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(bOpMI/IpyIOTCﬂ HaBbIKM IMUCBMCHHO U YCTHO U3JIaraThb pE3yJIbTAaThbl CBOUX HCCIICAOBAaHMI 110 HpCL[HO)I(CHHOﬁ TEME,

aHaJTM3UPOBATH MHOTOYHNCIICHHBIE UICTOYHMKH WH(POPMAIIMH U BBISIBISATH BAKHYIO HH)OPMAIIHIO.

[Hanee Ob110 NpeI0KeHO 3aJaHne — MHTEPBbIO. [IpHUriamancs o1uH y4acTHHUK OT TPYMIIbI, KOTOPBIA BEIOHpa
KapTOUKy C KakUM-THOO HM3BECTHBIM YeJIOBEKOM. UNeHBI MPOTHBOMOJIOKHOW KOMaHIbl JOJDKHBI 33JaBaTh €My
BOIIPOCHI, Kacaroluecs pexxuma JaHs 1 xo00u. CreoBaTebHO, Y yUalluXcsl pa3BUBAETCS MBIIIJICHHE, BOOOpaXXeHue,
NaMsTh ¥ TBOPUYECKUE CIOCOOHOCTH.

W mocnennee 3ajaHue — pasraJblBaHHE KPOCCBOpJA, YTO CIIOCOOCTBYET Pa3BUTHIO S3BIKOBOH JOTaJKH,
pacimpsieT Kpyrozop, cliocoOCTBYET Pa3BUTHIO HABBIKOB MUCHMA M MBILIICHHS.

Takum 00pa3oM, BUABI MO3HABATENBLHON AEATENLHOCTH, TaKHE KaK MPOCKTHAs IesTeIbHOCTD, POOIEMHBIH
MOJXO0JI, IOMCKOBOE YTEHHUE, HETPaIuIIMOHHbIE (JOPMBI YPOKa U poJieBbie Hrpbl ¢ ucrnonb3oBanneM UKT Ha ypokax
AHTJIMKACKOTO S13bIKa CTYJEHTOB IIEPBOTO Kypca AOKA3bIBalOT YCHEITHOCTh (POPMUPOBaHUS YIeOHO-TI03HABATEILHOM
KOMIIETEHIIUH B Mpoliecce 00yueHUs HHOCTPAaHHOMY SI3BIKY [1].
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ABOUT ESTIMATION OF THE INFORMATIVENESS
AND DIDACTIC COMPLEXITY OF PICTURES

Abstract
For assessment of the informativeness and didactic complexity of picture it needs to replace the picture with a
full but short description and count the quantity and complexity of the used concepts. It is possible to calculate the
objects and links in the picture taking into account their abstractness degree. The results can be used to assess the
complexity of textbooks or technique of training.
Keywords
Complexity, concept, content analysis, didactics, educational text, expert assessment, training,
training material, qualimetry.

Development of the training theory and technique assume measurement and accounting of didactic
characteristics of various learning material elements (LMEs): concepts, fragments of the theory, text blocks, pictures,
tasks, educational experiments [2]. The main didactic characteristics of the LME are: 1) informativeness (or
informational content), that is the quantity of information included in this LME; 2) the didactic complexity
characterizing the amount of efforts and time which are necessary for a pupil to assimilate this LME.  The
problem of the complexity assessment of the educational text and its components has the great practical importance.
Teachers and school students, comparing various subject matters, intuitively "react" to the level of abstractness of
the studied questions. V.P. Bespalko notes that pupils, comparing various subjects, intuitively "react" to the degree
of abstractness of the studied issues, therefore the complexity criterion of the educational text, first of all, is its
theoretical nature and abstractness degree [1]. It depends on a ratio between the pupil’s experience and the content
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of a training material. The greater the complexity and lower the level of the pupil’s knowledge, the more difficult is
the training material for the student and the less is its theoretical availability. Ya.A. Mikk claims that "scientific
character of material without availability is senselessly: there is no sense to train if pupils can not acquire the training
material" [2]. The main objective of this paper is the development and use of the method of the assessment didactic
complexity (DC) and the quantity of information (QI) of pictures. Let us name the didactic complexity of LME as
the dimensionless value proportional to the amount of efforts and time of studying to be used by the 5th class pupil
(or the person who graduated school long ago) to understand and acquire this LME.

