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INTRODUCTION

Relevance. In all times arithmetic has been an important sub-
ject at school: pupils familiarize themselves with natural and frac-
tional numbers, learn arithmetic operations, acquire computation
abilities. Actions of teaching and learning mathematics make up a
complicated tiered structure. Every simple operation is a constitu-
ent of more complicated operations; therefore, the pupil has to learn
to perform these operations quickly and without mistakes, ,with-
out thinking® For the majority of pupils difficulties in performing
arithmetic operations is the main reason hindering not only to learn
arithmetic but also other topics of mathematics (Bregeon, Dossat,
Myx, Poli, Vicens, 1993; Armstrong, Bootherstone, Lusk, Manning,
Page, 1995; Kiseliova, Kiseliovas, 1996; Gudynas, 1998; Headington,
1999; Bal¢itnas, Balcytis, 2000; Azubalis, Kiseliovas, 2002; Kiselio-
va, Kiseliovas, 2002 a, 2004). Therefore, it is important to search for
the ways, methods and means facilitating pupils to cope with these
hindrances.

In the recent decade, information communication technologies
(ICT) were started to be intensively applied in the teaching and learn-
ing process (Kulik, Kulik, 1991; Najjar, 1996; Brazdeikis, 1999; Dagie-
né, 2000; Robert, Edling, 2000; Sztajn, 2002; VxyTkus, CylueHIos,
2002; Wilson, Notar, Yunker, 2003; Koroghlanian, Klein, 2004; Kvie-
skiené; 2004; Opemkuna, 2005; Rother, 2005; Clancy, 2007; Brazdei-
2008; Dagiené, Kurilovas, 2009). It is supposed that as the content of
teaching and learning moves to the electronic space, ways enabling
to control and manage the teaching and learning process will be suc-
cessfully found (Papertas, 1995; Reboli, 2003; Frith, 2004; Morote,
Pritchard, 2004).



More often virtual teaching and learning environments are
mentioned, where the content of teaching and learning is presented
in independent pieces of teaching material — virtual teaching and
learning objects (VTLOs) (Jasutiené, Markauskaité, 2004; Virtualio-
ji mokymosi aplinka mokyklai, 2005). Virtual teaching and learning
objects are various forms: - training and practical problems, text-
books, games and modelling, and many others (Schwier, Misanchuk,
1993; Verseckas, Januskevicius, 1995; Smith, Ragan, 1999; Engida, 2002;
Kamii, Anderson, 2003; Moore, Burton, Myers, 2004; Lazaridis, Papar-
rizos, Samaras, Sifaleras, 2006; Muxeesa, 2007 et al.).

Researches have confirmed that the animated virtual objects in
the application of training and learning process encourages pupils
learning motivation and contribute to a stronger knowledge and abili-
ties (Aarntzen, 1993; Blumberg, Galyean, 1995; Stone, Lester, 1996;
André, Rist, Miiller, 1997; Johnson, Riekei, Lester, 2000; Reinhardt,
Letz; 2001; Atkinson, 2002; Baylor, Ryu, Shen, 2003; Barren, 2004;
Chou, Liu, 2005; Lambert, Carpenter, 2005; Jlebenena, 2005; Taylor,
Dufty, Hughes, 2007 et al.).

Usage of virtual teaching and learning objects enables appro-
priate implementation of didactic principles of systematicity, con-
sistency, continuity and accessibility, teaching arithmetic opera-
tions in forms 4 and 5 (AsanoBa, 2006). Such type of teaching and
learning can also be applied to pupils inclined for the humanities,
who are also required to attain an appropriate level of knowledge of
mathematics (Leatherman, 1994; Jackson, Leflingwell, 1999; Coben,
O’Donoghue, Fitzsimmons, 2000; Cohen, 2000; Schoenfeld, Conner,
Conner, 2002; Simmons, Jones, 2005). These advantages of VITLOs
are particularly useful in the fourth and fifth forms of Lithuanian
comprehensive schools, when pupils progress from the primary

school to the basic school.



Researches in various fields have been carried out in the world
when virtual teaching and learning objects are applied for (self-)
formation of mathematical achievements (Ramirez, 1990; Shasha-
ani, 1995; McCoy, 1996; Szabo, Poohkay, 1996; Lester, Callaway,
Stone, Towne, 1997; Dehn, van Mulken, 2000; Jennings, Onwueg-
buzie, 2001; Tooke, 2001; Wiest, 2001; Kpacuosa, Bensie, ComoBos,
2001; Nooriafshar, 2002; Padberg, Schiller, 2002; Snelson, 2002;
Credypak, 2005). Their results tell that integration of virtual teach-
ing and learning objects make the lesson more dynamic, informa-
tive, promote learners’ interest in teaching materials, develop pupils’
intellect and creative abilities, they facilitate transition to deductive
teaching and learning.

However, it was possible to find a very few results of the rese-
arches of the possibilities of using VILOs and the influence of it to
the skills of perfrforming the arithmetical operations. Most of them
were provided by the foreign scientists (Sztajn, 2002; CrebyHoBa,
2005; Cemenos, Pynuenxo, 2006; Ausraité, Si¢iiniené, 2006). Many
unsolved or insufficiently solved issues arise: ways of forming visual
information and its quality; development of virtual teaching and
learning spheres in the educational process; scientific grounding of
using virtual teaching and learning systems. This forces to explore
opportunities of designing and applying VTOs in the educational
practice more exhaustively.

Reveals the research problem - the possibility of applying vir-
tual teaching and learning objects, teaching arithmetic operations
in forms 4 and 5, and efficacy of virtual teaching and learning ob-
jects for pupils’ abilities to perform arithmetic operations have not
been scientifically grounded.

Research subject - teaching and learning arithmetic operations

in forms 4 and 5, applying virtual teaching and learning objects.



Research aim - theoretically and empirically ground possibili-
ties of applying virtual teaching and learning objects in forms 4 and
5 and their efficacy, (self-)developing the pupils’ ability to perform
arithmetic operations.

Research tasks:

1. Theoretically ground possibilities of applying virtual teaching
and learning objects in forms 4 and 5, teaching arithmetic op-
erations.

2. To disclose main principles of drawing up virtual teaching
and learning objects, intended for teaching arithmetic opera-
tions in forms 4 and 5.

3. To explore efficacy of applying virtual teaching and learning
objects for abilities of pupils of forms 4 and 5 to perform arith-
metic operations.

Research methodology is grounded on realistic, pragmatic phi-
losophy, constructivism theory, humanistic pedagogy and psychol-
ogy, conception of didactic competency, and systematic approach.
Essential principles of modern didactics, which were the basis for
preparation of this dissertation, were as follows: scientific; system-
atic knowledge; access to education; conscious and active learning;
knowledge-based strength exercise; the use of the learning and teach-
ing means; reflexive teaching and learning; creativity and educational
teaching and learning.

Scientific research methods:

o Content analysis of scientific literature and documents on
education is employed to theoretically ground application pos-
sibilities of virtual teaching and learning objects in forms 4
and 5, teaching arithmetic operations.

o Quantitative research method (written questionnaire) ena-

bled to disclose main principles of drawing up virtual teaching



and learning objects for teaching and learning arithmetic op-
erations in forms 4 and 5, which served as a basis for the author
of the dissertation, creating virtual teaching and learning ob-
jects, applied in the pedagogical experiment.

o Pedagogical experiment enabled to explore efficacy of vir-
tual teaching and learning objects for the abilities of pupils of
forms 4 and 5 to perform arithmetic operations and empiri-
cally ground key principles of drawing up virtual teaching and
learning objects intended for teaching and learning arithmetic
operations in forms 4 and 5.

o Statistical methods. To process research data SPSS (Statistical
Package for the Social Sciences (Biihl, Zéfel, 1996)) and PAULA
(Bitinas, 1998) software were employed; tables and graphs were
drawn up using general editors. The research employed Spear-
man rank correlation coefficient, Chi-Square feature independ-
ence criteria (Cekanavicius et al., 2002).

