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USING THE STUDENTS' STATE INDICES FOR DESIGN OF ADAPTIVE
LEARNING SYSTEMS

Abstract. The paper discusses what scientific ideas could be used to increase effectiveness of
adaptive learning systems. Possibilities to use changes of learner's cognitive state indicators under
influence of internal (heart rate and blood pressure) and external (speed and density of solar wind)
factors are discussed. It is described experience of use of the learner's cognitive state assessment
(accounting psychological, physiological and external parameters) to assess his/her cognitive
changes over weeks. The experimental results demonstrated individual nature of subjects'
psychological and physiological changes over observation time (1,5 month) and their relationship.
The authors' approach is based on the model describing formation and functioning of the
“functional system of cognitive activity”. The question discussed is: what indices of a human
performance indicators (behavioral, internal and/or external) could be useful for model
construction? A human cognitive load can be under influence of different external and internal
factors that can provoke his/her performance degradation. The results demonstrated the similar
tendency for studied groups of subjects in previous studies: individual nature of changes of
cognitive and physiological indices in day-to-day performance, as well as potentially significant
influence of parameters of solar wind on them. As a result, such type of measurements of internal
(physiological) and external (solar physics) parameters in combination with test performance
indices could be used for assessment and prediction of effectiveness of cognitive activity, and
adaptation of learning process according to the particularly learner's readiness to learn on a
particular day and time. Different approaches and methods were proposed to take into account a
human state, abilities, individual features to plan a human activity. Looking at learning as a type of
activity in human-system integration, it is possible to consider today’s learner as an operator-
researcher who acts in digital environment. At the same time, a human and tools of activity need
mutual adaptation in complex systems. Psychophysiological model of learning and cognitive
abilities development could be a basis for more effective design of learning achievements,
organization and process, their quality, namely for adaptive learning on the base of accounting a
learner's current cognitive state indices. Those results could be applied in design of adaptive
learning systems, as it was made for industry in the previous developments of the authors.
Principles of use of student's state indices in adaptive learning systems are proposed.

Keywords: adaptive learning system; cognitive performance assessment; cognitive indices’
variability; high school students.
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1. INTRODUCTION

It is recognized that changes in the forms, methods and means of education are
accompanied by changes in the tools and means of education process, in interaction during
the learning process [1], as well as by changes in the educational environment (from
traditional to synthetic one [2]): direct dialogue, dialog in the digital space, blended
communication [3], social networks [4], AR/VR [5] etc. However, the electronic environment
creates not only new opportunities for work and learning [6], but also makes new demands
and new features of a human behavior “in-loop” that needs mutual adaptation of tools and a
human.

Statement of the problem. Looking at learning as a type of activity in human-system
integration, it is possible to consider today’s learner as an operator-researcher who acts in
digital environment [7, p.259], and both a human, and tools of activity need mutual adaptation
in complex systems [8] depending on particular levels and types of automation [ 9, p.287]. At
the same time, it is important to take into account the mental workload [10] of the human and
the "cost" of the physiological support for his/her activity [11], as well as influence of
external factors [12] that is recommended to take into account in learning process [13].

Analysis of recent research and publications. Global changes in education
demonstrated significance of using information and communication technologies (ICTs) for
effective teaching and learning [14]. Special attention was paid to differentiation and adaptive
learning [15], especially in connection with the transition to the concept of lifelong learning
[16]. To date, two approaches were formed to be used in adaptive learning/training: (1)
evaluation of a student’s learning results (local/temporal) as a feedback for learning tasks for
the next step [17], (2) bio-signals (f.e., from the brain [18] or vegetative nervous system [11])
during learning performance) and behavior including special test tasks [19] and modeling of
human-automation performance [20]. Those approaches used a posteriori or ex tempore data
and were not effective to predict current learning activity. Cognitive fitness-for-work
assessment could be more effective for individualization of learning for a particular day, if it
uses indices of a student cognitive level, his/her physiological state, as well as external
physical parameters, included in an individual students’ model that should be adaptive and
self-adjusted. Some researchers have demonstrated that effectiveness of mental performance
(sensory-motor and simple calculation tasks) could be affected by weather parameters [12].

