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Abstract. This article proves the need for a comprehensigesasnent of electronic educational
game resources in mathematics for the primary $dtadents; gives the definition of “the factor-
criteria model of the electronic educational gaesources (EEGR)". It also describes the created
model, which consists of requirements for the conteethodological and program parts of the
electronic resources for primary school; identifibe factors and the criteria to each of them. It
was proposed to assess the ratios within the gobdgctors and each group of criteria according
to the arithmetic progression. The presented medal be a convenient tool both for primary
school teachers and EEGR developers. It can alsa lb&sis for a unified state comprehensive
system of assessment of the EEGR.
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1. INTRODUCTION

It is impossible tamagine modern education without the formation asd of innovative
educational environment which is based on the bathnise of a wide range of forms, methods
and new learning tools. Due to more frequently o$einformation and communication
technologies (ICT), including electronic educatioresources (EER) in the educational process
of primary schools, many researchers and praatittorare interested how to measure the
effectiveness of such innovation and face the prolaf objective assessment of EER.

Problem statement. The efficiency of any tools depends on their qyadihd the way
how they are used. Therefore, a quality of EERne of the essential requirements for the
effectiveness of new technologies implementatioedocational process, which is especially
important for sensitive primary schools studentse Btudy of scientific and pedagogical
sources of information, pedagogical experienceriohgry teachers shows the widespread use
of EER in practice, including EEGR. Taken from tilmernet or developed by teachers
themselves they are not always of high quality bseahey are made without taking into
account all necessary requirements and criteria [6]

There were adopted a number of important docunentiraine in the past few years to
ensure scientific and methodological support otational process with innovative tools. They are
such as the Action Plan for the development andeimgntation of e-learning content (order of the
Ministry of Education, Science, Youth and Sport&J&faine of 01.04.2014302), Regulation of
electronic educational resources (order of the $tfipiof Education, Science, Youth and Sports of
Ukraine of 01.10.20121060), etc. But at present there is no common rsysfeassessment of
EER adopted at the state level in Ukraine, whi@uddeto misunderstanding among software
engineers and teachers in the process of credtioghequality EER.

Analysis of recent research and publications. The study of the problem reveals that
some aspects of determination of necessary quaaltityia of EER, including such tools for primary
school, are represented in the scientific work& ot.avrentieva, V. Lapinskyi, S. Lytvynova, N.

© O. M. Melnyk, 2016. 1



ISSN: 2076-8184ladopmariiini TexHomorii i 3acobu HapuanHs, 2016, Tom 52, Ne2

Olefirenko, O. Spivakovskyi, etc. Thus, H. Lavrer#i examines of psychological and pedagogical
requirements for computer games, ergonomic reqemesyior educational software and also health
care requirements for electronic learning tools TBje requirements for electronics educational
resources for primary schools are the subject\asiigation of N. Olefirenko [7]. The collective
work [1] presents a system of psychological andagedical requirements for the tools of
information and communication technologies for etiooal purposes, in particular the scientist V.
Lapinskyi analyzes the technical and technologieajpnomic and health care requirements for
educational software for primary school pupils; tegearcher S. Lytvynova reveals the features of
the development of criteria for assessment of taity of EER; the scholar O. Spivakovskyi
clarifies the parameterization of the indicatord arethods of evaluation of EER. But, despite the
fact that the questions of determination of thdityueriteria of EER have been investigated by a
number of scientists and researchers, as welkea&ththat Ukraine has made some steps towards
the information society and education in particulaluding the development of legal support, our
modern teaching practice is still not equipped aitimified system of the quality assessment of the
EEGR in mathematics for primary school. This siuatleads to certain difficulties among
developers of electronic resources and primaryadeachers in a selection and development of
their own high-quality electronic resources. Thefiesh system of assessment of EEGR in
mathematics for primary school students will helpdetermine some common requirements for
developers of these resources and to have a usyfeim of their implementation in the future.

The purpose of the article is to identify the main factors and quality crikeof EEGR
in mathematics fo6-7-year-oldstudents; to present and justify the comprehenspgraach
to assessment of EEGR quality; to determine thénoaebf getting the ranking factors’ and
criteria’s coefficients.