Research stages:

Stage 1 (2002-2004). Seeking to disclose the problem of the re-
search work and to purify the subject, aim and raise tasks, scientific,
pedagogical, psychological literature, documents on education, aids
for teaching and learning mathematics were studied. Deep knowl-
edge was acquired both about the content and methods of teaching
and learning arithmetic operations; in addition, possibilities of ap-
plying virtual teaching and learning objects in forms 4 and 5 were
reviewed and analysed: 1) content analysis of scientific researches,
pedagogical and psychological literature helped to disclose pupils’
main difficulties encountered teaching and learning mathematics
and their reasons; thinking operations characteristic to the fourth
and fifth form pupils’ age group; the importance of picturesqueness,

teaching and learning arithmetic operations; possibilities and experi-



ence of applying VTLOs (Kiseliova O. et al., 2002; Kiseliova O. et al.
2004; Kiseliova O., 2002, 2002 a, 2003, 2003 a, 2004, 2004 a, 2004 b;
Salkuviené, 2005, 2006, 2007); 2) the analysis of documents on educa-
tion and mathematics textbooks helped to distinguish the importance
of teaching and learning arithmetic operations and link with other
areas of mathematics, links of the content of teaching and learning
mathematics in forms 4 and 5 (Salkuviené, 2008).

Stage 2 (2005). Primary assessment of virtual teaching and learn-
ing objects. Several components of VILOs intended for teaching
and learning arithmetic operations were presented for teachers. Af-
terwards the teachers were given closed type questionnaire with 18
items. The aim of the questionnaire was to find out the possibilities,
peculiarities of using VTLOs, ground their purposiveness and sig-
nificance, teaching pupils arithmetic. Discussions with teachers were
aimed at finding out trends of creating separate elements of the teach-
ing aid and improving VTLOs, topics, teachers’ wishes, proposals, etc.

Stage 3 (2005). Expert assessment of virtual teaching and learn-
ing objects. 37 teachers (19 primary and 18 basic school mathemat-
ics teachers) were given a questionnaire consisting of 13 items, which
aimed to find out their opinion regarding VTLO which was about to
be applied in the pedagogical experiment. Before that they had a pos-
sibility to familiarize with these virtual teaching and learning objects
practically and try to apply them in their lessons. In stages 2 and 3
key principles for drawing up VTLOs for (self-) development of per-
forming arithmetical operations and for (self-)formation of arithmetic
images were distinguished.

Stage 4 (2008). Assessment of efficacy of virtual teaching and learn-
ing objects. To assess practical efficiency of VTLOs the test of math-
ematic abilities, based on TIMSS primary mathematics tests (TIMSS
1995, TIMSS, 2003), was prepared. In January, 839 fourth form pupils
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were tested in various schools of Lithuania. Test results enabled to dis-
tinguish groups of homogeneous classes. Between February and April,
the pedagogical experiment for assessing influence of VILOs on pupils’
abilities (attainments) to perform arithmetic operations was carried out
in one of such groups (testing). There were 52 pupils from two city’s and
one region’s school in the experimental group and 46 pupils from two
city’s and one region’s school in the control group; main principles of
drawing up virtual teaching and learning objects for teaching arithme-
tic operations in forms 4 and 5 were empirically grounded.

Defended statements:

1. Abilities of performing arithmetic operations are determined
by good abilities of performing these operations, and the lat-
ter, by suitably formed arithmetic images. Educational envi-
ronment of Lithuanian primary and basic schools has suffi-
cient amount of virtual teaching and learning objects intended
for (self-)development of the fourth and fifth form pupils’
abilities of performing arithmetic operations; therefore, there
also emerges a need to transfer visual teaching aids that help
to (self-)form arithmetic images into virtual environment.

2. Virtual teaching and learning objects, oriented to formation of
arithmetic images, they are drawn up following classical prin-
ciples: accessibility, continuity, consistency, picturesqueness,
dynamism, emotionality.

3. Virtual teaching and learning objects intended for (self-)for-
mation of arithmetic images enable pupils to (self-)develop
abilities to perform arithmetic operations more efficiently.

Novelty of Research Results. Virtual teaching and learning ob-

jects proposed for Lithuanian it involves the training of solving arith-
metic operations more than induces the comprehension of the opera-

tion itself. The dissertation research pays attention to virtual teaching
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and learning objects intended for (self-)formation of arithmetic im-
ages, outlines key principles of their creation and application.
The essence of theoretical significance of results is outlined by
theoretical assumptions of creation and application of virtual teach-
ing and learning objects that are favourable for teaching and learning
arithmetical operations.
Practical significance of research results is determined by the
need of the school to attain a higher teaching and learning results.
The research empirically tested the efficacy of virtual teaching and
learning objects for (self-)development of abilities to perform arith-
metic operations. Links between arithmetical images and the ability
to perform arithmetic operations have been disclosed.
Approval of results of the dissertation research in publications,
other (other than ISI WEB of Science) reviewed international data bases:
MLA International Bibliography (OCLC list 2004-2005) in data basis:
1. Kiseliova D., Kiseliovas A., Volodka H., Kiseliova O. (2004).
Interaction between Primary Class Pupils’ Psychological En-
vironment and their Attitude to Mathematics // Vilnius Peda-
gogical University, Psychology of Education. Research works.
No. 11-12. P. 102-108. ISSN 1392 - 639X.

In CEEOL data basis:

1. Salkuviené O. (2005). Dynamic Picturesqueness in the Math-
ematics Lessons in Forms 4 and 5 // Works of young scientists.
No. 3 (7). P. 94-98.

2. Salkuviené O. (2006). Means of Dynamic Picturesqueness,
Teaching Arithmetic in Forms 4 and 5 // Works of young scien-
tists. No. 1 (8). P. 84-87.

3. Salkuviené O. (2007). Theoretical Prerequisites of Applying In-
formation Communication Technologies in the Primary Educa-
tion Process. Works of young scientists. No. 3 (14). P. 91-96.
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In IndexCopernicus data basis:

1.

Salkuviené O. (2008). Topics of Teaching and Learning Arith-
metic Operations in the Content of Mathematics in Forms 4
and 5. Works of young scientists. No. 1 (17). P. 119-125.
Salkuviené O. (2010). Propaedeutic Assessment of Virtual
Teaching and Learning Objects for Teaching Arithmetic in
Forms 4 and 5. Works of young scientists. No.4 (29) P. 72-78.

Papers in conferences and other publications:

1.

Kiseliova D., Kiseliovas A., Donieliené I., Kiseliova O. (2002)
The Validation of Mathematical Skills Application Tasks. Lith-
uanian Collection of Mathematics. Vilnius. T. 42, Spec. No. P.
391-396.

. Kiseliova O. (2002). The Comparative Analysis of the Lithu-

anian and Russian Primary School Mathematics. III Interna-
tional conference, Teaching Mathematics: Retrospective and
Perspective. Liepaja, p. 101-104.

Kiseliova O. (2003). Computer Literacy of Primary Class
Teachers. Lithuanian Collection of Mathematics. Vilnius. T. 43,
Spec. No. P. 243-247.

Kiseliova O. (2003). Application of Dynamic Visual Aids in
the Primary School. Application of Computer Technologies in
the Educational Process. Material of National Scientific Practi-
cal Conference. Siauliai, p. 41-47.

Kiseliova O. (2004). ). Computer Literacy of Primary School
4 Form Pupils. International Scientific Conference Changes
and Perspectives of Higher Education and General Education
(Physics, Mathematics and Computer Science). Siauliai, p.
117-121.

Kiseliova O. (2004, May 6-7). Computer Literacy among Gen-

eral School Fifth-Formers. International Scientific Conference
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Information Technologies and Telecommunications for Rural
Development. Latvia: Jelgava, p. 170-176.

Kiseliova O. (2004). Comparative Analysis of Computer Lit-
eracy among Teachers of Lithuanian Primary School and Pu-
pils of the 4 and 5 Forms. 5 International Scientific Conference
Teaching Mathematics: History and Perspectives. Liepaja Acad-
emy of Pedagogy, Liepaja. ISSN 1407-9089, p. 137-142.

Methodical publications:

1.

Salkuviené O., Bakanoviené T., Donieliené 1. (2008). Applica-
tion of Information Technologies in Educational Practice. Me-
thodical publication. Siauliai. K. J. Vasiliauskas’ publishing

house ,,Liucijus®.

Works of experimental development and applied scientific ac-

tivity:

1.

Kiseliova D., Kiseliovas A., Salkuviené O. (2005). Distance
Course of Teaching Mathematics for Special Needs Children
for Form 4 (in separate cases suitable for forms 4-8). http://

vma.emokykla.lt/moodle.

