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Abstract

The goal of this study was to understand the role of individual characteristics such as age, gender and education of healthy
adults on working memory abilities, as conceptualized in the central executive, phonological loop, and visuospatial sketchpad.
The sample comprised 302 adults aged from 18 to 65 with different educational backgrounds. Participants were submitted to
a protocol of established neuropsychological tests that were selected to assess the central executive, phonological loop, and
visuospatial sketchpad. The results revealed that these factors influenced working memory abilities differentially. Education
level influenced all the three components in the same direction. Individuals with higher academic qualifications have better
performance in tests assessing the central executive, phonological loop, and visuospatial sketchpad, whereas age affected
performance in the task evaluating the central executive. Age and gender also influenced the performance in tasks related to
visuospatial sketchpad in the sense that younger individuals or men reveal better visual and spatial abilities as conceptual-
ized in the visuospatial sketchpad.
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Introduction

The growing interest in working memory is related to the
implications that these functions have at the level of other
cognitive abilities (Jonides and Smith 1997), such as reason-
ing and learning abilities (Baddeley et al. 2009).

Several studies report that working memory may differ
according to gender (Lejbak et al. 2011), age (Bender and
Raz 2012) or educational level (Lam et al. 2013), which
motivate a study on the role of these individual differences
in working memory components.

One of the most influential studies to the definition of
working memory is the Baddeley and Hitch’s model of
working memory (Baddeley and Hitch 1974), which divided
working memory into three components: the central execu-
tive and two subcomponents: the phonological loop and
the visuospatial sketchpad, being subordinate of the central
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executive with functions related to temporal processing of
verbal (i.e., phonological loop) and visuospatial information
(i.e., visuospatial sketchpad) (Baddeley 2007).

This model evolved with the inclusion of a fourth com-
ponent: the episodic buffer that serves the central executive
acting on the integration of material from the other two sub-
components in close relationship with long-term memory
(Baddeley 2000).

The neuroanatomical structures underlying these pro-
cesses have been studied using functional magnetic reso-
nance imaging (fMRI), in which evidence suggests a link
between activation of the dorsolateral prefrontal brain area
and task performance involving the central executive (Blu-
menfeld et al. 2011).

The areas related to the central executive are located,
but not limited to the prefrontal cortex (Baddeley 2011).
Increased activations were found in the left cerebellum hem-
isphere for verbal tasks and in the right cerebellum hemi-
sphere for non-verbal tasks (Stoodley et al. 2012).

The neural substrates underlying the phonological loop
have also been demonstrated. Awh et al. (1996) in a PET
study found that when a participant performed a verbal letter
recall task, different brain areas were activated: Brodmann
areas (BA) 7 and BA 40 in left hemisphere, as well as BA 6
and BA 44 in the left hemisphere, the anterior cingulate and
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the right cerebellum (Marvel and Desmond 2012), whereas
those associated with the processes of the visuospatial
sketchpad are located in the right occipital lobe (BA 19),
the right temporoparietal region (BA 7 and BA 40), the pre-
motor area (BA 6), in the lower right prefrontal lobe (BA 47)
(Baddeley 2007) and left cerebellum (Chanraud et al. 2011).

Due to brain aging and the progressive loss of neural tis-
sue, age is often associated with decline in working memory
processing (Schulze et al. 2011). However, these effects are
more pronounced in complex tasks involving the manipula-
tion of material rather than in memory capacity solely (Kem-
per et al. 2013). Therefore, as people age, the performance
in working memory tasks that require a degree of mental
manipulation of the material will be increasingly difficult as
in the case of recalling a list of digits backwards (Mastroi-
anni et al. 1996), reading span ability (Meguro et al. 2000),
or performance in the n-back test (Schmiedek et al. 2009).

However, the effects of age are less clear in the phono-
logical loop, both for studies with sentence span (Craik et al.
1990) and digit or word span (Bireta et al. 2013) that have
not revealed age effects. There is also evidence of age effects
on the visuospatial sketchpad (Coates et al. 1999; Rodriguez
et al. 2001; Luo et al. 2013).

The educational level has been also associated with the
central executive (Tun and Lachman 2008; Roldan-Tapia
et al. 2012). Education can have a positive effect on gen-
eral neuropsychological performance (Lam et al. 2013), and
on tasks that assess the phonological loop, the visuospatial
sketchpad and central executive (Silva et al. 2012). An ear-
lier study by Ardila et al. (2000) revealed that performance
in backward digit-span tasks was also sensitive to the edu-
cational level.

However, the results are not consistent for the effects of
gender on working memory. A systematic review of the lit-
erature on gender differences in working memory has sug-
gested that there were no significant gender differences in
the performance of the WAIS subtests (Torres et al. 2006).
A study reported gender differences only for the visuospatial
sketchpad that was the only component in which men per-
formed better than women when assessed with the n-back
test (Lejbak et al. 2011).