2. THE RESEARCH METHODS

To achieve the purpose of the research we usedt @fsgeneral theoretical and
empirical methods.
Theoretical methods:
— method of direct structural analysis;
— method of simply theoretical analysis;
— structural synthesis method.
Empirical method:
— simulation method.

3. THE RESEARCH RESULTS

Any process or implementation requires an objectigsessment. Therefore, as the
researcher V. Hrygorash says, nowadays the stritgria’'s assessment and subjective
experts’ opinions (inspectors, headmasters, ete.)baing replaced by flexible, focused on
objectivity, regulatory, quantitative assessmengaificational process with the help of factor-
criteria models [2, p. 140]. The problem of impmyithe system of assessment of secondary
schools’ activities was researched by the scieHtistelnikova [9]. A lot of researchers have
built some factor-criteria models to assess thécieffcy of learning process or certain
personality traitsformation, specifically for the assessment of tfiectiveness of computer-
based learning environment of an institution oftgauate education (K. Kolos [3]); the
medical college students’ autonomy levels (O. Kemkb [4]); the level of students’
responsibility (R. Zelenskyi [10]), etc.

On the basis of the classical methods, mentionedeglwe developed the factor-criteria
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model of quality assessment of EEGR in mathemé&ticprimary school students. Undie
factor- criteria model for assessment of EEGR in mathematics for the 1-st grade students
(FCM EEGR) we understaritle complex system of quantitative and qualitative assessment of
factors and criteria which determines the degree of conformity of the mentioned learning
tools with the stated objectives, standards and norms.

In general, the quality of any product dependshenquality of each of its components.
Based on the structure of EER, presented by S.yhgiwva [8, p. 87], we defined semantic,
methodological and software components of the EEG&htioned above. We constructed the
FCM EEGR in mathematics for primary school, ideyti§) the factors and the criteria of each
of them. They are presented in table 1.

Table 1
Thefactor-criteriamodel of assessment of EEGR in mathematics
for 6-7-year-old students
Factor Ranking Criterion Ranking
factor’s criterion’s
coefficient coefficient
1 2 3 4
I. Content K1 1.1 conformity with accepted K11
(common) mathematics curriculum
1.2 integrity and systematization 1K
1.3 succession and sequence 1z K
1.4  simplicity of presenting s

1.5 opportunity of problem-based and  kis
practice learning
1.6 tasks conformity with requirements Kis
for abilities and skills to be formed
1.7 a balance of the theoretical and k;7
practical parts

Il. Content K> 2.1. availability of game element 2K

(specific) 2.2. possibility of formative assessment 22K
2.3. possibility of summative assessment 23 K
2.4. scoring of theoretical part 2.K
2.5. scoring of practical part 2K

2.6. logical and precise system |of kog
encouraging students
2.7. understandable assistance system 27 K
2.8. availability of practical differentiating Ko s

assignments
2.9. possibility of multiple performance of k2o
assignments with their further complication
2.10. connection of educational material ks 1o
with the life of primary schoolchildren
2.11. use of characters and heroes| of k11
children stories
2.12. positive emotional environment |of 21K
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assignments
[l Ks 3.1. availability, structure and content [of K31
Methodical methodical guidelines on the use of EEGR

for teachers
3.2. avalilability, structure and content [of ks
methodical guidelines on the use of EEGR

for students

V. Ka 4.1. interface understandable for a user 41 K
Ergonomic 4.2. ease of navigation 2K
design 4.3. feasibility of visual aids and their Ka3

conformity to the content
4.4. non-aggressive sound and colour design  ku 4
4.5. intelligibility and meaningfulness of Kss
sound guidelines and tips for students

4.6. possibility of changing the font size s.ek

4.7. possibility of changing musical suppart 47
V. Technical Ks 5.1. possibility to monitor students’ work |n Ks.1
and the network both individually and the whaqle
technological class

5.2. operating systems’ compatibility 5K

5.3. local mode operation 5K

5.4. network mode operation 5.K

5.5. long-term smooth operation 5K

5.6. convenience and ease of installation Kksg
and software update

Then we are examining the factors and criteria el in the model, mentioned
above, in details. The content of the EEGR requitesadherence to certain general demands
mostly the same as to printed and electronic patitins, as well as specific, caused by age,
psychological characteristics of primary schooldstuts and some peculiarities of electronic
resources. The first of these groups is based@wdétl-known didactic principles.

