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Abstract: Background: Aging is generally considered to be related to physical and cognitive
decline. This is especially prominent in the frontal and parietal lobes, underlying executive functions
and spatial memory, respectively. This process could be successfully mitigated in certain ways,
such as through the practice of aerobic sports. With regard to this, dancing integrates physical
exercise with music and involves retrieval of complex sequences of steps and movements creating
choreographies. Methods: In this study, we compared 26 non-professional salsa dancers (mean age
55.3 years, age-range 49–70 years) with 20 non-dancers (mean age 57.6 years, age-range 49–70 years)
by assessing two variables: their executive functions and spatial memory performance. Results:
results showed that dancers scored better that non-dancers in our tests, outperforming controls in
executive functions-related tasks. Groups did not differ in spatial memory performance. Conclusions:
This work suggests that dancing can be a valid way of slowing down the natural age-related cognitive
decline. A major limitation of this study is the lack of fitness assessment in both groups. In addition,
since dancing combines multiple factors like social contact, aerobic exercise, cognitive work with
rhythms, and music, it is difficult to determine the weight of each variable.
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1. Introduction

Aging is considered in some studies as one of the most prominent problems in the short and
medium term for modern societies [1], demanding more support and investment in health systems.
It is widely accepted that normal aging is associated with a decline in brain functions [2], disturbing,
among others, executive and memory processes [3].

Spatial memory is reported as one of the most affected abilities by normal and pathological aging,
mainly due to the decline of medial temporal lobe-dependent functionality [4]. This cognitive function
allows us encoding, storing and retrieving information about spatial locations and stimuli [5].

Until recent years, the assessment of spatial memory skills in humans was inaccurate due to
the lack of ecologically valid tests. This issue was solved thanks to technological advancements,
which enabled the development of tests that could recreate varied and realistic environments in a
more ecological way [6–10]. In this regard, virtual reality based tests allowed to find differences that
traditional spatial measurements were unable to report [11,12]. Some tests in this paradigm also proved
capable of predicting mild cognitive impairment where traditional measures failed [13].

In addition to spatial memory, executive processes such as inhibition, working memory,
and cognitive flexibility, are also disturbed by age-related changes [14]. All these top-down mental
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processes are needed for mental and physical health, since they allow us to face new situations,
solve problems, control our behavior, keep a goal in mind or concentrate and pay attention to perform
a task [15]. The lack of sleep and/or exercise, loneliness, or stress, often present in our daily lives,
can also each impair these executive functions.

At the experimental level, it is feasible to evaluate the executive component through the so-called
ANT or Attentional Network Test [16]. Originally, Fan, Posner and collaborators [16] developed
a procedure that combined the flanker task [17] with the visual cueing paradigm [18], to allow
testing the efficiency of three attentional networks (the orienting, the alerting and the executive
control networks) proposed by Posner and Petersen [19,20]. The traditional version and subsequent
modifications of this task have showed their independence, but also the cooperation between the three
networks [21–23]. This procedure has been widely used to assess the components of visual attention in
healthy adult [16,21,22], child population [24], and subclinical persons [25,26], but also in a diversity of
studies including genetic studies [27] and neuroimaging [28], or meditation [29].

More recently, a version of the ANT task called ANT-I task (Attentional Network Test-Interactions)
adapted by Callejas et al. [21], that combines the flanker task with the auditory (instead of visual)
cueing paradigm, was applied to study the effect of acute aerobic exercise on cognitive functions.
Namely, Huertas and his colleagues [30] found accelerated reaction times and a reduced alerting effect
(compared with the rest condition) in a highly experienced cyclists group. However, this kind of
exercise did not modulate the functioning of either the orienting or the executive control attentional
networks [30]. In another recent study, Noguera and her collaborators assessed both the spatial memory
and the functioning of the three attentional networks in a sample of men distributed according to
their age (60–69 and 70–79 years old), and aerobic exercise practice (sedentary vs sportsmen). Overall,
sportsmen outperformed sedentary participants in most of the measures employed, showing a better
spatial orienting and a more effectively functioning of the three networks [31].

Therefore, there are some factors that could help to slow down or even reverse the negative effects
of normal aging. Namely, the practice of physical activity has been reported to improve spatial memory
and executive functions of adults and elders [31–34]. This is connected with the increases of both grey
and white matter resulting in better cognitive abilities [35,36]. It is hypothesized that aerobic sports
ultimately contribute to increase the cognitive reserve which is considered a neuroprotective factor
from cognitive decline [37].

Just as running, swimming or walking are considered type of aerobic exercise, most forms of
dance may be also considered an aerobic exercise, and as such could contribute to reduce the risk of
cardiovascular disease, help weight control, or to modulate the stress and depressive symptoms [38].
Dancing also involves other skills like coordination with music, and retrieval of sequences of movements,
reinforcing spatial perception and memory [39] as well as executive functions [40]. It was demonstrated
that elders practicing dancing activities reported remarkable improvements in equilibrium and
consistency of steps [41]. These authors also showed that dancing is more beneficial than repetitive
physical exercises, thus activating brain plasticity mechanisms at a greater extent. Pronounced
differences in brain volumes were also found after an exhaustive dancing training [42]. However,
those studies were unable to find differences in spatial memory due to the use of less sensitive tasks.
On the contrary, using the virtual reality paradigm, which consistently proved to be superior to
traditional spatial measurements, may be able to succeed in this matter [11–13].

Thus, it would be interesting to explore whether the practice of another type of aerobic exercise,
such as salsa dancing, could have some beneficial effects for cognitive health.

The aim of this study was to assess if dancing, that includes lots of jumping or turning, affects spatial
memory and executive functions using more sensible virtual reality tasks like virtual reality-based
tasks and ANT-I task for assessing spatial memory and executive functions, respectively. Given the
beneficial effect that aerobic exercise has on our mental health, we hypothesized that dancers will show
better performance than no-dancers.
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2. Materials and Methods

2.1. Participants

A sample of 46 healthy adults participated in this study (aged 49–70 years). Twenty-six were
dancers (14 men, 12 women) and twenty control participants (10 men, 10 women). Participants were
recruited at dancing academies, old-adults university courses and social clubs in Almeria. An interview
was made in order to obtain information about their sport habits, videogames practice, health condition
and academic background (see Table 1). Those with any neurological disease, traumatic brain injury,
cardiopathy, drug intake, or any other condition that could interfere with performance were excluded.
To be classified as dancers, participants must have been practicing salsa dancing for at least six months
prior to the study and did not practice any other kind of aerobic activity during the last year. In contrast,
control participants had not practiced dancing or any sport for the same period of time. All participants
were recruited from the province of Almeria. The study was approved by the University of Almeria
Ethical Committee (UALBIO2015/012) and fulfills the requirements of the European Communities
Council Directive 2001/20/EC and the Helsinki Declaration for biomedical research involving humans.
Participants were informed in advance that they would be included in a study examining spatial
memory and executive functions, though the hypotheses of the study were never revealed. They were
also told that they were free to leave the experiment at any time.

Table 1. Characteristics of the sample (mean + SD).

Dancers Sedentary

Men Women Men Women

Mean SD Mean SD Mean SD Mean SD

Age 57.1 5.8 54.9 4.35 61 5.1 54.2 3.5

Educational Level 1–3 2 0.78 2.33 0.77 2 0.9 1.9 0.9

Years Dancing 9.1 7.9 7.4 7.8 - - - -

Videogame
Experience 1–4 1.35 0.6 1.58 0.9 1.1 0.3 1.7 1.1

2.2. Materials

The following neuropsychological tests were applied: (1) the Kaufman Brief Intelligence Test
(K-BIT, [43]). (2) The FAS Word Fluency Test [44] to measure phonologic and semantic fluency. (3) The
Zoo Map subtest of the BADS battery (Behavioral Assessment of Dysexecutive Syndrome, [45]) to
assess planning ability.