Authors have studied mental capacity to work of high school students in different
weather types. It has been proved, that mental capacity to work of high school students varied
in different weather types. The I type of weather was the most favorable for mental work for
both boys and girls of senior school age. The III weather type was the worst for intellectual
work. The possible increase of the compound sensory—motor reaction and decrease of the
nervous processes functional mobility of high school students was revealed, when the weather
became worse. It was stated, that in the III weather type perception, attention, memory and
thinking of 15-17 years old students became worse in comparison with the corresponding data
in the 1 weather type. But the weather type in that research was evaluated as a general
qualitative assessment without specifying exactly which components exhibited the most
significant influence. Besides, those results demonstrated influence of external factors on
students' perceptual abilities, but more complex cognitive tasks performance (which is more
typical for learning activity) has not been studied.

The purpose of the article. To describe experience of use of the ICT for student's
cognitive state assessment (accounting psychological, physiological and external parameters)
and principles of use of such an ICT in adaptive learning systems.
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2. THE THEORETICAL BACKGROUNDS

Our approach is based on the model proposed and generally discussed earlier [21]. That
model was a development of the basic idea of P.Anokhin concerned formation and
functioning of the “functional system of cognitive activity”. Besides, that learning activity
could be analyzed as an operator work (of operator-researcher type), because students have to
do with the objects of their activity (information, facts, knowledge) indirectly, using the
information model of the learning process, especially in digital education [21]. Such type of
activity has some features, namely, the conceptual model of activity (as result of a human
psychological adaptation to the work) is formed by discrete comparison of the information
obtained from the activity object with the current model. The result of comparison is used for
the model correction, and the new model becomes the actual one at the next stage. As authors
highlighted, “in general case, the conceptual model can be considered as an information
stratum of professional activity, and physiological chain ,,afferent inputs — activity acceptor —
physiological control — effectors - act” is an energetic stratum in this context. The goal of
professional training is to form the conceptual model of activity of particular type, carrying
out particular tasks” [21, p.406]. It means creation of ,,information contour” that exists and is
maintained in activated state in carrying out process for purposeful activity and embraces
afferent inputs (Figure 1), decision making block, activity acceptor and act program, as well
as the object of activity (such an object is represented as information model in case of
operator-watcher worked with technical units).

From this viewpoint, a human activity could be considered as a mediator between
internal and external environment of organism, projection of structural-function specifics of
professional homeostasis on a human activity. Output parameters of the activity program
(activity effectors) stand in the information contour as parameters of capability.
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Figure 1. Theoretical scheme of the functional system of learning activity, where regulation
was divided into two contours — information and energetic ones. The third (cognitive) contour
is associated with the "internal” activity (cited after [21])

This theoretical model and the cognitive contour explain individual features of student's

abilities to perform cognitive tasks and possible variations of the psychophysiological
maintenance of this activity. This model can be used in ICT design and for students’ abilities
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assessment, monitoring of the intellect development on micro-age intervals, as well as for
studying of students' cognitive stability under influence of education process.

3. METHODS

As it is known, a human cognitive load can be under influence of different external and
internal factors that can provoke his/her performance degradation. Different approaches and
methods are proposed to avoid this phenomenon that take into account a human state,
abilities, individual features. Information from appropriate measurement could be used for
prediction of a human-operator performance and functional state. In some tools, when such
information is used in adaptive, especially in self-adjusted systems, the accuracy of prediction
for an operator work efficiency and reliability can be very high (90-95%) in comparison with
traditional methods and models [22].

The question arising from this can be formulated as follows: (1) What indices of a
human acting (behavioral, internal and/or external) could be useful for model construction?
(2) Which of them could be used for the individualization, differentiation and adaptive
learning [23]. It is necessary to know what individual features of learners are sensitive to
variations in internal and external influences on his/her abilities to perform cognitive tasks.

To answer this question, it was carried out the experimental research based on the use of
the computer system SPFR (system of psycho-physiological research) to monitor the
cognitive activity of high school students. The survey includes test task performance, blood
pressure and heart rate before and after the test performance. The test block included:

Short-term memory test T2, where a table with 12 random numbers from 11 to 99 was
presented to a subject. The number of correctly reproduced numbers was considered as a
result.

