Psychological Association (APA Publications
and Communications Board Working Group on Journal
Article Reporting Standards, 2008) is very poor in this litera-
ture—at least as far as report of the sex composition of the
sample is concerned (Voyer & Voyer, 2015). In addition, this

suggests that many researchers involved in visual-spatial
working memory research do not view sex as a relevant factor.
In fact, it is noteworthy that none of the articles appearing in a
recent special issue of Attention, Perception, & Psychophysics
on visual-spatial memory (October 2014, Volume 76, Issue 7)
reported a preliminary analysis investigating sex differences.

This generalized lack of report for information crucial to
our research questions led us to a change of search strategy.
Specifically, we conducted a second search with sex or gender
and spatial and immediate memory or working memory or
short term memory as search terms. This search resulted in
330 hits after removal of duplicates and this was reduced to
194 after removal of non-human research, reviews, and sum-
maries. Of course, the inclusion of sex or gender in the search
terms might have limited the hits to those where sex differ-
ences were central to the research question. However, even
then, information pertaining to sex was still missing from
some of the articles as this factor was actually not the focus
for much of the retrieved research. Furthermore, we reasoned
that if this literature shows significant sex differences after
taking publication bias into account (see below), it will indi-
cate that researchers who completely disregard sex in their
visual-spatial working memory research might be overlooking
a meaningful factor.

Considering our concerns that the inclusion of sex or
gender in the search terms might result in a sample biased
toward studies showing sex differences, we made additional
efforts to obtain unpublished research. Specifically, theses and
dissertations were considered as a possible source of unpub-
lished material. Furthermore, a posting requesting unpub-
lished research was sent to the mailing list of the Spatial
Learning Network (SILC) and of the Canadian Society for
Brain, Behavior, and Cognitive Science (CSBBCS). As a re-
sult of these efforts, 18 effect sizes from unpublished research
(16 theses, 2 unpublished papers) were coded into the data
sample (from a total of 182 effect sizes). Therefore, the final
data set included a small number of effect sizes drawn from
unpublished work.

Selection criteria

A number of selection criteria allowed us to determine wheth-
er a study could be included in the meta-analysis.
Accordingly, as a first step, the second author carefully read
the abstract for each study to determine if the inclusion criteria
were met. When fit with the inclusion criteria remained un-
clear after consultation of the abstract, the actual paper was
consulted by the three authors.

The specific criteria used in making inclusion decisions
required studies to have both male and female participants.
A study had to report on at least one task that reflected a pure
measure of visual-spatial working memory. Determining
whether a task measured visual-spatial working memory was
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based on the theory-neutral definition we presented earlier:
Visual-spatial working memory refers to the processes in-
volved in the storage of spatial or visual information over a
limited period of time.

Of course, the studies had to include relevant data for cal-
culating the effect size (see the “measure of effect size” sec-
tion) to be included in the meta-analysis. When information
was missing and the study was published in 2004 or more
recently, the first author was contacted. We expected that a
publication year of 2004 would be recent enough so that the
authors might still have access to the data. Twenty authors had
to be contacted in this manner, and five of them provided data
that allowed us to include their study in the meta-analysis.

A number of exclusion criteria were also defined.
Specifically, data based on special populations were not in-
cluded. For example, studies that examined individuals with
brain damage were not included, although when such studies
reported on a control group that met the other criteria, the
control group data were included. However, control groups
that were sex-matched to a clinical group were excluded as
they did not form random samples. Finally, to avoid duplica-
tion, when data from the same sample were reported in mul-
tiple articles, only the first report on these data was included.

Reference lists from papers retrieved in the database search
also were used to identify additional relevant studies. The data
collection window ended in November 2014 and resulted in a
sample of 182 effects sizes from 98 samples from 69 different
articles after the application of the inclusion/exclusion criteria.
A summary of the studies included in the final sample are
presented in Table 1. In addition, forest plots are presented
separately for each task in Figs. 1, 2, 3, 4, 5, and 6.

Coding of variables

A number of variables were coded as factors that might mod-
erate sex differences in visual-spatial working memory.
Specifically, characteristics relevant to the samples themselves
(sample level variables) and factors inherent to the tasks used
in each study (measure level variables) were considered.

Sample level variables Mean age of the participants in a sam-
ple was included both as a continuous and a categorical vari-
able. When considered categorically, five groups were defined:
aged younger than 13 years (29 samples), between 13 and
17 years (inclusive; 10 samples), between 18 and 29 years (in-
clusive; 36 samples), between 30 and 49 years (inclusive; 10
samples), and above 49 years (13 samples). These categories
were arbitrary, but we hoped that they would capture various
periods of development reasonably well. It is important to note
that mean age of the sample was not always reported in the
retrieved studies. However, when the school grade was given,
the age variable was coded using the approach proposed by
Voyer et al. (1995). For example, in North America,
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children in grade 1 are typically 6 years old, whereas first-
year undergraduate students are usually 19 years old.

Because year of publication was coded routinely, it was
included as a potential moderator. This factor often is
interpreted as an indirect way to assess how social changes
might promote fluctuations in sex differences (Feingold,
1988).

Measure level variables The specific task used is likely the
most obvious measure level characteristic. Accordingly, tasks
were classified as belonging in the following categories: Corsi
Blocks task or equivalent (k= 70 effect sizes), n-back task (k=
19), memory for patterns (k = 37), memory for location (k =
26), and memory for a token (k = 21). In addition, other tasks
that clearly involved visual-spatial working memory but did
not fit in any of the already defined categories were classified
as “other tasks” (k= 9).

Type of memory task was coded as a measure level vari-
able. Therefore, whether the task involved recall (k = 126) or
recognition (k = 25) was noted. In some cases, this distinction
was not relevant, resulting in 31 effect sizes coded as “not
relevant.” This last category reflects tasks in which, for exam-
ple, participants have to keep track of where they already
looked as they searched for a specific token in an array of
virtual boxes.

Testing medium was coded. This moderator consisted of
three categories reflecting computer (k = 117), physical medi-
um, including paper, cards, and blocks (k = 55), and medium
not reported (k = 10).

Stimulus type also was coded as a measure level variable.
This moderator was categorized as blocks/squares/boxes (k =
91), dots/circles (k = 32), geometric patterns (k = 19), lines/
arrows (k = 9), verbalizable shapes and objects (k = 13), alpha-
numeric characters (k = 6), and stimuli not reported (k = 12).

Finally, whether the dependent variable was a measure of
memory span (k = 58), number of trials to criterion (k = 13),
search errors (k = 35), accuracy (k = 41), response time (k =
30), and other or not reported (k = 5) was coded.

A number of steps were taken to warrant the validity of
coding. As a starting point, we prepared a coding sheet that
included an entry for all coded variables. A subset of 17 stud-
ies (accounting for 51 effect sizes) was coded independently
by the first and second authors, two experienced meta-ana-
lysts. This coding involved 19 variables, although they were
not all used in the moderator analysis. Specifically, the coded
variables were: sample ID (required for multilevel analysis),
authors, year of publication, publication status (published or
not), mean age of sample, national origin, number of males,
number of females, task, instructions, stimuli, target feature,
response medium, delay, interference task, testing medium,
dependent variable, type of memory, and effect size.
Therefore, a total 0of 969 entries (19 variables x 51 effect sizes)
produced only 8 disagreements, resulting in an inter-rater
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Table 1  Studies included in the present analysis

