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Abstract
Dual-task activities are common in daily life and have greater motor/cognitive demands. These are
conditions that increase the risk of older adult falls. Falls are a public health problem. Brain mapping
during dual-task activities can inform which therapeutic activities stimulate speci�c brain areas,
improving functionality, and decreasing dependence and the risk of falls. The objective of the study was
to characterize the brain activity of healthy older adults while performing a dual-task activity called the
Functional Gait Test (FGT). Method : This observational study included 30 older adults aged 65 to 75
years, and it was approved by the institutional review board. The FGT consists of walking following a
sequence of numbers (simple task), and a sequence of alternating letters and numbers (complex task).
During the activity, the subjects had their cortical activation pattern measured using the Emotiv EPOC®
electroencephalogram. Complete data was obtained for analysis on 13 participants. The data was
analyzed using descriptive statistics (mean and standard deviation), and paired T-tests to compare the
brain activity during the conditions (simple vs. complex task). Results : Alpha brain waves were activated
in the right and left hemispheres during the simple task, while Alpha brain waves’ activation during the
complex task was predominant in the right hemisphere. However, the differences were not statistically
signi�cant. The Betha waves had predominant activation in the left hemisphere during the simple task,
and predominant activation in the right hemisphere during the complex task. The difference was
statistically signi�cant in 11 out of the 14 channels evaluated ( P <0.04). Conclusion: The results
corroborates the increased complexity of dual-tasks due to the predominant activation of the right
hemisphere, which is related to motor learning process and new stimulus processing.

Background
The older adult population is increasing worldwide [1]. Aging is associated with morphological, functional
and biochemical changes that affect the organism and make older adults more susceptible to physical,
motor and cognitive disorders such as decrease range of motion, cognitive impartment and dementia,
de�cits in strength and balance. These changes lead to functional impairments and increased
dependence. Aging-related balance impairment is related to inadequate functioning of the vestibular,
visual, somatosensory and musculoskeletal systems, and increase the risk of falls [2-5].

Falls in older adults are a public health problem; 30 to 40% of the community dwelling older adults fall at
least once a year. Falls are the number one cause of injuries and injury-related deaths among older adults
[6-8]. Poor performance in dual-task (DT) activities is associated with a higher risk of falls in older adults.
DT activities are characterized by performing a main and a secondary task simultaneously. There is a
decline in the performance of DT with advancing age, which can make older adults more dependent
because many activities of daily living (ADLs) involve DT such as walking and talking, and crossing
streets [9-12]. Knowing brain activation behavior during the performance of a DT is important for
understanding the processing of new stimuli, to target speci�c therapeutic approaches. To execute motor
tasks, activation and communication of the neuronal impulses of cortical areas responsible for the
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speci�cities of each task are necessary. The brain activation behavior during execution is still a matter of
investigation.

Electroencephalography using non-invasive and wireless interfaces is used to monitor brain activity
during the performance of motor tasks. The electroencephalogram (EEG) is the electrical signal generated
by a group of neurons underlying the electrodes of the respective interface. The frequency generated by
the EEG characterizes brain waves into delta (0.5-4Hz), theta (4-8Hz), alpha (8-13Hz), beta (13-30Hz) and
gamma (above 30Hz). In addition to presenting a speci�c characteristic with regard to frequency, each
wave is more evident in particular situations. Alpha waves are usually associated with waking and being
in a relaxed condition, being minimized in conditions that require attention or mental effort. Beta waves
are evidenced in alert or focused attention situations and tasks that demand more cognitive effort and
can be present in several cortical regions, but are more evident in the motor function areas [17].  Brain
mapping in older adults during DT can direct clinical practice to activities that stimulate speci�c cortical
areas in order to improve the execution and learning of speci�c motor tasks, improving functionality and
independence [18, 19].

The Trail Making Test (TMT) evaluates divided attention during DT [13]; it is a pencil-and-paper test that
provides information on search ability by visual scanning processing speed, cognitive �exibility, divided
attention, motor agility, ability to switch tasks motor inhibition and coordination [14-16]. Voos (2009)
created a test with the same characteristics, but with a greater motor demand and called it the Functional
Gait Test (FGT) [16]. It consists of two stages; in step A the subject must walk on a carpet following a
numbered sequence (simple task), and in step B the subject must do the same but following a sequence
of alternating numbers and letters (complex task). Despite the availability and large adoption of the FGT,
and of the capability of recording EEG non-invasively, little is known about the patterns of older adults’
brain activation during the FGT. Investigating the EEG and mapping the brain waves in older adults while
performing a DT activity is important to inform rehabilitation. The objective of the present study was to
characterize the brain activity behavior of healthy older adults while performing the FGT.