One of the common requirements for the conterttescobnformity of learning material
of the EEGR with a current curriculum in mathemat{probably, its topic, a part, etc.),
approved by the Ministry of Education and Scient#E$) of Ukraine. Since the main
purpose of the mentioned EEGR is assistance iryistyignathematics by elementary school
students, the theme or themes of the electronioures have to be the same as the
recommended ones by the MES of Ukraine for studefiitsis age group.

The integrity and systematization of learning mateis the next important criterion
during studying mathematics, including primary sahdhis material has to form a single
training cycle and cover all issues of the curuiculfor the first grade students completely. In
addition, its content should have an internal uttigt is subordinated to a certain system of
teaching mathematics taking into considerationsalkcial features of elementary school
students.

Another quality criterion for the EEGR, mentiondabae, is succession and sequence
of presenting learning material on mathematics. Tbatent of each lesson should be
connected with previous one and gradually becomeenmomplicated according to the
curriculum during both a lesson and a whole topic.

A simplicity of presenting of educational materiadplements one of the common
didactic principles. Taking into consideration thla¢ resource is designed for 6-7-year-old
students, developers should be especially carefultahe level of complexity of educational
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material, tasks formulation, their compliance witle age and individual needs of students of
this age.

An important requirement of the present time isvfatimg an opportunity of problem-
based and practice learning. A selection of taskschlw contribute to the formation of
students’ creative thinking, learning through picectis a necessary condition for training a
competitive active personality in the future.

One of the common didactic requirements includesctimformity of task requirements
with the knowledge and skills that have to be penfed. In other words, all EEGR
assignments have to meet stated purposes to getipcbotheoretical knowledge and practical
skills.

A balance of the theoretical and practical partals®, in our opinion, a criterion of
guality of the educational content of the EEGR. réhis a need to balance the theoretical
material with a certain number of practical tasés éach theme. It depends on material’s
complexity but needs to be sufficient for its uredending by students. On the other hand,
theoretical and practical parts should not causeesits’ fatigue.

As for the specific didactic requirements, they aomnected with the physiological,
psychological, individual special features of 6€ayold students and some peculiarities of
this type of electronic resources.

Since the resources that we are examining surelyde a game component that is one
of the most important requirements for studentprohary school age, we have identified its
existence as a separate specific requirement éocdhtent part.

Despite the fact that the level of the 1-st gratielents’ knowledge is not marked
according to the Ukrainian law (it can be done ordybally), we consider the possibility of
formative and summative assessments of studentsvledge in the EEGR very important
and reasonable. Such assessment should be pramidedomprehensible form for 6-7-year-
old students (not in marks). This will help to sapptheir desire to learn, identify and will
contribute to further revisal of any problem andrease of students’ learning motivation.

A specific requirement for the content part of BEEeGR is a scoring of theoretical part
in mathematics so far as some students of suchag®t read yet.

It is also necessary for students of mentionedtagsave a scoring of practical tasks
because they are only learning to read. The spdeifitures of such age should be taken into
account: the speed of perception, concentratiorsarah.

To the following specific requirements for the camit we refer a logical and precise
system of encouraging students. The system sheupddsented in a way which is interesting
and understandable to the students of such agsrendd not cause any negative emotions.
The assistance should also be clear, precise aydteaeceive, without any difficulties for
primary school children.

We consider that another specific requirement @& tesources mentioned above is
availability of differential practical assignments mathematics. The EEGR should enclose
tasks of different complexity that will enable iadiual approach to students, help to build an
individual learning path of each student, starfimogn the 1-st grade.

A possibility of multiple performances of the assigents with their further
complication is a necessary condition for the depelg education. The implementation of
this requirement will allow each student to maskeoretical knowledge and gain practical
skills according to their personal abilities.

Psychological features of primary school age requr connection of educational
material with the life of schoolchildren. The statkeof this age perceive and understand the
course material more easily if it operates famitibjects to them and is connected with their
lives.

The use of characters and heroes of children storithe EEGR is extremely important
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for 6-7-year-old students because it increasesilegmotivation, creates friendly and more
relaxed environment.

A positive emotional background of the tasks giirethe EEGR is also necessary for
primary schools. It affects and helps to creataiendly learning environment, motivate
students to study.