Authors Year Nm Nf  Age Task Type Stimuli Medium  Dependent variable SE
Aarnoudse-Moens et al. 2012 87 103 83 Corsi recall blocks computer  span 0.00  0.15
Almela et al. 2012 44 44 63.0 Token NA blocks computer  errors 0.04 0.21
Alonso-Recio et al. 2014 24 25 649  N-back recognition  blocks computer  accuracy -0.03 0.29
Barrett et al. 2008 12 14 44.5  Token NA blocks computer  errors 0.62 0.40
Barrett et al. 2008 12 14 44.5  Token NA blocks computer  errors 0.72 041
Bosco et al. 2004 53 54 22.5  Corsi recall blocks physical  span 0.44 0.20
Bosco et al. 2004 53 54 22.5  Pattern recall blocks physical ~ span 0.66 0.20
Breitberg et al. 2013 26 18 29.0 Corsi recall blocks computer  span 0.35 0.31
Biicker et al. 2014 39 59 225 Token NA blocks computer  errors 0.41 0.21
Caldwell et al. 2005 12 9 164  Pattern recognition  lines computer  accuracy 0.36 0.44
Caldwell et al. 2005 12 9 164  Pattern recognition  lines computer RT 0.42 045
Cansino et al. 2013 750 750 50.0 N-back recall circles computer  accuracy 0.44 0.05
Cansino et al. 2013 750 750 50.0 N-back recall circles computer RT 0.52 0.05
Capitani et al. 1991 229 266 533 Corsi recall blocks physical  span 0.25 0.09
Casey et al. 2011 64 60 9.0 Corsi recall blocks computer trials 0.21 0.18
Colom et al. 2013 45 59 19.9  Pattern recall circles computer  accuracy 0.00 0.20
Coluccia & Martello 2004 53 57 22.5  Corsi recall blocks physical  span 043 0.19
De Luca et al. 2003 13 16 9.7  Corsi recall blocks computer  span 0.14 037
De Luca et al. 2003 13 16 12.9  Corsi recall blocks computer  span 0.33 0.38
De Luca et al. 2003 21 18 17.7  Corsi recall blocks computer  span 0.78 0.33
De Luca et al. 2003 19 20 244  Corsi recall blocks computer  span 0.00 0.32
De Luca et al. 2003 21 18 38.8  Corsi recall blocks computer  span 0.61 0.33
De Luca et al. 2003 6 13 559  Corsi recall blocks computer  span 0.46 0.50
De Luca et al. 2003 13 16 9.7 Token NA blocks computer  errors -0.04 0.37
De Luca et al. 2003 13 16 12.9  Token NA blocks computer  errors 0.73 0.39
De Luca et al. 2003 21 18 17.7  Token NA blocks computer  errors 0.81 0.33
De Luca et al. 2003 19 20 244  Token NA blocks computer  errors 0.97 0.34
De Luca et al. 2003 21 18 38.8  Token NA blocks computer  errors 0.39 0.32
De Luca et al. 2003 6 13 559 Token NA blocks computer  errors 0.28 0.50
De Luca et al. 2003 13 16 9.7  Token NA blocks computer  errors -046 038
De Luca et al. 2003 13 16 129  Token NA blocks computer  errors -0.19 037
De Luca et al. 2003 21 18 17.7  Token NA blocks computer  errors 0.23 0.32
De Luca et al. 2003 19 20 244 Token NA blocks computer  errors 020 032
De Luca et al. 2003 21 18 38.8  Token NA blocks computer  errors 0.51 0.33
De Luca et al. 2003 6 13 559 Token NA blocks computer  errors 0.05 0.49
Duff & Hampson 2001 46 44 20.0 Location NA circles physical  errors -0.64 0.22
Duff & Hampson 2001 44 44 20.8 Location NA circles physical  errors -0.75 0.22
Duff & Hampson 2001 46 46 21.0 Location NA geometric  physical  errors -0.75 0.22
Duff & Hampson 2001 44 44 20.8 Location NA circles physical ~ RT -0.36 0.21
Duff & Hampson 2001 46 44 20.0 Location NA circles physical ~ RT -0.46 0.21
Duff & Hampson 2001 46 46 21.0 Location NA geometric  physical ~ RT -0.73 022
Evardone & Alexander 2009 55 50  20.0 Location recall circles physical  errors -026  0.20
Fikke et al. 2011 10 25 14.7  Token NA blocks computer  errors 0.53 0.38
Flannery et al. 2007 48 20 329 Pattern recall geometric  computer  errors -0.30 0.27
Flannery et al. 2007 48 20 329 Pattern recall geometric  computer  accuracy -0.05 0.27
Flannery et al. 2007 48 20 329 Pattern recall geometric computer RT -0.59 0.27
Fournet et al. 2012 89 125 61.0 Corsi recall blocks computer trials 0.23 0.14
Fournet et al. 2012 &9 125 61.0 Corsi recall blocks computer trials 0.15 0.14
Fournet et al. 2012 65 73 70.7  Corsi recall blocks computer trials 0.38 0.17
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Table 1 (continued)

Authors Year Nm Nf  Age Task Type Stimuli Medium  Dependent variable SE

Fournet et al. 2012 65 73 70.7  Corsi recall blocks computer trials 0.11 0.17
Fournet et al. 2012 43 54 79.0 Corsi recall blocks computer trials 0.40 0.21
Fournet et al. 2012 43 54 79.0 Corsi recall blocks computer  trials 026 021
Fournet et al. 2012 &9 125 61.0 Pattern recall blocks computer trials 0.33 0.14
Fournet et al. 2012 65 73 70.7  Pattern recall blocks computer trials 0.67 0.18
Fournet et al. 2012 43 54 79.0  Pattern recall blocks computer trials -0.04 0.20
Geiger & Litwiller 2005 9 28 19.0  Other recall alpha physical  span 0.73 0.39
Girard 2014 6 8 346 Corsi recall blocks computer — accuracy 0.50 0.55
Girard et al 2010 6 15 343  Corsi recall blocks physical span -0.14 0.48
Girard et al 2010 6 15 343  Corsi recall blocks physical ~ span -024 048
Hampson & Morley 2013 31 39  21.6 Location NA circles physical  errors -0.10 0.24
Hampson & Morley 2013 31 39 21.6 Location NA circles physical ~ RT -0.32 0.24
Hartley et al. 2004 6 7 19.0 Token NA blocks computer  errors 0.60 0.57
Hartley et al.* 2004 6 7 19.0 Location recognition blocks computer  accuracy 2.60*  0.76
Hartley et al. 2004 6 7 19.0 Pattern recognition  geometric computer accuracy 0.63 0.57
Hartley et al. 2004 6 7 19.0 Location recognition blocks computer RT 0.86 0.58
Hartley et al.* 2004 6 7 19.0 Pattern recognition  geometric computer RT 1.93*%  0.67
Hayward 2014 17 21 20.2  Other recall verbal computer  accuracy 0.89 0.34
Hegarty et al. 2006 83 135 22.0 Other recall lines computer  accuracy 040  0.14
Hernandez-Balderas et al. 2012 14 14 9.6  Pattern recognition  circles computer  accuracy 0.16 0.38
Hoesing 1998 14 26 19.0 Pattern recognition  geometric computer  errors -0.12 0.33
Hoesing 1998 14 26 19.0 Pattern recognition  circles computer RT -0.29 0.33
Hoesing 1998 14 26 19.0 Pattern recognition  geometric computer RT 0.49 0.34
Kalmady et al 2013 14 11 25.5 N-back recall circles computer  accuracy 0.23 0.40
Kalmady et al 2013 14 11 25.5 N-back recall circles computer  accuracy -0.35 041
Kalmady et al 2013 14 11 25.5  N-back recall circles computer RT 0.48 0.41
Kalmady et al 2013 14 11 25.5  N-back recall circles computer RT 0.38 041
Kaufman 2007 50 50 17.0  Corsi recall blocks computer  accuracy 0.67 021
Kaufman 2007 50 50 17.0  Corsi recall blocks computer  accuracy 0.63 0.20
Kaufman 2007 50 50 17.0  Corsi recall blocks computer  accuracy 0.22 0.20
Kokubo et al. 2012 44 50 17.0  Other NA alpha computer RT -0.16 0.21
Kokubo et al. 2012 44 50 17.0  Other NA alpha computer RT 0.08 021
Krikorian et al. 1996 119 160 18.0 Pattern recall circles physical trials 0.31 0.12
Krinzinger et al. 2012 60 80 7.5 Corsi recall blocks physical ~ accuracy -0.05 0.17
Krinzinger et al. 2012 60 80 7.5 Corsi recall blocks physical  accuracy 0.00 0.17
Kuhn & Holling 2014 27 32 9.0 Pattern recall geometric computer —accuracy 022 026
Lawton & Hatcher 2005 72 209 229 Other recognition  verbal computer  accuracy 042  0.14
Lawton & Hatcher 2005 72 209 229 Other recognition  verbal computer RT 041 0.14
Lejbak et al. 2009 20 20 19.0 Location recall verbal computer  errors -0.58 0.32
Lejbak et al. 2009 20 20 19.0 Location recall verbal physical  errors -0.62 0.32
Lejbak et al. 2009 20 20 19.0 Location recall verbal computer  errors -0.28 0.32
Lejbak et al. 2009 20 20 19.0 Location recall verbal physical  errors -0.77 0.33
Lejbak et al. 2009 20 20 19.0 Location recall geometric  computer  errors -0.29 0.32
Lejbak et al. 2009 20 20 19.0 Location recall geometric  physical  errors -0.60 0.32
Lejbak et al. 2009 20 20 19.0 Location recall verbal computer RT -0.10 0.32
Lejbak et al. 2009 20 20 19.0 Location recall verbal physical ~ RT -0.46 0.32
Lejbak et al. 2009 20 20 19.0 Location recall verbal computer RT 0.08 0.32
Lejbak et al. 2009 20 20 19.0 Location recall verbal physical ~ RT -0.17 032
Lejbak et al. 2009 20 20 19.0 Location recall geometric computer RT 0.45 0.32
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Table 1 (continued)