In addition, we used an adapted version of the ANT-I task [21] to evaluate the ability of participants
to prepare to response faster in the presence of a warning signal to orient their attention according
to the information provide by a spatial cue (valid vs invalid), and to efficiently respond to a target
flanked by distractors.

Finally, to assess spatial ability, the Boxes Room task was used, which consisted in a virtual
room where participants had to find 3 rewarded boxes out of 16 possible rewarded positions in ten
consecutive trials (see [8]). They used a joystick to move around the room. The task was administered
on an HP 2300-MHZz notebook equipped with 6000 MB of RAM and a 15 inch XGA TFT color screen
(1024 × 768).

2.3. Procedure

The evaluation took place in the Neurosciences laboratories at the University of Almeria.
All participants were tested individually. Participants received verbal and written instructions
before each test and they were administered in the following order: Interview, K-BIT, Zoo Map test,
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FAS, ANT-I task, and Boxes Room task. Assessment lasted between 1 h 30 and 2 h, taking a break after
completion of each one.

Kaufman brief intelligence test. This test consists of two subtests. In the verbal subtest,
participants observed a series of pictures and named the object represented on them. For the
second part of this subtest, a definition, together with some letters of the name were given as
cues, and participants had to say the name that the definition referred to. For the non-verbal part,
participants had to find out the relationship in a set of meaningful (people or objects) and abstract
stimuli (symbols) and point to the correct answer among all the ones given.

The FAS Word Fluency Test. In this test, participants were required to name as many words as
possible in one minute starting with the letters F, A, and S, excluding proper nouns and diminutives
(phonemic verbal fluency). For the categorical fluency part, they were asked to generate animal names
(Animal Naming) as far as possible in one minute, having no restrictions during the stage.

The Zoo Map Test. Participants observed the map of a zoo and they were instructed to draw
a line from the entrance (starting point) to the Cafeteria (finish point) with some limitations. Thus,
it was mandatory to go through a number of locations before they reached the finish point. Besides,
some roads could only be taken once, while others could be taken as many times as they wanted.

The ANT-I Task. Participants had to respond to the direction of a central arrow, as fast and as
accurately as possible, by pressing the “C” key with the left hand if a leftward arrow was displayed,
and the “M” key with the right hand if that rightward arrow appeared. Figure 1 illustrates the
sequence of events presented in each trial. Firstly, a central plus sign was presented for 450–1450 ms.
Secondly, a 2000 Hz alerting sound appeared in half of the trials for 400 ms. This warning signal only
indicated that participants should be prepared to respond to the upcoming target. Thirdly, a spatial
orienting cue (an asterisk) was presented for 50 ms above or below the plus sign on 2/3 of the trials,
specifying information on where the target will appear. No cues appeared in the remaining trials.
Finally, the target and flankers were presented either on the same or opposite locations of the previous
orienting cue for 3000 ms or until participants’ response. The fixation point was again presented for
1000 ms, before starting the next trial. The presence or absence of the alerting sound (tone) constituted
the two levels of alerting condition. The orienting variable was defined by the presence of the spatial
cue (valid trials, when the cue was presented at the same location as the target arrow; invalid trials,
when the spatial cue appeared at the opposite location to the target), or the absence of the spatial cue
(no-cue trials, when the cue was not presented). The conflict condition was made by means of flankers,
consisting of four arrows identical to the target, surrounding the target either pointing in the same
direction as the target (congruent condition), or pointing opposite direction (incongruent condition).
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Participants performed a practice block of 12 trials, followed by 4 experimental blocks of 48 trials
each, 24 trials per each alerting (tone/no tone) and executive condition (congruent/incongruent),
and 24 trials per orienting condition (16 trials with spatial cue and 8 trial with no cue. The trials were
randomly ordered within each block.

The Boxes Room Task. This task, described in [8], consisted of a square virtual room with sixteen
brown boxes, distributed in 4 rows with 4 boxes per row. The room also displayed different elements
located on the walls to disambiguate the room, like a door, a window and several paintings. Three out
of the sixteen boxes were rewarded, and participants were asked to open the boxes one by one in
order to find them. To do this, they used a joystick to navigate through the environment. To open
a box, they must be situated in front of it and press a button. If the box was rewarded, it changed
its color from brown to green and a pleasant melody sounded. In contrast, if the box opened was
incorrect, it turned to red color and an unpleasant melody sounded. They were instructed to open the
lowest number of incorrect boxes while opening the rewarded ones, and to do this as fast as possible.
The task was composed of ten trials. Rewarded boxes were located in the same position during the ten
trials. Each trial ended when the participants opened all the rewarded boxes or after 150 s elapsed.
Number of errors committed were registered.

2.4. Statistical Analysis

Kolmogorov–Smirnov test was used to estimate normality. When the normality assumption
was not met, samples were compared with a Mann–Whitney U test for independent samples.
Non-parametric tests were required for analyzing performance in the Zoo map task.

A two-way ANOVA (Group (Dancers vs. Control) × Gender) was applied to analyze the scores
of K-BIT and FAS-A tasks. Errors in the Boxes Room Task were analyzed using an ANOVA (Group
(Dancers vs. Control) × Gender × Trial) with repeated measures in the last variable. Fisher’s Least
Significant Differences (LSD) test was applied for post-hoc analyses.

Regarding ANT-I task, trials containing an incorrect response (1.3% of trials), or those with
reaction times falling more than 2.5 standard deviations from the overall mean RT (1.7% of trials),
were removed from analyses. Mean RTs and errors were analyzed employing a mixed design ANOVA
with Group (Dancers vs Control) and Gender as the between-subjects factors, and Auditory Signal
(Tone, No Tone), Spatial Cue (No Cue, Valid, Invalid), and Flanker Type (Congruent, Incongruent),
as the within-subjects factors. The alerting effect was calculated as the difference between the trials
with auditory signal trials and those without it. The orienting effect was obtained by calculating the
difference between the valid and invalid trials. The conflict effect was calculated as the difference
between the congruent and incongruent trials.

Finally, a Pearson correlation was estimated between Age and the set of variables used in this
study. An ANCOVA was run to determine the effect on those statistically significant correlations.
Differences were considered significant if p < 0.05. The statistical analyses were performed using
STATISTICA, version 13 (TIBCO, Palo Alto, CA, USA) and IBM SPSS, version 25 (SPSS Inc., Chicago,
IL, USA).

3. Results

Data fulfilled the assumption of normality in all the variables studied but Zoo test. In addition,
a Pearson correlation showed a statistically significant negative correlation only between Age and
naming tests (Fas-A and Animal Naming) (see results in point 3.3).

3.1. K-BIT (General Intelligence Measurement)

ANOVA showed that groups were very homogeneous. Neither the Gender factor (F(1,43) = 0.455
p = 0.51), Group (F(1,43) = 0.042 p = 0.83), nor the interaction Gender x Group (F(1,43) = 0.58 p = 0.58),
produced statistically significant effects (see Figure 2).
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Figure 2. Kaufman Brief Intelligence Test (K-BIT) mean scores. Groups were very homogeneous
in intelligence. No group differences emerged. Male dancing (M-DAN); female dancing (F-DAN);
male control (M-CON); female control (F-CON). Mean + SEM.

3.2. Zoo Test

Mann–Whitney U test for independent samples disclosed significant differences between dancers
(mean range 27.79) and controls (mean range 17.93) (U = 148.5, p < 0.005) (see Figure 3).
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more efficient in planning. Male dancing (M-DAN); female dancing (F-DAN); male control (M-CON);
female control. Mean + SEM. * Significant differences with the control counterpart (p < 0.005).