Time perception test T3. The subject was proposed to press any key on the keyboard
after the sound signal in 60 seconds (calculation of time is carried out without the use of
wristwatch, etc.).

Activity and mood self-assessment test T4. This test is an abridged version of the
Health-Activity-Mood test. The subject was proposed to give a subjective assessment of
his/her state in 7-point scale for five pairs of questions-characteristics.

Numbers permutation test (combinatorial) in ascending T6 and descending T9 order. It
consisted of a sequence of numbers (from 0 to 9) which were not repeated and placed in a
random order. The task execution time was free.

Perception test T7. It consisted of a sequence of 7 numbers (from O to 7) which were not
repeated and placed in a random order, but one number was missing. The task execution time
was free.

In all tests we registered time of each task performance in milliseconds, correct
(expected) and actual answers. The error was fixed if expected and real answer did not match.

Besides, we used a subjective state assessment of the examinees by means of the
reduced variant of the test “General_state - Activity — Mood” (GsAM) at the beginning
(indexed by "0") and at the ending of the test session (the indices of mood mood,
serviceability FfD, attention aften, anxiety anxiety).

As indices of physiological “cost” of activity and the human state, we registered a heart
rate HR and blood pressure (systolic ADs, diastolic ADd) by means of the digital blood
pressure monitor Model LD11. The indices HR, ADs and ADd we registered during 5 min
prior to the tests beginning (index “0’) and 5 min after finishing (relaxation).

The data on influence of solar activity on a human health and some physiological
systems are known, however results of study of cognitive activity associating with
heliophysic parameters are not known in the scientific literature to date. In our preliminary
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pilot researches, the precise connection between effectiveness of operator activity and
parameters of a solar wind (SW) was revealed. With the purpose to study this phenomenon
we registered indices of proton component of a solar wind: speed SWsp (km/s) and density
SWden (proton/SM3 ) downloaded from the Internet site NASA [24], as well as parameters of
the geomagnetic field (GMF) - planetary index Ks and index of “equivalent amplitude” A.

11 subjects participated in experiments, 3 times per week over 1,5 month. Variations of
the cognitive test task performance (accuracy and reliability) over the research period were
studied and compared with changes of psychological (memory and subjective test indices)
and physiological indices, as well as parameters of the solar wind in the same days.

4. FINDINGS

Student's state indicators. Due to a number of reasons, not all subjects (high school
children, volunteers) were able to take tests every day of experimental research within a
specified period (more than one month). Complete data for making scientifically substantiated
conclusions were obtained from the results of the testing of seven subjects.

Average time of test performance (716 — test T6, Tl7 — test T7), coefficient of variation
(ev6 and cv7, respectively), as well as reliability of test performance (6 and #7, respectively)
demonstrate different nature of inter-individual variation in perceptual and cognitive test
performance (Table 1). Lack of data for two first subjects in test T7 should be explained by
the fact that this test has not been included in their task.

Comparison of effectiveness of T6 and T7 test performance demonstrated that
perceptual test (T7) was significantly easier for subjects than the cognitive one (shorter test
performance time and higher reliability). At the same time, it is necessary to note individual
differences in performance of these tests by all subjects, especially high in T6.

Table 1
Average data of subjects’ tests T6 and T7 performance

Subject Tl6, ms cv6, % n6 Tl7, ms cv7, % n7

MAV 3403 53,04 0,94 - - -

SKI 5106 48,43 0,90 - - -

GBA 4067 93,6 0,79 2596 102,1 0,98

TAU 5880 116,7 0,82 1653 15,5 0,99

RVR 4779 102,6 0,91 2102 53,6 0,99
AMD 2052 39,86 0,96 1481 21,1 0,98

BVI 1564 32,2 0,72 3808 58,53 0,95

The results of tests performing of perceptual (T7) and cognitive types (T6 and T9)
confirmed the fact stated in previous studies [25] regards changes of the effectiveness of tests
performance (average time and reliability of test tasks for 3 subjects, as an example) during
the month (Fig. 2). Besides, the changes had oscillatory nature, that may be explained by the
effect of the education load, as well as the influence of circaseptanial (around weekly)
rhythms.
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Figure 2. Average time of task performance (ms) on days of experiment, three subjects
(#1, #2 and #3)

Analysis of the physiological maintenance (heart rate and blood pressure) has revealed
individual dynamics for every subject as well (Fig.3).