Authors Year Nm Nf  Age Task Type Stimuli Medium  Dependent variable SE
Lejbak et al. 2009 20 20 19.0 Location recall geometric  physical ~ RT -0.32 0.32
Lejbak et al. 2009 18 18 18.6  N-back recognition  circles computer  accuracy 1.06 0.36
Lejbak et al. 2011 18 18 18.6  N-back recognition  circles computer RT 0.00 0.33
Leon et al. 2014 10 10 4.0 Corsi recall nr NR span -0.50 045
Leon et al. 2014 10 10 5.0 Corsi recall nr NR span -0.85 0.47
Leon et al. 2014 10 10 6.0 Corsi recall nr NR span 0.00 0.45
Leon et al. 2014 10 10 7.5 Corsi recall nr NR span 0.50 0.45
Leon et al. 2014 10 10 9.5 Corsi recall nr NR span -0.49 045
Leon et al. 2014 10 10 4.0 Corsi recall nr NR span 0.74 0.46
Leon et al. 2014 10 10 5.0 Corsi recall nr NR span 024 045
Leon et al. 2014 10 10 6.0 Corsi recall nr NR span 084 047
Leon et al. 2014 10 10 7.5 Corsi recall nr NR span -0.19 0.45
Leon et al. 2014 10 10 9.5 Corsi recall nr NR span -0.11 0.45
Levin et al. 2005 35 32 20.7 Location recall geometric  computer  accuracy 0.00 0.24
Levin et al. 2005 6 5 20.7 Location recall geometric  computer  accuracy 0.00 0.61
Levin et al. 2005 35 32 20.7 Location recall geometric computer RT 0.00 0.24
Levin et al. 2005 6 5 20.7 Location recall geometric computer RT 0.00 0.61
Mammarella et al. 2010 11 10 9.0 Pattern recognition  lines computer  other 0.28 0.44
Mammarella et al. 2010 11 10 9.0 Pattern recognition  circles computer  other 0.20 0.44
Mammarella et al. 2010 11 10 9.0 Pattern recognition  circles computer  other -0.11 0.44
Martin & Chaudry 2014 41 45 20.0  Corsi recall blocks physical trials -0.59 0.22
Miller 2003 40 40 21.8  Pattern recognition  blocks computer  span -0.25 0.22
Miller 2003 40 40 21.8  Other recall alpha computer  span -0.27 0.22
Miller & Halpern 2013 49 28 18.2  Other recall lines computer  accuracy 0.12 0.24
Minor & Park 1999 107 106 273 Pattern recall circles computer  accuracy 0.05 0.14
Nalgaci et al. 1997 60 61 20.0  Pattern recall blocks computer  accuracy 0.36 0.18
Nalgaci et al. 1997 60 61 20.0  Pattern recall blocks computer RT 0.66  0.19
Nalgaci et al. 2000 66 32 20.0 Pattern recall blocks computer  accuracy 0.55 0.22
Orsini et al. 1986 127 111 245 Corsi recall blocks physical  span 0.48 0.13
Orsini et al. 1986 118 124 345 Corsi recall blocks physical  span 0.35 0.13
Orsini et al. 1986 64 102 445 Corsi recall blocks physical  span 0.47 0.16
Orsini et al. 1986 70 99 54.5 Corsi recall blocks physical span 0.33 0.16
Orsini et al. 1986 72 74 64.5 Corsi recall blocks physical  span 0.15 0.17
Orsini et al. 1986 128 140 745 Corsi recall blocks physical  span 0.21 0.12
Orsini et al. 1986 53 72 85.7  Corsi recall blocks physical  span 0.31 0.18
Pagulayan et al. 2006 148 192 180 Corsi recall blocks physical ~ span 0.06  0.11
Pangelinan et al. 2011 68 104 9.1 Token NA blocks computer  errors 0.00 0.16
Piccardi et al. 2014 16 21 4.6 Corsi recall blocks physical  span 0.01 0.33
Piccardi et al. 2014 29 21 5.6 Corsi recall blocks physical  span 1.29 0.31
Piccardi et al. 2014 22 28 6.4 Corsi recall blocks physical  span 0.26 0.29
Piccardi et al. 2014 25 26 74  Corsi recall blocks physical  span -0.60 0.29
Piccardi et al. 2014 23 19 8.6  Corsi recall blocks physical  span 0.05 031
Piccardi et al. 2014 17 21 10.2  Corsi recall blocks physical  span -0.05 0.33
Piccardi et al. 2014 16 21 4.6 Corsi recall blocks physical  span 0.04 0.33
Piccardi et al. 2014 29 21 5.6  Corsi recall blocks physical  span 0.37 0.29
Piccardi et al. 2014 22 28 6.4 Corsi recall blocks physical span -0.31 0.29
Piccardi et al. 2014 25 26 74  Corsi recall blocks physical span -0.54 0.29
Piccardi et al. 2014 23 19 8.6  Corsi recall blocks physical span -1.08 0.33
Piccardi et al. 2014 17 21 10.2  Corsi recall blocks physical  span -0.03 0.33
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Table 1 (continued)

Authors Year Nm Nf  Age Task Type Stimuli Medium  Dependent variable SE

Postma et al. 2004 32 32 214  Corsi recall blocks physical span 0.45 0.25
Postma et al. 1999 23 34 23.0 Pattern recall verbal computer  other 0.71 0.28
Price 2009 20 16 2.9 Token NA blocks physical  errors 0.18 0.34
Roesch-Ely et al. 2009 20 20 33.5 Pattern recall circles computer  other -0.34 0.32
Rubin 2009 27 30 29.0 Pattern recall nr computer  accuracy 0.02 0.27
Rubin 2009 27 30 29.0 Pattern recall nr computer  accuracy -0.26 0.27
Ruggiero et al. 2008 30 30 23.5  Corsi recall blocks physical  span 0.35 0.26
Ruggiero et al. 2008 16 16 23.8  Corsi recall blocks physical  span 0.35 0.36
Ruggiero et al. 2008 16 16 64.7 Corsi recall blocks physical  span 0.29 0.36
Ruggiero et al. 2008 30 30 235 Corsi recall blocks physical ~ span 0.18 026
Ruggiero et al. 2008 16 16 238 Corsi recall blocks physical  span 056 036
Ruggiero et al. 2008 16 16 64.7  Corsi recall blocks physical  span 0.70 0.36
Savage 2013 25 56 46.9  Pattern recall circles computer  accuracy 0.37 0.24
Savage 2013 25 56 46.9  Pattern recall circles computer  accuracy 0.60 0.25
Schweinsburg et al. 2005 24 25 14.8  N-back recognition  lines computer  accuracy 0.05 0.29
Schweinsburg et al. 2005 24 25 14.8  N-back recognition  lines computer RT 0.29 0.29
Seghete et al. 2013 19 15 14.0  N-back recall alpha computer  accuracy -0.47 0.35
Seghete et al. 2013 19 15 14.0  N-back recall alpha computer RT -0.05 0.35
Shikhman 2007 174 229 30.0 N-back recall circles computer  accuracy 0.22 0.10
Shikhman 2007 174 229 30.0 N-back recall circles computer  accuracy 0.13 0.10
Shikhman 2007 174 229 30.0 N-back recall circles computer  accuracy 0.13 0.10
Shikhman 2007 174 229 30.0 N-back recall circles computer  accuracy -0.05 0.10
Squeglia et al. 2011 31 24 17.8  N-back recognition  lines computer  accuracy 0.06 0.27
Squeglia et al. 2011 31 24 17.8  N-back recognition  lines computer RT 0.23 0.27
Szabo et al. 2011 53 105 66.5 Pattern recognition  circles computer  accuracy 0.28 0.17
Szabo et al. 2011 53 105 66.5 Pattern recognition  circles computer RT 0.69 0.17
Teixeira et al. 2011 8 10 6.5 Corsi recall blocks computer  span 0.45 0.48
Teixeira et al. 2011 9 19 9.0 Corsi recall blocks computer  span -0.41 0.41
Teixeira et al. 2011 7 4 12.5  Corsi recall blocks computer  span -0.52 0.64
Verkade et al. 2011 83 72 5.6  Corsi recall circles computer trials -0.10 0.16
Visu-Petra et al. 2008 111 112 6.3 Corsi recall blocks physical  span 0.00 0.13
Vock & Holling 2008 206 168 114 Pattern recall geometric  computer  accuracy 0.16 0.10
Weisberg & Newcombe 2014 29 45 19.0  Pattern recall blocks computer  accuracy 0.31 0.24
Wong et al. 2014 27 22 10.1  Pattern recall verbal computer  errors 0.25 0.29
Yerys et al. 2009 13 7 103 Token NA blocks computer  errors 0.21 0.47

Year = year of publication; Nm = number of males; Nf = number of females; Age = mean age of the sample; alpha= alphanumeric shapes; verbal=
verbalizable shapes; NA = not applicable; NR = not reported; RT = reaction time; d = biased effect size

Asterisk (*) after the authors names denotes an outlier

reliability of 99.2 % (961 agreements/969 total entries). This
high inter-rater reliability suggests that coding was quite
straightforward. Accordingly, the remaining material was cod-
ed by the second author.

Measure of effect size The standardized mean difference be-
tween the performance of males and females (Cohen’s d;
Cohen, 1988) was the measure of effect size. In particular,
the effect size was calculated in such a way that positive
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values reflected a male advantage and negative values
reflected a female advantage. When means and standard de-
viations were available, we calculated the effect sizes with the
formula presented by Cohen (1988). This was the case for 155
of the 182 effect sizes (85.2 %). As an inferential statistic
(typically ¢ test, p, r, or F)) was available in the remaining
cases, the formulae presented by Lipsey and Wilson (2001)
were used as appropriate. Regardless of the underlying statis-
tic, effect sizes were computed using the calculator provided
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Fig. 1 Forest plot of effect sizes as a function of authors and year of
publication for Corsi Block tasks. The square for each study represents
the Cohen's d and the size of the square reflects its precision. The error
bars reflect the 95 % confidence interval. The random effect model

by David Wilson (http://www.campbellcollaboration.org/
escalc/html/EffectSizeCalculator-Home.php). A small
sample correction was applied to the effect sizes, as
recommended by Hedges and Becker (1986). As suggested
by Rosenthal (1991), when an effect size was reported as not
significant without any other information, it was coded
as zero. However, before applying this approach, we
contacted by e-mail authors of work published since
2004 with a request for more information but this still
left us with 7 of 182 effect sizes in this situation. These
were preserved in the sample to provide a representative
picture of the available literature. Note, however, that
four of the effect sizes presented as zero in Table 1
were actually due to equal performance in females and
males (Colom et al., 2013; De Luca et al., 2003;
Krinzinger et al., 2012; Leén et al., 2014).

estimate is presented at the bottom of the plot for information purpose,
because this estimate does not take the non-independence of effect sizes
into account (seen in multiple entries for many studies)