3.3. FAS-A Test and Animal Naming

ANOVA applied to FAS-A test showed a significant main effect of Gender factor, F(1,43) = 5.47; p
= 0.020), but no effect of Group factor, F(1,43) = 3.33; p = 0.070), or Gender x Group interaction, F(1,43)
= 2.09; p = 0.150). Mean scores showed that women (X = 12.03) outperformed men (X = 9.66) in this
task, although this was not linked with the practice of dancing (see Figure 4). In addition, a Pearson
correlation showed a statistically significant negative correlation between Age and Fas-A (−0.455, p <
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0.001) and Age and Animal Naming (−0.563, p < 0.001). ANCOVA confirmed the significant effect of
Age on both test; Fas-A (t = −3.16, p < 0.003) and Animal Naming test (t = 4.29, p < 0.001).Int. J. Environ. Res. Public Health 2020, 17, x 7 of 17 
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3.4. The ANT-I Task 

3.4.1. Latencies 

Data from the analysis of variance (see Table 2) showed revealed a significant main effect of 
Group, F(1,42) = 4.07; p = 0.05; ηp2 = 0.08, because of dancers responded faster (664.86 ms) than 
sedentary group (717.30 ms). The Gender main effect was not significant, F(1,42) = 0.03; p = 0.96. 

Figure 4. FAS Word Fluency Test mean scores. Women outperformed men in this task. This was
independent of the practice of dancing. Male dancing (M-DAN); female dancing (F-DAN); male control
(M-CON); female control (F-CON). Mean + SEM. * Significant differences with men (p < 0.05).

Scores of Animal Naming were also analyzed. ANOVA revealed that there were neither a
significant main effect of Gender, F(1,43) = 1.72; p = 0.190), nor Group, F(1,43) = 2.56; p = 0.110), but a
statistically significant interaction Gender x Group, F(1,43) = 8.23; p = 0.006). A post-hoc analysis
(Fisher LSD Post-hoc test) showed that men in the dancing group (X = 21.85) and women in the control
group (X= 21.50) scored better than men in the control group (X = 16.30) (see Figure 5).
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Int. J. Environ. Res. Public Health 2020, 17, 1960 8 of 17

3.4. The ANT-I Task

3.4.1. Latencies

Data from the analysis of variance (see Table 2) showed revealed a significant main effect of Group,
F(1,42) = 4.07; p = 0.05; ηp2 = 0.08, because of dancers responded faster (664.86 ms) than sedentary
group (717.30 ms). The Gender main effect was not significant, F(1,42) = 0.03; p = 0.96. However we
observed a significant interaction between Group and Gender, F(1, 42) = 5.68; p = 0.02; ηp2 = 0.12,
due to that men dancers were fasters (635 ms) than controls (749 ms), F(1,22) = 6.01; p = 0.023; ηp2 =

0.21, while no differences were found between the two groups of women (695 ms for dancers vs 686 ms
for no dancers), F(1,20) = 0.24; p = 0.62. Men dancers also responded faster (635 ms) than women
dancers (695 ms), F(1,24) = 7.75; p = 0.01; ηp2 = 0.24. However, the difference between the groups of no
dancers (men = 749 ms; women = 686 ms) was not significant, F(1, 18) = 1.46; p = 0.24).

Table 2. Mean RT (in milliseconds), and standard deviations (in italics) for each experimental condition
of alerting (no tone, tone), orienting (invalid, no cue, valid), and conflict (congruent, incongruent) in
the modified ANT-I task.

Congruent Incongruent

Dancers Sedentary Dancers Sedentary

No Tone

Invalid 634 684 736 797

21 24 19 22

No Cue 637 694 736 791

19 22 19 22

Valid 610 649 702 761

18 21 19 21

Tone

Invalid 613 671 735 785

18 21 19 22

No Cue 587 644 703 772

18 20 19 21

Valid 576 622 682 738

18 21 20 22

We also found main effects of Auditory Signal, F(1,42) = 81.69; p = 0.000; ηp2 = 0.66, due to
faster responses in the tone (678.54 ms) than those in the non-tone trials (703.61 ms); Spatial Cue,
F(2, 84) = 51.82; p = 0.000; ηp2 = 0.55 (invalid = 708.08 ms; valid = 668.71 ms; no cue = 696.44 ms);
and Flanker Type, F(1,42) = 804.11; p = 0.000; ηp2 = 0.95 (Congruent = 636.08 ms; Incongruent:
746.08 ms). We observed an interaction between Auditory Signal and Spatial Cue factors, F(2,84) =

8.43; p = 0.000; ηp2 = 0.17, indicating a significant larger orienting effect in the tone (46 ms) than in the
no-tone trials (33 ms), F(1,45) = 4.23; p = 0.040; ηp2 = 0.09. In addition, a significant Auditory Signal
x Flanker Type interaction was observed, F(1,42) = 7.60; p = 0.008; ηp2 = 0.15, since the presence of
a tone improved the response speed in both congruent (619.8 ms) and incongruent trials (737.2 ms),
compared to that of trials without tone (congruent 652.3 ms vs. incongruent 754.9 ms), with a conflict
effect of 117 ms in the tone condition, relative to that of 103 ms observed in the non-tone condition.
A new ANOVA was applied in each group to disclose their patterns of performance in the task.

Dancing group. The analysis showed a significant main effect of Auditory Signal, F(1,25) = 45,04;
p = 0.000; ηp2 = 0.640, due to lower latency in the tone condition (649.33 ms) than in the non-tone
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condition (675.84 ms). The alerting effect was of 26.61 ms. There were also a significant main effect of
Spatial Cue, F(2,50) = 32.63; p = 0.000; ηp2 = 0.570, since participants responded more quickly in the
valid trials (642.44 ms) than in the invalid (679.45 ms) or no cue trial (665.72). The orienting effect was
of 37.01 ms. The Flanker Type was also statistically significant, F(1,25) = 482.30; p = 0.000; ηp2 = 0.950,
because of faster responses in the congruent condition (609.42 ms), than in the incongruent condition
(715.65 ms), being the conflict effect of 106.23 ms.

The Auditory Signal factor interacted with the Spatial Cue variable, F(2,50) = 7.16; p = 0.002; ηp2
= 0.220, because the difference between orienting effect for the trials with tone (45 ms) and for the
trials without it (29 ms) was significant, F(1,25) = 4.41; p = 0.040; ηp2 = 0.15 (see Figure 6). Finally,
we found a significant Auditory Signal x Flanker Type interaction, F(1,25) = 10.25; p = 0.004, ηp2 =

0.290). Post hoc analysis showed that dancing group exhibited an alerting effect when flankers were
congruent with the target; irrespective of that spatial cue was valid (34 ms; F(1,25) = 29.99; p = 0.000;
ηp2 = 0.550) or invalid (24 ms; F(1,25) = 5.47; p = 0.020; ηp2 = 0.180). However, when flankers and
target were incongruent, the tone was advantageous only if the spatial cue informed where the target
would appear (20 ms; F(1,25) = 5.71; p = 0.020; ηp2 = 0.190), but not when the spatial cue provided
invalid spatial information, (1 ms; F(1,25) = 0.002; p > 0.050).
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Figure 6. Average orienting effects (invalid RT minus valid RT) for trials with tone and non-tone
(numbers over bars) in dancing and sedentary groups. The difference between both tone and non-tone
trials was only significant for dancing group (* p < 0.05).

Sedentary group. The ANOVA revealed significant main effects of Auditory Signal, F(1,19) =

36.12; p = 0.000; ηp2 = 0.660, with faster responses in the tone (705.21 ms) than in the non-tone trials
(729.38 ms), (alerting effect of 24.17 ms); Spatial Cue, F(2,38) = 21.68; p = 0.000; ηp2 = 0.530, showing
the expected pattern (invalid 734.28 ms; valid 692.58 ms; no cue 725.02 ms), (orienting effect of 42 ms);
and Flanker Type, F(1,19) = 327.40; p = 0.000; ηp2 = 0.950, with a conflict effect of 113 ms (incongruent
774.01 vs congruent 660.58 ms). No interactions were observed (p > 0.050).