Structure and volume of the dissertation. The thesis consists of

the introduction, 3 sections, conclusions, recommendations, the refer-

ence list and 6 annexes. The total volume is 218 145 characters. There

are 25 tables and 18 figures. The reference list includes 228 items, 106

of them are in the Lithuanian language and 122, in foreign (English,

French, Russian) languages.
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PRESENTATION OF THE CONTENT OF THE DISSERTATION

The Introduction presents the scientific problem of the research,
the aim of the research, its tasks, objective, scientific and practical sig-
nificance, as well as defensive statements of the dissertation and arti-
cles published on the above subject.

The first section of the dissertation ,,Theoretical Grounding Of
Application Of Virtual Teaching And Learning Objects In Forms
4 And 5, Teaching Arithmetic Operations® contains the analysis of
scientific, pedagogical, psychological literature, documents on educa-
tion, aids of teaching and learning mathematics, based on which at-
tention is focused on:

« the content and methods of teaching and learning arithmetic

operations;

o possibilities to apply virtual teaching and learning objects in
forms 4 and 5;

» importance and ways of (self-)formation of arithmetic images.

1st chapter of the dissertation ,,Teaching and Learning Arith-
metic Operations in Curriculum Framework' and Teaching and
Learning Aids“ contains:

o analysis of scientific researches, pedagogical and psychological
literature, which helped to disclose main difficulties encoun-
tered teaching and learning mathematics and their reasons;

o analysis of documents on education and mathematics text-
books, which helped to distinguish the importance of teaching
and learning arithmetic operations, the link with other areas
of mathematics, and links of content of teaching and learning

mathematics in forms 4 and 5.

! Curriculum Framework for Primary and Basic Education (2008).
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Based on researches on mathematical achievements in the primary
school (Bal¢iainas, Kiseliova, 1998; Bal¢iinas, Merkys, 1999; Bal¢itnas,
Balcytis, 2000; Kiseliova, 2002; Kiseliova O. et al., 2002; Kiseliova, Kise-
liovas, 2002; Kiseliovas, Kiseliova, 2002 a, Kiseliovas, Kiseliova, 2002
b; Donieliené, Kiseliovas, Kiseliova, 2002; Kiseliova, Kiseliovas, 2004;
Kiseliova, Kiseliovas, Donieliené, Drozd, 2004), it can be stated that
ability of the majority of fourth-formers to perform arithmetic opera-
tions are not bad. However, in the fifth form, having started the subject
based system, quite many pupils forget algorithms of multiplication and
division operations, find it difficult to solve the task that requires small
changes in the usual addition rule. Solving tasks in various areas of
mathematics, pupils’ mistakes performing arithmetic operations show
up: computing values of formally presented arithmetic operations, pu-
pils concentrate only on computational operations, whilst performing
different tasks, they break down the arithmetic operation into several
different operations, that is why mistakes appear, showing gaps of mas-
tering arithmetic computation and mathematic materials. Therefore,
teaching pupils to perform the simplest arithmetic operations, it is very
important in the first place to create accurate arithmetic images, based
on which later abilities are formed. However, it should be pointed out
that developing these abilities, formal explanation alone is insufficient.
It is necessary to use various visual aids that help to self-form good im-
ages of arithmetic operations. In the absence of visual perception how
separate parts of numbers are formed, how they break up, etc, having
encountered more complicated operations and bigger numbers, pupils
stumble. Application of various visual aids, handouts, ICT, teaching
numbers and computations is also described in Curriculum Frame-
work (2008).

In the document regulating the current content of education of

mathematics — Curriculum Framework for Primary and Basic Educa-
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tion (2008) — arithmetic operations are attributed to the area of Num-
bers and Computation (Curriculum Framework, 2008, p.199, 799).
Numbers and computation are the most important and largest area of
mathematic activity in terms of volume, providing particularly many
educational possibilities. This activity area of mathematics is par-
ticularly significant developing pupils’ attitudes and general abilities:
mathematic communication, mathematic thinking, problem solving
(Curriculum Framework, 2008).

In the Curriculum Framework for Primary and Basic Education
(2008) much attention is given to integration of information communi-
cation technologies. In the primary school development of information
communication technologies is being integrated in other educational
areas. The teacher who integrates information communication tech-
nologies into the education process, seeks to use ICT for modernising
and improvement of the educational process: to organize teaching and
learning in a different way, present teaching materials differently, etc.
Integrating ICT into the primary education process, the teacher can fa-
miliarise pupils with various teaching software and educational games
designed for their age and purposefully, according to the possibilities
apply them in the educational process. Basic school starts teaching the
systematic course of information technologies; thus, it is important
that pupils are not only able to apply one or another concrete computer
technology but also acquire essential computer skills, self-develop gen-
eral and concrete subject based abilities, value approaches. It should be
pursued to develop pupils’ ability to integrate knowledge of subjects, re-
lating it to possibilities provided by information technologies and using
various services provided by them.

Analysing teaching and learning content of mathematics of forms
4 and 5, the principle of continuity has been considered; i.e., links of

the content of mathematics for forms 4 and 5 in the area of numbers
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and computations in Curriculum Framework (2008) and mathemat-
ics textbooks have been analysed.

2nd chapter of the dissertation ,,Formation of Arithmetic Im-
ages“ focuses on:

« thinking operations characteristic of the fourth-fifth form pu-

pils’ age group (Inhelder, Piaget, 1958; Piaget, 1969; Kruteckis,
1978; Butkiené, Kepalaité, 1996; Zambaceviciené, 2006 at al.).

Visual-concrete rather than the so-called verbal-logical memory
is better developed in junior school age pupils’ group. They memorize
quicker and consolidate better, retain concrete knowledge, events,
persons, objects, facts longer than definitions and explanations. The
child aged between 7 and 11 still finds it difficult to think in an ab-
stract way, his/her logical thinking is still not that abstract or compli-
cated as in adolescence.

o Importance of picturequeness, teaching and learning arithme-
tic operations (Gailiené, Bulotaité, Sturliené, 1996; Azubalis,
Kiseliovas, 2002; Sztajan, 2002; Sisul, 2002; Cesnauskiené, 2005;
Kiseliova, Kiseliovas, Drozd, 2008 et al.).

It is proposed to start teaching arithmetic operations with the
help of various visual aids. The child thinks visually, concretely, he/
she understands things that are visual, concrete; he/she does not un-
derstand abstract considerations; they are unclear for him/her. The
pupil can learn, memorise these considerations; however, if they are
not consolidated by means of picturesqueness, the pupil will find
them empty, without content and crammed by heart (Azubalis, Kise-
liovas, 2002). Picturesqueness helps to perceive and understand math-
ematical facts and also realise such processes of thinking that follow
explanation of the material. These processes also have to be supported
and related to matters that are already known to pupils; this way pu-

pils understand them better and memorize them easier.
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Various sections of the course employ different visual means. In
the beginning of teaching and learning the pupil is mostly convinced
by computation using natural objects and later, by pictures, drawings,
agreed schemes, tables and technical drawings. This develops pupils’
thinking and imagination. On the other hand, every new and more
abstract kind of picturesqueness has to be applied carefully, in suit-
able time and without any rush. Final task of teaching and learning
arithmetic is to pursue that children perceive the concept of the ab-
stract number, be able to count in an abstract way. Seeking this aim,
picturesqueness has to follow the initial stage of work, the process of
concept formation. Later comes the point when visual aids give way
to the pupil’s generalising, abstracting idea. Arithmetic is successfully
taught when one succeeds to find correct relation between picturesque-
ness and abstractness, is able to gradually and smoothly transfer pupils
from concrete thinking to abstract. One has to remember that pic-
turesqueness is not the aim but only supplemental aids, seeking the
actual aim: the conception of knowledge, logical abstract thinking.
Therefore, visual aids should be used in the stages of perception and
giving a sense to material as well as in the stage of initial practical ses-
sions; however, consolidating and generalising knowledge, one should
manage without them except for the cases when certain difficulties
arise. Organising work with didactic materials, the tasks should be so
considered that they consolidate not only new knowledge but also the
one acquired earlier.

o Application possibilities and experience of VTLOs.

Already several decades ago is was recommended to apply techni-
cal teaching and learning and picturesqueness aids - slides, movies,
radio, television - in the lessons and after-school activities. (Salkuviene,
2007). Many of these technical aids are used today as well. However, in-

terest in some of them has decreased significantly. Computer becomes
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not only the most important means of accumulation of information but
also of teaching and learning. With the help of ICT pupils successfully
accept fast and compressed information (Paxumssinosa, 2005).