The studies previously reported are diverse in the sense
that the same were conducted in different samples and under
distinct methods. Therefore, to provide a more comprehen-
sive view on the potential effects of individual variables on
working memory, it is important to study the contributions in
a large sample of healthy individuals. In this study, the main
goal was to explore the roles of potential confounders such
as gender, age and education on working memory abilities.
We expected differential effects of age and education on the
central executive. We hypothesized that older persons would
have poorer ability in this component, whereas higher edu-
cation would be associated with better ability in the central
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executive, which was assessed by the backwards digit span
subtest of the WAIS and the reading span test. As regards to
the phonological loop, we expected only a positive effect of
education on this ability as assessed with the forward digit
span subtest of the WAIS. As for the visual-spatial com-
ponent, we expected an effect of age (negative), education
(positive) as well as for men both for the Visual Patterns Test
and the Corsi Block-tapping Test.

Method
Participants

Three hundred and two adults between the ages of 18 and
65 were recruited from the general population. These par-
ticipants were recruited from a university campus, and also
from different senior universities and employment centres
in Lisbon region. All participants had Portuguese nation-
ality. The exclusion criteria were as follows: (1) clinical
history of mental or neurological disorder; (2) cognitive
impairment as assessed with the Mini-Mental State Exami-
nation—MMSE (Folstein et al. 1975): participants were
excluded for scores below: (a) 16 for illiterate persons, (b)
23 for schooling between 1 and 11 years, (c) 28 for schooling
above 11 years, according to the cut-offs for the Portuguese
population (Guerreiro et al. 1994); and (3) the Short Test
(Kokmen et al. 1987): participants were excluded for scores
below: (a) 32 for people aged between 26 and 49 years old,
(b) 31 for ages between 50 and 59 years old, (c) 30 for ages
between 60 and 69 years old; (3) as well as prior or current
use of alcohol or psychoactive substances.

Sixty participants were excluded due to these criteria:
41 participants (24 men and 17 women) scored below than
expected for a normative sample in the MMSE and the Short
Test; 12 participants (7 men and 5 women) had clinical his-
tory of mental and neurological disorders; 7 participants (5
men and 2 women) had history of alcohol consumption and/
or other psychoactive substances.

Therefore, the final sample for this study comprised 302
individuals (153 women and 149 men). The average age
of this sample is 34 years old (SD =15 years). Women are
slightly older than men (M =36+ 14 years for women vs.
M =33 +15 years for men).

Measures

The cognitive screening was conducted with the Mini-Men-
tal State Examination (Folstein et al. 1975), which is adapted
to the Portuguese population by Guerreiro et al. (1994), and
the Short Test (Kokmen et al. 1987).

Working memory was assessed under the model of
Baddeley and Hitch (1974) considering the underlying
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components of working memory: central executive, pho-
nological loop and the visuospatial sketchpad. As for the
central executive, this component was assessed through the
backward digit-span subtest from the Wechsler Adult Intel-
ligence Scale—WAIS (Wechsler 1997); and the Reading
Span Test (Daneman and Carpenter 1980). The phonologi-
cal loop was evaluated with the forward digit-span from the
WALIS (Wechsler 1997), whereas the visuospatial sketchpad
was assessed for both the visual and spatial dimensions: the
Visual Patterns Test—VPT (Della Sala et al. 1999) for the
visual and the Corsi Block-tapping Test (Milner 1971) for
the spatial dimension of working memory.

Procedure

The neuropsychological assessment took place in regular
and senior universities and in employment centres in the Lis-
bon region. After obtaining authorization from these institu-
tions, the individuals were approached and asked to collabo-
rate in the study. The purpose of the study was explained and
a written informed consent was collected from individuals
who were interested in participating in the investigation.
After this informed consent, the participants were asked
about prior medical conditions and sociodemographic data.
Following the anamnesis, the screening measures and the
neuropsychological instruments assessing working memory
were completed individually in a quiet room that was set for
this specific purpose on each of the institutions where the
sample was recruited. The neuropsychological assessment
was conducted by the authors involved in this study in one
session that took approximately 45 min.

Statistical Analysis

The statistical analysis was conducted separately for each
component of working memory. These analyses were
performed in two steps. In the first place, the descriptive
statistics were calculated for each component to show the
average scores and variability according to the groups that
were being studied. Second, linear regression analyses using
stepwise extraction method were conducted to determine the
best predictors of performance on each of the three com-
ponents of working memory. The independent variables
entered in the linear regressions were the individual vari-
ables concerning age, gender and education. The assump-
tions of linear regression analysis were also tested and were
found to be valid for the dependent variables, namely in what
concerns to multivariate normality and absence of multicol-
linearity. The dependent variables were: (1) the score from
backward digit-span subtest—WALIS and the total score in
Reading Span Test (central executive); (2) the total score
from the forward digit-span subtest—WAIS (phonological
loop); and (3) the total score in the Visual Patterns Test

(visual sketchpad) and total score in the Corsi Block-tapping
Test (spatial sketchpad).