3.4.2. Errors

There were no significant main effects of Auditory Signal, Spatial Cue, Flanker Type, Gender or
Group (all ps > 0.050). The Group and Gender factors interacted with the Alerting Network (Auditory
Signal), F(1,42) = 7.03; p = 0.01; ηp2 = 0.14, because only women dancers made a lower percentage of
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error in the presence of a warning signal (3.0 %), compared to that shown in the absence of it (3.7%),
F(1,11) = 4.48; p = 0.05; ηp2 = 0.29. This alert effect was not observed in the other groups.

The Flanker Type x Spatial Cue x Group interaction was also significant, F(2,84) = 3.59; p = 0.030;
ηp2 = 0.08. However, this interaction was due to the inclusion of non-cue trials. Dancing group showed
a percentage of error of 3% in the incongruent trials, irrespective of the spatial cue type (invalid, valid,
no cue), while sedentary group exhibited a percentage of error of 2% (invalid), 1% (valid), and 3% (no
cue) incongruent trials. When target and flankers were congruent, dancers made less than 1% of errors
(in the invalid and no cue conditions) or none in the valid condition. Likewise, control group also
made few errors (1%) in the three orienting conditions. It is worthy to note that the average percentage
of error (2%) committed for both dancing and sedentary groups was very low, and no significant
differences emerged between them (p > 0.050).

3.5. The Boxes Room Task

Errors

ANOVA showed that there was not a significant main effect of Gender, F(1,43) = 0.12; p = 0.720,
or Group, F(1,43) = 0.02; p = 0.870. Nevertheless, analyses disclosed a significant main effect of Trial
factor, F(8,344) = 17.44; p = 0.000, and a significant interaction factor Gender x Group x Trial, F(8,344)
=2.50; p = 0.011. No significant effects were found in the interactions Gender x Trial, F(8,344) = 0.82; p =

0.570 or Group x Trial, F(8,344) = 0.73; p = 0.650. Post-hoc analyses showed that both groups (dancers
and sedentary subjects) and both genders reduced their number of errors during the task, reaching
the asymptotic level of performance on trial 5, but there were no differences when comparing their
intergroup performance in gender and/or group (see Figure 7).
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4. Discussion

The aim of this study was to explore the effect of dancing salsa, as an aerobic exercise, on spatial
memory by using a virtual reality task, and on executive functions through the ANT-I task, in men and
women. Subjects who had been practicing dancing were doing it for at least 6 months, including this
activity in their normal routine. On the contrary, the control group had a sedentary lifestyle and had
not practiced other sports in the last 6 months.
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Regarding the scores in the neuropsychological tests, the K-BIT reported no differences in terms
of intelligence between both groups, meaning that ageing-related decline was not affecting their
performance. This is important because proves that the basal level was similar. Nevertheless,
dancers outperformed controls in the Zoo Map test, a task involving planning ability. These results
are consistent with previous studies in which dance improved executive functions [40]. Dancers are
meant to have a trained observation capacity with the intention of imitating other’s moves and actions.
Thus, the dorsolateral prefrontal cortex and the pre-supplementary motor area are two brain regions
involved in this activity [46] as well as in the planning and generation of actions [47]. Furthermore,
this better performance could be mediated by structural and functional changes in the prefrontal cortex
associated to aerobic fitness. Note that practice of aerobic activities was also related to better executive
functions [31,48]. Thus, a greater gray matter volume was reported in prefrontal regions [49] as well as
a higher activation in prefrontal regions such as the anterior cingulate [50,51].

In the FAS test, women’s outperformed men, regardless of the group. This is not surprising if we
consider that women traditionally score higher in verbal tests [52,53]. Either way, it is also important
to highlight that these differences in the phonemic verbal fluency scores were milder between dancers
(12.23 for women vs. 11.80 for men) in comparison with controls (11.21 for women vs. 7.5 for men).
A possible explanation could be the compensation effect of dance practice. In addition, it is interesting
to note that in the Animal Naming subtest, men included in the dancers group outperformed men in the
control group, scoring at the same level as control women. Therefore, beyond the typical superiority of
women in verbal tasks, dance practice seems to be a modulating factor that could improve performance.
Thus a beneficial effect of dance was reported in a series of verbal tasks, which included the Alternative
Uses test, considered together with the FAS test as a spontaneous flexibility measure [54]. Such tests
disclosed differences in performance when comparing professional with novice dancers and they
attributed these results to the degree of creativity of their professional dancers. It is worth noting
that Age affect FAS and Animal Naming tests, as disclosed by Pearson correlations and ANCOVA
test. Taking into account that men in the control group were slightly older, it is possible that these
differences in verbal fluency could also be depended on age as well as in the above mentioned factors.

Regarding the ANT-I task, it should be noted that the present study follows the attentional model
proposed by Posner and Petersen [19], which considerate that different attentional manifestations are
produced by three attentional subsystems called the alerting network, the orienting network, and the
executive control network. The three subsystems are functionally and anatomically independent
neural networks, although work in cooperation to adapt information processing to the demands of the
environment [30]. The alerting network provides the general activation of cortical and thalamic areas
that prepare us for faster responding to any stimulus. The use of a warning signal (e.g., a tone) can
induce a brain state related to alerting that differs from that activity produced by a target. The presence
of a warning signal would induce a phasic extrinsic alertness related to the nonspecific activation
that prepares us to response. This type of alertness is different from the so-called tonic intrinsic
alertness or vigilance state, which implies sustained activation over a relatively long period of time,
and varies according to the circadian rhythm (see [55], for a review about this network). The orienting
network is a subsystem that allows shifting our attention around to various spatial locations in a
voluntary or endogenous way, guided by our expectations of relevant locations or object features,
or in an involuntary or exogenous manner as when is captured by the salient features of stimuli (e.g.,
an abrupt onset stimulus, form, color) (see [56], for a review). The ANT-I task used in the present
study, containing trials with invalid orienting cues, allowed examining the cost of redirecting attention
towards the target’s location, relative to the advantage observed when the target appears in the same
location that the spatial cue (valid trial). Finally, the executive control network plays an important role
for monitoring and conflict resolution, error detection, or habitual response inhibition [20]. The trials
with incongruent flankers generate a situation of conflict (with the target) that participants must resolve
before responding.
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To the best of our knowledge, no studies explored whether salsa dancing modulates performance
on this ANT-I task. Most of research has focused on studying the influence of the chronic and
acute aerobic sport practice (e.g., cycling, swimming, tennis) on attentional performance. Usually,
findings suggest that regular aerobic exercise produce positive effects for executive functioning in
healthy young and older people (see [57], for a review). We also found the typical effects of alerting,
orienting and conflict in both dancing and sedentary groups. However, dancers responded faster
than non-dancers presumably due to the effect of aerobic dancing. It is interesting to note that this
improvement in the speed of response is mainly due to the men who practice dance, since the women
of both groups showed a similar performance pattern. Somehow, this kind of aerobic exercise seems to
benefit men more than women in terms of response latency. However, hearing a tone (which would
induce the start-up of the alert network) seems to positively influence the performance of the women
dancers in terms of accuracy, although this was lower than that observed in the men dancers.

Also, we obtained an interesting interaction between alerting and executive networks, with a
larger conflict effect in the presence of a warning signal. We had already observed this interaction using
the ANT-I task in a previous study in older sportsmen [31]. According to Posner and Rothbart [58],
it seems that paying attention to the tone generate a “clearing of consciousness” effect (i.e., a subjective
effect of emptying thoughts) that allow us preparing to response. Thus, the alerting network would
modulate (inhibiting) the executive network. Finally, the alerting network also interacted with the
orienting one. The orienting effect was larger for the tone trials than non-tone trials, but only in the
dancing group. The alerting network seems to act on the orienting network in a similar way as it does
on the executive network in this group. Taken together, the data seem to suggest that the dancing
increases the general state of alert to respond faster (especially in men dancers) or to respond more
accurately (particularly in women dancers) to any stimulus that appear in the visual field.