Using all opportunities of ICT and the above mentioned aids, one
can create VTLOs that are interesting and attractive to pupils. The les-
son becomes more innovative, attractive, understandable and pictur-
esque (Dexter, 2000; Baxter, Woodward, Olson, Robyns, 2002; Corwin,
2002; House, 2002; Kessler, 2002; Klaos, 2003; Kazeine, 2004).

One of the most effective ways of implementing ICT in the edu-
cational process is usage of interactive models and dynamic short
messages-presentations, or as it is referred to nowadays virtual teach-
ing and learning objects. These also include demonstration software,
imitation, experimentation, modelling, practical and control software,
electronic textbooks and educational games (Possibilities of Applying
Information Communication Technologies in the Educational Pro-
cess. Recommendations for the Teacher, 2005).

Based on recommendations of Curriculum Framework (2008)
and taking into account the experience of the various technical
trainings and visual aids (Brazdeikis, 1999; Dolk, Den Hertog,
Gravemeijer, 2002; Dziedzic, 2002; Eith, 2002; Essex, Lambdin,
McGraw, 2002; Meyer, 2002; Sarama, Clements, 2002; Laughbaum,
2003; McNeal, Ji, 2003; Watanabe, 2003; Kvieskiené, 2004; Dar-
ling-Hammond, Bransford, 2005; Informaciniy komunikaciniy
technologijy taikymo ugdymo procese galimybés, 2005; Sctpe6os,
Axymuna, 2006; Inovatyviy mokymosi metody ir IKT taikymas,
2007; Salkuviené, 2007) to integrate ICT into the education pro-
cess, in the dissertation we proposed to employ computer software
which not only illustrate the sequence of performing certain arith-
metic operations but also help to create necessary images. However,

the carried out analysis of computerised teaching and learning aids
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(Salkuviene, 2006) enables to state that all aids intended for teach-
ing and learning arithmetic operations are suitable for formation
of abilities but not for drawing up images. Therefore, seeking to
use current possibilities of arousing pupils’ interest in mathemat-
ics, show that various ways of teaching and learning mathemat-
ics can be found, we pointed out at animation. To achieve this aim
scientific researches, documents on education and practical expe-
rience in this area were analysed (Asumos, Illykun, 1999; Dexter,
2000; Kpacnosa, benses, Conosos, 2001; Prendinger & Ishizuka,
2001; SIxosneBa, 2002; Merrill, 2003; Znotina, 2003; Kazeine, 2004;
Mmyxk, Harnbuna, 2005; PaxumasaHosa, 2005; CrebyHoBa, 2005;
Cemenos, Pynuenko, 2006; SIctpe6os, Sxymnna, 2006; Application
of Innovative Teaching Methods and ICT, 2007 et al.).

The first variant of VTLOs intended for formation of arithmetic
images was prepared based on theoretical assumptions, later it was im-
proved, considering the opinion and proposals of primary class and
mathematics teachers of Lithuanian comprehensive schools. This is more
exhaustively explained in the second section of the dissertation work.

The second section ,,Research Methodology Of Application Of
Virtual Teaching And Learning Objects In Forms 4 And 5, Teaching
Arithmetic Operations presents main approaches and conceptions
which were the basis of the research, describes applied methods, stages
of the empirical research, presents the analysis of research results.

1st chapter ,,Research Methodology“. The dissertation research
is based on:

o Pragmatic philosophy of education. For pragmatists the es-
sence of the man’s life is activities. Based on this approach, it
is underlined that traditional needs and opportunities have
to be changed, considering requirements of the times, like ap-

proaches as well. On the other hand, it is stated that life logic
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does not correspond to the logic of science; therefore, active
content of education has to be integrated and grounded on
learners’ needs (Ozmon, Craver, 1996). Thus, the purpose of
pragmatic education is described as organisation of the indi-
vidual’s current life and activity, seeking to acquire life experi-
ence (Veckiené, Masaityté, 2003). Today interaction and close
connection of ,what“ and ,how* of the content and methods
is accentuated. Technology, which is attributed to the activity
area ,how", increasingly uses modern technical inventions,
which influence not only work methods but also the way of
thinking, which greatly determines both the content of think-
ing and the trend of thinking (Luksiené, 2000).

Realistic philosophy, the essence of which is to provide the learn-
er with basic and essential knowledge of world cognition; devel-
op pupils’ rational powers because they guarantee good life; cre-
ate new realty — new skills, abilities, quality, etc — via education.
The most important education principles of this philosophi-
cal trend are: perception and organisation of facts, classifica-
tion of knowledge, critical thinking that manifests itself by
observation and practical activities/experimentation; joyful
and practical teaching because games help to avoid monotony
of learning, do not make pupils do more that they are ready;
application of computer devices help to ensure organisation of
teaching (Ozmon, Craver, 1996).

Constructivist standpoint, emphasizing that learning is an ac-
tive and constructive process. The teacher plans, organises,
creates and considers conditions, manages pupils and takes
care of their teaching and learning motivation, help pupils to
adapt so that new experience becomes part of their knowing.

The result of every pupil’s knowledge and experience is the
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individual construction. Learners are not passive informa-
tion recipients, they actively create their knowledge and skills
based on the already possessed both formal and informal
knowledge, interacting with the environment (Novak, 1998).
Learners actively create knowledge, relating it and referring
to the already possessed experience. Learning has to encour-
age integration of thinking, feelings and activity (Jucevi¢iené,
Tautkeviciené, 2004).
o Humanistic pedagogy and philosophy, emphasizing active
teaching and learning methods, problem based teaching,
humanisation of the whole micro-atmosphere of the school,
starting with teacher-pupil relationships and finishing with
administration-teacher relationships (Luksiené, 2000).
« Conception of didactic competency (Jucevictiené, 1997; Ciuzas,
Ju- cevidiené, 2006), which is treated as the teacher’s knowl-
edge, abilities, approaches, values, other personal traits, de-
termining effective teaching and learning activities (Ciuzas,
2007).
o Systematic approach: the pedagogical whole of aims, content,
teaching aids, methods and forms, how to solve a problem or
carry out work, considering traits of teachers and learners
and the situation (Jovai$a, 2007, p. 267). Learning is a social
process, which is influenced by the interaction of earlier abil-
ities and new learning experience.
2nd chapter ,,Characteristics of the Empirical Research® presents
ethical research principles. It also describes empirical research stages,
their aims, sample and applied methods (Table 5).

Planning the research, main ethical principles indicated in me-
thodical literature (Kardelis, 2002; Silverman, 2002; Bitinas, 2006;
Zydzianaité, 2007 et al.) were considered. These include the right to
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be unaffected, not to be exploited, usefulness of the research, confi-
dentiality, voluntarism and goodwillingness.

Sample. The choice of the sample greatly determines reliability
and accuracy of research results of methodological characteristics in
the empirical social research (Ocumnos,1983; Bortz, 1993; Merkys,
1995; Kardelis, 1997, 2002; Bitinas, 1974, 1998; Charles, 1999; Kise-
liova, Kiseliovas, 2004 et al.). Seeking to avoid research mistakes, it is
purposeful to operate random samples of a large volume (Kiseliova,
2002). However, in real research practice often it is impossible to im-
plement norms of random sample due to objective circumstances that
do not depend on the researcher’s will. Alternative methods of draw-
ing up samples are exhaustively described in special methodological
literature (Merkys, 1995; Kardelis, 1997, 2002; VanVoorhis, Morgan,
2006 et al.). The choice of the sample of this study was determined
by the practice of drawing up research samples by Lithuanian scien-
tists and our financial resources. The basis of choosing the sample is
theoretical. Having considered trends of questions and statements
of the questionnaire, checking quality of questionnaires with regard
to sociological characteristics, samples are sufficiently representative
(Krauth, 1995; Kiseliova, Kiseliovas, 2004).

Carrying out interviews, teachers were familiarised with the aim
of the research and ways of spread of results; anonymity was guaran-
teed. Information about the researcher was indicated and included
the researcher’s name, surname and contact information. Short in-
structions regarding filling in the questionnaires were given.. Carry-
ing out testing of pupils, parents’, the pupil’s and teacher’s agreement
to take part in the research was requested.

Results of questionnaires and testing were encoded, applying
standardised coding instructions, drawing up computerised ma-

trix for the testing data. To evaluate reliability of data encoding and
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transfer procedures, 5% of randomly selected questionnaires were
recoded and entered repeatedly. The number of coding errors has
not exceeded 0,18%.