The specified resource should be accompanied byn#thodical guidelines on the use
of the EEGR by teachers. The appropriate strucuacecontent of the mentioned guidelines
are very important for the effective implementatafrthe EEGR in training. Such guidelines
ought to include some organizational and methodoéb@spects of its use. They should also
explain how, on what stage of a lesson the eleitreesource can be implemented more
effectively, contain time standards, compliancehwitedical rules and norms as well as all
possible ways and forms of working with it.

Another requirement for the methodological parttleé EEGR is an availability of
guidance for students. Software should clearly wabout a mistake, offer help if it is
necessary and support a transition to another @ mplexity. The structure and content of
the guidance for students are also important. €temmendations should be understandable
for 6-7-year-old students and can be presentea iaudio format or by means of animation,
or even as a short clear text which can be annauimga teacher.

The requirements for the program part of electraeigources are divided into two
groups: ergonomic design, technical and technodbgmwhich are presented and detailed
below.

An ergonomic design factor consists of the follogvieriteria. The first of them is an
interface understandable for a user. All studeatdions in a user environment of EEGR
occur with the help of the interface, which inclad®mponents of management, tools of the
EEGR reaction to users’ actions, information digdlarmat. The interface of the mentioned
EEGR should be developed taking into account ailplesevel of the students’ ICT skills.

The ease of navigation is another requirement. ida&@ of the EEGR, software
modules and data display tools should be desigmetich a way that the navigation system
will follow the shortest path and will be undersdable for the 1-st grade students.

A feasibility of visual aids and their conformityittv the content of the EEGR are
another significant quality requirement for the BE@specially for primary school students.
Visual aids increase students’ interest, keep tagention within a required period of time
but they should not cause any fatigue or negatiwetiens. And since primary school age is
very sensitive, the developers of EEGR need tospeaally careful in a choice and amount
of visual aids in the new electronic resources.

All 6-7-year-old children have specific psycholagi¢eatures; they are very emotional
and conducive to external factors, including sousras colours. Therefore, sound and colour
design of EEGR should be non-aggressive. Soundsldshm® soft, melodious, based on
children’s songs. And mostly soft, pastel colowgltt to be chosen.

An intelligibility and meaningfulness of sound gelthes and tips for the students in the
EEGR are very important. All audio instructions glibbe recorded with a calm, friendly
voice (male and female), clear and accurate.

Every child has the peculiarities of eyesight amual perception. An uncomfortable
font can cause fatigue. Therefore, it is necessamyrovide the EEGR with a possibility to
change the font size easily if it is necessary.

Monotonous music can annoy the students and chagenegative reactions. This fact
should be taken into account by the EEGR develgpengding it with a possibility to turn a
tune off or to change it. That is very important doeating positive emotional environment.

The technical and technological factor of the EEG&hsists of several criteria,
presented below.
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One of these criteria is a possibility to monitbwdents’ work in the network both
individually and the whole clas# teacher should constantly monitor each studemtd a
whole class progress via his electronic deviceafloetwork server) during a lesson. It is
important because any student can have some prsldewifficulties during the lesson. The
possibility to monitor learning progress both otleatudent individually and the whole class
gives the teacher an opportunity to react and &eypstudent immediately.

An EEGR compatibility with different operating sgsts is another important criterion.
Any software, including the EEGR, should run re¢gsd of a type of an operating system or
electronic device. Otherwise, some inconveniencd difficulties for the students and
teachers may arise.

A local mode of the EEGR is necessary both formalividual student’s work and for
teachers’ preparing for the lessons. It allows wagkin groups or with the whole class
without provider’s service (for example, by the &iooth).

A network mode of the mentioned above resourcesedgliired for cooperation of
students in a group or the whole class. In additiba teacher’s server should have an access
to the Internet to get new database and updateEGR.

Another criterion for the EEGR is a long-term sntooperation. All users expect that
the software, installed on their devices, will matiably for a long period, at least during 6
months. Software glitches are unacceptable bediesecan stop or make an uninterrupted
educational process impossible.

A software installation process should not take Imtilme or cause any difficulties for
teachers. It saves teacher’s time and does nottteaddelay of the educational process via
EEGR or negative attitude towards the resource.