Results

The descriptive statistics for each of the subtests assessing
working memory abilities are presented in Table 1. The
results from the linear regression analyses on each compo-
nent of working memory are depicted in Table 2. Table 3
describes the standardized Beta effects of the predictors on
each of the dependent variables.

Central Executive: Backward Digit-Span

The linear regression analysis was conducted with the
total score from the backward digit-span task as depend-
ent variable and age, gender and education level as inde-
pendent variables. The results showed that only education
level was considered as a significant predictor of neuropsy-
chological performance on the backward digit-span task
(F(1, 300)=52.818 p<.001). The final regression model
explained 15% of the variance in the dependent variable.

Central Executive: Reading Span Test

The same regression analysis was performed but with the
total score from the Reading Span Test as dependent vari-
able, which included education level and age as significant
predictors of the dependent variable (p <.05). The edu-
cation level was extracted in the first step of the analysis,
explaining 15.7% of the total variance (F(1, 300) =55.940;
p <.001), whereas age was extracted in the second step (F(2,
299)=38.363; p <.001), explaining 4.7%. The full model
explained 20.4% of the total variance of the performance on
the Reading Span Test.

Phonological Loop: Forward Digit-Span

The same analysis was carried out to identify the pre-
dictors of performance in Forward Digit-Span task. The

Table 1 Descriptive statistics for the neuropsychological tests

Min Max M SD
Central executive (BDS) 2 5.04 1.13
Central executive (RST) 2 3.04 0.70
Phonological loop (FDS) 4 7.50 1.10
Visual sketchpad (VPT) 4 15 8.82 1.98
Spatial sketchpad (CBT) 3 7 4.91 0.84

BDS backward digit-span, RST reading span test, FDS forward digit-
span, VPT visual patterns test, CBT Corsi block-tapping test
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T.ablf-.1 2 Regression scores for Domain DV Predictors R R? AR? F
significant models
Central executive BDS EL .387 .150 - 52.818%**
RST EL + Age 452 204 .047 38.363***
Phonological loop FDS EL 245 .060 - 19.178***
Visuospatial sketchpad VPT Age+EL + Gender .555 308 .069? 44 2235
CBT Age + Gender +EL 478 228 .066° 29.365%%**

BDS backward digit-span, RST reading span test, FDS forward digit-span, VPT visual patterns test, CBT
Corsi block-tapping test, EL education level

wHkp < 001

“Highest change was from Step 2 to Step 3

PLowest change was from Step 1 to Step 2

Table 3 Beta scores for each predictor included in the model

Domain DV Predictors B t
Central executive BDS EL .387 7.268%%*
RST EL 361 6.905%**
Age —.220 —4.204%**
Phonological loop FDS EL 245 4.379%%*
Visuospatial sketchpad VPT  Age —.351 —7.153%**
EL 293 5.927%**
Gender .266 5.441%%*
CBT Age — 248  —4.7775%**
Gender 297 5.752%%*
EL 257 4.927%**

BDS backward digit-span, RST reading span test, FDS forward digit-
span, VPT visual patterns test, CBT Corsi block-tapping test, EL edu-
cation level

#Hkp < 001

results revealed that only education level was considered
as a significant predictor of this task (F(1, 300)=19.178;
p <.001), which explained 6% of the total variance.

Visual Sketchpad: Visual Patterns Test

The linear regression analysis for the VPT as depend-
ent variable showed that age, education and gender were
all significant predictors of performance in this test. The
variable concerning age was the first variable extracted
in the analysis (F(1, 300) =64.808; p <.001) that deter-
mined 17.8% of the total variance, followed by educa-
tion level (F(2, 299)=47.035; p <.001) and gender (F(3,
298) =44.223; p <.001). Education level and gender
explained 6.1 and 6.9% of the total variance, respectively.
The full regression model with three predictors explained
30.8% of performance in the VPT.

@ Springer

Spatial Sketchpad: Corsi Block-Tapping Test

The same analysis but for the Corsi Block-tapping Test
revealed that all three variables entered in the analysis
were found to be significant predictors. The first variable
extracted was age (F(1, 300)=32.989; p <.001), followed
by gender (F(2,299)=29.604; p <.001) and education level
(F(3, 298)=29.365; p<.001). Age explained 9.9% of the
variance, whereas education and gender explained similar
proportions, 6.6 and 6.3%, respectively. The full model
explained 22.8% of performance in the Corsi Block-tapping
Test.