Calculations were made applying specialised packets of statistical
software PAULA (Bitinas, 1998), SPSS (Buhl, Zofel, 1996), tables and

graphs have been created employing general editor.

Table 5

Characteristics of the Empiric Research

Aims

Sample

| Methods | Statistical methods

Stage 1 (2005) Primary assessment of VITLOs

Because initial variants
of VTLOs were prepared
on the theoretical basis,
the aim of this stage was
to find out trends, topics
of creating and improv-
ing separate elements of
VTLOs, teachers’ wishes,
proposals and possibili-
ties, peculiarities of using
VTLOs, their purposeful-
ness and significance

100 teachers of
varying age, quali-
fication and differ-
ent pedagogical
work experience
have been inter-
viewed

Questio-
nnairing

Stage 2 (2005) Expert evaluation of VTLOs

It was sought to find out
teachers’ opinion about
VTLOs, which were pre-
pared to be applied in the
pedagogical experiment.
Teachers had a possibility
to familiarise themselves
with VTLOs, try to apply
them in their lessons

VTLOs were
evaluated by 37
primary and basic
school mathemat-
ics teachers (19
primary and 18
basic school math-
ematics teachers)

Questio-
nnairing

Spearman rank cor-

relation coefficient,

Chi-Square featuer in-

dependence criterion

(Cekanavicius et al.,

2002) were applied.

The following signifi-

cance levels of statisti-

cal criteria were used

(Biti nas, 1998):

o p > 0,05 - differ-
ence is statistically
insignificant;

o p < 0,05 - differ-
ence is statistically
significant;

o p<0,01-difference
is essential;

o p < 0,001 - differ-
ence is very signifi-
cant
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continuation of the table 5

Stage 3 (2008 ) Assessment of efficacy
of applying VTLOs

It was sought to evaluate | Distinguishing | Testing |ANOVA and DUN-
efficacy of VTLOs for abili- |homogeneous | (for pu- |KAN methods were
ties to perform arithmetic | classes, 839 pupils | pils). applied to distinguish
operations and empirically | participated. Discus- | homogeneous classes.
ground main principles of | The pedagogical | sions (for | Kolmogorov-Smirnov
drawing up VTLOs intend- | experiment was | teachers) | criterion was applied

ed for teaching arithmetic | attended by 98 pu- to identify normality

operations in forms4and 5 | pils and 6 teachers of distributions betwe-
(control and ex- en control and experi-
pert classes) mental classes.

To distinguish lear-
ners’ results, ANOVA
and DUNKAN meth-
ods were applied

Stage 1 (2005) Primary assessment of VTLOs?. Questionnair-
ing was carried out in April, 2005. Teachers were familiarised with
several VTLOs intended for formation of arithmetic images. After-
wards a closed type questionnaire containing 18 items was given. The
demographic block encompasses 9 items (respondents’ age, educated-
ness, gender, finished school; years of service as a teacher; qualification
category; workplace; school in which he/she works and the class with
which he/she works). The aim of the questions of the second block was
to find out whether teachers had already familiarised with the essence
of VTLOs, teaching and learning aids and what opinion they had
formed about this type of aids. The third part of the questionnaire
is intended for teachers” opinion about the given VTLOs. The aim of
questions of this part was to find out shortcomings and advantages of
VTLOs.

2 In the questionnaire the VTLOs is named as a dynamic audio visual aid so that the
respondents perceive the object more accurately.
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Stage 3 (2008) Assessment of efficacy of applying VITLOs. VTLOs
were applied in mathematics lessons in several city’s and region’s schools,
seeking to find out problems occurring during various corrections.

In stages 2 and 3 key principles of drawing up VTLOs for (self-)
development of abilities to perform arithmetic operations and for
(self-)formation of arithmetic images were distinguished.

Stage 3 (2008) Assessment of efficacy of applying VTLOs.
Testing was carried out in January-April, 2008. To evaluate practical
effectiveness of VILOs, mathematical abilities test was prepared. In
January, 839° fourth form pupils were tested in various Lithuanian
schools. Test results enabled to distinguish groups of homogeneous
classes. In February-April, the impact of applying VTLOs on pupils’
abilities to perform arithmetic operations was assessed in one of such
groups. Classification of test tasks in the aspect of content of topics,
applied in the pedagogical experiment, corresponds to requirements
of General Curricula and Education Standards (2003). Content and
form of test tasks were chosen orienting towards types of tasks given
in textbooks for forms 4 and 5 and didactic material of supplemental
mathematics, most often used by teachers.

Having analysed test results, was carried out, which aimed to find
out the impact of applying VTLOs and limits of their optimal func-
tioning. Discussions with teachers who carried out the pedagogical ex-
periment were organised, their acquired experience, subject related and
methodical observations were analysed and generalised. Factors deter-

mining efficiency were distinguished. The content of conversations and

3 On the basis of the Lithuanian Ministry of education and Science (2010) in 2008, an
average of 30 000 pupils were attending the forms 4 in Lithuania’s general-education
schools. Sample volume is calculated according to K. Kardelis (2002) tables and
formulas, where N is the general population, A-the error rate (5%), n-the sample: n =
1/(A2 + 1/N). On the basis of those estimates, the sample size should be around 395

pupils.

28



discussions was recorded on a dictaphone. Later oral texts were replaced
with written variants so that they could be appropriately quoted at work.
3rd section ,Empirical Research On Application Of Virtu-

al Teaching And Learning Objects In Forms 4 And 5, Developing
Abilities To Perform Arithmetic Operations“ presents results of the
empirical research and their analysis.

1st chapter ,,Primary Assessment of Implementing VTLOs“
presents results of teachers” interview about initial VTLOs (created
based on theoretical assumptions), which were prepared to be applied
in the pedagogical experiment. Considering the results, VITLOs were
improved and submitted for expert assessment.

2nd chapter ,Expert Assessment of Implementing VITLOs®. The
results of the interview demonstrated that prepared VILOs in prin-
ciple corresponded to teachers’ needs, which are certainly based on
children’s needs and possibilities.

Main shortcomings and advantages of applying VTLOs, teaching

arithmetic, mentioned by interviewed teachers are given in Tables 7 and 8.

Table 7
Assessment Distribution (%) of Respondents’ Named Possible Advantages,
Using Given VTLOs
Phrasings of answers Completely Agree Don’t | Don’t C01¥1plete-
agree know | agree |ly disagree

L Fac.1htate perception of the 72.97 27,03 ~ ~ ~

topic
5 Me.et the child’s wish to ex- 5135 2054 | 811 ~ ~

periment
3 DevelF)P .puplls computati- 54,05 45,95 ~ ~ ~

on abilities
4, |Develop algorithmic, logi-| ) 15 551 579 | 270 -

cal, critical thinking
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continuation of the table 7

5, |Help to cope with fear of| 5\ | 2703 | 1081 | 2,70 -
mathematics
Better disclose the essence
6. |of the subject than static| 56,76 37,84 | 2,70 - 2,70
teaching aids
7 Are suitable for pupils’ in- 2973 5676 | 541 | 811 B
dependent work
8. |Encourage creativity 27,03 4595 | 18,92 | 8,11 -
9. Promote p.up1ls interest in 51,35 48,65 B _ a
mathematics
10.|Help to form images 64,86 35,14 - - -
1L Devel(.)ppuplls informatio- 54,05 45,95 ~ ~ ~
nal skills
g |ltisbettertousetheaidsin) -, o1 g5 | 5439 | 4304 | 51
after-school activities
Table 8
Assessment Distribution (%) of Respondents’ Named Possible Hindrances,
Using Given VTLOs
Phrasings of answers Complete- Agree Don’t| Don't Cor}lplete—
ly agree know | agree |ly disagree
L School managers indifference 13,51 541 | 24,32 | 32,43 24,32
and unwillingness to help
2.|Shortage of equipment 54,05 [3514| - 8,11 2,70
3 Usmgthe aids, much time of the ~ 10,81 | 1892 | 51,35 18.92
lesson is lost
4 Much time is lost for preparation ~ 270 | 16,22 | 5946 2162
for the lesson
5 Work with t}}es)e tead}lng aids ~ 270 | 10,81 | 64.86 2162
distracts pupils’ attention
One needs good computer lite-
6. |racy skills in order to use these| 13,51 | 54,05 | 2,70 | 27,03 2,70
teaching aids
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Based on expert assessment results, VILOs were finalised for ap-
plying them in the pedagogical experiment.

