
  

 

Abstract—With the growing life expectancy, the number of 

elderly people is increasing tremendously worldwide. The 
progressive decrease of synaptic plasticity and neuronal inter-
connectivity in the ageing brain, concomitant with alterations 
in key cognitive abilities such as working memory and 
attention, may be delayed, stopped or reversed by 
neurorehabilitation. Hence, current approaches used to modify 
cognitive capabilities are of utmost importance to 
contemporary society and often divided into behavioral 
training procedures and techniques for direct modulation of 
neural mechanisms. Neurofeedback (NF), which is based on 
electroencephalogram signals, is used to train individuals on 
learning how to influence brain function by modulating their 
own brain rhythms. However, the potential effects of 
rehabilitation through behavioral training, neuromodulation 
and even a combined methodology are poorly understood. 
Differently from the frequently reported longer protocols, an 
alpha and theta intensive neurofeedback protocol was applied 
on 14 subjects ageing more than 55. Although the herein 
presented results suggest that the proposed protocol succeeded 
to modulate alpha and theta rhythms and led to moderate 
cognitive improvements, no modulation was apparent on post-
training resting state EEG rhythms. 

I. INTRODUCTION 

Cognitive functioning in elderly is a wide research topic, 

providing clues about cognition itself and future 

interventions to age deterioration. The most documented 

cognitive changes with age are on processing speed, working 

memory and encoding of information into episodic memory 

[1] , and also executive functioning [2,3]. To support these 

findings, neurology and electrophysiology studies also found 

differences through aging. In adult stages, alpha frequency, 

in a range between 8 and 12 Hz, is the most prevalent EEG 

rhythm in general cortex, and its oscillations are related to 

psychological and cognitive performance [4,5]. In frontal 

sites, alpha activity might be caused by thalamic and anterior 

cingulate cortex functioning, which addresses to attentional 

and working memory processing. Theta band (4-8Hz) is also 

related to cognitive performance, especially during memory 

tasks, with a relative poor power during resting state, unless 

in sleepy stages [6], but enhanced during memory encoding 

and retrieval [e.g. 7,8,9], proving its relationship with 

hippocampus functioning [10]. The poorer cognitive 
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performance with aging might be paired with some 

registered EEG differences, as a slower general EEG 

frequency [11,12,13], an enhanced parietal and temporal 

delta [13], and changes in coherence [11], mainly between 

frontal and parietal structures that share attentional and 

information processing pathways. Therefore, this 

relationship makes possible the association between a better 

cognitive performance and a specific EEG pattern in specific 

cortical sites.  

Neurofeedback (NF) is a brainwave training technique 

that has been focused on improving cognitive and 

neurological functioning in several clinical conditions, as 

ADHD and epilepsy, by giving feedback to the subject about 

his electrophysiological state and directing it to the desired 

activity [14,15]. There is some literature dedicated to NF 

intervention in elderly, but most studies focus on alpha and 

theta training, as well as with healthy adult populations, 

stressing its effects in attention and working memory 

[16,17]. In terms of protocol duration, greater results are 

observed in longer NF protocols with 10 NF sessions on 

average [17] and with resting days between sessions. 

Therefore, the goal of this work is to assess the effects of 

both alpha and theta intensive no-interval training in EEG 

modulation and cognitive performance of older adults, 

especially in working memory tasks. To this purpose, a 

neuropsychological evaluation was done before and after the 

alpha and theta separate training in frontal sites. Improved 

attentional resources mobilization and enhanced memory 

performance are the main expected outcomes of this 

training, translating in better task results. 