The ranking factor’s and criterion’s coefficiente @etermined in an expert manner (for
example, with the help of ranking their magnitudetle primary school teachers, who use
the EEGR almost every day). They should take ictmant the fact that the cumulative sum
of all the factors is 1:

Kl1+K2+K3+K4+K5=1,

so the cumulative sum of all the criteria withircleaf the five groups is:

Kiitkiot kit kiat kis+kie+ ki7=1;

Koi+ koot Koz + kost kos+ kgt ko7t kogt Koot Ko1o+ ko11+ k2.12=1;

ks1+ks2+ kss+ kssa=1;

Ksitkaz+ Kes+ Keat Kes+ Kagt Kg7= 1,

Ks.1+Kks2+ ks3+ Ksa+ Kss+ ks = 1.

We propose to assess the ranking criterion’s aoefft within each of the groups
according to the law of the arithmetic progression.

The summative assessment of the EEGR:£GA is calculated as the sum of scores of
each of the five factor®;, Oz, O3, O4, Os as follows:

SAeecr=01+ 02 + O3 + O4 + Os,

according to the table 1:

) O1=Ki(k11*O11+ki2* O 10+ ki3* O13+ kia* O1a+ kis* O15+ kig* O16+ Ki7*
O1.7);

02 = Ka(k21* O2.1+ koo* O22+ Ko3* O23+ Kog* Ooat+ Kos* Oo5+ kog* Oz + ko 7*
O2.7+ kog* O+ kog* Oz8+ koo* O2.9+ Kz.10* O2.10+ K2.11* O2.11+ ko.12* O2.19);

O3=Kz(k31*O31+K32* O 32+ ks3* O33+ ks a* Oz.4);

04 =Ks(Ks1* Og1+ka2* O 42+ kg3* Os3+ Kas* Os4+ Kas* Oss+ Kag* Ospt Ka7*
Oa.7);

O5=Ks(ks1* Os51+ ks 2* Os2+ ks 3* Os3+ ks4* Os4+ Ks5* Os5+ ks 6* Os ).

Using this technique of EEGR assessment, the resasirconsidered to have sufficient
quality to be used in primary schools if it get®«6r more of the highest possible score. If
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the EEGR gets 65-74% of the highest score, thatgudilthe EEGR is not high enough and it
should beaupdated, followed by reassessment. In the casessfthan 64%, the EEGR requires
thorough review and improvement.

4. CONCLUSION AND PROSPECTS FOR FURTHER RESEARCH

Thus, the determination of the key factors andityuetiteria of the EEGR in mathematics
for primary school children and taking them intmsideration helped us to develop the relevant
factor- criteria model for their quality assessmertte direct proportionality of the ranking
coefficients according to their importance encoadatipe technique of obtaining the ratios of the
factors and criteria. This model seems to be aement tool for an objective assessment of the
EEGR that will be useful both for primary schoobdbers and developers of electronic
educational resources. Such method of the EEGRsamsat with the further selection and use of
high-quality electronic resources in the educatipnacess will help to increase the efficiency of
education in primary school. This model can alsased as the basis for a creation of a unified
state comprehensive system of EEGR assessment.

There is a logical necessity in identification bEtprimary school teachers’ opinions
about the importance of all factors and criteri@étermine their ranking coefficients and the
highest score of the EEGR that requires the funtbsgarch.
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®AKTOPHO-KPUTEPIAJIBHA MOJEJIb ONIHIOBAHHS EJIEKTPOHHUX
OCBITHIX ITPOBUX PECYPCIB 3 MATEMATHUKU JJISA YYHIB
INOYATKOBHUX KJIACIB

Meabnuk Oxcana MukoJjaiBHa
acripaHt

IactutyT iHbOpManiitHux TexHouorii 1 3aco0iB HaBuanust HAITH Ykpainu, M. Kuis, Ykpaina
ok _melnyk@ukr.net