In 3rd chapter ,,Assessment of Efficacy of Applying VLTOs*
stages of organising the pedagogical experiment, its results and analy-
sis are presented. The plan of applying VTLOs, teaching arithmetic
operations in forms 4 and 5 is presented.

Selection of Expert and Control Classes. Seeking that the ex-
periment is attended by pupils who have approximately similar math-
ematical abilities, 839 pupils were given the test on achievements in
mathematics, according to the results of which 6 homogeneous classes
were selected (98 pupils).

Numerical characteristics of diagnostic quality of tasks, which
make up the mathematics achievement test, are given: index of dif-
ficulty, standard deviation, coeflicient of correlation with test, score of
relation with hypothetical achievements in mathematics r;; .

Pedagogical Experiment. Based on the volume of content of
teaching and learning, outlined in Curriculum Framework (2008),
on attainments by activity areas and on definitions of abilities, the
research aimed to evaluate efficacy of VTLOs, applied in the teaching
and learning process, for the following abilities to perform arithmetic
operations:

1. To perform operations with natural numbers, choosing a suit-
able operation and way of computation, using appropriate
names of components of arithmetic operations.

2. To calculate values of simple numerical phenomena or quanti-
ties.

3. To compare numbers of the same type, writing symbols be-
tween them: greater than, less than, equal to.

4. To write a number into the most simple equation and check

whether the obtained equation is correct.
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5. To indicate/identify natural numbers that are closest to the
given number or to arrange a sequence of numbers in the or-
dered direction.

6. To perform tasks of finding parts of numbers.

To assess the mentioned abilities when teaching and learning is
traditional and when VTLOs are applied, the test was applied. Test re-
liability is ensured by high identity of the set of tasks, broken into two
parts: high coefficients of linear correlation with Spearman-Brown
correction and of Guttman’s correlation: Cronbach Alpha = 0,90,
Spearman-Brown = 0,45, Guttman Split-half = 0,43. Data of the car-
ried out research demonstrate high internal consistency of the test
and reliability of the measurement instrument (test).

After the pedagogical experiment significant statistical differ-
ence of mathematic computation achievements between control and
experimental classes was identified. Computation results of pupils
in experimental classes are higher. Best computation achievements
in experimental classes were from ,,Sequence of numbers® (14,62%),
whilst in control classes from ,Equations and inequalities® (4,56%).
The lowest achievements were in experimental classes (9,07%) in the
area ,Identification of components of arithmetic operations®, whilst
in control classes in the area ,Identification of components of arith-

metic operations“ worsening by -1,27% was recorded.
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CONCLUSIONS

1. Having analysed Curriculum Framework (2008) and math-
ematics textbooks* for forms 4 and 5, it can be stated that
the most important aim of teaching and learning arithme-
tic operations in the primary and basic school is to provide
pupils with knowledge of numbers and measures, to form,
deepen and develop practical abilities, and apply theoretical
knowledge in practice. Simultaneously other aims are being
sought: to develop main logical, critical and creative think-
ing, develop knowledge of raising and disintegrating ques-
tions, the ability to reason consistently, wit, how to choose
the most suitable problem solution variant out of several.

2. The carried out content analysis of research literature enables
to state that in Lithuania favourable conditions for applica-
tion of virtual teaching and learning objects in forms 4 and 5,
teaching arithmetic operations, are being created:

o much attention is being paid to accumulate human re-
sources: teachers perceive the importance of computer lit-
eracy in the context of modern school, take care of deepen-
ing and improvement of these competencies, seek to imple-
ment them in lessons;

o mathematics teachers of primary classes and the fifth
forms perceive the importance of mathematical literacy
for formation of the pupil’s personality (teaching is based

on logical culture; imagination is developed; theoreti-

4 Cibulskaité N., Strickiené M. (2001). Mathematics and the World: Textbook for Form 5.
Kiseliova D., Kiseliovas A. (2000). In the World of Mathematics: Textbook for Form 5.
First book.

Kiseliova D., Kiseliovas A. (2000). In the World of Mathematics: Textbook for Form 4.
Second book.
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cal approaches that are being related to efforts, searches,
cooperation, honesty and persistence are being formed).
Therefore, teachers are interested in improving teaching
and learning results of mathematics, including arithmetic,
applying virtual teaching and learning objects;

« according to their possibilities schools have teaching aids
(material resources) enabling to use virtual teaching and
learning objects in the teaching and learning process.
However, there is a shortage of virtual teaching and learn-

ing objects for (self-)formation of arithmetic images.

. Based on theoretical assumptions, disclosed in the dissertation

work, and on the analysis of results of stages 1 and 2, the follow-

ing principles of drawing up VTLOs for (self-)development of

abilities to perform arithmetic operations can be distinguished:

o accessibility - the aids have to be prepared in such manner
that any user (the teacher or pupil) could easily use it with-
out particular computer literacy skills; animations have to
be simple and understandable;

o continuity — shaping pupils abilities in form 5, based on the
past, of form 4, gained their training (learning) experiences;

o the relation between what is being analysed with and what
had been learned before. Following this principle, the fifth
form pupils do not forget what they have learned in pri-
mary classes;

o consistency - information is given starting with exam-
ples that are simple and easy to understand, consistently
moving towards more difficult ones, which require more
knowledge and firm abilities;

o picturesqueness — clear, concrete demonstration of the ma-

terial, helping to (self-)form necessary images, facilitating



explanation, mastering of material and usage in mathemat-
ical activities;

o dynamism - importance and influence of time factor in the
teaching and learning process; analysing every task of VTLOs,
there has to be a possibility to stop it in the necessary place, re-
view it and, depending on circumstances, turn the volume off;

o emotionality - attractive, interesting manifestations of
teaching activities, making emotional impact on pupils, can
be one of the reasons of independent stimulus ,to take part
personally® in animation or observe and analyse its process.
Didactic meaning of this statement is that interest and emo-
tionality of animation substantially enhance cognitive inter-
est in teaching and learning and participation in it.

4. The results of the carried out pedagogical experiment con-
firmed that virtual teaching and learning objects significantly
improve fourth and fifth form pupils’ abilities to perform
arithmetic operations in all mathematical activity areas. The
research demonstrated statistically significant percentage dif-
ference of changes in the abilities to perform arithmetic op-
erations between the groups of the control and experimental
classes. Comparing with research data of control classes, best
results were obtained in the areas of the sequence of numbers
(11,34%) and part/parts of numbers (10,70%); slightly lower
performance of arithmetic operations (9,07%) and identifica-
tion of components of arithmetic operations (9,07%); the low-
est indicators were recorded in the areas of solving equations
(7,92%) and equations and inequalities (6,18%).

5. Pupils’ achievements are affected not only by virtue of the fact of
application/non-application of VTLO’s, but also the teacher’s in-

ternal position with regard to them, the pedagogic style, respon-
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sibility for the quality of education. Virtual teaching and learning
objects, focused on the formation of arithmetical images, not
only helps pupilsto deepen and expand the knowledge, but also

makes more effective ability to perform arithmetic operations.

Defended statements of the dissertation have been confirmed:

Abilities of performing arithmetic operations are determined
by good abilities of performing these operations, and the lat-
ter, by suitably formed arithmetic images. Educational envi-
ronment of Lithuanian primary and basic schools has suffi-
cient amount of virtual teaching and learning objects intended
for (self-)development of the fourth and fifth form pupils’
abilities of performing arithmetic operations; therefore, there
also emerges a need to transfer visual teaching aids that help

to (self-)form arithmetic images into virtual environment.

. Virtual teaching and learning objects, oriented to formation of

arithmetic images, they are drawn up following classical prin-
ciples: accessibility, continuity, consistency, picturesqueness,

dynamism, emotionality.

. Virtual teaching and learning objects intended for (self-)for-

mation of arithmetic images enable pupils to (self-)develop

abilities to perform arithmetic operations more efficiently.

RECOMMENDATIONS

. For teacher training institutions. To pay more attention to im-

provement of prospective teachers’ computer literacy and to
nourishment of didactic abilities to integrate ICT into teach-

ing various subjects in the education process.



2. For continuing vocational teaching and learning institutions.
To foresee courses/topics for improvement of teachers” work
with ICT and application of VILOs in the education process
in in-service training programmes.