Materials And Methods

Participants
An observational study was carried out at a public hospital in (city), (state), (country). The project was
approved by the institutional review board. The participants were 30 older adults of both genders
recruited from the community and from the geriatrics and physiotherapy clinic of the hospital. The
inclusion criteria were age between 65 and 75 years, Short Physical Performance Battery (SPPB) score > 
7, Mini Mental State Examination (MMSE) score > 24 for the older adults with more than one year of
education and > 19 for those with no school education, no use of assistive devices for walking,
hemodynamically stable, no history of photic epilepsy, and no vestibular disorders. The exclusion criteria
were to have participated in DT activity studies in the prior to 6 months, nausea and/or balance
impairment.



Page 4/15

Given the technical di�culties of the existing technology, 17 participants had data with a lot of noise
even after �ltering (high noise/signal ratio). The data from these participants were not included in the
analysis. Therefore, data was analyzed for the 13 participants who had data with a small noise/signal
ratio. The 13 subjects included in the analysis were 71 ± 3 years old, had 7 ± 5 years of education, SPPB
scores of 10 ± 1, MMSE scores of 26 ± 4.

Instruments and procedures
After voluntary agreement to participate, the individuals signed an informed consent form according to
resolution 466/12 of the National Health Council. Then, the participants completed an evaluation form,
the MMSE and the SPPB. After that, the participants were instrumented with the Emotiv EPOC® EEG
equipment. It was positioned following the guidance provided by the manufacturer. The 14 electrodes
were hydrated with saline solution to facilitate conduction and registration of the electrical signal through
the scalp. After hydration, the device was positioned so that each electrode was in close contact with the
analyzed region under the scalp. Two reference points were positioned bilaterally in the temporal region
immediately above the ears, and the AF3 and AF4 electrodes were positioned 4 cm above the eyebrow.
After setup, the equipment was activated, and signal quality was checked.

After instrumentation, the participants completed the FGT on a black mat. In part A (simple task), there
are 25 black numbers (1 to 25) displayed in light gray circles distributed along the mat, and in part B
(complex task) there are 13 black numbers (from 1 to 13) and 11 black letters (A to M, without the letter
K) displayed in light gray circles on a black mat of the same size. In part A, the subject was instructed to
follow the sequence of numbers until reaching the last number; and in part B, the subject was instructed
to follow the sequence of alternating numbers and letters until they reach the last number or letter on the
mat. The evaluator timed the test; if/when the subject made a mistake on the sequence, he/she was
instructed to return to the previous number or letter and then continue without stopping the timer. The
evaluator encouraged the subjects to perform the test in the shortest time possible. After completion, the
time and the number of mistakes in each part were recorded and the EEG equipment was removed. The
assessment lasted approximately 1 hour per participant.

Data analysis
The power of the alpha (8–12 Hz) and beta (13–30 Hz) waves during the middle twenty-second windows
of the simple and complex tasks were analyzed. The data was �ltered to remove noise (EEG signals > 
100 mV) [20]. After �ltering, the largest signal common to all channels and subjects was found (lowest
noise/signal ratio). Signal normalization for the power analysis was performed based on Zscores -
number of standard deviations from the mean for each data point. Nine wave frequencies were generated
for the alpha waves (8–12 Hz at 0.5 increments), and 35 wave frequencies were generated for the beta
waves (13–30 Hz at 0.5 increments). The mean and standard deviation values were calculated for each
frequency and channel. EEG activation maps were created at 10 and 17 Hz for the alpha and beta waves
respectively.

Statistical analysis
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The descriptive analysis was performed, the Shapiro Wilk test was used to test the data normality, and
paired T-tests were used for comparing the means of the simple and complex tasks.

Results
The participants took 128±96 seconds to complete the simple task and 284±138 seconds to complete
the complex task (P=0.025), and the tasks were completed with 1±2 and 2.4±2 errors respectively
(P=0.004).

Figures 1A and 1B show the mapping of alpha waves during the performance of the simple and complex
tasks respectively. There was approximately symmetrical activation in the right and left hemispheres in
part A (simple task), while a predominance of activation in the frontal area and right hemisphere in part B
(complex task).

In Figures 2A and 2B, the beta wave behavior was observed while performing parts A and B of the DT
activity. Greater activation was found in the left hemisphere in part A (simple task), while a predominance
of activation in the right hemisphere in part B (complex task).

Table 1 presents the comparative analysis of the alpha wave, in performing parts A and B of the DT for
the 14 EEG channels. The results indicated that there was no signi�cant difference in any of the 14
channels evaluated.