Data analysis

Multilevel meta-analysis The present meta-analysis was
designed to determine whether sex differences in
visual-spatial working memory are significant for the
overall sample and to identify the variables that moder-
ate them. Examining these two questions would normal-
ly be quite straightforward as method to estimate overall
effects and performing moderator analyses in the con-
text of meta-analysis are well-established (Lipsey &
Wilson, 2001). However, examination of the specific
task used in assessing visual-spatial working memory
requires consideration of multiple effect sizes obtained
from the same sample of participants. These are non-
independent effect sizes and this component violates
an assumption of fixed and random effects meta-
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Fig. 2 Forest plot of effect sizes as a function of authors and year of
publication for Location tasks. The square for each study represents the
Cohen's d and the size of the square reflects its precision. The error bars
reflect the 95 % confidence interval. The random-effect model estimate is

analysis (Borenstein et al., 2009). Reliance on one of
these approaches to meta-analysis despite the violation
of the assumption of independence among effect sizes
would distort the statistical analyses, particularly the es-
timation of the standard errors (Bateman & Jones,
2003). In contrast, multilevel linear modeling (MLM)
was designed to handle the type of hierarchical design
represented in most meta-analyses without requiring in-
dependence of the effect sizes (Raudenbush & Bryk,
2002). In fact, it offers many advantages over fixed
and random meta-analysis (Hox & de Leuw, 2003;
Hox, 2008). Accordingly, MLM was used as the meta-
analytic method here to allow a valid examination of
the overall and moderator analyses.

The variables task, year of publication, publication
status, mean age of sample, age coded categorically,
testing medium, stimulus type, dependent variable, and
type of memory were considered in the moderator anal-
ysis. Finally, as the standard error calculated for each
effect size in a meta-analysis reflects an estimate of the
variance for individual effect sizes (Borenstein et al.,
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presented at the bottom of the plot for information purpose, because this
estimate does not take the non-independence of effect sizes into account
(seen in multiple entries for many studies)

2009), it was possible to compute “variance-known”
(or V-known) hierarchical linear models. Effect sizes
were treated as random effects whereas moderators were
treated as fixed effects in what amounted to mixed
models. It should be noted that the V-known modeling
results in the precision weighted estimates of effect
sizes typical of other approaches to meta-analysis
(Raudenbush & Bryk, 2002).

Categorical independent variables were dummy coded
into k£ - 1 dichotomous vectors (where k represents the
number of categories) for consideration in the multilevel
analysis. Following this form of coding, the intercept
represents the mean estimated effect size for the category
coded as zero in all vectors (reference category) and its
test of significance indicates whether it is significantly
different from zero. The coefficient for each vector rep-
resents the difference between the mean for the category
coded as “1” in that vector and the intercept. However,
estimated effect sizes (i.e., the sum of the intercept and
the coefficient for each coded vector) are reported to
simplify the presentation of results. All significance
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Fig. 3 Forest plot of effect sizes as a function of authors and year of
publication for N-back tasks. The square for each study represents the
Cohen's d and the size of the square reflects its precision. The error bars
reflect the 95 % confidence interval. The random-effect model estimate is

testing was based on the robust estimates of standard
errors that are routinely computed by HLM?7.

The multilevel analysis was computed by examining
data organized in two levels: effect sizes nested within
samples. This structure resulted in 182 effect sizes
(Level 1) nested within 98 samples (Level 2). All anal-
yses were conducted with the HLM 7 software
(Raudenbush, Bryk, Cheong, Congdon, & du Toit,
2011) with the significance level set at 0.05. Only mod-
erators that produced significant results are elaborated
upon.

Task subgroups analyses The overall multilevel analysis
combined statistical power and the ability to examine
tasks differences as moderators in the analysis, so it
was a necessary step in a thorough examination of the
data retrieved for the present analysis. However, as we
mentioned previously, in many cases moderator catego-
ries were confounded with specific task and this pre-
cluded a test of some potentially meaningful interac-
tions. The multilevel meta-analysis examined only main
effects as a matter of necessity. However, to circumvent
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problems associated with confounded moderators, after
establishing that the tasks indeed differed in the magni-
tude of sex differences, we proceeded with a moderator
analysis within each specific task to provide more fine-
grained conclusions. When non-independent effect sizes
were observed for a specific task, the analysis relied on
multilevel meta-analysis. However, as a small number of
level-2 units precludes calculations of robust standard
errors (Raudenbush & Bryk, 2002), this approach could
only be applied to task with sufficient numbers of level
2 units. For the remainder, mixed-method meta-analysis
(treating effect sizes as random variables and moderators
as fixed effects) was applied as recommended by
Borenstein et al. (2009). Non-independence of effect
sizes still existed in these samples (as noted when rele-
vant), but they were kept as is to preserve a complete
data set. Because this non-independence is most likely
to affect computation of standard errors, confidence in-
tervals will have to be interpreted with caution.
Analyses performed in this second step were conducted
either with HLM-7 or with the SPSS macros developed
by Wilson (2005). All of the moderators examined for
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Fig. 4 Forest plot of effect sizes as a function of authors and year of
publication for Pattern tasks. The square for each study represents the
Cohen's d and the size of the square reflects its precision. The error bars
reflect the 95 % confidence interval. The random-effect model estimate is

the overall analysis (except specific task, of course)
were considered in this subgroups analysis as well, with
the significance level set at 0.05.

Results

A preliminary data analysis was conducted to identify
outliers, defined as effect sizes that were more than 3.29
standard deviations® from the grand mean (as
recommended by Tabachnick and Fidell, 2007). Two
such outliers were identified. Data analyses conducted
with and without these effect sizes affected the results
in terms of significance. Therefore, these outliers were
excluded in all data analyses, although they are identi-
fied by a star (*) in Table 1. The final sample consisted

2 The specific criterion of 3.29 proposed by Tabachnick and Fidell (2007)
is based on the notion that scores that deviate from the mean by that
amount are linked with a probability of 0.001 in the normal distribution.
This criterion is used throughout their book to define outliers. It was
adopted, because their approach seemed as reasonable as any other arbi-
trary criteria that have been adopted by others.
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of 180 effect sizes drawn from 98 independent samples,
reflecting combined results from 5,035 males and 5,693
females.

Multilevel meta-analysis

Overall sex differences in visual-spatial working memory
Examination of the combined effect size was performed
by computing a null model where the test of significance
for the intercept is examined (Raudenbush & Bryk, 2002).
Results of this analysis revealed a mean estimated d of
0.155 (95 % confidence interval (CI) = 0.087-0.223), in-
dicating that males significantly outperformed females on
visual-spatial working memory tasks, #(97) = 4.54,
p < 0.001.

The variance component in the full sample was exam-
ined to determine whether significant variation in effect
sizes exist between samples. Results of this analysis
showed that it was the case, x*(97) = 391.34, p < 0.001.
This indicates that significant heterogeneity exists in the
effect sizes. Strictly speaking, it appears that the overall
estimate of effect size did not provide a representative
summary of the sample of effect sizes. The examination
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Fig. 5 Forest plot of effect sizes as a function of authors and year of
publication for Token tasks. The square for each study represents the
Cohen's d and the size of the square reflects its precision. The error bars
reflect the 95 % confidence interval. The random-effect model estimate is

of potential moderators might therefore shed light on fac-
tors accounting for this variability.

Moderators of sex differences in the overall sample The
moderator analysis proceeded through a comparison of
the deviance observed with a given moderator in the
model compared with the deviance observed for the null
model using a full maximum likelihood approach, as
recommended by Raudenbush and Bryk (2002). As
such, moderators were examined one at a time in
models. This essentially allowed an assessment of the
moderators accounting for significant variance in effect
sizes. Proceeding in this manner, the moderator analysis
revealed that task accounted for significant variance in
effect sizes, X2(5) = 27.17, p < 0.001. Estimated effect
sizes for this variable are presented in Table 2.
Considering that none of the 95 % confidence intervals
contain zero, this indicates that a significant male ad-
vantage was observed for all task categories except
memory for location, where a female advantage was in
evidence. In addition, the estimated effect size for
memory for location was significantly larger than for
the reference category (Corsi blocks), #(77) = —5.29,
p < 0.001, whereas the estimated effect size for the
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reference category did not differ significantly from that
obtained in all the other tasks (all p > 0.277).

Testing medium also was found to contribute signifi-
cantly to variance in effect sizes, X2(2) =6.82, p = 0.032,
with estimated effect sizes also presented in Table 2. In this
case, only computer testing produced effect sizes that are
significantly different from zero based on the 95 % confi-
dence intervals. Unreported medium and physical medium
produced nonsignificant sex differences, although only the
latter was significantly smaller than for the reference cate-
gory of computer testing (p = 0.026 for physical medium,
p = 0.102 for unreported medium).

Finally, even though age defined categorically failed
to account for significant variance, X2(4) = 7.24,
p = 0.123, mean age of the participants considered as a
grand mean centered continuous variable produced a sig-
nificant contribution to variance, xz(l) =5.81, p = 0.015.
The positive level 2 coefficient (v = 0.004, SE = 0.001)
indicates a significant increase in the magnitude of sex
differences in visual-spatial working memory with age,
#(96) = 3.73, p < 0.001. Despite the lack of significance
for the categorical analysis for age, relevant summary
values are presented in Table 2 as a means to facilitate
discussion of this finding. The remaining moderators
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reflect the 95 % confidence interval. The random-effect model estimate is

examined in this analysis (year of publication, stimuli,
dependent variable, and type of memory) failed to
achieve significance (all ps > 0.071).

