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The effect of working memory and social interactions training on ERP features

The influence of working memory and social interactions training on evoked brain cortex electrical activity were
studied. It was shown, that after working memory training, the ERP features did not changed significantly. While
social interactions efficacy training leads to increase in N2 wave amplitude. In our opinion, obtained results support the

Herrmann’s “social intelligence” theory.
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Introduction. Our previous results have shown the difference of ERD/ERS reactions on socially-
significant stimuli between altruistic-oriented and egoistic-oriented persons [5]. The difference between
those two groups was alpha-band specific (mainly, upper alpha), resulting in evident desynchronization
effect, which was stronger for altruistic stimuli for egoistic-oriented persons, and stronger for egoistic-
oriented stimuli for altruistic-oriented persons. The upper alpha-rhythm is considered to be influenced by
dopaminergic transmitter system [2]. While the dopamine is the main transmitter of executive system and
social interactions have the key importance for humans, there’s nothing unexpected in obtaining the
mentioned results. Anyway, the dopaminergic system is closely associated with another executive system
function — namely, working memory [1; 7]. This leads us to conjecture, that enhancing one of the functions —
social activity or working memory — should lead to enhancement in another function. The key question is
the priority of the functions — which executive functions will affect another in greater extend? Thus, the
main goal of our study was examining of mutual influence, reflected in evoked brain activity, of working
memory and social interaction level.

Methods. The study was conducted on 19 volunteers, females, 19-22 years old, right-handed. The
subjects were divided into two groups — 10 persons in first group, 9 persons in second group. The persons
from the first group were trained for working memory enhancement, the persons from second group were
trained for enhancement of social interaction efficacy. The training for working memory enhancement was
based on working with span board task [6] — 30 minutes every day, 10 days consequently (fig. 1). The
training for enhancement of social interactions was based on “‘stone-scissors-paper” game [3] and the task,
developed by us. The second task included the manipulation of small board inclination by two persons
simultaneously, with the goal to direct a small sphere to the center of the board. For making task more
difficult and enhancing the interaction between two persons, each person was staying only on one leg during
the task. Both tasks for social interaction enhancement were conducted during 15 minutes each, 30 minutes
total daily, 10 days consequently. To avoid social adaptation for second task, the interacting pairs were
formed from different subjects each day in occasional manner.
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Fig. 1. Span board task, used for working memory training, modified [5]
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The evoked brain cortex activity was registered for both groups before and after the whole training
cycle. We used a simple odd-ball paradigm for P300 registration. The N200-P300 complex is a standard
ERP feature for studying working memory load [8]. The subjects were instructed to push button on
presented images with animals (target) and to ignore the presented images, which didn’t have animals (non-
target). The task included 50 target stimuli with 25 % target presentation probability.

The obtained data were processed using variation statistics methods, including mean, standard mean
error and t-Student’s statistics with significance level of p <0,05.

Results and discussion. It was shown, that the ERP for the first group unexpectedly did not changed
significantly after working memory training. We expected the shortening and decreasing in amplitude of
P300 wave after training, but the analysis showed a slight increase in P300 amplitude and latency (fig. 2).
We consider, that increase of brain neuronal structures, involved in working memory maintaining, is the
only way to explain this result.

== First group, before training = First group, after training

Fig. 2. ERP waves of the first group, before and after working memory training, P3 lead

We suppose, that the time period of our experiment was not long enough for trained working memory
mechanisms to adopt for training and the expected decrease in number of neuronal structures, involved in
working memory maintaining should decrease (with increase in working memory performance because of
better neuronal organization) somewhat later. Anyway, this result shows no large enhancement of neuronal
organization for processing working memory task.

Second group, after training

=—=Second group, before training

Fig. 3. ERP waves of the second group, before and after social interaction enhancement training P3 lead
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Concerning the results of the second group, it was shown, that after social interactions enhancement
training, their ERP change dramatically. The most prominent difference between before- and after-training
ERPs was a significant increase in amplitude of N2 wave (with 330 msec approximate latency, fig. 4),
which reflects the working memory load, thus giving us the opportunity to suppose the enhancement in
working memory performance.
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Fig. 4. sSLORETA of N2 wave of first group before (1) and after (2) working memory training, SLORETA of N2
wave of second group before (3) and after (4) social interactions enhancement training

The results of low-resolution tomography (sLORETA) show the increase in left anterior cingulate
cortex activity on 340 msec latency (which corresponds N2 wave) after training in both groups, thus
confirming the improved functioning of working memory in both groups. Anyway, the second group has
more expressed activity in this regions.

In general, obtained results show the key role of social activity for working memory performance. We
consider the simple explanation of this effect — the social stimuli are a very strong positive reinforcements
for human beings, and thus positive social activity load leads to enhancement in working of positive
reinforcement system, with dopamine as a key neurotransmitters — and thus, to better support of memory
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traces in working memory, and, most probably — in long-term memory. Our results support the theory of
“social intelligence”, proposed by Herrmann [4]. Indeed, the social factors reveal a greater importance on
brain functioning, thus allowing to suppose, that social cognitive abilities play a leading role in human
evolutionary and ontogenetic development of general cognitive functions, not vice versa, as “general
intelligence” theories suppose.