External physical influences on subjects were evaluated by parameters of solar wind.
Changes of SWsp and SWden had different nature over time of investigation, but coincided
(in picks) with changes of test performance (Fig.4). Because days of test performance could
be different for subjects, the figure 3 shows SW only changes for subject #3.
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Figure 3. Average heart rate (per min) on days of experiment, the same subjects
(#1, #2 and #3)
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Figure 4. Indices of solar wind on days of experiment, subject #3

Regression analysis of the effects of autonomic regulation (on the parameters of the
heart rate and blood pressure), the features of the nervous system and external factors (solar
wind speed and density of its proton component at the time of testing) revealed their high
correlation with tests performance rate and reliability in cognitive tests after selection of three
the most informative independent variables according to the standard procedure (standard
package STATISTICA 5.1, a stepwise regression analysis): coefficient of multiple correlation
R of the test rate “M” (the index corresponds to the test number) and reliability “R”: R6 = 0.7
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...0.93 (p <0.01), R9=0.95t0 0.97 (p < 0.001), R6r = 0.88 ... 0.91 (p < 0.01), R9r = 0.95 ...
0.97 (p <0.01).

These results have confirmed our previous findings for students and adult professional
scientists and programmers. It was quite unexpected, because physiology parameters of
adolescents were known as unstable ones. However, our results demonstrated clear that
general tendency was similar for all observed groups of subjects: individual nature of changes
of cognitive and physiological indices in day-to-day performance, as well as potentially
significant influence of parameters of solar wind on them. As a result, such type of
measurements of internal (physiological) and external (solar physics) parameters in
combination with cognitive test performance indices could be used for assessment and
prediction of effectiveness of cognitive activity, and for adaptation of learning process
according to individual readiness to learn of a particularly learner on a particular day.

Principles of use of student's state indices in adaptive learning systems. Modern
changes in education are aimed at individualization of learning. The natural solution to this
problem is to adapt the learning to the needs and abilities of each student. Respectively,
adaptive learning systems (ALS) have a special place among educational ICTs, and the
student's state information (SSI) can increase the efficiency of the ALS. Such a tool for
education gives new opportunities as follows:

- maximal flexibility of education programs: a student can choose courses, teachers,

time of active work, etc.;

- individualization of education process: re-allocation time and education resources in
dependence on a student’s individual psychophysiological possibilities to make this
process more intensive and to give equal opportunities for both common people and
people with disabilities;

- the choice of the optimal learning continuation is made before learning process in
contrast with traditional ALS's based on a student achievements after results
obtained.

— the ICT used in experimental research can be a part of the ALS (in-build or state-
alone application). Principles of the SSI use in adaptive learning systems have been
developed:

— individual “norm” of psychophysiological indices used for SSI assessment;

— psychophysiological indices of the student should be associated with his/her current
state;

- information concerned physical environment of learning process is highly
recommended;

- psychophysiological test control should be exercised with the data collected in the
system database using adaptive model;

— adaptive algorithm of learning session is based for choosing an optimal workload for
the particular student.

According to schedule, before the learning session, the student performs a cognitive test
with the computer sub-system and got (as a result) a time and type of his/her effective work
with the learning tools for the current day. This recommended time could be coordinated with
the student’s supervisor and the real time could be changed by the ALS.

These proposals can help a student to make a decision what type of work in particular
day is preferable accordingly to his/her cognitive state:

— to take lectures,

— to work in interactive mode with computer,

— to work in interactive mode with a teacher,

— to make applied tasks,

— to work in library,
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to work in Internet,
to perform individual tasks,

— to work with computer modeling,

— to delay an active form of teaching for another time.

We strongly believe that such an adaptive learning can improve effectiveness of
education and increase a learner inquiry. This reliance is based on the experience of using
systems for pre-shift control of the operators’ performance in emergent industries, and those
computer systems used the same cognitive test, as in our research.