Task subgroup analysis

In the task subgroup analyses, it was only possible to
use multilevel modeling with Corsi Blocks tasks and
memory for patterns, because they had enough level 2
units (samples) to allow computation of reliable robust
standard errors (Raudenbush & Bryk, 2002). For the
other tasks, an examination of the fit of the fixed model
was first performed as reflected in the homogeneity sta-
tistic. Such a fit would essentially indicate that no var-
iance remained to be explained by moderators and only
sampling error accounts for variability in effect sizes
(Borenstein et al., 2009). A moderator analysis is not
warranted unless the fixed effects model is rejected in
favor of the random-effect model. When this occurred,
the moderator analysis was conducted by means of a
mixed-effects model. However, because all tasks sub-
groups included non-independent effect sizes, collapsing
across these effect sizes to preserve only independent
effect sizes would remove the moderator categories
and would defeat the purpose of such an analysis.
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Accordingly, all effect sizes were preserved as is. In
view of the effect of non-independence on standard er-
rors, confidence intervals will have to be interpreted
with caution in such analyses.

Corsi blocks With 48 samples (69 effect sizes), analysis
of the data obtained with Corsi Blocks tasks and
equivalent proceeded with multilevel modeling. A sig-
nificant variance component was obtained, x*(47) =
100.10, p < 0.001, suggesting that the examination of
moderators might shed light on factors accounting for
variability among effect sizes.

As part of this analysis, an additional moderator spe-
cific to the Corsi Blocks task was considered because
this task often is implemented with either forward recall
of order (i.e., in the same order in which the blocks
were tapped; k = 51 effect sizes) or with backward
recall (k = 11). Therefore, these formed two possible
categories for this moderator, labelled “order.” Two oth-
er categories had to be coded as some authors combined
both orders (k = 4) or simply did not report the order
that they used (k = 3).

Results of the moderator analysis with Corsi Blocks
and equivalent tasks are summarized in Table 3. They
showed that age defined categorically accounted for a
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Table 2 Summary for significant moderators in the multilevel meta-analysis
Moderator Sample size (k) Estimated mean d 95 % confidence interval
Task
Corsi blocks 69 0.170 0.088, 0.252
n-back 19 0.200 0.020, 0.372
Memory for patterns 36 0.242 0.108, 0.376
Memory for location 26 -0.339 —0.528, —0.150
Memory for token 21 0.258 0.100, 0.416
Other 9 0.272 0.056, 0.488
Testing medium
Computer 115 0.224 0.158, 0.290
Not reported 10 0.017 —0.228, 0.262
Physical 55 0.058 —0.085, 0.201
Age categories (yr)
<13 29 0.033 —0.069, 0.135
13-17 10 0.229 0.043, 0.42
18-29 36 0.134 —0.033, 0.302
30-49 10 0.289 0.056, 0.522
>50 13 0.264 0.141, 0.387

Sample size (k) for task and testing medium is based on 180 effect sizes, whereas it is based on 98 samples for age categories

significant proportion of variance, x*(4) = 14.25,
p = 0.007, with summary values for this finding pre-
sented in Table 3. Confidence intervals indicate that a
significant male advantage was found at all ages, except
younger than age 13 years and between ages 13 and
17 years, where the confidence interval includes zero.
In addition, the reference category (<13) produced
significantly smaller sex differences than the 18-29,
30-49, and >50 categories (all p < 0.03), and it pro-
duced a marginal difference with the 13-17 category
(» = 0.053). The categorical effect of age was echoed
in a significant effect of grand mean centered age as a
continuous variable, xz(l) = 5.14, p = 0.022, reflecting
a significant increase in the magnitude of sex differ-
ences with age (y = 0.004, SE = 0.001).

Finally, year of publication accounted for significant
variance in effect sizes obtained with Corsi Blocks tasks,
x*(1) = 7.85, p = 0.005. This finding was due to a
significant decrease in the magnitude of sex differences
as year of publication increases in value (v = -0.011, SE
= 0.003). The apparent role of year of publication might
reflect an underlying correlation between mean age
of the sample and year of publication, (69) = —0.49,
p < 0.001. However, year of publication remained a
significant moderator of effect sizes when age was en-
tered before that variable in the analysis, xz(l) = 3.82,
p = 0.048. This suggests that the year effect accounts for
variance in effect sizes over and above its relation with
age of participants.

N-back With eight samples (19 effect sizes), analysis of
the data obtained with n-back tasks proceeded with a
mixed model moderator analysis after fit of the fixed
effect model was rejected. Specifically, the effect sizes
showed significant overall heterogeneity, O(18) = 59.68,
p < 0.001, suggesting that sources of variation other
than random sampling (i.e., moderators) might account
for variability in effect sizes in this sample.
Accordingly, the moderator analysis for n-back tasks
showed that age as a categorical factor accounted for
a significant proportion of variance, Q(2) = 15.04,

Table 3  Results of the moderator analysis for Corsi blocks and n-back
tasks

Moderator  Corsi blocks n-back

k  d95%Cl) k  d(95%Cl)

Age of sample (yr)

<13 21  —-0.006 (-0.119,0.107) 0 -

13-17 3 0.325(-0.001,0.652) 6  0.044 (=0.204,0.291)
18-29 0.283 (0.035,0.532) 10 0.137 (0.018,0.256)
30-49 0.370 (0.179,0.560) 3 0.453(0.320,0.588)
>49 10 0.261 (0.124,0.398)

Table presents the number of effect sizes (k) and the mean weighted d for
each moderator category with the 95 % confidence interval (CI) in paren-
theses. The mean weighted effect size is significantly different from zero
with p < 0.05 if the 95 % CI for d does not include zero. For the n-back
task, the last age category with data actually includes 30 and above
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p < 0.001, even though there were no samples younger
than age 13 years, whereas the >50-years category
contained only one effect size that was combined into
a 30 and above grouping. Summary values for this find-
ing are presented in Table 3. In this case, confidence
intervals indicate that a significant male advantage was
found for the 18-29 and >30 categories, but not between
13 and 17 years, where the confidence interval includes
zero. In addition, multiple comparisons with the Z-score
method as recommended by Borenstein et al. (2009)
showed that the magnitude of the effect was significant-
ly larger for those in the 30-49 age group compared
with the 13-17 and 18-29 groups (largest p = 0.004).
The difference between the last two groups did not
achieve significance (p = 0.5). Also, the categorical
age effect was mirrored in a significant effect of grand
mean centered age, O(1) = 6.22, p = 0.013, reflecting a
significant increase in the magnitude of sex differences
with age (b = 0.094, SE = 0.004).

Finally, year of publication also accounted for signif-
icant variance in effect sizes obtained with n-back tasks,
0O() = 3.86, p = 0.049. This finding was due to a
significant increase in the magnitude of sex differences
as year of publication increased in value (b = 0.034,
SE = 0.017). However, in this case, the apparent role
of year of publication might reflect more the underlying
correlation between mean age of the sample and year of
publication, #(19) = 0.32, p = 0.19. Even though this
correlation is not significant, likely due to the small
sample size, when age is entered before year of publi-
cation in the meta-regression, the year effect becomes
nonsignificant (p = 0.34).

Memory for location and token Overall analysis in the
memory for location (26 effect sizes from 9 samples)
and the token (21 effect sizes from 14 samples) sub-
groups supported fit with the fixed effects model.
Specifically, in both these grouping, non-significant ho-
mogeneity of effect sizes was observed: Q(25) = 34.96,
p = 0.089 for location; Q(20) = 22.48 , p = 0.315 for
token. This suggests that the fixed effects model is
appropriate for these data and that sampling error
accounts for variability in the effect sizes they comprise.
Therefore, moderator analysis is not required or
appropriate.

Memory for patterns and other tasks With 25 samples
(36 effect sizes), the data obtained with tasks measuring
memory for patterns were analyzed with multilevel
modeling. However, this analysis failed to reveal any
moderator accounting for significant variance in effect
sizes (all p > 0.24), despite a significant variance com-
ponent, x(24) = 59.02, p < 0.001.
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Finally, other tasks included only nine effect sizes from
seven samples and required a mixed model meta-analysis as
fit for the fixed effects model was rejected: O(8) = 19.15, p =
0.014. However, here as well, moderator analysis failed to
reveal any significant findings.

Publication bias and the file drawer problem

Considering that the present meta-analysis consists
mostly of data obtained from published studies and that
our literature search strategy might have biased the re-
trieved material in favor of research that showed a sig-
nificant sex difference, it is possible that the final sam-
ple might not be representative of the entire population
of studies in existence (Rosenthal, 1979). Such a situa-
tion would potentially be the result of an inherent pub-
lication bias, reflecting the fact that studies producing
nonsignificant results have a lower probability of publi-
cation. This problem, called the “file-drawer problem”
(Sterling, 1959) has potential to bias meta-analytic re-
sults. Essentially, by considering mostly published stud-
ies, a meta-analysis might exaggerate the magnitude of
the effect under consideration.

As a simple way to examine the potential influence
of the file-drawer problem on our results, we compared
the mean estimated effect sizes for samples obtained
from published (kK = 88 samples) and unpublished re-
search (k = 10 samples). This analysis showed no sig-
nificant influence of publication status: x2 (1) = 0.001,
p > 0.5. This suggests no evidence of a publication bias
in the present sample.