For DC assessment of a picture we can replace the picture with a full, but extremely short description and
count the quantity and complexity of the used concepts [3, 4]. Another approach demands estimation of quantity and
the abstractness degree of the depicted objects and links between them. Let us list some examples of such links: the
interaction the Sun — the Earth, the thread connecting two bodies, the relationships of cause and effect, the
perpendiculars lowered on coordinate axes. The abstractness criterion of an object (or links) is the impossibility for
the pupil to observe this object (link) or another object similar to it directly, to sense it. For DC assessment of the

picture it is necessary to define: 1) the number X{ of the physical objects images which the pupil can observe, sensing

it directly; 2) the number X, of physical links which the pupil can observe (e.g. the galvanometer is connected to
the coil; the microphone is located opposite the loudspeaker; the acid is poured in a flask; the thermometer is lowered
into the liquid, etc.); 3) the number X3 of images of the really existing physical objects which the schoolchild can

not sense and needs to imagine (e.g. an atom, an electron, a chromosome, an electro—magnetic field); 4) the number
of links which the pupil can not sense and needs to imagine them (e.g. chemical links, an attraction of electrons to an

atomic nucleus, the abstract links represented in the form of arrows); 5) the number X5 of the mathematical
abstractions (the mathematical formulas and designations, geometrical figures and bodies, vectors, coordinate axes,

graphs); 6) the number Xg of the legends (inscriptions), that denote the objects (phenomena) which the pupil can

observe (legends "the Sun", "petrol", "cell"). 7. The number X- of the legends, that designate the objects

nn

(phenomena) which the pupil can not sense and he/she needs to imagine them (e.g. legends "HNO3 ", "quarks",

"leukocytes"). The picture can contain 77 conventional designations of really existing objects which the pupils can
sense. So, the scheme of an electric chain consists of abstract elements corresponding to the real objects which the

pupil can observe and touch. In this case it is also necessary to increase X; and X3 by m/2.
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Fig. 1 — The estimation results of didactic complexity of pictures.
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The general informativeness / of a picture and the abstract information quantity / 4 are equal (in concepts):
I = X +Xx, +...+ X7, I 4 = X3+ X4+ X5+ Xx5. The abstractness coefficient A and the share of
mathematical information M are given by formulas: A=1,/1, M =x5/1. The didactic complexity of a
picture is equal to its informativeness taking into account the complexity of the elements entering it; DC is defined
by the weighted sum S =(/ —1 )+ al 4, =1+ (ax —1)I 4, where & — the weight factor exceeding 1. As the

transition to an other qualitative level is connected with the increasing of the appropriate quality amount in € =
2,72... times, then we assume that & =2,72. Fig. 1 shows five pictures from school textbooks on natural sciences

subjects; nearby the vector of characteristics (xl 5 X9 5 X3 5uees x7) , the informativeness / , the coefficients A4,

M and the didactic complexity S are given. The received values allow to compare pictures on their didactic
complexity DC and informativeness QI. For example, it is visible that fig. 1.1 is twice as informative as fig. 1.3 or
1.5, and its DC is 1,5 times more, than DC of fig. 1.5.
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Fig. 2 — Schematic diagrams of electrical circuits, their QI and DC

For QI and DS assessment of an electrical circuit (fig. 2) it is necessary to make its verbal description. For
example (fig. 2.4): "The chain consists of the alternating voltage source, and has two knots and three branches. Branch
1: the generator and the resistor are connected in series. Branch 2: the resistor and an inductance coil are connected
in series. Branch 3: the capacitor and the ammeter are connected in series". After that it is necessary to count all

concepts and to summarize their complexities §; . There is another approach, consisting in the use of the computer

program that analyzes the file containing a list of all the devices included in the given electric circuit and asks
questions about the number of nodes and branches in it. The program works with the dictionary thesaurus; it is the
text file “shema.txt” which lists the names of devices (the resistor, the capacitor, an operational amplifier, etc.) and

for each device the complexity is specified (in format: "the name of the device", ;). Here is a fragment of this file:

