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Abstract—This paper is devoted to the development of effective
methods for assessing a person’s ability to learn new information
based on the neurophysiological activity of the brain, as well as
the creation of brain-computer neurointerfaces for testing the
knowledge obtained and implementing this methodology in the
educational process.

Index Terms—working memory, multimodal stimuli, neurope-
dagogy, neurointerfaces

I. INTRODUCTION

The development of intelligent neurointerfaces to determine

the human learning abilities is a trending task in world

science that lies at the intersection of modern neurophysiology,

computer science and neuropedagogy [1]–[5]. The functioning

of such neurointerfaces requires processing large amounts

of neurophysiological data, and approaches for assessing the

quality of information assimilation during the learning pro-

cess. This can be done with modern methods for research

of brain electrical activity, which includes various methods

of neuroimaging [6]–[11]. The main scope of this work is

creating effective methods and intelligent devices for practical

implementation in the educational process, aimed at a better

and faster assimilation of new information, as well as an

objective assessment of the level of knowledge of the tested

subject based on the characteristics of its neurophysiological

processes.

II. SYSTEM TO DETECT HUMAN COGNITIVE STATES

The work is aimed at the development of an intelligent

system that allows to detect human cognitive states. The

proposed system is based on cross-platform software devel-

oped in compilable, statically typed C/C++ language. The

rendering functionality and user interface are implemented

on the FireMonkey (FMX) GUI framework. This framework

allows to develop high-quality cross-platform applications for

such operating systems as Windows, Mac OS, Apple iOS

and Android. Embarcadero RAD Studio was chosen as an

IDE for development, which allows to get executable files

for different platforms from a single source code. The main

core of the developed application is the module (class) of

cognitive tasks or ”Cognitive Test Stack” (see Figure 1). This

module is a scalable container of cognitive tests. Each test

has a separate settings module with the ability to connect

to external measurable devices through control input/output

streams. Figure 1 below shows the functional diagram of the

hardware-software interaction between different modules of

the developed system.

Fig. 1. Functional scheme of hardware-software interaction of the system for
detecting human cognitive states.

The basic management, as well as control of compliance

with the exact time intervals between events or sequences of

stimuli, is performed by the ”Task Manager” module and the

high-resolution timer built into it. The software also supports

several logging and data transfer modes: LSL, MAT. LSL

(Lab Streaming Layer) — a system for unified collection of

time series of measurements in research experiments [12],

synchronization and access in real time, as well as for cen-

tralized data collection, viewing and writing to disk. MAT is

a standardized format from the Matlab software package for

storing, processing and analyzing multivariate data. To detect

the exact time of the actual stimulus output, the system used

a photo-sensor that accurately registers the moments of pixel

color change on the monitor. These image output delays are

caused by video memory buffering, peculiarities of graphics

drivers, and image refresh delays on the IPS matrix.
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III. APPROBATION OF AN INTELLIGENT SYSTEM

A series of experimental works on approbation of the intel-

ligent system for diagnostics of human cognitive states in the

process of training and control of study load was carried out,

and the effectiveness of the developed system was evaluated.

In particular, using the developed system, we assessed the

quality of remembering new information immediately after its

presentation (evaluation of the examinee’s short-term memory)

and the quality of information assimilation (evaluation of

the examinee’s long-term memory). The effect of perceptual

modality on quality of remembering and learning new informa-

tion and on quality of fixing already known information was

studied. The correlation between the modality of presenting

information, prior knowledge of the facts, and the success of

the test was revealed (see Figure 2).

Fig. 2. Dependence of the task success on the first day of testing for two
groups of questions (known/not known to the examinee before the training)
on the modality of the presented fact.

Note that according to the experimental paradigm, the cog-

nitive task used in the experiment included facts from various

fields of knowledge so that the subjects had prior knowledge

of some facts due to the natural science or humanities bias of

their educational program. To determine prior knowledge of

the facts presented for memorization, after taking the second

test, each subject was asked to retrospectively assess their

knowledge of the facts before the first day of the experiment,

that is, whether each presented fact was new or already known

to them.

The results of testing for the leading perceptual modality

using the questionnaire were compared with the actual results

of the quality of remembering and assimilation of new infor-

mation. In particular, it was found that the auditory perception

channel prevails in the studied group of volunteers, which

agrees with the actual results of the quality of remembering

in a short time interval, i.e. on the first day of testing.

However, the identified leading perceptual modality has no

influence on the quality of information assimilation, i.e. long-

term memorization of the fact. It should also be noted that the

type of modality of presentation of a fact that was known

to the examinee prior to the training has an effect on the

success of testing on the first day of the experiment; moreover,

a mixed modality of presentation for known facts leads to

an increase in errors on them. This point may be related

to differences in the speed of the subject’s reading and the

speed of sound reproduction by the hardware, which leads to

a resynchronization of the person’s perception in the arrival of

sensory information, causing a conflict.

Statistical testing was performed using analysis of variance

of repeated measurements. A statistically significant effect

of subjective prior knowledge of the fact and day of the

experiment was found. Figure 3 shows the dependence of task

success for two groups of questions (to the examinee before

the training) on the day of testing.

Fig. 3. Dependence of the task success on the first day of testing for two
groups of questions (known/not known to the examinee before the training)
on the day of testing.

Multidirectional dynamics in the correctness of the test

answers were found. Namely, for the group of new facts for the

examinee, there is a drop in the percentage of correct answers,

while for the group of known facts before training, the number

of facts to which the examinee correctly answered, increases.
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