Conclusion and further perspectives. Our result show the greater importance of social cognitive
functions for general brain functions. These results support the theory of “social intelligence”. Anyway, the
theory of “social intelligence” operates with the concepts of cognitive functions on species and evolutionary
level, while our study reveals the possibility of heterogenic involvement and interaction of the same
mechanisms on organism and cell level. Further studies should find the exact neural hollowmarks of
different evolutionary pressure on mechanisms social and general cognitive functions.
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€snak Haranis, Ky3neuoB lnnsi, Pakoseub Oxcana, Mapuyk IBanHa. Bniiue TpeHyBaHHsSI omepaTUBHOT
namM’siTi Ta couiaJbHUX B3aemofiii Ha xapakrtepuctuku KBII. 3pilicHeHO BHMBYEHHs BIUIMBY TPEHYBaHHS
OTepaTUBHOI ITaM’ATi Ta COLiaTbHUX B3a€MOJIiN HA MOKA3HUKU BUKIIMKAHOI €JIEKTPUIHOT aKTUBHOCTI KOPH TOJIOBHOTO
MO3Ky moanHu. [lokasaHo, 10 Micas TpeHyBaHHA ONepaTUBHOI naM’sTi XapakTepucTUku BIl cyTTeBO He 3MiHIOIOThCS,
TOII AK MICNs TPeHyBaHHS e(eKTUBHOCTI COLianbHUX B3a€MOJiil B 00CTEXKyBaHMX 3pocTae amIuliTyaa xsuii N2. Ha
Hauly AyMKY, OTpUMaHi pe3yJbTaTu CBil4aTh HA KOPUCTh FiMOTE3U «COLIaNbHOro IHTEJIEKTY» XeppMaHH.

Kunroyosi ciioBa: coliaibHuii iHTEIEKT, onepaTUBHA [aM’ATb, BUKIMKaHA aKTUBHICTb MO3KY.

Esnak Haranbs, Ky3sneuoB Unbs, PakoBen Okxcana, Mapuyk Banna. Biausinue TpeHHPOBOK onepaTHB-
HOIi MaMsITH U COLHMAJIbHBIX B3aumoeiicTeuii Ha xapakrepuctuku KBII. Kak nokasanu Hamwu npeasapuTesbHble
HCCJIEIOBaHMsA, JEKTPUUECKasd aKTUBHOCTb KOPbI FOJOBHOIO MO3ra MpPU PEaKUUH Ha COLMANbHO 3HAYMMBbIE CTUMYJIbL
HAMEET OCHOBHBIE OTIMYMS JUTA FPYI 3TOUCTUYHO-OPUEHTUPOBAHHBIX U AJIbTPYUCTUYHO-OPHUEHTHPOBAHHBIX UCTIBITYE-
MbIX B 00aacT anbda-nuanazona. [lonoOHbIE OTAMYMA MOTYT TaKKe YKa3blBaTh HAa 0COOEHHOCTH pabOThI CHCTEMBbI
OnepaTHBHON MaMATH B YKa3aHHbIX rpynnax. B Hamewm nccinenoanun Mol peructpuposan KBIT no meroauke P300 B
UCTIBITYEMBIX, KOTOPbIE MPOXOIUIN TPEHUPOBKY onepaTUBHON mamMsaTH (10 4enoBek), 1 UCTIBITYEMBbIX, KOTOPBIE TPOXO-
IWJIA TPEHUPOBKY MOBBIIIEHUS 3((eKTHBHOCTH COIManbHBIX B3anMonercTeuii (9 uenosek). [Tokasano, 4To B mepBoit
TpyImIe Mnociie TPEHUPOBOK He MPOM30IIII0 3HAYUTENBHBIX U3MEHEHNH B mapameTpax BII, Toraa kak Bo BTopoii rpymmne
HaOII0IaI0Ch yBENWYEeHNe aMIUTATYAbl KOMIOHeHTa N2, 4To ykasbiBaeT Ha Oosee 3(QeKTHBHYIO pabOTy CHCTEMBI
onepaTUBHON MaMSTH MOCIe TPEHHUPOBKU COLMANBHBIX B3auMOeicTBUA. J[aHHBIE pe3ynbTaThl MOATBEPKAAIOT THITO-
Te3y «COUMATBLHOTO WHTEJIEKTa» XeppMaHH, COTJaCHO KOTOPOW BEXYIIyI0 pOJb B Pa3BUTHH KOTHHUTHUBHBIX CHOCO0-
HOCTel Mrpaiu KOTHUTHBHBIE (QYHKIMM He OOLIero xapakTepa, a (pyHKLUHMH, HEOOXOAMUMBIE IS YCMELIHOTO OCYyIle-
CTBJIEHUS COLUANIBHBIX B3aUMOAEHACTBUA.

KontoueBble ci10Ba: colManbHbIM HHTEIUIEKT, ONIEpaTUBHAS MAMATh, BBI3BaHHAs aKTUBHOCTb MO3Ta.
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