On the other hand, the Boxes Room Task has proven to be an effective test to assess spatial
ability over traditional neuropsychological test [59]. This task usually discloses a gender dimorphism
effect [60,61]. This was not the case in our study which reported that both men and women delivered
a similar performance. Nevertheless, these results agree with another study which used the same
paradigm with similar age groups, thus reporting no gender differences in the middle age group 45–54,
and older adults 55–64 [62]. This could be due to the fact that the level of difficulty in this task was not
adjusted correctly. Hence, when the task is too easy the dimorphic effect does not appear. Accordingly,
it is necessary to find an optimal level of difficulty [8]. Our results also confirm recent findings reporting
that women are as accurate as men [63] provided that both groups are given a sufficient amount of time
to learn spatial relationships and repetitions. Therefore, the degree of familiarity with the environment
would play a role as a modulating factor, making up for men’s advantage. Another aspect to consider
is the heterogeneity of the sample. The ages ranged from 49 to 70 years old, a quite high variability
that might have added important inter-individual differences in our sample.

In addition, it is well known that the hippocampus plays an important role when performing the
Boxes Room task [64]. It has been demonstrated that physical activity enhances the functioning of the
hippocampus and other brain structures involved in spatial orientation. Thus, some studies suggest
that physical activity is associated with a larger volume of the hippocampus [65] and hippocampal
integrity [66], and consequently an aged-related loss of the hippocampal volume due to age can be
compensated through the practice of aerobic sports [36].

Furthermore, the construct of cognitive reserve has been commonly related to healthy ageing,
and its assessment includes different educational and recreational brain-stimulating activities across
the lifetime [67]. A larger cognitive reserve is associated with a delaying in the onset of dementia
and normal cognitive impairments in elderly [68]. Considering this, a better cognitive functions
would be expected for subjects included in the dancer group in comparison with those in the control
group, since dancing, as a physical exercise, is included among the factors that contribute to cognitive
reserve [69]. However, sample heterogeneity, as mentioned before, might impede clearer differences
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since this neuroprotective effect of cognitive reserve would be more evident in aged participants,
60–70 years old, when cognitive decline becomes more pronounced [31].

Regarding the time needed for these changes in the brain to manifest, all the participants who
took part in this study had been dancing regularly for a minimum of 6 months. However, in most
of them this period was way longer, 8 years on average. Previous studies demonstrated that this
period is enough for the benefits of sport practice to have an effect in the brain. In a study carried out
by Erickson et al. [36] the hippocampus increased its volume after a 6-month exercise intervention.
Maass, Duzzel, Goerke, Becke, Sobieray, and Neumann et al. [70] also reported an evident beneficial
effect of aerobic exercise even after shorter interventions (3 months), since participants experienced
a hippocampal volume increase and substantial memory improvements. Other studies obtained
similar results in patients with depression [71] and schizophrenia [72] after a 3-month intervention.
In addition, procedural and motor learning, such as dancing, entails a plastic reorganization of the
human brain through functional and structural changes. Interestingly, our brain changes not only when
we perform motor sequences, but also when we imagine practicing these exercises [73,74]. It would
be interesting to determine the effect of dancing programs through virtual environments or mental
practice in individuals with motor difficulties.

Finally, the interpretation of our results should take into account the following limitations. Thus,
ours is a quasi-experimental study and participants were not randomly assigned to the groups. It is
also important to note that other healthy habits that could be influencing cognitive functioning (e.g.,
diet, sleep routine) were not considered, and therefore it is impossible to determine to what extend
they could influence on these results. Another important limitation is the sample’s heterogeneity,
since the age range was quite large. Increasing the sample and clustering participants by ages could
solve this problem. Nevertheless, the number of participants is similar to previous studies using
virtual reality-based tasks [75]. Thus, 10–15 participants per group seems to be a correct number to
achieve valid conclusions. In our case, previous experiments with similar tasks provided replicable
data [8,61]. Also dancing involves many different activities, including social contact, learning rhythms,
and motor coordination which could be reflected on tests scores. It is difficult to separate the weight
of each variable. More important, the general fitness level was not assessed and it is impossible to
determine how this variable contributes to performance. Measures like VO2max could be included in
further studies.

5. Conclusions

This study represents a first approach to determine the cognitive effects of dancing. The results
proved that dancing have a beneficial effect in executive and more limited on spatial memory functions.
This study suggests that cognitive stimulation therapies based on dancing could help to maintain
or even improve cognitive skills, reducing age-related decline. Future research on this topic should
consider an experimental design with bigger samples including not only healthy people but also
persons with mild cognitive impairment.

Author Contributions: Conceptualization, C.N., R.F. and J.M.C.; methodology, C.N., D.C., A.R. and J.M.C.;
investigation, D.C. and A.R.; resources, D.C., A.R., and R.F.; writing—original draft preparation, C.N., D.C.,
A.R., R.F. and J.M.C.; writing—review and editing, C.N. and J.M.C.; supervision, C.N., R.F. and J.M.C.; project
administration, C.N. and J.M.C.; funding acquisition, J.M.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This investigation was supported by MINECO (PSI2015-67442-P).

Acknowledgments: We would like to thank José Ramón Ibañez for his help with English.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.



Int. J. Environ. Res. Public Health 2020, 17, 1960 14 of 17

References

1. Lutz, W.; Warren, S.; Scherboy, S. The coming acceleration of global population ageing. Nature 2008,
451, 716–719. [CrossRef]

2. Crespo, D.; Fernández, C. Cambios cerebrales en el envejecimiento normal y patológico. Rev. Neuropsicol.
Neuropsiquiatr. Neurocienc. 2012, 21, 21–36.

3. Beason-Held, L.L.; Hohman, T.J.; Venkatraman, V.; An, Y.; Resnick, S.M. Brain network changes and memory
decline in aging. Brain Imaging Behav. 2017, 11, 859–873. [CrossRef] [PubMed]

4. Nyberg, L. Functional brain imaging of episodic memory decline in ageing. J. Intern. Med. 2017, 281, 65–74.
[CrossRef] [PubMed]

5. Kessels, R.P.C.; De Haan, E.H.F.; Kappelle, L.J.; Postma, A. Varieties of human spatial memory: A meta-analysis
on the effects of hippocampal lesions. Brain Res. Brain Res. Rev. 2001, 35, 295–303. [CrossRef]

6. Antonova, E.; Parslow, D.; Brammer, M.; Simmons, A.; Williams, S.; Dawson, G.R.; Morris, R. Scopolamine
disrupts hippocampal activity during allocentric spatial memory in humans: An fMRI study using a virtual
reality analogue of the Morris Water Maze. J. Psychopharmacol. 2011, 5, 1256–1265. [CrossRef] [PubMed]

7. Astur, R.S.; Ortiz, M.L.; Sutherland, R.J. A characterization of performance by men and women in a virtual
Morris water task: A large and reliable sex difference. Behav. Brain Res. 1998, 93, 185–190. [CrossRef]

8. Cánovas, R.; Espínola, M.; Iribarne, L.; Cimadevilla, J.M. A new virtual task to evaluate human place learning.
Behav. Brain Res. 2008, 190, 112–118. [CrossRef]

9. Maguire, E.A.; Nannery, R.; Spiers, H.J. Navigation around London by a taxi driver with bilateral hippocampal
lesions. Brain 2006, 129, 2894–2907. [CrossRef]

10. Matheis, R.J.; Schultheis, M.T.; Tiersky, L.A.; DeLuca, J.; Millis, S.R.; Rizzo, A.A. Is learning and memory
different in a virtual environment? Clin. Neuropsychol. 2007, 21, 146–161. [CrossRef]