As it was demonstrated [22], the human-machine system control was achieved by use of
the system for day-to-day control (monitoring) of an operator's state, which was affected by a
set of major factors, determining readiness of the operator to work: professional knowledge
and skills, conditions of equipment controlled by the operator, operator functional state, and
parameters of environment. Those factors could be described by their parameters, which
superposition affected target parameters of the system (effectiveness and/or reliability of
professional performance).

To maintain professional fitness-for-work of the operator at a required level, it was
necessary to estimate and predict changes of his/her functional state daily and, if necessary,
within a working day. The methodology developed was a synthesis of two systems. One
system provided the choice of informative parameters of operator fitness-for-duty, and the
other system provided automatic measurement of parameters and associated algorithms. Thus,
in the methodological attitude, the approach assumed solving of two interconnected tasks:
informative psychophysiological parameters selection and system engineering.

The fact of high and reliable relationship (revealed in our research) allowed assuming
that parameters of the cognitive test organized in a similar way may be highly informative and
reliable when used in the system for the daily check of operators' fitness-for-work.

Though those results concerned selective group of people (adults, men, professional
operators-dispatchers), we have found in our current research quite similar facts: high
relationship between indices of cognitive tasks performance and indices of physiological
maintenance (related to functional state) as well as parameters of external environment. They
could be used as informative psychophysiological parameters.

In the same time, technical solutions can be obtained, if we consider the pre-shift
control of professional operators as “pre-mission” control of a learner with suggestions to
him/her, what the best choice would be for the form of activity depending on the human
current state accounting physiological and external factors.

In such a context, the functional states' assessment at the pre-mission control is based on
the measurement of certain parameters describing regulatory realignments in the human
organism. At the same time, use of the appropriate ICT allows to carry out
psychophysiological (cognitive) test performance to receive operatively an estimation of the
learner state and the prognosis of his/her fitness-for-work for the coming work activity. The
opportunity of the pre-mission control is based on an assumption that, in regular modes of
operation, the operator-researcher’s (learner’s, in our case) functional state within a working
day varies to a lesser degree than within changes in a circannual rhythm and is determined by
parameters of regulatory realignments in the organism by the moment of the start of activity.
In that case, there is an opportunity to build the fitness-for-work prognosis based on the
analysis of functional realignments changes in conditions of mental work modeling results of
the psychophysiological test performance using an automated information system. And this
prognosis could be used as a basis for adaptation of automated learning process.
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S. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Digital life and activity gives new opportunities for people and new problems in
different domains including education. Broader understanding of the promise and pitfalls of
learning technologies and working (learning/teaching) environment in global
education/development settings could be useful with special regard to the human as a subject
in the system and to the collaboration of humans and technical, didactic and organizational
subsystems.

Psychophysiological model of learning and cognitive abilities development could be a
basis for more effective design of learning achievements [26], organization and process, their
quality [27], namely for adaptive learning on the base of accounting a student's current
cognitive abilities.

Principles of the student's state information's use in adaptive learning systems have been
developed: individual “norm” of psychophysiological indices used for SSI assessment;
psychophysiological indices of the student should be associated with his/her current state;
information concerned physical environment of learning process is highly recommended;
psychophysiological test control should be exercised with the data collected in the system
database using adaptive model; adaptive algorithm of learning session is based for choosing
an optimal workload for the particular student.