As an additional source of information, the most re-
cently developed approach to an examination of the
publication bias also was considered. Specifically,
Ioannidis and Trikalinos (2007) proposed a test based
on the rationale that a publication bias in a set of effect
sizes should produce an excess of observed positive
findings when compared to what is expected from the
power of individual studies. As a conservative measure,
loannidis and Trikalinos recommended use of 0.10 as
the significance level for such test to reduce the risk
of Type II errors.

Accordingly, we examined publication bias with the
method proposed by loannidis and Trikalinos (2007). As
a starting point, we defined a positive finding as a re-
sult showing a male advantage, because it would sup-
port the potentially pervasive expectations from re-
viewers and editors leading to a publication bias.
Having established this component, we then determined
whether the distribution of effect sizes was asymmetri-
cally biased toward those reflecting a male advantage
compared with what would be expected by chance un-
der null hypothesis statistical testing. This approach



Psychon Bull Rev (2017) 24:307-334

325

relies exclusively on the logic of hypothesis testing and
makes no further assumption as is required, for exam-
ple, in the commonly used Egger’s test (Egger, Davey
Smith, Schneider, & Minder, 1997). In fact, unlike the
Egger's test, the loannidis and Trikalinos method is not
tied to a specific meta-analytic model (e.g., fixed or
random effect model). Use of this approach in the
overall data set suggests that the number of positive
findings is as expected from the power of retrieved
studies, reflecting no significant publication bias
(Observed = 47, Expected = 43.42, x2 = 0.39, p =
0.53).

Despite its perceived advantages, the loannidis and
Trikalinos (2007) method has been the object of many
criticisms (see the special issue of Journal of
Mathematical Psychology, Volume 57, Issue 5, but also
Francis’ rebuttal of these criticisms in the same issue).
Therefore, as a means to obtain converging evidence,
we also examined publication bias with two of the most
common methods used for that purpose, as suggested by
Stern and Egger (2005). Specifically, despite potential
drawbacks, the Begg and Mazumdar (1994) and the
Egger et al. (1997) approaches were used as additional
tests for potential publication bias in the present sample.
Both methods are based on the notion that studies with
a small sample and a small effect size are less likely to
be published (Borenstein et al., 2009). Therefore, if a
publication bias is present, a plot of precision (the in-
verse of the standard error; y axis) against effect size (x
axis) would produce an asymmetrical distribution with
few values on the bottom left hand side of the plot,
where small samples and negative effects would belong.
Accordingly, the present data are shown in such a fun-
nel plot in Fig. 7. A visual inspection of Fig. 7 reveals
no sign of asymmetry. However, assessing the presence
of a bias by visual examination of the plot is quite
subjective and the methods proposed by Beggs and
Mazumdar and Egger et al. objectify this evaluation.

In particular, the logic of the Begg and Mazumdar
(1994) test is fairly straightforward: If it is the case that
studies with a small sample and a small effect size are
less likely to get published, then a sample exhibiting a
publication bias should be replete with studies that have
small samples but large effect sizes. Considering that
the sampling variance of effect sizes is computed from
sample size and large samples produce smaller variance,
then this would predict a significant negative correlation
between sampling variance and effect size if a bias is
present. Of course, this could be examined simply
through a Pearson correlation (Pearson » = 0.028,
p = 0.706, N = 180 in the present sample). However,
the Beggs and Mazumdar method improves the preci-
sion of the correlation estimates by first standardizing

20
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Precision
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Fig. 7 Funnel plot representing precision (1/SE) as a function of Cohen's
d for the whole sample. A biased sample is likely to be asymmetrical in
such a function

the effect sizes as a function of the weight given to
each effect size in the data. A Kendall's rank correlation
is then computed between the resultant measure of ef-
fect size and sampling variance. A significant correla-
tion is interpreted as reflecting publication bias.
However, in the present sample, this approach revealed
a correlation of 0.0007 (corrected for ties) that is not
significant (p = 0.989). This method likely could be
seen as appropriate even in a data set with non-
independent effect sizes considering that it makes no
assumptions about the underlying meta-analytic model.

Concerning the Egger et al. (1997) method, the stan-
dard normal deviate for the effect size is regressed on
precision. In an unbiased sample, the regression line
should run through the origin, so that the intercept of
the regression equation should not be significantly dif-
ferent from zero in a statistically symmetrical funnel
plot. Egger et al. recommended a significance level of
0.10 to maximize power. Results of the Egger et al. test
showed that the intercept was significantly larger than
zero at p < 0.10, with an intercept estimate of —0.87
(90 % CI: —1.25 to —0.50). However, the negative in-
tercept is somewhat puzzling, because it would suggest
that it is the result of what amounts to a positive cor-
relation between precision and effect sizes, contrary to
what is the underlying assumption of the Egger's test.
This puzzling issue can be better understood when ex-
amining the funnel plot more closely (Fig. 7).
Specifically, two points with a larger precision than
the rest of the sample are particularly obvious and clear-
ly distort the results. Reexamination of the Egger's test
with these data points removed showed a nonsignificant
intercept (—0.33, 90 % CI: —0.76, 0.10). The Egger's
test therefore is consistent with the other publication
bias tests conducted so far when this statistical issue is
considered. In fact, the finding that two particularly
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large sample sizes have such a profound effect on the
results emphasizes issues with Egger's test. In contrast,
the Begg and Mazumdar (1994) and the loannidis and
Trikalinos (2007) are not affected as profoundly by such
outliers.

As a summary, the four criteria adopted here show no sup-
port for a publication bias despite the inclusion of sex or
gender as a search term. Of course, it is not possible to
completely exclude a bias on the basis of these results.
However, the data show strong converging evidence against
the presence of such a bias.

Discussion

The purpose of the present study was to conduct a
meta-analysis of sex differences in visual-spatial work-
ing memory to quantify the overall findings as well as
to examine potential moderators of these sex differ-
ences. The importance of examining sex differences in
visual-spatial working memory arose from the broad us-
age of such tasks in clinical and research settings. In
addition, quantifying these sex differences has implica-
tions for the hypothesis that they might account for sex
differences in spatial abilities. Essentially, even though
many have made the claim that sex differences in spa-
tial abilities, especially mental rotation, could stem from
sex differences in visual-spatial working memory
(Kaufman, 2007; Loring-Meier & Halpern, 1999; Wang
& Carr, 2014), a comprehensive meta-analysis examin-
ing visual-spatial working memory in this context was
missing until now.

The present analysis of 180 effects sizes from 98
samples therefore provided an examination of the sex
differences in visual-spatial working memory by means
of multilevel analysis in the overall sample and multi-
level or mixed effect models meta-analyses in the sepa-
rate tasks that were identified. Results showed a small
but significant male advantage in the overall sample.
Analysis in the overall sample also showed an effect
of task, with all tasks showing a significant male advan-
tage, except memory for location, where a female ad-
vantage emerged. Interestingly, the male advantage was
only found for computer tasks, not when physical media
(cards, blocks, etc.) were used. Finally, age was a sig-
nificant moderator, showing an increase in the magni-
tude of sex differences with age. In fact, age was also a
significant moderator in two task subgroups (Corsi
Blocks, n-back). An effect of year of publication also
emerged for these two subgroups. These results show
minimal influence from moderators. In fact, memory
for location and for token required no moderator analy-
sis as the results showed better fit for a fixed effects
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model in the subgroups. In contrast, memory for pat-
terns and other tasks showed no significant moderator
despite a better fit for the random effects model.
Keeping these results in mind, we will discuss their
implications, starting with a consideration of the overall
effect and then examining the results of the moderator
analysis.

Overall results

Results of the overall analysis clearly show a male advan-
tage in visual-spatial working memory with an estimated
effect size of 0.155 that is significantly different from
zero. However, this also reflects a small effect that essen-
tially fits with the notion that most sex differences are
small and that similarities tend to be the norm (Hyde,
2005; 2014). To put this finding in context, an effect size
of 0.155 would require a total sample of 654 participants
to achieve 80 % power at the 0.05 level of significance.
This is much larger than the typical individual study sam-
ple size as presented in Table 1. This suggests that open
archiving of data might provide an interesting avenue for
researchers in that it would provide a cumulative record of
available data that would likely improve our understand-
ing of the underlying factors.

Despite their small size, the direction of sex differences
is fairly consistent in the present analysis, with only one
category reflecting a significant female advantage
(memory for location in Table 2). This consistency empha-
sizes the importance of not disregarding completely any
small effect as it might have implications in specific con-
texts. For example, the mere existence of sex differences in
visual-spatial working memory should warn clinicians to
be cautious when comparing male and female patients. In
fact, if the test publisher feels that there is a need to provide
separate norms for the Wechsler Adult Intelligence Scale—
Third Edition (WAIS-III; Wechsler, 1997) despite contro-
versial data concerning the existence of sex differences in
intelligence (Halpern, 2013), a demonstrated case as we
found here should clearly warrant separate norms for males
and females. Similarly, it might be advisable to account for
the sex difference in building models of visual-spatial
working memory. Essentially, much empirical research is
required before we can state without a doubt that males and
females process visual-spatial working memory tasks in
the same way. In the meantime, it might be advisable to
examine model fit separately for male and female samples.