11. Piccardi, L.; Iaria, G.; Bianchini, F.; Zompanti, L.; Guariglia, C. Dissociated deficits of visuo-spatial memory
in near space and navigational space: Evidence from brain-damaged patients and healthy older participants.
Neuropsychol. Dev. Cognit. B Aging Neuropsychol. Cognit. 2011, 18, 362–384. [CrossRef] [PubMed]

12. Cimadevilla, J.M.; Lizana, J.R.; Roldán, M.D.; Cánovas, R.; Rodríguez, E. Spatial memory alterations in
children with epilepsy of genetic origin or unknown cause. Epilept. Disord. 2014, 16, 203–207. [CrossRef]
[PubMed]

13. Wood, R.A.; Moodley, K.K.; Lever, C.; Minati, L.; Chan, D. Allocentric spatial memory testing predicts
conversion from mild cognitive impairment to dementia: An initial proof-of-concept study. Front. Neurol.
2016, 7, 215. [CrossRef] [PubMed]

14. Fjell, A.M.; Sneve, M.H.; Storsve, A.B.; Grydeland, H.; Yendiki, A.; Walhovd, K.B. Brain events underlying
episodic memory changes in aging: A longitudinal investigation of structural and functional connectivity.
Cereb. Cortex 2016, 26, 1272–1286. [CrossRef] [PubMed]

15. Diamond, A. Executive functions. Annu. Rev. Psychol. 2013, 64, 135–168. [CrossRef] [PubMed]
16. Fan, J.; McCandliss, B.D.; Sommer, T.; Raz, A.; Posner, M. Testing the efficiency and independence of

attentional networks. J. Cognit. Neurosci. 2002, 14, 340–347. [CrossRef]
17. Eriksen, B.A.; Eriksen, C.W. Effects of noise letters upon the identification of a target letter in a nonsearch

task. Percept. Psychophys. 1974, 16, 143–149. [CrossRef]
18. Posner, M.I. Orienting of attention. Q. J. Exp. Psychol. 1980, 32, 3–25. [CrossRef]
19. Posner, M.I.; Petersen, S.E. The attention system of the human brain. Annu. Rev. Neurosci. 1990, 13, 25–42.

[CrossRef]
20. Petersen, S.E.; Posner, M.I. The attention system of the human brain: 20 years after. Annu. Rev. Neurosci.

2012, 35, 73–89. [CrossRef]
21. Callejas, A.; Lupiañez, J.; Tudela, P. The three attentional networks: On their Independence and interaction.

Brain Cognit. 2004, 54, 225–227. [CrossRef] [PubMed]
22. Fan, J.; Gu, X.; Guise, K.G.; Liu, X.; Fossella, J.; Wangc, H.; Posner, M.I. Testing the behavioral interaction and

integration of attentional networks. Brain Cognit. 2009, 70, 209–220. [CrossRef] [PubMed]
23. Weinbach, N.; Henik, A. The relationship between alertness and executive control. J. Exp. Psychol. Hum.

Percept. Perform. 2012, 38, 1530–1540. [CrossRef]
24. Rueda, M.R.; Fan, J.; McCandliss, B.; Halparin, J.D.; Gruber, D.B.; Pappert, L.; Posner, M.I. Development of

attentional networks in childhood. Neuropsychologia 2004, 42, 1029–1040. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/nature06516
http://dx.doi.org/10.1007/s11682-016-9560-3
http://www.ncbi.nlm.nih.gov/pubmed/27319002
http://dx.doi.org/10.1111/joim.12533
http://www.ncbi.nlm.nih.gov/pubmed/27453565
http://dx.doi.org/10.1016/S0165-0173(01)00058-3
http://dx.doi.org/10.1177/0269881110379285
http://www.ncbi.nlm.nih.gov/pubmed/20823079
http://dx.doi.org/10.1016/S0166-4328(98)00019-9
http://dx.doi.org/10.1016/j.bbr.2008.02.024
http://dx.doi.org/10.1093/brain/awl286
http://dx.doi.org/10.1080/13854040601100668
http://dx.doi.org/10.1080/13825585.2011.560243
http://www.ncbi.nlm.nih.gov/pubmed/21557118
http://dx.doi.org/10.1684/epd.2014.0661
http://www.ncbi.nlm.nih.gov/pubmed/24913814
http://dx.doi.org/10.3389/fneur.2016.00215
http://www.ncbi.nlm.nih.gov/pubmed/27990134
http://dx.doi.org/10.1093/cercor/bhv102
http://www.ncbi.nlm.nih.gov/pubmed/25994960
http://dx.doi.org/10.1146/annurev-psych-113011-143750
http://www.ncbi.nlm.nih.gov/pubmed/23020641
http://dx.doi.org/10.1162/089892902317361886
http://dx.doi.org/10.3758/BF03203267
http://dx.doi.org/10.1080/00335558008248231
http://dx.doi.org/10.1146/annurev.ne.13.030190.000325
http://dx.doi.org/10.1146/annurev-neuro-062111-150525
http://dx.doi.org/10.1016/j.bandc.2004.02.012
http://www.ncbi.nlm.nih.gov/pubmed/15050779
http://dx.doi.org/10.1016/j.bandc.2009.02.002
http://www.ncbi.nlm.nih.gov/pubmed/19269079
http://dx.doi.org/10.1037/a0027875
http://dx.doi.org/10.1016/j.neuropsychologia.2003.12.012
http://www.ncbi.nlm.nih.gov/pubmed/15093142


Int. J. Environ. Res. Public Health 2020, 17, 1960 15 of 17

25. Gómez-Íñiguez, C.; Fuentes, L.J.; Martínez-Sánchez, F.; Campoy, G.; Montoro, P.R.; Palmero, F. Emotional
cuing to test attentional network functioning in trait anxiety. Psicológica 2014, 35, 309–329. [CrossRef]

26. Pacheco-Unguetti, A.P.; Acosta, A.; Marqués, E.; Lupiáñez, J. Alterations of the attentional networks in
patients with anxiety disorders. J. Anxiety Disord. 2011, 25, 888–895. [CrossRef] [PubMed]

27. Fossella, J.; Sommer, T.; Fan, J.; Wu, Y.; Swanson, J.M.; Pfaff, D.W.; Posner, M.I. Assessing the molecular
genetics of attention networks. BMC Neurosci. 2002, 3, 14. [CrossRef]

28. Fan, J.; McCandliss, B.D.; Fossella, J.; Flombaum, J.I.; Posner, M.I. The activation of attentional networks.
NeuroImage 2005, 26, 471–479. [CrossRef]

29. Jha, A.P.; Krompinger, J.; Baime, M.J. Mindfulness training modifies subsystems of attention. Cognit. Affect.
Behav. Neurosci. 2007, 7, 109–119. [CrossRef]

30. Huertas, F.; Zahonero, J.; Sanabria, D.; Lupiañez, J. Functioning of the attentional networks at rest vs during
acute bouts of aerobic exercise. J. Sport Exerc. Psychol. 2011, 33, 649–665. [CrossRef]

31. Noguera, C.; Sánchez-Horcajo, R.; Álvarez-Cazorla, D.; Cimadevilla, J.M. Ten years younger: Practice of
chronic aerobic exercise improves attention and spatial memory functions in ageing. Exp. Gerontol. 2019,
117, 53–60. [CrossRef] [PubMed]

32. Colcombe, S.J.; Kramer, A.F. Fitness effects on the cognitive function of older adults: A meta-analytic study.
Perspect. Psychol. Sci. 2003, 14, 125–130. [CrossRef] [PubMed]

33. Erickson, K.I.; Prakash, R.S.; Voss, M.W.; Chaddock, L.; Hu, L.; Morris, K.S.; White, S.M.; Wójcicki, T.R.;
McAuley, E.; Kramer, A.F. Aerobic fitness is associated with hippocampal volume in elderly humans.
Hippocampus 2009, 19, 1030–1039. [CrossRef] [PubMed]