The further research is aimed to specify cognitive workload in particular types of
learning and more accurate recommendations for them using indices of a student's current
cognitive abilities.
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AHoTtanis. Y poOori 0OroBoproeThcs, SIKI HayKoOBi imei MOXyTh OyTH BHKOPUCTaHI JUIA
HiABUIICHHS ©()EKTUBHOCTI aJaNTHBHUX CHCTEM HaBuaHHA. (OOrOBOPIOIOTBCS MOXKIMBOCTI
BUKOPHUCTAHHS 3MiH TOKa3HWKIB KOTHITUBHOTO CTAaHY y4HsS IIiJ] BIUIMBOM BHYTPIIIHIX (dacToTa
CEpIIeBUX CKOPOYEHb Ta apTepiaIbHUN THCK) Ta 30BHIMIHIX (IIBHIKICTH 1 IIIIBHICTH COHSYHOTO
BiTpY) (akTOpiB Ha KOTHITHBHI MOKa3HUKH. OMHUCYETHCSA MOCBiJ BHKOPHUCTAHHS OIIHIOBAHHS
KOTHITHBHOTO CTaHy Yy4HSA (3 ypaxyBaHHSM TIICHXOJIOTIYHMX, (i310JOTIYHMX Ta 30BHINIHIX
mapaMmeTpiB) IS OIIHKK Ta TPOTHO3YBAaHHS HOTO KOTHITHBHHX 3MiH JUIA iHAMBITyamizarfii
HaByaHHS. EKCIEpUMEHTaJbHI pe3yJbTaTh MPOAEMOHCTPYBAJIM IHAMBIAyaJbHY HPUPOIY
NICUXOJIOTIYHUX Ta (i3i0JOTriYHMX 3MiH BUIPOOYBayiB NPOTAroM dacy crocrepexxeHHs (1,5
MICSISI) Ta IX B3aEMO3B’S30K. ABTOPH MIiAXOQY IPYHTYHOTBCS Ha Mojeli (opMyBaHHS Ta
(yHKIIOHYBaHHS  «(YHKIIOHAJbHOI CHCTEMHU IIi3HaBaJbHOI AisIbBHOCTI». OOroBOPIOETHCA
MUTAHHS: SKi TOKA3HUKHU JISUTBHOCTI JFOAWHU (TIOBEAIHKOBI, BHYTPIIIHI Ta/ab0 30BHIIITHI) MOXYTh
Oyt KOpHUCHUMH Jjisi moOymoBu wmoxeni? Ili3HaBambHE HABAaHTAXKCHHS JIIOAMHU MOXC
3HaXOJWTUCH IIiJl BIUIABOM PIi3HUX 30BHINIHIX Ta BHYTPIHIX (aKTOpiB, SIKIi MOXYTh
CIIPOBOKYBATH TMOTIPIICHHS MPOAYKTHBHOCTI NisTbHOCTI. OTpuMaHi pe3ynbTaTH TOKa3aiH, IO
3arajgbHa TEHJIEHIls Oyja OIHAKOBOIO JJIS BCIX CIOCTEPEKYBaHWUX OCiO, SIK i B JOPOCIHX Yy
MOTIepEAHIX JTOCITI/DKCHHAX: 1HIUBITyallbHUH XapaKTep 3MiH KOTHITUBHHX Ta (i3i0J0TidqHHX
MOKA3HUKIB y TOBCSAKIACHHIN poOOTi, a TakoX MOTEHIIIMHO 3HAYHWKA BIUIMB Ha HHUX TapaMeTpiB
COHSIYHOTO BITPY. SIK pe3ynbTaT, BUMIpIOBaHHS BHYTPImHIX ((Pi3iosoTiyHUX) 1 30BHIIIHIX
(renio(i3NYHMX) IMapaMeTpiB TAKOTO THUIy y IO€AHAHHI 3 TOKa3HUKaMH €(EKTHBHOCTI TECTy
MOXYTb OyTH BUKOPHCTAHI JUIS OLIHKH Ta MPOTHO3YBaHHS €(DEKTHBHOCTI Mi3HABAJIBHOI IisUIbHOCTI
Ta ajmanTanii HaBYAILHOTO MPOIECY BIAMOBIMHO JO IHAWBIAYAIBHOI TOTOBHOCTI 10 HAaBYAHHSI
KOHKPETHOTO y4Hs. 3alpOolOHOBAaHO MiAXOJM Ta METOAM 3 METOK YHHKHCHHS I[bOI'O SIBUIIA
BPaxOBYIOTh CTaH JIFOJWHH, 3MIOHOCTI, IHIUBIAyaJIbHI 0COONMBOCTI. Po3risnaroun HaBYaHHS 5K
TUI JiSTTBHOCTI B CUCTEMi «JTHOJIMHA-TCXHIKA-CEPEIOBUINEC», MOKHA BBaXKaTH, II0 ChOTOIHINIHIM
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YUEHb MOXE BBAKATHCSl ONEPaTOPOM-IOCIIAHUKOM, SIKMH Ji€e B UIU(GPOBOMY CEpeJOBHILI,
NPUYOMY SIK JIFOMHA, TaK 1 IHCTPYMEHTH AisUIBHOCTI MOTPeOYIOTh B3a€MHOI ajanTanii B CKIaIHAX
cuctemax. Ilcuxodizionoriuna Moaens HaBYaHHS Ta PO3BUTKY KOTHITHMBHHX 3Ji0HOCTEH MOXKe
OyTH OCHOBOIO ISl GBI €(EeKTHBHOTO MPOCKTYBaHHS HaBYaHHS, OpraHizallii Ta mporecy, ix
SKOCTi, a came MAJsl aJanTUBHOTO HABYaHHS HAa OCHOBI BpaxyBaHHs MMOTOYHUX KOTHITHBHHX
MOXKITUBOCTeH yuHiB. L1i pe3ynbrat MoxyTh OyTH 3actocoBani B IKT, ki BKIIOUAIOTh aTanTHBHI
CHUCTEeMH HaBYaHHS, BHKOPHCTOBYIOUH JOCBiI TOMEPETHIX TPOMHUCIOBHUX PO3pPOOOK aBTOPIB.
3anponoHoBaHI MPUHIMIIKA BUKOPUCTAHHS MOKa3HUKIB CTaHy Y4YHS B QJaNTHBHUX HaBYAIbHUX
crcTeMax.