3. For managers of departments of education/schools. More atten-
tion should be paid to teachers’ competencies to employ ICT
and VTLOs in the educational process: not all teachers take
part in computer literacy courses; very few of them constantly
improve their informational and technological qualification.
It is particularly important to form sufficient technical and
software resources in every school, which would create equal
conditions for all pupils to deepen their computer literacy and
employ VTLOs in the educational process.

4. For the Department of Science and Technologies of the Ministry
of Science and Education. To organise Lithuanian scientists and
teachers-practitioners to create VTLOs to make the teaching and
learning process more efficient and optimised, spread good ex-

perience of this area, etc.

Trends of further scientific researches:

« Empirical grounding of application of Virtual teaching
and learning environments in the primary school.

o Impact of ICT on teachers’ work input and quality.

o Making the teaching and learning process more efficient
and optimised, applying VTLOs, intended for formation of
images.

o Application of VTLOs for organising pupils’ education at

home.
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JVADAS

Aktualumas. Visais laikais aritmetika buvo svarbus mokomasis
dalykas mokykloje: mokiniai susipazjsta su nataraliaisiais ir trupme-
niniais skaiciais, i$moksta aritmetikos veiksmy, sudaranc¢iy sudétinga
pakopine struktarg. Kiekvienas paprastas veiksmas yra sudétingesniy
veiksmy sudétinis elementas, todél svarbu, kad kiekvieng paprastes-
nj veiksma mokinys iSmokty atlikti greitai ir be klaidy, ,,negalvoda-
mas“. Daugumai mokiniy aritmetikos veiksmy atlikimo sunkumai yra
pagrindiné priezastis, trukdanti mokytis ne tik aritmetikos, bet ir ki-
ty matematikos temy (Bregeon, Dossat, Myx, Poli, Vicens, 1993; Arms-
trong, Bootherstone, Lusk, Manning, Page, 1995; Kiseliova, Kiseliovas,
1996; Gudynas, 1998; Headington, 1999; Bal¢itnas, Balcytis, 2000;
AZubalis, Kiseliovas, 2002; Kiseliova, Kiseliovas, 2002 a, 2004). To-
dél svarbu ieskoti btidy, metody ir priemoniy, kaip padéti mokiniams
jveikti $iuos kliuvinius.

Pastarajj deSimtmetj, mokymo(si) procese imta intensyviai tai-
kyti informacines komunikacines technologijas (Kulik, Kulik, 1991;
Najjar, 1996; Brazdeikis, 1999; Dagiené, 2000; Robert, Edling, 2000;
Sztajn, 2002; Vxyrtkun, Cymrenmos, 2002; Wilson, Notar, Yunker,
2003; Koroghlanian, Klein, 2004; Kvieskiené; 2004; Opeuknsa, 2005;
Rother, 2005; Clancy, 2007; Brazdeikis, Navickaité, Sedereviciate,
2008; Kriliuviené; 2008; Lipeikiené; 2008; Dagiené, Kurilovas, 2009).
Manoma, kad mokymo(si) turinj perkeliant j elektronine erdve, pa-
vyks rasti bady, leisianc¢iy veiksmingiau organizuoti mokymo(si) pro-
cesa (Papertas, 1995; Reboli, 2003; Frith, 2004; Morote, Pritchard,
2004).

Vis dazniau kalbama apie virtualigsias mokymo(si) aplinkas
(VMA), kur mokymo(si) turinys pateikiamas nepriklausomais

medziagos gabaléliais — virtualiaisiais mokymo(si) objektais (Jasutiené,
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Markauskaité, 2004; Virtualioji mokymosi aplinka mokyklai, 2005).
Virtualiyjy mokymo(si) objekty rasiy esti labai jvairiy: treniruojamieji ir
praktiniai uzdaviniai, vadovéliai, Zaidimai ir modeliavimas ir kt. (Schwier,
Misanchuk, 1993; Verseckas, Januskevi¢ius, 1995; Smith, Ragan, 1999;
Engida, 2002; Kamii, Anderson, 2003; Moore, Burton, Myers, 2004; Laza-
ridis, Paparrizos, Samaras, Sifaleras, 2006; Muxeesa, 2007 ir kt.).

Tyrimais patvirtinta, kad animuoty virtualiyjy objekty taikymas
mokymo(si) procese skatina mokiniy mokymosi motyvacija, padeda
siekti tvirtesniy ziniy ir gebéjimy (Aarntzen, 1993; Blumberg, Galyean,
1995; Stone, Lester, 1996; André, Rist, Miiller, 1997; Johnson, Riekei, Lest-
er, 2000; Reinhardt, Letz; 2001; Atkinson, 2002; Baylor, Ryu, Shen, 2003;
Barren, 2004; Chou, Liu, 2005; Lambert, Carpenter, 2005; J/le6eneBa,
2005; Taylor, Duffy, Hughes, 2007 ir kt.).

Virtualiyju mokymo(si) objekty naudojimas leidZia tinkamai re-
alizuoti didaktinius sistemingumo, nuoseklumo, perimamumo bei
prieinamumo principus, mokant aritmetikos veiksmy IV-V klasése
(Asanosa, 2006). Tokio pobiidzio mokymas(is) palankus humanita-
rino polinkio mokiniams, i§ kuriy taip pat reikalaujama tinkamo ma-
tematikos ziniy lygio (Leatherman, 1994; Jackson, Leffingwell, 1999;
Coben, O’Donoghue, Fitzsimmons, 2000; Cohen, 2000; Schoenfeld,
Conner, Conner, 2002; Simmons, Jones, 2005). Sie VMO privalumai
ypa¢ naudingi Lietuvos bendrojo lavinimo mokykly IV-V klasése, kai
mokiniai pereina i§ pradinés mokyklos j pagrindine.

Pasaulyje atlikta jvairiy kryp¢iy tyrimy, nagrinéjanciy, ko-
kig jtaka VMO daro matematiniy gebéjimy ugdymui(si) (Ramirez,
1990; Shashaani, 1995; McCoy, 1996; Szabo, Poohkay, 1996; Lester,
Callaway, Stone, Towne, 1997; Dehn, van Mulken, 2000; Jennings,
Onwuegbuzie, 2001; Tooke, 2001; Wiest, 2001; Kpacuosa, Benses,
Conosos, 2001; Nooriafshar, 2002; Padberg, Schiller, 2002; Snel-
son, 2002; Credypak, 2005). Ju rezultatai byloja, kad virtualiyjy
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mokymo(si) objekty integravimas daro pamoka dinamiskesne, infor-
matyvesne, zadina ugdytiniy doméjimasi mokomaja medziaga, ugdo
mokiniy intelektg ir kiirybinius gebéjimus, palengvina peréjima prie
dedukcinio mokymo(si). Ta¢iau pavyko rasti labai nedaug, dazniau-
sia uzsienio mokslininky tyrimy rezultaty apie VMO taikymo gali-
mybes bei jtakg aritmetikos veiksmy atlikimo gebéjimy ugdymui(si)
(Sztajn, 2002; CrebyHoBa, 2005; CemeHOB, Pynuenko, 2006; Ausraité,
Si¢itiniené, 2006). Kyla daug nei$spresty ar nepakankamai iSnagriné-
ty klausimy: regimosios informacijos formavimo budai ir jos kokybé;
virtualiojo mokymo(si) sfery plétojimas ugdymo(si) procese; virtu-
aliojo mokymo(si) mokslinio pagrindimo. Tai skatina i§samiau tirti
VMO konstravimo ir taikymo edukacinéje praktikoje galimybes.

ISryskéja moksliné problema — kokios yra virtualiyjy mokymo(si)
objekty taikymo galimybés ir veiksmingumas, ugdant mokiniy gebéji-
mus atlikti aritmetikos veiksmus IV-V klasése.

Tyrimo objektas — aritmetikos veiksmy mokymas(is) IV-V kla-
sése, taikant virtualiuosius mokymo(si) objektus.

Darbo tikslas - teoriskai ir empiriskai pagristi virtualiyju moky-
mo(si) objekty IV-V klasése taikymo galimybes bei istirti jy veiksmingu-
ma mokiniams ugdant(is) gebéjima atlikti aritmetikos veiksmus.