34. Sánchez-Horcajo, R.; Llamas-Alonso, J.; Cimadevilla, J.M. Practice of aerobic sports is associated with better
spatial memory in adults and older men. Exp. Aging Res. 2015, 41, 193–203. [CrossRef]

35. Colcombe, S.J.; Erickson, K.I.; Scalf, P.E.; Kim, J.S.; Prakash, R.; McAuley, E.; Elavsky, S.; Marquez, D.X.;
Hu, L.; Kramer, A.F. Aerobic exercise training increases brain volume in aging humans. J. Gerontol. A Biol.
Sci. Med. Sci. 2006, 61, 1166–1170. [CrossRef]

36. Erickson, K.I.; Voss, M.W.; Prakash, R.S.; Basak, C.; Szabo, A.; Chaddock, L.; Kim, J.S.; Heo, S.; Alves, H.;
White, S.M.; et al. Exercise training increases size of the hippocampus and improves memory. Proc. Natl.
Acad. Sci. USA 2011, 108, 3017–3022. [CrossRef]

37. Stern, Y. Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol. 2012, 11, 1006–1012. [CrossRef]
38. Gerber, M.; Brand, S.; Elliot, C.; Holsboer-Trachsler, E.; Púhse, U. Aerobic exercise, ball sports, dancing, and

weight lifting as moderators of the relationship between stress and depressive symptoms: An exploratory
cross-sectional study with swiss university students. Percept. Mot. Skills 2014, 119, 679–697. [CrossRef]

39. Sevdalis, V.; Keller, P.E. Captured by motion: Dance, action understanding, and social cognition. Brain Cognit.
2011, 77, 231–236. [CrossRef]

40. Kosmat, H.; Vranic, A. The efficacy of a dance intervention as cognitive training for the old-old. J. Aging
Phys. Act. 2017, 25, 32–40. [CrossRef]

41. Merom, D.; Grunseit, A.; Eramudugolla, R.; Jefferis, B.; Mcneill, J.; Anstey, K.J. Cognitive benefits of social
dancing and walking in old age: The dancing mind randomized controlled trial. Front. Aging Neurosci. 2016,
8, 26. [CrossRef] [PubMed]

42. Rehfeld, K.; Lüders, A.; Hökelmann, A.; Lessmann, V.; Kaufmann, J.; Brigadski, T.; Müller, N.G. Dance
training is superior to repetitive physical exercise in inducing brain plasticity in the elderly. PLoS ONE 2018,
13, e0196636. [CrossRef] [PubMed]

43. Kaufman, A.; Kaufman, N. Kaufman Brief Intelligence Test; American Guidance Service: Circle Pines, MN,
USA, 1990.

44. Guilford, J.P. The Nature of Human Intelligence; McGraw-Hill Education: New York, NY, USA, 1967. [CrossRef]
45. Wilson, B.A.; Alderman, N.; Burgess, P.W.; Emslie, H.; Evans, J.J. The Behavioural Assessment of the Dysexecutive

Syndrome; Thames Valley Test Company: Bury St Edmunds, UK, 1996. [CrossRef]
46. Decety, J.; Grezes, J.; Costes, N.; Perani, D.; Jeannerod, M.; Procyk, E.; Grassi, F.; Fazio, F. Brain activity

during observation of actions: Influence of action content and subject’s strategy. Brain 1997, 120, 1763–1777.
[CrossRef] [PubMed]

47. Frith, C.D.; Friston, K.; Liddle, P.F.; Frackowiak, R.S.J. Willed action and the prefrontal cortex in man: A study
with PET. Proc. Biol. Sci. 1991, 244, 241–246. [CrossRef] [PubMed]

http://dx.doi.org/10.234/159022
http://dx.doi.org/10.1016/j.janxdis.2011.04.010
http://www.ncbi.nlm.nih.gov/pubmed/21641180
http://dx.doi.org/10.1186/1471-2202-3-14
http://dx.doi.org/10.1016/j.neuroimage.2005.02.004
http://dx.doi.org/10.3758/CABN.7.2.109
http://dx.doi.org/10.1123/jsep.33.5.649
http://dx.doi.org/10.1016/j.exger.2018.10.019
http://www.ncbi.nlm.nih.gov/pubmed/30367979
http://dx.doi.org/10.1111/1467-9280.t01-1-01430
http://www.ncbi.nlm.nih.gov/pubmed/12661673
http://dx.doi.org/10.1002/hipo.20547
http://www.ncbi.nlm.nih.gov/pubmed/19123237
http://dx.doi.org/10.1080/0361073X.2015.1001656
http://dx.doi.org/10.1093/gerona/61.11.1166
http://dx.doi.org/10.1073/pnas.1015950108
http://dx.doi.org/10.1016/S1474-4422(12)70191-6
http://dx.doi.org/10.2466/06.PMS.119c26z4
http://dx.doi.org/10.1016/j.bandc.2011.08.005
http://dx.doi.org/10.1123/japa.2015-0264
http://dx.doi.org/10.3389/fnagi.2016.00026
http://www.ncbi.nlm.nih.gov/pubmed/26941640
http://dx.doi.org/10.1371/journal.pone.0196636
http://www.ncbi.nlm.nih.gov/pubmed/29995884
http://dx.doi.org/10.1126/science.162.3857.990-a
http://dx.doi.org/10.1007/978-3-319-56782-2_166-2
http://dx.doi.org/10.1093/brain/120.10.1763
http://www.ncbi.nlm.nih.gov/pubmed/9365369
http://dx.doi.org/10.1098/rspb.1991.0077
http://www.ncbi.nlm.nih.gov/pubmed/1679944


Int. J. Environ. Res. Public Health 2020, 17, 1960 16 of 17

48. Kramer, A.F.; Gonzalez, J.; Cassavaugh, N. Development of attentional and oculomotor control.
Dev. Neuropsychol. 2005, 41, 760–772. [CrossRef]

49. Weinstein, A.M.; Voss, M.W.; Prakash, R.S.; Chaddock, L.; Szabo, A.; White, S.M.; Wojcicki, T.R.; Mailey, E.;
McAuley, E.; Kramer, A.F.; et al. The association between aerobic fitness and executive function is mediated
by prefrontal cortex volume. Brain Behav. Immun. 2012, 26, 811–819. [CrossRef]

50. Colcombe, S.J.; Kramer, A.F.; Erickson, K.I.; Scalf, P.; McAuley, E.; Cohen, N.J.; Webb, A.; Jerome, G.J.;
Marquez, D.X.; Elavsky, S. Cardiovascular fitness, cortical plasticity, and aging. Proc. Natl. Acad. Sci. USA
2004, 101, 3316–3321. [CrossRef]

51. Wong, C.N.; Chaddock-Heyman, L.; Voss, M.W.; Burzynska, A.Z.; Basak, C.; Erickson, K.I.; Prakash, R.S.;
Szabo-Reed, A.N.; Phillips, S.M.; Wojcicki, T.; et al. Brain activation during dual-task processing is associated
with cardiorespiratory fitness and performance in older adults. Front. Aging Neurosci. 2015, 7, 154. [CrossRef]

52. Burton, L.A.; Henninger, D.; Hafetz, J. Gender differences in relations of mental rotation, verbal fluency, and
SAT scores to finger length ratios as hormonal indexes. Dev. Neuropsychol. 2005, 28, 493–505. [CrossRef]

53. Hyde, J.S.; Linn, M.C. Gender differences in verbal-ability: A meta-analysis. Psychol. Bull. 1988, 104, 53–69.
[CrossRef]

54. Fink, A.; Graif, B.; Neubauer, A.C. Brain correlates underlying creative thinking: EEG alpha activity in
professional vs. novice dancers. Neuroimage 2009, 46, 854–862. [CrossRef]

55. Posner, M.I. Measuring alertness. Ann. N. Y. Acad. Sci. 2008, 1129, 193–199. [CrossRef] [PubMed]
56. Corbetta, M.; Patel, G.; Shulman, G.L. The reorienting system of the human brain: From environment to

theory of mind. Neuron 2008, 58, 306–324. [CrossRef] [PubMed]
57. Guiney, H.; Machado, L. Benefits of regular aerobic exercise for executive functioning in healthy populations.