Table 1 - Comparative analysis of the alpha wave power (Zscores) between parts A and B
in the 14 EEG channels.

Channels PART A

            Mean      SD

PART B

 Mean         SD

P-value

AF3(1)             0.034  0.029               0.036  0.030 0.70

AF4(2)             0.034  0.027               0.035  0.029 0.46

F3 (3)             0.029  0.027               0.030  0.026 0.77

F4 (4)             0.036  0.029               0.036  0.032 0.97

F7 (5)             0.036  0.029               0.033  0.027 0.38

F8 (6)             0.036  0.031               0.034  0.029 0.70

FC5(7)             0.036  0.029               0.034  0.032 0.31

FC6(8)             0.034  0.027               0.034  0.029 0.80

T7(13)             0.034  0.031               0.038  0.032 0.65

T8(14)             0.035  0.029               0.035  0.030 0.70

P7(11)              0.038  0.032               0.036  0.032 0.75

P8(12)             0.033  0.028               0.038  0.033 0.22

O1(9)             0.036  0.029               0.036  0.030 0.65

O2(10)             0.037  0.036               0.044  0.037 0.42
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Table 2, presents the comparative analysis of the beta waves, in performing parts A and B of the DT for
the 14 EEG channels. It was observed that only 03 channels (10, 11 and 14) did not present signi�cant
differences.

Table 2 - Comparative analysis of the beta wave power (Zscores) between parts A and B in
the 14 EEG channels.

Channels PART A

Mean  SD

PART B

               Mean   SD

Pvalue

AF3(1) 0.027  0.023 0.032  0.037 0.01*

AF4(2) 0.025  0.022 0.037  0.033 0.01*

F3 (3) 0.026  0.024 0.047  0.040 0.01*

F4 (4) 0.028  0.023 0.038  0.034 0.01*

F7 (5) 0.027  0.023 0.039  0.033 0.01*

F8 (6) 0.029  0.023 0.039  0.034 0.03*

FC5(7) 0.029  0.024 0.039  0.035 0.01*

FC6(8) 0.026  0.022 0.038  0.031 0.03*

O1(9) 0.032  0.026 0.037  0.032 0.01*

O2(10) 0.036  0.028 0.035  0.025 0.75

P7(11) 0.032  0.025 0.038  0.029 0.22

P8(12) 0.033  0.025 0.039  0.038 0.01*

T7(13) 0.028  0.024 0.039  0.033 0.03*

T8(14) 0.027  0.027 0.037  0.029 0.46

Discussion
The participants did not have cognitive impairments and had moderate physical �tness. Still, the
participants took more than double the time to complete the complex task compared to the simple task,
with more than twice the number of errors.

Balance and gait control, especially during dual tasks, occurs in brain centers that are activated during
tasks with high cognitive processing demand (i.e. in regions related to executive functions). When
activities are performed simultaneously, the performance in one or both activities can be adversely
affected [21–22].

Little & Woollacott (2014) [23] compared the evoked potential/N1 response (balance sensory processing)
during a simple and a dual task (cognitive + balance) using EEG, and found attenuation of N1 activity
during the dual task. This indicates that competition for attentional resources was associated with
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performance impairment in both cognitive and balance aspects. These �ndings help to explain the longer
execution time and greater number of errors we found in our study during the complex dual task.

Johannsen et al. (2013) [24] reported that under conditions of attentional competition in dual task
situations, compensatory strategies prioritize the maintenance of gait with greater impairment of
cognitive performance. In our study, there was a greater activation of alpha waves in the prefrontal cortex
during the greater complexity dual task. The prefrontal cortex is an area of strong activation in dual task
conditions because it is related to executive functions [25]. The higher the complexity of a task, the
greater the activation of the pre-frontal cortex of older adults and individuals with gait dysfunction [26–
29]. Wagshul et al. (2019) [30] investigated the activation of the prefrontal cortex of older adults during
single and dual-task gait using different neuroimaging techniques and found that the greater the
cognitive complexity of the task, the greater the activation of the prefrontal area. This corroboratees our
�nding and those of other studies [31–32].

The beta-wave cerebral mapping showed that there was increased activation of the left prefrontal area
(working memory) during the less complex task. This �nding corroborates those of several previous
studies of activities by older adults [33–35]. During the greater complexity dual task, the greater
activation of beta waves was in the right temporal lobe. These area is related to learning, memory, spatial
processing and auditory, tactile and visual integration [36].Temporal cortex also contributes to the
processing of verbal and non-verbal information, being is of great importance for working memory in
conjunction with the prefrontal cortex [37]. Schon, et al. (2013) [38] compared the activation of the
temporal and frontal cortex using functional magnetic resonance imaging (FMRI) during familiar and
unfamiliar tasks, and found that the temporal cortex is activated with the frontal cortex only in new
working memory tasks.