II. METHODOLOGY 

A. Subjects 

For this study, 14 right-handed healthy volunteers (6 males 

and 8 females) aged above 55 years, were recruited from a 

Health Care Centre from Braga, Portugal. Only participants 

without any diagnosed dementia, cerebrovascular or 

neurological pathology were invited to take part. At the 

beginning of the experiment they answered questions about 

their educational background, current or previous 

occupations as well as prescribed medication. The cohort 

was established in accordance with the principles expressed 

in the Declaration of Helsinki and the work was approved by 

the national ethical committee and by local ethics review 

boards. All the participants signed a voluntarily informed 

consent for the use of the collected data. The participant’s 

cognitive profile was assessed using a battery of 

neurocognitive tests to measure cognitive flexibility, verbal 

fluency and processing speed. Additionally, psychological 

tests were also applied to access mood, anxiety, stress 
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profile, personality, functional ability and quality of life and 

memory perception. Most notably, Geriatric Depression 

Scale (GDS) and the Mini-Mental State Examination 

(MMSE) were comprised in this battery. At the end of the 

study, all participants completed a questionnaire about their 

general opinion of the study. 

B. Electroencephalogram signal acquisition 

All EEG signals were acquired with the QuickAmp®, 

Brain Products, GmbH or the ActiCHamp®, Brain Products,  

GmbH. Both systems use the international 10-20 system 

with 32-channels standard electrode layout with ground and 

reference electrodes. The whole system was constituted by: 

Ag/AgCl active electrodes, a cap – actiCAP or EASYCAP 

(Brain Products, GmbH) – electrolyte and straps to keep the 

cap in place. Ground was located at forehead and reference 

was FCz channel when using QuickAmp equipment and Cz 

when using the ActiCHamp equipment. For each participant, 

the same equipment was used for all EEG data acquisitions. 

During recordings, all participants were instructed to not 

make any movements (beyond the required ones) and to 

always answer with the same hand. 

 

 
Figure 1: Representation of the implemented rehabilitation 

protocol. 

 
Figure 2: Graphical representation of the implemented intensive 

alpha and theta neurofeedback protocol. 

C. Experimental design 

All the participants followed a 12-day protocol accordingly 

to the diagram in Figure 1. During the intervention, 

participants were sited in an illuminated and acclimatized 

room, distancing 50-80 cm from a 17 inch computer screen 

with touch technology. All the moments of the study were 

conducted in Centro Clinico-Académico (C2A), Hospital of 

Braga. In order to guarantee that all participants presented a 

minimum attention level to perform the subsequent tasks, in 

the first 2 days all participants were submitted to the Arrow 

Flanker Test adapted from the Flanker Task in the PEBL 

(Psychology Experiment Building Language) [18]. 

All participants were cognitively characterized pre and 

post-training sessions. The EEG signals from 32 channels 

were acquired while participants performed 4 cognitive tasks 

(Stroop Test, Matrix Rotation Test, Trail-Making Test and 

the Auditory Backward Digit Span Test) also adapted from 

PEBL [18]. The EEG signals were acquired and 

synchronized with PEBL using OpenVibe software. All 

cognitive tests were preceded by a one-minute eyes-open 

baseline, where the participants were instructed to relax and 

minimize blinking while staring at the center of a grey 

computer screen. Participants were randomly allocated in 

one of the 2 experimental groups (according to Figure 2); 

neurofeedback (NF) group (n=8) or neurofeedback sham 

(Sham-NF) group (n=6). During the 8 days of training, 

participants were submitted to a 30-minute intervention 

protocol each day. At the beginning of each session the 

motivation and interest were self-assessed. Also, at the end 

of the session, concentration and training difficulty were also 

self-evaluated. Exceptional stress or tiredness observed by 

researchers was also documented for posterior analysis. 

During the training protocol, EEG signals were acquired 

continuously, sampled at 500 Hz, from the Fp1, Fp2, Fz and 

Pz channels. Alpha or theta feedback was calculated from 

the Fz channel and Fp1 and Fp2 channels were used for 

detection of ocular movements. Feedback data contaminated 

by ocular artifacts were excluded. All participants engaged 

in a 30 minute session each day and all sessions were 

preceded by a 3-minute active baseline. 