Knwuyosi cjioBa: amantuBHa CHCTEMa HABYAHHS, OLIHKA II3HABAILHOI MISIBLHOCTI; 3MIHHICTH
KOTHITUBHHX IMOKA3HUKIB; CTAPIIOKIACHUKH.
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AnHoTanusa. B paGore oOcyxmaercs, Kakwe HaydHble HIEH MOTYT OBITh WCIIOIB30BAHBI IS
MOBBIIEHHUST 3(PQPEKTUBHOCTH aJaNTUBHBIX cHcTeM o0OydeHns. OOCYXKIAlOTCS BO3MOXKHOCTH
WCIIONIB30BAaHUsI M3MEHEHHH TMOKa3aTeleld KOTHUTHBHOTO COCTOSIHHS YYCHHWKA O] BIIHMSHUEM
BHYTPEHHUX (Y4acTOTa CEpACHYHBIX COKPAIEHUN U apTepUaIbHOE AaBJICHUE) U BHEIIHUX (CKOPOCTh
U TUIOTHOCTH COJHEYHOTO BeTpa) (PakTOpOB HAa KOTHUTHBHBIC IMokazarein. ONHCHIBACTCS OIBIT
WCIOJb30BaHUsl OLIEHKHM KOTHUTHUBHOTO COCTOSIHHS Yy4allerocsi (C y4eToM ICHUXOJOTUYECKUX,
(hM3MONOTMYECKUX W BHEIIHUX MapaMETPOB) I OLICHKH U MPOTHO3UPOBAHUS €T0 KOTHUTUBHBIX
U3MCHCHHW U1  WHAWBUAyAIU3allMd  OOYYCHHS.  DKCICPUMCHTAIBHBIC  PE3yJbTATHI
MNPOJCMOHCTPUPOBAIYA ~ WHIUBUAYAIBHYHO  MPHUPOJY  U3MCHCHUH  IICHUXOJIOTUYECKUX |
(hU3MOTOTHYECKHX TTOKA3aTeNIe NCITBITYEMBIX B TeUCHHUE BpeMeHN HabmoaeHus (1,5 Mecsia) u ux
B3aMMOCBS3H. ABTOPHI TIOAXO0/Ia OCHOBBIBAIOTCS Ha MOAETH (OPMUPOBAHMSA U QYHKIMOHUPOBAHHS
«(yYHKIIMOHATIFHONH CHCTEMBI IIO3HABATEIBHOHN aesTensHOCTH». OOCyXIaeTcss BOIPOC: Kakwe
TIOKA3aTeIH ACATEIEHOCTH YelloBeKa (IOBEICHYECKIE, BHYTPEHHIE W/MIN BHEUTHHE) MOTYT OBITH
TIOJIE3HBIMU TS TIOCTpoeHus Moenn? KorautuBHast Harpyska 4eoBeka MOKET HaXOIUTHCS TI0JT
BIMSHAEM DAa3MUYHBIX BHEIIHUX W BHYTPEHHHX (D)aKTOPOB, KOTOPBIE MOTYT CHPOBOLHPOBATH
yXyAILIEHUE NPOAYKTUBHOCTH JAeATeabHOCTH. llomydeHHbIe pe3ynbTaThl MPOJEMOHCTPUPOBAIIH,
4yTO OOIIas TCHICHIMS ObLIa OJMHAKOBOM JJIs BCEX HAOIIOMAECMBIX JIUI[, KAK U Y B3pPOCIBIX B
OPEJBIAYIINX HUCCICAOBAHMUSAX: WHIMBHUIYATIBHBI XapakTep W3MCHCHHH KOTHUTHUBHBIX H