In broad terms, likely the most obvious implication of the
present results is that the large amount of research that simply
ignores sex as a relevant variable in visual-spatial working
memory research overlooks a possible source of variation.
At the very least, researchers should state the number of fe-
males and males they tested and routinely examine sex as a
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factor in preliminary analyses. Full report of sample charac-
teristics is always required even when no sex differences have
been documented in the past (APA Publications and
Communications Board Working Group on Journal Article
Reporting Standards, 2008). The present results suggest that
full report of sample composition for studies of visual-spatial
working memory is even more imperative than mere adher-
ence to reporting standards.

Visual-spatial working memory and spatial abilities The
assumed link between sex differences in spatial abilities and
visual-spatial working memory was one of the driving forces
behind the present study. From this perspective, the magnitude
of the overall effect for sex differences in visual-spatial work-
ing memory suggests that such small effects could hardly
account for spatial performance sex differences that can be
as large as a Cohen’s d of 0.94 when considering mental
rotation (Linn & Petersen, 1985). This suggests that even after
taking visual-spatial working memory into account, there is
still much variance left to explain in the relation between sex
and spatial abilities. In fact, task selection might provide an
explanation of Kaufman’s (2007) finding that visual-spatial
working memory was a complete mediator of sex differences
for the DAT-SR but not for the Mental Rotations Test (MRT).
Specifically, Voyer et al. (1995) reported a mean d of 0.27 for
the former and of 0.67 for the latter. If we assume that both
tasks have a strong visual-spatial working memory, this would
leave much less variance left to explain for the DAT-SR than
for the MRT, thereby potentially allowing room for a unique
path between sex and scores on the latter. Taking all the evi-
dence into account, the present analysis suggests that sex dif-
ferences in visual-spatial working memory might partly ac-
count for sex differences in spatial abilities, but there also is
much variance left to be explained by other factors in future
empirical work. The results of the moderator analysis give
preliminary notions of variables that might account for some
of the remaining variance. Therefore, we will now turn to the
implication of these findings.

Moderator analysis

The overall and subgroup analyses overlapped much in terms
of the significant moderators. Therefore, this part of the dis-
cussion will proceed as a function of specific moderators,
starting with task as it was only possible to examine it in the
overall analysis, then proceeding to those that emerged most
frequently and moving on to those that were unique to a spe-
cific subgroup of tasks.

Task as a moderator The findings relevant to task as a mod-
erator (Table 2) suggest that the magnitude of sex differences
in visual-spatial working memory is fairly consistent in show-
ing a male advantage in all the tasks we sampled, except for

object location memory, where the advantage is in favor of
females. In fact, it seems that the effect of task as a moderator
is driven completely by the reversal of the effect in memory
for location compared to other tasks. Specifically, when mem-
ory for location tasks is removed, task does not account for a
significant amount of variance in effect sizes anymore (p =
0.69) and the overall effect size goes from 0.155 to 0.208
(95 % CI: 0.149, 0.267). It is thus legitimate to state that sex
differences in visual-spatial working memory tapped by Corsi
Blocks, n-back, memory for patterns, memory for tokens, and
other tasks that fit our theory neutral definition but excluding
memory for location produce a small but consistent male ad-
vantage. Even though the memory for location tasks included
here fit our definition, they reflect the only tasks with a pure
location component.

We have argued earlier that the memory for location tasks
in our sample are distinct from the ones sampled by Voyer
et al. (2007) as their meta-analysis focused on tasks that in-
cluded a time interval between encoding and retrieval that is
too long and the number of objects too numerous to fit our
definition. Essentially, the location tasks included here had a
short encoding to retrieval interval and typically involved only
one object. Therefore, it would appear that the female
advantage reported by Voyer et al. (2007) generalizes to the
tasks sampled here. In fact, their mean estimated d of —0.269
(sign changed to fit our coding) is within the confidence in-
tervals for our mean effect size of —0.339 (Table 2). This
strongly supports the existence of a generalizable female ad-
vantage in pure object location memory tasks.

As we also noted in the introduction, practically all the
visual-spatial working tasks seem to have a location compo-
nent. However, they are not pure object location memory
tasks. Specifically, in addition to location, the Corsi Blocks
task has a sequencing component; memory for a pattern re-
quires associating a location with a specific pattern, thereby
adding a non-location component; memory for token requires
remembering location of the token across several trials so that
participants have to remember both the target and distractors;
the n-back task requires remembering the location of a target
across specific trials, thereby essentially adding an episodic
component. Examination of tasks components suggests that,
although females are better than males to remember a location,
the sex difference reverses in direction as soon as another
component is added to the task.

Why is that the case? Obviously, a meta-analysis does not
allow an answer to that question as all we can do is compare
across studies. Interestingly, only one of the studies we re-
trieved (Hartley, Elsabagh, & File, 2004) examined memory
for location and another visual-spatial working memory task
(memory for pattern) in a within-subject design. What is even
more interesting is that a male advantage emerged in both
tasks in their study. This suggests that more research including
visual-spatial working memory tasks that are or are not pure
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location measures are required to examine more closely the
component processes. A study by Loring-Meier and Halpern
(1999) actually examined what they viewed as components
tasks reflecting the process of visual-spatial working memory.
However, they did not include location as a component. In
fact, we could not include their experiment in our sample
because, taken separately, the components they studied did
not fit our definition of visual-spatial working memory. To
our knowledge, no other researchers have taken a sex differ-
ences perspective on components of visual-spatial working
memory. The present results relevant to the effect of task sug-
gest that it would be a worthwhile avenue for future research.

Age as a moderator Mean age of the sample was found to
account for significant variance in the overall analysis as well as
in Corsi Blocks tasks and n-back tasks. Age as a continuous
variable was positively related to the magnitude of sex differ-
ences in these three analyses, but age as a categorical variable
was only significant for Corsi Blocks and n-back tasks.
Regardless of this aspect, the relevant results presented in
Tables 2 and 3 are clear: Sex differences in visual-spatial work-
ing memory seem to emerge in young adulthood (18-29 years
group), whereas they are not significant in childhood (younger
than 13 years) and adolescence (13-17 years). Of course, the
estimated effect size for the 18-29 group in the overall analysis
(Table 2) seems at variance with this conclusion, because its
confidence interval includes zero. However, it is important to
keep in mind that all the samples that investigated memory for
location belonged in the 18-29 age group. Because this is the
only task that showed a clear female advantage, it dropped the
magnitude of the effect for that grouping. In fact, when memory
for location tasks are removed from the overall analysis, age as
a categorical variable becomes significant (p = 0.008) and the
effect size for the 18-29 age group (based on 31 samples) be-
comes 0.279 (95 % CI: 0.133, 0.426). It is clear that the sex
difference emerges in young adulthood in visual-spatial work-
ing memory tasks that show a male advantage.

Aside from pointing out once more the distinct nature of
location memory, this reanalysis suggests that when visual-
spatial working memory tasks show a male advantage, this
advantage appears first in the category that includes the age
associated with puberty (13 years)—a finding similar to what
Voyer et al. (1995) reported with spatial abilities. In account-
ing for this finding, hormonal changes, the most obvious fac-
tor associated with puberty, provides an interesting option.
After all, there is ample evidence of the influence of sex hor-
mones on visual-spatial working memory in humans, al-
though the data remain unclear concerning the respective role
of estrogen and progesterone (Duff & Hampson, 2000;
Postma, Winkel, Tuiten, & van Honk, 1999) or testosterone
(Cherrier et al., 2001) and whether these hormones improve or
impair visual-spatial working memory. This is clearly an area
that requires much more research.
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Another possibility to account for developmental differ-
ences in visual-spatial working memory comes from research
suggesting that children and adults use different cerebral struc-
tures when performing such tasks, especially as memory load
increases, which might account in part for poorer performance
in children than in adults (Thomason et al., 2009), at least for
children aged 7-12 years and adults aged 20-29 years, as was
the case in the Thomason et al. study. Inasmuch as changes in
activation patterns reflect strategy choice, this would suggest a
role for changes in strategy selection with age in the emer-
gence of visual-spatial working memory, although develop-
mental changes in cerebral activation could also reflect brain
maturation. However, here as well, data are contradictory with
Thomas et al. (1999) suggesting that similar cortical regions
are activated in children (8-10 years old) and adults (19-
26 years old) during performance of a visual-spatial working
memory task. Again, this lack of agreement suggests that
more research is required, especially considering that devel-
opmental aspect and sex differences in visual-spatial working
memory have not been tackled in the same study in the context
of research relying on neuroimaging or on the measurement of
hormones. Clearly, the present meta-analysis does not allow
causal claim to account for age effects on the magnitude of sex
differences in visual-spatial working memory. Nevertheless, it
suggests that it might be fruitful to investigate hormonal and
strategy selection as factors in future work.

Testing medium as a moderator Testing medium was only a
significant moderator in the overall analysis. The pattern of
results with this moderator showed that sex differences in
visual-spatial working memory were only significantly differ-
ent from zero when computer tasks were used.