"... resistor 3, capacitor 3, coil 1, inductance 2, voltmeter 3, ammeter 3, wattmeter 3, diode 4, transistor 5, ...". The
task of the expert is to create the text file corresponding to the considered electric circuit, to define the number of the

X; nodes, the number of branches of X, and, having started the program, to enter these data. The program gives
out: 1) the quantity of information (QI) in the circuit, which is equal to the sum of all concepts N used in the verbal
description: / = N ; 2) the circuit DC S =5y + 5, +...+ 8y + 3x; + 5X,, where §; — complexity of the i —

th concepts on a scale 1 —2 —3 —4 — 5. Fig. 2 shows the resulting estimates of informativeness / and DC S of six
electrical circuits. When estimating circuit transistor amplifier (fig. 2.6) the file “shema.txt” contains the following

text: "a battery of electrochemical cells, AC voltage source, capacitor, resistor, resistors, resistor, transistor"; X; =

4, X, =35. Each circuit diagram corresponds the vector ( X, X, ), the quantity of information (QI) I and the didactic
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complexity (DC) S . Coefficients A =0,5, M =0. The received results can be applied for a assessment of
informational content and didactic complexity of the nature science textbooks.
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JUCIUAIINIMHA «9KOHOMUKA» B CUCTEME NIOAI'OTOBKHU CPEJHEI'O
INPO®ECCHOHAJIBHOI'O OBPA3OBAHMUSA, OBYYAIOIINXCS 11O CIIEHUAJIBHOCTH
«ITPABO 1 OPTAHU3AILIAA COLIMAJBHOI'O OBECITEYEHUS» OYHON ®OPMbI OBYYEHMS

AHHOTALIMSA
B cratbe packpsIBarOTCS I1I€lb, 331a4l U COACPKAHUE NUCIUILTUHBE « JKOHOMHUKAY, a TAKKE MECTO JTaHHON
MUCIUIUTUHBL B CHUCTEME TIOJATOTOBKH CpeaHero MpodecCHOHANBHOTO 00pa30oBaHMsl, OOYYArOMIMXCS II0
cneranbHOCTH «[IpaBo M opranu3zaius coruanrbHOr0 00eceYeHrs» 09HOH (POpPMBI 00yUEeHHS.
KiioueBble cjioBa
DKOHOMHKA, IENH U 331a9 TUCIUTLTHHBI, KOMITIETEHINH, padodast mporpamMma.

B coBpemenHo#i Poccuu Mbl TPUHUMAEM €KETHEBHOE YYaCTHUE B SKOHOMUYECKOHN JIESITENLHOCTH, XKUBEM B
SKOHOMHYECKON cpejle, TMOCTOSIHHO HCIONb3yeM TEPMHUHBI, YIOTpeOyseMble 3KOHOMHCTAMHU (JICGHBIH, IICHBI,
3apaboTHas 1IaTa, T0XObl, PACXOIBI U JIp.).

OKOHOMHYECKHE 3HaHWUs O00pa3ylT OCHOBY Hamiero oOIIecTBa: O JOCTOMHCTBAX M HEIOCTAaTKax
9KOHOMUYECKUX CHUCTEM W BapHUaHTOB OOIISCTBEHHOI'O BbIOOpa, O TPYAHOM BBIOOpPE MEXKIy PaBEHCTBOM H
3¢ GEKTUBHOCTHIO, 00 H30UpATEHLHOM IpoIecce, O IEITETLHOCTH GUPM M 00 OpraHU3aIU OTPACIIEBBIX PHIHKOB, O
MapKETUHIE U MEHEIXKMEHTE, O PhIHKE TPYJa, O PhIHKAaX KamuTala U JACHer, 0 CEMEHHON SKOHOMUKE U MOBEACHUU
MOTPeOUTENEH, O HAIIMOHATHFHOW U MUPOBOU DKOHOMHKE U TaK Jaliee.

O4eBHIHO, YTO IKOHOMHYECKU O€3rpaMOTHBII YeJIOBEK N3HAYAILHO O0peUeH Ha 00JIee CII0KHBIN KU3HEHHBIN
MyTh, €r0 PElIeHUs] BO MHOTHX c(hepax OOIIeCTBEHHOM JKU3HM 3a4acTy0 OyIyT OKa3bIBaThCs OMMOOYHBIMU. JKHUTh
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