AHoTamisgs. Y crarti OOIpyHTOBaHO HEOOXITHICTh KOMIUICKCHOTO OIIHIOBAHHS CICKTPOHHHUX
OCBITHIX irpoBHX pecypciB 3 MareMaTHKd Ui ydHiB movatkoBux kinaciB (EOIP); mano
BU3HAYCHHS MOHATTS «paKTOPHO-KpUTEpianbHa MoJeNb oliHtoBanHs EOIP»; omucano ctBopeny
Mozensb it omiHoBaHHa EOIP, ska ckiamaeThbest 3 MEBHUX BUMOT IO 3MICTOBOI, METOANYHOI Ta
MPOrpaMHOI YacTWH, BUABIEHO (PakTOpW Ta KpuTepii KoKHOI 3 HHUX. Bylio 3ampornoHOBaHO
OIIIHIOBATH BaroBi Koe(imieHTH (PakTOpiB Ta KPUTEPIiB B Mekax KOXKHOI 3 TPYIl 32 JOIIOMOTOIO
apudmernynoi mporpecii. [IpencraBieHa Monenb Moke OyTH 3pYYHHM I1HCTPYMEHTOM ISt
00’ extuBHO1 orinku EOIP, Mo € KOpUCHWM $IK JUIsi BUMTENIB IMOYATKOBOI INKOJH, TaK i JJs
PO3POOHUKIB EICKTPOHHUX pecypciB. BoHa Takoxk Moke OyTH B3sTa 32 OCHOBY IPH CTBOPCHHI
€IMHOI JIepKaBHOT KOMIUIEKCHOI cucteMu orliHroBanHs EOIP.

KarouoBi caoBa: enextponHi ocBiTHi pecypcu (EOP); emexTpoHHi OCBITHI irpoBi pecypcu
(EOIP); cdaxropHo-kputepianbHa Mozenb ouintoBanHs EOIP; BaroBuii koediuieHt dakropy;
BaroBUil KOCQIIiEHT KPUTEPIIO.

GOAKTOPHO-KPUTEPUAJIBHAA MOJAEJIb ONEHUBAHUSA 3JIEKTPOHHBIX
OBPA3OBATEJIBHBIX UT'POBBIX PECYPCOB I10 MATEMATUKE JJIAA
YUYAIIUXCA HAYAJIBHBIX KJIACCOB

Meabsauk Okcana Huko1aeBHA
acCIUpPaHT

WHcrutyt nHdopManmoHHbIX TexHodorui n cpencts o0yuenus HAITH Ykpaunsl, r. Kues, Ykpanna
ok _melnyk@ukr.net

AnHoTanus. B crathe 000CHOBAaHBI HEOOXOIUMOCTh KOMIUICKCHOTO OICHHBAHHUS 3JCKTPOHHBIX
00pa3oBaTeIbHBIX UTPOBBIX PECYPCOB 110 MATEMATHKE JUI YUYCHHKOB HauajapHOU 1Koysl (EOWP);
JAHO OTIpe/ieNIeHHe MOHATHS «()aKTOpHO-KpUTEepHaiIbHas MoAens ouneHmBanus EOMNP»; ommcano
pa3paboTaHHYI0 MOJENb, KOTOpas COCTOUT W3 OMPEICICHHBIX TPEeOOBAaHMH K COAEp)KaTeNbHOH,
METOINIECKON U MPOTPaMMHOMN YacTeH; onpeaeneHsl PaKkTopsl U KPUTEPHH KKIOW U3 HUX. BbUTO
TIPEIO’KEHO OLEHUBATH BECOBBIE KO3(pPHIMEeHTH (haKTOPOB W KPUTEPHIl B Mpenenax Kaxaoh u3
TPYIII C TOMOIIBI0 apupMeTHdeckoil mporpeccud. [IperncTaBieHHAas MOIETb MOXKET CTaTh
YIOOHBIM MHCTPYMECHTOM Il 00BeKTHBHOM orleHkn EOUP, uTo MOXeT OBITh MOJIC3HBIM KaK JJIs
yYuTeNeH HayalbHOW IIKOJBI, TAaK W I Pa3pabdOTYMKOB AICKTPOHHBIX pecypcoB. OHa Takke
MOJXKET TMOCIY>KHTh OCHOBOM AJIsi CO3JIaHUSI €MHON KOMILUIEKCHOM cuctembl oueHuBanusi EOUP,
MIPUHSTON Ha rOCYJapCTBEHHOM YPOBHE.

KiawueBble cjioBa: 3JEeKTPOHHBbIE oOpasoBateibHbie  pecypchl  (DOP);  snekTpoHHBIE
obpasoBarenbHbie UrpoBbie pecypesl (EOUP); dakTopHO-KpHUTEpHaibHass MOJENb OLEHHBAHMS
EOMUP; BecoBoit ko ummeHT pakropa; BeCOBOW KOIDHUIIHMEHT KPUTEPHSI.
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