Before considering potential explanations for this finding,
it is important to remember that we had concerns that medium
might be confounded with specific task in our sample. An
examination of the distribution of effect sizes and their
weighted mean as a function of task and testing medium in
Table 4 allows an assessment of this possibility. In particular,

Table 4 Distribution of effect sizes as a function of task and testing
medium (mean weighted effect size in parenthesis)

Task Testing medium
Computer Physical Not reported

Corsi blocks 23 (0.247%) 36 (0.160%) 10 (0.017)
N-back 19 (0.200%) - -

Pattern 34 (0.205%) 2 (0.461%) -

Location 11 (=0.045) 15 (-0.490%) -

Token 20 (0.288%) 1(0.181) -

Other 8 (0.227%) 1(0.732) -

*95 % CI does not include zero
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it is clear that all tasks are represented in the computer testing
category so that any confounding effect does not lie in that
group. In contrast, all instances of “not reported” medium
come from studies using the Corsi Blocks task, whereas all
but the n-back task had at least one effect size drawn from a
physical medium. It is difficult to draw any inferences from
the Corsi Blocks tasks data where the testing medium was not
reported, because we do not really know how participants
were tested. However, when considering the data for physical
testing material, more than a quarter of the effect sizes (15 of
55, or 27.2 %) come from memory for location tasks. These
tasks, when implemented through physical testing, show the
largest effect size across Tables 2, 3, and 4; the fact that this
estimate is negative likely accounts in part for the effect of
testing medium. Specifically, the large negative effect size for
location tasks administered physically reduces the effect size
to a large extent, as reflected in the overall estimate reported in
Table 2 for physical medium. In fact, it is quite revealing that,
here as well, removing memory for location tasks from the
data set makes the effect of testing medium non-significant in
the overall sample (p = 0.47). As a result, physical media now
produce a significant male advantage when location tasks are
removed (estimated d = 0 .197; 95 % CI: 0.064, 0.329), con-
trary to what was originally found (Table 2).

The moderator analyses discussed so far all have one thing
in common: When location for memory tasks are removed
from the data set, their influence on accounted variance in
effect sizes for the overall sample is affected. Specifically,
the effect of age coded categorically became significant,
whereas the effect of task and testing medium became nonsig-
nificant. These findings suggest that, in one sense, memory for
location tasks are outliers in the present data set, and they
essentially do not belong with other visual-spatial memory
tasks when considering sex differences. From the present find-
ings with location memory tasks and the results reported by
Voyer et al. (2007), it appears that females have the advantage
over males in memory for location. However, as soon as an-
other component is added, whether it is sequencing, remem-
bering a pattern, a series of location, etc., then males have the
advantage. As suggested earlier, empirical studies examining
different tasks and their components are needed to explain the
mechanism underlying this dissociation in terms of the direc-
tion of sex differences.

Year of publication as a moderator Year of publication was
a significant moderator for Corsi Blocks tasks and for n-back
tasks. The regression coefficient pointed to a decrease in the
magnitude of effect sizes with year of publication in the for-
mer and an increase in the latter. However, the year effect
could be accounted for by age of the sample in n-back tasks,
indicating that the original finding was due to the fact that the
younger participants also were found in older studies in n-
back tasks. This finding simply suggests that age and year of

publication are confounded in the n-back tasks sampled here.
This confound precludes the need to interpret the year effect in
n-back tasks beyond this statistical explanation. It also would
be premature to interpret any age-year of publication correla-
tion as reflecting strong trends in the existing research. For
example, this correlation is not significant for n-back tasks.

In the case of Corsi Blocks tasks, however, the effect
remained significant after controlling for age. This suggests
that, similar to what has been found in some spatial tests
(Voyer et al., 1995), the magnitude of sex differences in
Corsi Blocks tasks has decreased in recent years. Such a
meta-analytic finding is typically interpreted as reflecting the
influence of social changes on cognitive sex differences
(Feingold, 1988). Such an influence seems to be limited to
the Corsi Blocks tasks. One might be tempted to argue that
the year of publication effect could reflect an Egger-like small-
study effect rather than shrinking effects due to social changes.
However, this alternative possibility would predict a signifi-
cant correlation between year of publication and sample size.
This correlation is —0.082, p = 0.276 in the present study. The
social change interpretation therefore seems like a more plau-
sible account of the year of publication effect.

Memory for location, token, pattern, and others Findings
of the subgroup analysis showed that the fixed-effects model
could not be rejected in the memory for location and memory
for token tasks. This testifies to the consistency of the female
advantage in location tasks and male advantage for token
tasks. The results are particularly interesting in memory for
location, because they seem not to fit with the rest of the data,
as discussed earlier. It is legitimate to state that such tasks
produce significant and consistent sex differences in favor of
females.

In memory for pattern and other tasks, no significant mod-
erator emerged. In the case of other tasks, low power due to
the small number of effect sizes in that grouping as well as
random heterogeneity in what amounted to a catch-all catego-
ry can plausibly explain this finding. However, the lack of
significant moderator in memory for pattern is puzzling, be-
cause this grouping has the second most effect sizes in the
subgroups analysis. This lack of clear explanatory variable
limits the interpretations that we can draw from this type of
tasks. However, the magnitude of sex differences that they
produce (Table 2) fits nicely with the remaining tasks (except
memory for location, of course). Therefore, we can at least
conclude that it produces sex differences consistent with what
is found in other visual-spatial working memory tasks.

Limitations
The present meta-analysis is the first one to tackle the question

of sex differences in visual-spatial working memory. Of
course, it also has limitations that require some consideration.
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What many readers might view as the most obvious limi-
tation is our shift in literature search strategy as we included
sex or gender as search terms to maximize ready accessibility
to data. However, it is important to remember that we were
compelled to use this limited search strategy as the literature
retrieved from a broader search generally did not report data
separately by sex and often did not even mention whether
males and females were tested. Obviously, a large majority
of researchers interested in the study of visual-spatial working
memory overlook sex of participants in their design.
Hopefully, the present findings will make them reconsider this
view.

One might be tempted to argue that we should have
contacted each and every author in the hope of receiving the
data needed for our meta-analysis, even though this meant
writing to possibly more than 2,000 authors. In all likelihood,
assuming that we received timely replies, we would have had
a sample biased in other ways. For example, we can reason-
ably expect that only authors of relatively recent studies would
have access to the data, so our sample would be biased toward
newer research, which this would potentially affect the results
of the year of publication analysis. In addition, only authors
that actually noted sex of their participants would be able to
send data, so that would be an additional source of bias similar
to our selection of sex and gender in the search terms. Of
course, we could not expect a 100 % response rate, if only
because some authors might have moved, be deceased, or
simply choose not to reply. Therefore, it is clear that we would
face a different form of bias, and we also would have to delay
publication of this work with no guarantee that results would
be different.

In fact, the most likely argument against including sex or
gender as search terms is that their inclusion might promote a
publication bias, whereby only studies that obtain the expect-
ed results (a male advantage?) would get published. It is pos-
sible that some authors only mentioned sex differences in their
results, because they found them to be significant in hope of
having their paper published. This would potentially exacer-
bate a publication bias. However, it is equally plausible to
argue that other authors found significant sex differences in
preliminary analyses and failed to report them, because they
viewed them as noise. It is simply not possible to determine
whether an overreporting or an underreporting bias might ex-
ist. However, it is clear that our results showed no support for
a publication bias either when comparing the magnitude of
sex differences in published and unpublished studies or when
considering converging evidence from three other statistical
approaches to the examination of publication bias. Therefore,
in the context of the existing statistical and methodological
tools, it seems reasonable to assume that publication bias is
not an issue. However, a more definite answer could be pro-
vided by recent initiatives for better scientific practices, in-
cluding mandatory usage of open data repositories for all
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published studies. Open data archives would help all re-
searchers conducting meta-analyses, because it would make
all relevant data readily available. In the meantime, despite our
use of limiting search terms, we are confident that our results
are a valid reflection of the state of affairs on sex differences in
visual-spatial working memory.

Another limitation requiring discussion is that we had to
rely on analytic methods that are not optimal to compute the
moderator analysis in four out of six tasks subgroups. This
approach reflected a balance between the need to consider
all possible level 1 (measure level) moderators to provide as
complete a picture as possible of the data and the statistical
impossibility to obtain valid results with multilevel meta-
analysis in these subgroups due to the small number of sam-
ples represented. In view of the questionable validity of the
moderator analysis in these subgroups, one might be tempted
to argue that we should have performed only the overall mul-
tilevel analysis. However, the subgroup analysis was neces-
sary to estimate potential confounds between the specific tasks
and some of the moderators. The subgroup analysis
established that these confounds likely had minimal effects
on the multilevel analysis results, thereby strengthening their
validity. In reality, the most serious issue that we need to
consider is that the confidence intervals for the effect might
be narrower than they should be as standard errors would be
underestimated. However, the moderator analysis produced
results that paralleled those obtained in the overall analysis,
especially when considering age effects. This corroboration
suggests that use of a less than optimal analytic method for
some of the tasks subgroups had minimal influence on the
results.

Conclusions

The present meta-analysis summarized findings pertaining to
sex differences in visual-spatial working memory by means of
two complementary statistical approaches. It showed that a
small but significant male advantage exists in such tasks and
that it is fairly consistent across tasks. However, contrary to
the hypothesis proposed by some researchers, these sex dif-
ferences are too small to account fully for sex differences in
spatial abilities, where effect sizes can be relatively large, es-
pecially in mental rotation. The only exception to the male
advantage was in pure memory for location tasks, where a
female advantage was observed. The importance of these lo-
cation tasks in affecting the results of moderator analyses
prompted us to suggest that they do not really belong with
the remainder of the tasks sampled here, at least in the context
of sex differences.

The finding that sex differences in visual-spatial work-
ing memory seem to emerge around puberty suggests the
need to pursue research investigating possible mechanisms
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of this maturation effect. In the meantime, we hope that the
present results will make researchers aware of the existence
of sex differences in visual-spatial working memory and
compel them to at least report the sex composition of their
sample if not to consider sex as another relevant variable in
this research area.
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