(hM3MONOTHMYECKUX TTOKA3aTeNeH B MOBCEIHCBHON pa0doOTe, a TaKkKe MOTCHIUAIBLHO 3HAYMTEIBHOC
BIMSHHAC HAa HHUX IapaMETPOB COJIHEYHOro BeTpa. Kak pe3ynmpTar, W3MEpeHUs BHYTPCHHUX
(pu3noNOrNYecKNx) M BHEUTHHX (TENMO(PHU3MUYCCKUX) MAPaMETPOB TAKOTO THIA B COYCTAHUH C
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nokaszaTeasiMu  9(Q(QEKTHBHOCTH TeCTa MOTYT OBITh  HCIOJBb30BaHbl Uil  OLEHKH H
NPOTHO3UPOBaHUA S(PQPEKTUBHOCTH IIO3HABATENILHON NESATENBHOCTH W aJaNnTaldd y4eOHOro
mporecca B COOTBETCTBUH C HHIAWBHUAYAIbHOW TOTOBHOCTBHIO K OOYUEHHIO KOHKPETHOTO YUEHHKA.
[IpennoxeHsl TOAXOABI W METOJBI, YYHUTHIBAIOIIME COCTOSHHE UEJIOBEKA, CIIOCOOHOCTH,
WHIUBHIyallbHbIE OCOOEHHOCTH. PaccmarpuBas oOyueHHME KaK THI JEATEIBHOCTH B CHCTEME
«4EI0BEK-TEXHUKA-CPEa», MOXKHO CYHTAaTh, YTO CETOJHALIHMI YYEHHK MOXXET CUHTaThCs
OTIepaTOPOM-HCCIIEIOBATENIEM, KOTOPBIN AEHCTBYET B IIM(PPOBOH cpene, MpuueM Kak 4eI0BeK, TaK
U WHCTPYMEHTBI [ESTEIPHOCTH TPEOYIOT B3aMMHOM aJanTald B CIOXKHBIX CHCTEMax.
[cuxodusmnonoruyeckas Moaenb 00y4eHHs U Pa3BUTUSI KOTHUTHBHBIX CIIOCOOHOCTEH MOXKET OBITH
ocHOBOW aust Oosnee 3(p(heKTUBHOrO NMPOEKTUPOBaHMS, OpPraHM3alMu M Ipolecca o0ydeHus, ux
KauyecTBa, a MMEHHO Ui aJanTUBHOTO OOYYEHHMsS HAa OCHOBE y4yeTa TEeKYIIMX KOTHUTHBHBIX
BO3MOXKHOCTEH Yydalimxcsi. OTH pe3yibTaTbl MoryT ObiTh npumeHensl B WIKT, Bkirouaromiue
aJIaliTUBHBIE CUCTEMBI OOYUYCHHMs, KaK 3TO CIIEIyeT M3 OINbITAa NPEIbIAYIIUX HPOMBIIIICHHBIX
pa3paboTox aBTOopoB. IIpeIoskeHbl TNPHHIMIBI HCIOJIB30BAHUS IIOKa3aTesieil  COCTOSHUS
Y4aIerocs B aAaNTHBHBIX 00YYaIOIINX CHCTEMAX.

KiroueBble cjioBa: ajganTwBHAs CHCTEMa 06y11eH1/1;{; OIICHKA IT03HABATEIHLHOU ACATEIHbHOCTH;
M3MEHYMBOCTh KOTHUTHBHBIX ITOKA3aTEIICH; CTapIICKIACCHUKH.
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