Psychon. Bull. Rev. 2013, 20, 73–86. [CrossRef] [PubMed]
58. Posner, M.I.; Rothbart, M.K. Attentional mechanisms and conscious experience. In The Neuropsychology

of Consciousness; Milner, A.D., Rugg, M.D., Eds.; Academic Press: New York, NY, USA, 1991; pp. 91–112.
[CrossRef]

59. León, I.; Tascón, L.; Ortells-Pareja, J.J.; Cimadevilla, J.M. Virtual reality assessment of walking and non-walking
space in men and women with virtual reality-based tasks. PLoS ONE 2018, 13, e0204995. [CrossRef] [PubMed]

60. Cánovas, R.; Cimadevilla, J.M. Sexual orientation and spatial memory. Psicothema 2011, 23, 752–758.
[PubMed]

61. Cánovas, R.; Fernández, R.; Cimadevilla, J.M. Effect of reference frames and number of cues available on
the spatial orientation of males and females in a virtual memory task. Behav. Brain Res. 2011, 216, 116–121.
[CrossRef]

62. León, I.; Tascón, L.; Cimadevilla, J.M. Age and gender-related differences in a spatial memory task in humans.
Behav. Brain Res. 2016, 306, 8–12. [CrossRef]

63. Nori, R.; Piccardi, L.; Maialetti, A.; Goro, M.; Rossetti, A.; Argento, O.; Guariglia, C. No gender differences
in egocentric and allocentric environmental transformation after compensating for male advantage by
manipulating familiarity. Front. Neurosci. 2018, 12, 204. [CrossRef]

64. Cánovas, R.; León, I.; Serrano, P.; Roldán, M.D.; Cimadevilla, J.M. Spatial navigation impairment in patients
with refractory temporal lobe epilepsy: Evidence from a new virtual reality-based task. Epilepsy Behav. 2011,
22, 364–369. [CrossRef]

65. Herting, M.M.; Nagel, B.J. Aerobic fitness relates to learning on a virtual Morris Water Task and hippocampal
volume in adolescents. Behav. Brain Res. 2012, 233, 517–525. [CrossRef] [PubMed]

66. Kandola, A.; Hendrikse, J.; Lucassen, P.J.; Yucel, M. Aerobic exercise as a tool to improve hippocampal
plasticity and function in humans: Practical implications for mental health treatment. Front. Hum. Neurosci.
2016, 10, 373. [CrossRef] [PubMed]

67. León, I.; Garcia-Garcia, J.; Roldan-Tapia, L. Estimating cognitive reserve in healthy adults using the cognitive
reserve scale. PLoS ONE 2014, 9, e0102632. [CrossRef] [PubMed]

68. Hall, C.B.; Lipton, R.B.; Sliwinski, M.; Katz, M.J.; Derby, C.A.; Verghese, J. Cognitive activities delay onset of
memory decline in persons who develop dementia. Neurology 2009, 73, 356–361. [CrossRef]

69. Stern, Y. Cognitive reserve: Implications for assessment and intervention. Folia Phoniatr. Logop. 2013,
65, 49–54. [CrossRef]

http://dx.doi.org/10.1037/0012-1649.41.5.760
http://dx.doi.org/10.1016/j.bbi.2011.11.008
http://dx.doi.org/10.1073/pnas.0400266101
http://dx.doi.org/10.3389/fnagi.2015.00154
http://dx.doi.org/10.1207/s15326942dn2801_3
http://dx.doi.org/10.1037/0033-2909.104.1.53
http://dx.doi.org/10.1016/j.neuroimage.2009.02.036
http://dx.doi.org/10.1196/annals.1417.011
http://www.ncbi.nlm.nih.gov/pubmed/18591480
http://dx.doi.org/10.1016/j.neuron.2008.04.017
http://www.ncbi.nlm.nih.gov/pubmed/18466742
http://dx.doi.org/10.3758/s13423-012-0345-4
http://www.ncbi.nlm.nih.gov/pubmed/23229442
http://dx.doi.org/10.1016/B978-0-12-498045-7.50010-4
http://dx.doi.org/10.1371/journal.pone.0204995
http://www.ncbi.nlm.nih.gov/pubmed/30278083
http://www.ncbi.nlm.nih.gov/pubmed/22047869
http://dx.doi.org/10.1016/j.bbr.2010.07.026
http://dx.doi.org/10.1016/j.bbr.2016.03.008
http://dx.doi.org/10.3389/fnins.2018.00204
http://dx.doi.org/10.1016/j.yebeh.2011.07.021
http://dx.doi.org/10.1016/j.bbr.2012.05.012
http://www.ncbi.nlm.nih.gov/pubmed/22610054
http://dx.doi.org/10.3389/fnhum.2016.00373
http://www.ncbi.nlm.nih.gov/pubmed/27524962
http://dx.doi.org/10.1371/journal.pone.0102632
http://www.ncbi.nlm.nih.gov/pubmed/25050711
http://dx.doi.org/10.1212/WNL.0b013e3181b04ae3
http://dx.doi.org/10.1159/000353443


Int. J. Environ. Res. Public Health 2020, 17, 1960 17 of 17

70. Mass, A.; Duzzel, S.; Goerke, M.; Becke, A.; Sobieray, U.; Neumann, K.; Lövden, M.; Lindenberger, U.;
Bäckman, L.; Braun-Dullaeus, R.; et al. Vascular hippocampal plasticity after aerobic exercise in older adults.
Mol. Psychiatry 2015, 20, 585–593. [CrossRef]

71. Krogh, J.; Rostrup, E.; Thomsem, C.; Elfving, B.; Videbech, P.; Nordemtoft, M. The effect of exercise on
hippocampal volume and neurotrophines in patients with major depression-a randomized clinical trial.
J. Affect. Disord. 2014, 165, 24–30. [CrossRef]

72. Panjonk, F.G.; Wobrok, T.; Gruber, O.; Scherk, H.; Berner, D.; Kaizl, I.; Kierer, A.; Müller, S.; Oest, M.; Meyer, T.;
et al. Hippocampal plasticity in response to exercise in schizophrenia. Arch. Gen. Psychiatry 2010, 67, 133–143.
[CrossRef]

73. Sacheli, L.M.; Zapparoli, L.; De Santis, C.; Preti, M.; Pelosi, C.; Ursino, N.; Zerbi, A.; Banfi, G.; Paulesu, E.
Mental steps: Differential activation of internal pacemakers in motor imagery and in mental imitation of gait.
Hum. Brain Mapp. 2017, 38, 5195–5216. [CrossRef]

74. Pascual-Leone, A. The brain that plays music and is changed by it. Ann. N. Y. Acad. Sci. 2001, 930, 315–329.
[CrossRef]

75. Astur, R.; Taylor, L.B.; Mamelak, A.N.; Phipott, L.; Sutherland, R.J. Humans with hippocampus damage
display severe spatial memory impairments in a virtual Morris water task. Behav. Brain Res. 2002, 132, 77–84.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/mp.2014.114
http://dx.doi.org/10.1016/j.jad.2014.04.041
http://dx.doi.org/10.1001/archgenpsychiatry.2009.193
http://dx.doi.org/10.1002/hbm.23725
http://dx.doi.org/10.1111/j.1749-6632.2001.tb05741.x
http://dx.doi.org/10.1016/S0166-4328(01)00399-0
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Materials 
	Procedure 
	Statistical Analysis 

	Results 
	K-BIT (General Intelligence Measurement) 
	Zoo Test 
	FAS-A Test and Animal Naming 
	The ANT-I Task 
	Latencies 
	Errors 

	The Boxes Room Task 

	Discussion 
	Conclusions 
	References