Discussion

The aim of the study was to investigate whether individual
differences related to age, gender and education influence
working memory. We expected that these results could con-
tribute to a better understanding of working memory abili-
ties in healthy individuals.

The components of working memory were tested accord-
ing to the classical model of working memory from Bad-
deley and Hitch (1974).

Concerning the central executive, the obtained results
suggested positive effects of education on this component.
Individuals with higher education levels revealed better
performance on the tasks evaluating the central executive,
such as backward digit-span and RST, which concur with a
previous literature (Ardila et al. 2000; Lehto 1995). One pos-
sible explanation for these results is related to the concept of
cognitive reserve that may be associated with increase in the
volume of gray matter in the frontal and parietal lobes (Bar-
trés-Faz et al. 2009), while improving information process-
ing from the central executive (Roldan-Tapia et al. 2012).

Age has been consistently associated with performance
of tasks assessing the central executive (Kemper et al.
2013), as in backward digit-span tasks (Roldan-Tapia et al.
2012), reading span (Blair et al. 2011) and n-back tasks
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(Schmiedek et al. 2009). However, in the current study,
these results were supported only for RST, but not for
backward digit-span. Age differences cohort between our
study and those previous studies that included participants
older than 65 years old may explain such discrepancies
(Gregoire and Van der Linden 1997). No effects of gen-
der were observed in the central executive. Gender effects
were also negligible in the central executive as observed
by Robert and Savoie (2006).

On the one hand, in the phonological loop, only education
level explained performance in the forward digit-span task
with a higher level of education predicting better perfor-
mance in this task. These results are consistent with those
obtained by other studies (e.g., Silva et al. 2012). Educa-
tion may create a set of cognitive strategies that may help
improving cognitive abilities (Scribner and Cole 1981). On
the other hand, age did not affect performance in tasks from
the phonological loop. The results concerning age have been
inconsistent. For instance, Bireta et al. (2013) did not find
age effects on the digit span, whereas Ostrosky-Solis et al.
(1998) did find decrease in the performance of the digit span
task with age. However, there are also suggestions that the
effects of age may be more pronounced in older individuals
(Gregoire and Van Der Linden 1997), which may explain the
lack of associations with age in our study. No associations
with gender were also found, which is in agreement with a
previous literature (Robert and Savoie 2006).

In contrast, age, gender and education explained perfor-
mance in tasks from the visuospatial sketchpad. The results
suggest that younger individuals, those with higher edu-
cation level, or men have better performance in the tasks
involving the visuospatial sketchpad. Beigneux et al. (2007)
reported the same pattern of results for age both in the Corsi
Block-tapping Test and the Visual Patterns Test. Brown et al.
(2012) claim that the decrease in performance evidenced in
these tasks with increasing age is essentially due to decline
in processing speed ability.

As for education, while there are studies suggesting
effects of schooling on working memory (e.g., Gropper and
Tannock 2009), others seem to contradict such results (e.g.,
Cavallini et al. 2009). Moreover, the associations with gen-
der have also been reported previously (Lejbak et al. 2011).
According to Herrnstein and Murray (1994), the prediction
that men show better performance than women in visuos-
patial tasks may be related to biological and social aspects,
being dependent on hormonal changes that occur at birth
and through adolescence, but also due to genetic factors
that result from differences in the phylogenetic evolution
of men and women. Ancient men due to hunting may have
developed their visuospatial abilities more than women that
had different roles (Kolb and Whishaw 1990). As regards
to social aspects, men may be also more involved in visu-
ospatial tasks during their lives (Lawton and Morrin 1999).

In sum, these findings yield the notion that performance
on tasks assessing different components of working memory
in the classical view of Baddeley and Hitch (1974), may vary
depending on individual characteristics of education level,
age, or gender. The central executive may be determined by
education and age, with better cognitive ability for younger
people or individuals with higher levels of education. The
phonological loop may be determined by education, with
better performance for individuals with higher levels of edu-
cation, whereas the visuospatial sketchpad depends on the
former but also on gender, with men yielding better neu-
ropsychological performance in visual and spatial tasks.
Although this study involves a large sample of adult partici-
pants, it would be interesting to include a cohort of elderly
participants in future research, since these outcomes may be
more evident in older age cohorts. It would have also been
important to explore the abilities associated with the central
executive with the N-back task, which could have provided
other insights to explain the findings from this study.

The overall results indicate that age, education, but also
gender may be important confounders of performance in
neuropsychological tests evaluating working memory abili-
ties. This investigation contributes also to the study of work-
ing memory in adult population up to the age of retirement,
which allow also to understand how these abilities change
in the economically active population.
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