D. Signal Analysis 

All EEG data collected in this study was processed using 

an open-source Matlab toolbox, the EEGLAB. The EEG 

signals were acquired during the training sessions using the 

BCI++ [19]. The signals were filtered using high-pass (>0.2 

Hz) and low-pass filters (<35 Hz), segmented in 1 second 

windows and separated according to baseline and activity in 

order to perform analysis. The methods implemented to 

detect artifacts were the maximum value (values above 50 

µV and below - 50 µV were marked as artifacts) and also the 

maximum difference between the lower and higher point 

(this value in a segment could not exceed 60 µV). The PSD 

(Power spectrum density) was calculated for each non-

marked segment in both activity and baseline. The frequency 

band of interest; theta and alpha were adjusted according to 

the participant’s alpha peak (maximum amplitude between 

8-13 Hz). Alpha was then calculated between alpha peak +/- 

2 Hz and theta between alpha peak – 7 Hz and alpha peak -3 
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Hz. In order to extract the absolute PSD gradient for the 4 

days of alpha and theta training the mean baseline for the 8 

days was subtracted to the PSD of each NF block. For each 

day, the mean of the 4 best blocks was calculated and the 

gradient extracted as a linear regression of this measure 

across the 4 days of training, both for theta or alpha 

frequency bands. The relative PSD was calculated dividing 

the mean power of each band by the broadband PSD (0,2 – 

35 Hz). This measure was corrected by subtracting the 

baseline’s relative power to each band and the gradients 

were calculated as explained for the absolute PSD values.   

III. RESULTS 

Figure 3 represents the differences between pre and post 

intervention scores for both groups (NF and sham-NF) in 

Matrix Rotation Task and Digit Span Test. In the Mental 

Rotation test both groups tend to increase performance but 

only in the NF group the increase is statistically significant 

(non-parametric one-sample Wilcoxon signed ranked test p-

value=0,049) . In the Digit Span test only the NF group 

tends to increase the score. There were no differences 

between groups when comparing the EEG acquired during 

the cognitive battery. 

 

 
Figure 3: Representation of the difference between pre and post 

intervention scores for both NF and sham-NF groups in A) Matrix 

Rotation Test and B) Digit Span Test. 

Figure 4: Representation of the absolute PSD slopes for both NF 

and sham-NF groups. 

Figure 4 represents the training slopes for both groups NF 

and sham-NF across the four days of alpha and theta 

training. The positive slopes in the NF group for both bands 

indicate that this group was able to increase both frequency 

bands. However, only alpha band increased significantly 

(non-parametric one-sample Wilcoxon signed ranked test p-

value=0,007). In contrast, in the NF-Sham group only the 

alpha band tends to increase, but not theta. Figure 5 

represents the relative alpha and theta power gradients. The 

relative power of alpha and theta bands is increased in the 

NF group for both alpha and theta training significantly 

(non-parametric one-sample Wilcoxon signed ranked test p-

value=0,021 and p-value=0,014 respectively), but not in the 

sham-NF group. 

 
Figure 5: Representation of the relative PSD slopes for both NF and 

sham-NF groups.  

IV. DISCUSSION 

The goal of this study was to assess the effects of alpha 

and theta NF intensive no-interval training in working 

memory performance of an older population (above 55 years 

old). The results of the cognitive assessments before and 

after the neurofeedback intervention (Figure 3) show that, 

after the consecutive 8-session training, NF group shows 

improvement in both tasks, with significant results in Matrix 

Rotation. Although this succeeds both alpha and theta 

training, previous works have already found relationship 

between alpha oscillations and Matrix Rotation [20] and 

between upper alpha training and mental rotation 

enhancement [21].  

Looking at the PSD gradients across the four days of 

training (Figure 4) it shows that the NF group increased both 

rhythms (significantly the alpha but not the theta). The 

sham-NF subjects, although not receiving a real feedback of 

their own EEG signals also tend to increase the alpha power, 

but not the theta power. This could be explained by the 

nature of the protocol and the engagement of attention 

processes often assigned to alpha rhythm. As the subjects 

must pay attention to the visual stimulus, it may explain why 

even the sham participants also increased their alpha rhythm. 