In our study, there was no signi�cant difference on the alpha waves’ activation during tasks of lower and
higher complexity. Alpha wave activity is observed during conditions requiring low neural effort [39–42].
Alpha activity is less in older than in younger people, especially in conditions of high cognitive demand
due to the greater di�culty (greater neural effort) that the older adults have in selecting the information
for appropriate response to the imputs because of aging-related impairments of the pre-frontal area
functioning [43–44]. Sander, Bergner and Lindenberger (2012) [45] evaluated alpha wave activity during
cognitive testing to investigate the responsiveness of working memory and found lower alpha activation
in older adults compared to children and young people with increasing cognitive demands. Thus, in
addition to having lower alpha wave activation, older adults alpha waves activation is less responsive to
increased cognitive demands. These results corroborate the �ndings of the present study because we
also did not �nd alpha wave differences between the simple and complex dual tasks.

Beta waves are related to increased motor demand and therefore are more active during activities that
require greater concentration and neural effort [46–48]. This was also found in our study because there
was signi�cantly higher beta wave activity during the more complex dual task in almost all channels
indicating a greater neural effort. Veldhuizen, Jonkman and Poortvliet (1993) [49] found that the older
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women tended to have higher beta wave potentials than younger women, even at rest. Toledo et al.
(2016) [50] compared the brain behavior of younger and older adults during an ankle proprioception test
using EEG and found that higher proprioceptive demands (motor sensory stimuli) were associated with
increased beta wave activation in the older adults to compensate for aging-related sensory and
neuromotor activity de�cits. Similarly, Hübner, Godde and Voelcker-Rehage (2018) [51] investigated older
adults’ �ne motor responses to visual stimulus, and found greater beta activation with greater test
complexity.

Another relevant �nding of our study was that the left hemisphere was predominanty activated in the less
complex task, while the right hemisphere was predominanty activated in the more complex task.
According to Goldber’s theory (2002) [52], motor learning occurs from the right hemisphere to the left one,
and the right hemisphere is responsible for processing new stimuli, while the left works with assimilated
information. Although the more complex task was completed after the simpler task, which could favor its
execution by learning and neural adaptation, greater right hemisphere activation was observed in the
complex task. This fact may be explained by the greater cognitive demand imposed by the complex task
which required following an alternating sequence of letters and numbers, resulting in longer time for
completion and grater number of errors. A review by Luft and Andrade (2006) [53] emphasized that
Goldberg’s theory is complemented by the idea that learning follows a speci�c process for each skill,
where structures that are not directly involved with the speci�c activity cease to be activated saving
energy to be directed to the areas of task execution [54]. This expanded theory corroborates the �nding
that speci�cs areas were activated in executing the more complex task. Other studies also found the right
hemisphere to be more activated in activities with greater complexity than the left hemisphere; this
difference in activation is usually identi�ed when comparing different regions and not the right and left
hemispheres as a whole [55–57].

Limitations of the study include the lack of single tasks because the conditions compared were a simple
and a complex dual task. The inclusion of a single task could provide additional information and serve as
a control condition. The evaluation of the subjects in a baseline condition could clarify the possibility of
lower alpha wave responsiveness to increased complexity in older adults. Another limitation was the use
of low density EEG with high noise probability what resulted in the need to exclude many participants.

Conclusions
The greater complexity of part “B” of the Functional Gait Test was con�rmed by the longer performance
time, greater number of errors, greater activation of the beta waves, and by the predominant activation of
the right hemisphere which is related to motor learning process and new stimulus processing. Strong
activation of alpha-waves in the prefrontal area supported that complex dual-task activities exercise
executive memory in healthy older adults.

List Of Abbreviations
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ADLs: Activities of daily living

DT: Dual task

EEG: Electroencephalogram
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FMRI: Functional magnetic resonance

MMSE: Mini Mental State Examination

SPPB: Short Physical Performance Battery

TMT: Trail Making Test
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Figures

Figure 1

mapping of alpha waves during the performance of the simple and complex tasks respectively. There
was approximately symmetrical activation in the right and left hemispheres in part A (simple task), while
a predominance of activation in the frontal area and right hemisphere in part B (complex task).

Figure 2

the beta wave behavior was observed while performing parts A and B of the DT activity. Greater
activation was found in the left hemisphere in part A (simple task), while a predominance of activation in
the right hemisphere in part B (complex task).