In contrast, the theta rhythms were only increased by the NF 

group.  As alpha is a dominant rhythm in adult EEG [5], its 

evocation and later enhancement or suppression may be 
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easier, especially when compared with theta, a slower EEG 

pattern, common in sleepy stages [6, 22], cognitive and 

mnesic demanding tasks [23, 24], making harder its 

modulation and elicitation with eyes open [5, 2].  On the 

other hand, sham-NF group shows a down-training of theta 

during the instructed sham up-training theta feedback and a 

non-significant alpha up-training. This last apparent 

enhancement is elucidated in Figure 5, comparing both 

bands relative PSD during their 4 training sessions. 

Therefore, it confirmed a power improvement of both 

frequencies during NF group’s training comparably to the 

broadband, which indicates an energy improvement in the 

underlined bands during their training. Contrarily, the sham-

NF group did not register any improvement of either 

frequency-range in terms of relative power, showing the 

inability of unspecific-feedback to effectively modulate EEG 

rhythms. The lack of EEG modulation on resting state after 

intervention may be partially explained by the number of 

sessions, as this protocol used fewer sessions than the 

numbers revealed by the literature. Additionally, the age of 

the sample seems to require more sessions, as neuroplasticity 

is slightly compromised with aging, although there is always 

a development of compensatory mechanisms [25]. 

V. CONCLUSION 

In essence, the major conclusions of this study are, firstly, 

the positive results on EEG modulation during intensive no-

interval 8 NF sessions and their outcome in terms of 

working memory, although there were some non-significant 

values. In future work, a larger population and a higher 

number of sessions might be considered.  

Due to protocol intensity and population heterogeneity we 

were not able to observe training effects on post-training 

resting and activity EEG and only moderate cognitive 

performance improvements were perceived. In the near 

future we might further evaluate some protocol aspects, such 

as protocol length, neurofeedback EEG rhythms and their 

brain sources, and behavioral evaluation tools.  

REFERENCES 

[1] Craik, F.I.M. (1994). Memory changes in normal aging. Curr. 

Dir. Psychol. Sci., 3, pp. 155–158. 

[2] Crowley, K. (2011). Sleep and sleep disorders in older adults. 

Neuropsychological Review, 21, pp. 41–53. 

[3] Kramer, A.F., Humphrey, D.G., Larish, J.F., Logan, G.D., & 

Strayer, D.L. (1994). Aging and inhibition: Beyond a unitary view 

of inhibitory processing in attention. Psychology and Aging, 9, pp. 

491–512. 

[4] Adrian, E., & Matthews, B.(1934). The Berger rhythm: 

potential changes from the occipital lobes in man. Brain, 57, pp. 

355-384. 

[5] Klimesch, W. (1999). EEG alpha and theta oscillations reflect 

cognitive and memory performance: a review and analysis. Brains. 

Res. Rev,. 29, pp. 169–195. 

[6] Vaitl, D. N., Birbaumer, J., Gruzelier, G.A., Jamieson, B., 

Kotchoubey, A., Kubler, D., Lehman, W.H.R., Miltner, U., Ott, P., 

Putz, G., Sammer, I., Strauch, U., Strehl, J., Wachermann, T., 

Weiss T. (2005). Psychobiology of Altered States of 

Consciousness, Psychological Bulletin, 131(1), pp. 98-127. 

[7] Jacobs, J., Hwang, G., Curran, T., & Kahana, M. J (2006). EEG 

oscillations and recognition memory: theta correlates of memory 

retrieval and decision making. Neuroimage, 32, pp. 978–987. 

[8] Itthipuripat, S., Wessel, J., & Aron, A. (2013) Frontal theta is a 

signature of successful working memory manipulation. Exp. Brain 

Res., 224, pp. 255–262. 

[9] Cavanagh, J.F., Zambrano-Vazquez, L., Allen, J.J.B. (2012). 

Theta lingua franca: a common mid-frontal substrate for action 

monitoring processes. Psychophysiology, 49, pp. 220–238. 

[10] Cantero, J.L., Atienza, M., Stickgold, R., Kahana, M.J., 

Madsen, J.R., & Kocsis, B. (2003). Sleep-dependent theta 

oscillations in the human hippocampus and neocortex. J Neurosci 

23(34), pp. 10897–10903.  

[11] Prichep, L.S. (2007). Quantitative EEG and Electromagnetic 

Brain Imaging in Aging and in the Evolution of Dementia. 

Ann.N.Y.Acad Sci.,40, pp. 1-12. 

[12] Giaquinto, S., & Nolfe, G. (1986). The EEG in the normal 

elderly: a contribution to the interpretation of aging and dementia. 

Electroencephalogr Clin Neurophysiol., 63(6), pp. 540–546. 

[13] Breslau, J., Starr, A., Sicotte, N., Higa, J., & Buchsbaum, M. 

S. (1989). Topographic EEG changes with normal aging and 

SDAT. Electroencephalography & Clinical Neurophysiology, 

72(4), pp. 281-289. 

[14] Hammond, C. D. (2011). What is neurofeedback: An update. 

Journal of Neurotherapy, 15, pp. 305-336.  

[15] Vernon, D.J. (2005). Can neurofeedback training enhance 

performance? An evaluation of the evidence with implications for 

future research. Applied Psychophysiology and Biofeedback, 30, 

pp. 347-364. 

[16] Angelakis, E., Stathopoulou, S., Frymiare, J.L., Green, D.L., 

Lubar, J.F., & Kounios, J. (2007). EEG neurofeedback: a brief 

overview and an example of peak alpha frequency training for 

cognitive enhancement in the elderly. Clin Neuropsychol., 21, pp. 

110–129. doi: 10.1080/13854040600744839 

[17] Lecomte, G., & Juhel, J. (2011). The Effects of Neurofeedback 

Training on Memory Performance in Elderly Subjects. Psychology, 

2, pp. 846-852. 

 [18] Mueller, S. T., & Piper, B. J. (2014). The Psychology 

Experiment Building Language (PEBL) and PEBL Test Battery. 

Journal of neuroscience methods (222), 250–259. 
[19] Perego, P., Maggi, L., Parini, S., & Andreoni, G. (2009). 

BCI++: A New Framework for Brain Computer Interface 

Application. In SEDE, 37-41. 

[20] Riecansky, I., & Katina, S. (2010). Induced EEG alpha 

oscillations are related to mental rotaton ability: the evidence for 

neural efficiency and serial processing. Neuroscience Letters, 482, 

pp. 133–136. 

[21] Hanslmayr, S., Sauseng, P., Doppelmayr, M., Schabus, M., & 

Klimesch, W. (2005). Increasing individual upper alpha power by 

neurofeedback improves cognitive performance in human subjects. 

Applied psychophysiology and biofeedback, 30 (1), pp. 1-10. 

[22] Winson J. (1974). Patterns of hippocampal theta rhythm in the 

freely moving rat. Electroencephalogr. Clin.Neurophysiol. 36, pp. 

291–301 

[23] Gevins, A., Smith, M.E., McEvoy, L., & Yu, D. (1997). High-

resolution EEG mapping of cortical activation related to working 

memory: effects of task difficulty, type of processing, and 

practice. Cereb Cortex, 7, pp. 374–385. 

[24] Vernon, D., Egner, T., Cooper, N., Compton, T., Neilands, C., 

Sheri, A., et al. (2003). The effect of training distinct 

neurofeedback protocols on aspects of cognitive performance. Int. 

J. Psychophysiol. 47, pp. 75–85. 

[25] Goh, J.O., & Park, D.C. (2009). Neuroplasticity and cognitive 

aging: The scaffolding theory of aging and cognition. Restorative 

neurology and neuroscience, 27, pp. 391-403. 

 

718



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Up
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