Tyrimo uzdaviniai:

1. Teoriskai pagristi virtualiyjy mokymo(si) objekty taikymo ga-
limybes, mokant(is) aritmetikos veiksmy IV-V klasése.

2. Atskleisti virtualiyjy mokymo(si) objekty, skirty mokyti(s)
aritmetikos veiksmy IV-V klasése, pagrindinius sudarymo
principus.

3. I8tirti virtualiyjy mokymo(si) objekty veiksminguma, ugdant
IV-V klasés mokiniy gebéjima atlikti aritmetikos veiksmus.

Tyrimo metodologija grindziama realistine, pragmatine filosofi-

ja, konstruktyvizmo teorija, humanistine pedagogika ir psichologija,
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didaktinés kompetencijos koncepcija, sisteminiu pozitriu. Esminiai

$iuolaikinés didaktikos principai, kuriais buvo remtasi rengiant §j di-

sertacinj darba: moksliskumo; Ziniy sistemingumo; mokymo prieina-

mumo; sagmoningo ir aktyvaus mokymosi; Ziniy tvirtumo realizavi-

mo; mokymos(si) priemoniy naudojimo(si); refleksyvaus mokymo(si);

karybiskumo ugdymo bei ugdomojo mokymo(si).

Mokslinio tyrimo metodai:

Mokslinés literatiiros ir $vietimo dokumenty analize siekia-
ma teoriskai pagristi virtualiyjy mokymo(si) objekty taikymo
galimybes IV-V klasése mokant aritmetikos veiksmy.
Kiekybinis tyrimo metodas (apklausa rastu) leido atskleisti
pagrindinius virtualiyjy mokymo(si) objekty, skirty mokyti(s)
aritmetikos veiksmy IV-V klasése, sudarymo principus, ku-
riais buvo remtasi disertacijos autorei kuriant virtualiuosius
mokymo(si) objektus, taikytus pedagoginiame eksperimente.
Pedagoginis eksperimentas leido istirti virtualiyjy mokymo(si)
objekty veiksminguma IV-V klasiy mokiniy gebéjimams at-
likti aritmetikos veiksmus bei empiriskai pagristi pagrindinius
virtualiyjy mokymo(si) objekty, skirty mokyti(s) aritmetikos
veiksmy IV-V klasése, sudarymo principus.

Statistiniai metodai. Tyrimo duomenims apdoroti taikyta
SPSS (Statistical Package for the Social Sciences (Biihl, Zéfel,
1996) bei PAULA (Bitinas, 1998) programiné jranga, lentelés
ir grafikai sukurti bendraisiais redaktoriais. Taikyti Spirme-
no (Spearman) ranginés koreliacijos koeficientas, chi kvadrato
(Chi-Square) pozymiy nepriklausomumo kriterijus (Cekana-
vicius ir kt., 2002).

Tyrimo etapai:
I etapas (2002-2004 m.). Siekiant atskleisti tiriamojo darbo proble-

ma bei iSgryninti objekta, tiksla ir iskelti uzdavinius, studijuota moks-
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liné, pedagoginé, psichologiné literattra, Svietimo dokumentai, na-
grinétos matematikos mokymo priemonés. [sigilinta ne tik j aritme-
tikos veiksmy mokymo(si) turinj bei metodus, bet perzvelgtos ir is-
analizuotos galimybés taikyti virtualiuosius mokymo(si) objektus
IV-V klasése: 1) moksliniy tyrimy, pedagoginés ir psichologinés li-
terataros analizé padéjo atskleisti pagrindinius mokiniy matema-
tikos mokymo(si) sunkumus bei jy priezastis; IV-V klasés mokiniy
amziaus tarpsniui budingas mastymo operacijas; vaizdumo svarba
mokant(is) aritmetikos veiksmy; VMO taikymo galimybes bei patirtj
(Kiseliova O. ir kt., 2002; Kiseliova O. ir kt. 2004; Kiseliova O., 2002,
2002 a, 2003, 2003 a, 2004, 2004 a, 2004 b; Salkuviené, 2005, 2006,
2007); 2) $vietimo dokumenty ir matematikos vadovéliy analizé pa-
déjo atskleisti aritmetikos veiksmy mokymo(si) IV ir V klaséje ypatu-
mus (Salkuviené, 2008).

IT etapas (2005 m.) - pradinis virtualiyjy mokymo(si) objekty
vertinimas. Mokytojams buvo pateikti keli disertacijos autorés pa-
rengti VMO elementai, skirti aritmetikos veiksmy mokymui(si), o
taip pat 18 punkty uzdaro tipo klausimynas, kuriuo siekta i$siaiskin-
ti mokytojy nuomong apie VMO taikymo galimybes, ypatybes ir kar-
tu pagristi VMO taikymo tikslinguma bei reik§minguma, mokant
mokinius aritmetikos veiksmy. Susipazinus su mokytojy atsakymais,
mokytojai buvo pakviesti j diskusija apie atskiry VMO elementy to-
bulinima bei naujy VMO elementy kiirimo tikslinguma.

IIT etapas (2005 m.) — ekspertinis virtualiyjy mokymo(si) objek-
ty vertinimas. 37 mokytojams (19 pradinés ir 18 pagrindinés moky-
klos matematikos mokytojy) buvo pateikta 13 punkty anketa, kuria
siekta i$siaiskinti jy nuomone apie pedagoginiame eksperimente ren-
giamga taikyti VMO. Pries tai jie turéjo galimybe praktiskai susipazin-
ti su $iais virtualiaisiais mokymo(si) objektais, pabandyti taikyti juos

savo pamokose. II ir IIT etapy metu i$skirti pagrindiniai virtualiyjuy
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mokymo(si) objekty sudarymo principai, kuomet VMO paskirtis -
padéti mokiniui formuotis aritmetinius vaizdinius, kurie skatinty ge-
béjimo atlikti aritmetikos veiksmus ugdyma(si).

IV etapas (2008 m.) - virtualiyjy mokymo(si) objekty veiks-
mingumo jvertinimas. VMO praktiniam efektyvumui jvertinti bu-
vo parengtas, remiantis TIMSS pradinés matematikos testais (TIMSS
1995, TIMSS 2003), matematiniy gebéjimy testas. [vairiose Lietuvos
mokyklose testuoti 839 ketvirty klasiy mokiniai. Surinkty duome-
ny analizé leido i§skirti homogenisky klasiy grupes. Su viena tokia
grupe vasario—balandzio ménesiais atliktas pedagoginis eksperi-
mentas - VMO veiksmingumo mokiniy gebéjimui atlikti aritme-
tikos veiksmus vertinimas (atliktas testavimas) (eksperimentiné-
je grupéje buvo 52 mokiniai i§ dviejy miesto ir vienos rajono mo-
kyklos; kontrolinéje grupéje — 46 mokiniai i§ dviejy miesto ir vie-
nos rajono mokyklos); empiriskai pagristi pagrindiniai virtualiyjy
mokymo(si) objekty, skirty mokyti aritmetikos veiksmy IV-V kla-
sése, sudarymo principai.

Ginamieji teiginiai:

1. Tinkamai suformuoti aritmetiniai vaizdiniai padeda moki-
niams ugdyti(s) gebéjima atlikti aritmetikos veiksmus. Lietu-
vos pradinés ir pagrindinés mokyklos edukacinéje aplinkoje
yra pakankamai virtualiyjy mokymo(si) objektuy, skirty IV-
V klasiy mokiniams treniruotis be klaidy atlikti aritmetikos
veiksmus, ta¢iau esama poreikio j virtualigja aplinkg perkel-
ti ir tokias vaizdumo priemones, kurios padéty mokiniams
formuot(is) tinkamus aritmetinius vaizdinius.

2. Virtualieji mokymo(si) objektai, skatinantys aritmetiniy vaiz-
diniy formavima(si), sudaromi remiantis klasikiniais didak-
tiniais principais: prieinamumo, perimamumo, nuoseklumo,

vaizdumo, dinamiskumo, emocionalumo.
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3. Virtualieji mokymo(si) objektai, skirti aritmetiniy vaizdiniy
formavimui(si), jgalina mokinius veiksmingiau ugdyti(s) gebé-
jimg atlikti aritmetikos veiksmus.

Tyrimo rezultaty naujumas

Lietuvos mokykloms sitilomi virtualieji mokymo(si) objektai la-
biau moko treniruotis atlikti aritmetikos veiksmus nei skatina supras-
ti paties veiksmo esme. Disertaciniu tyrimu atkreiptas démesys j vir-
tualiuosius mokymo(si) objektus, skirtus aritmetiniams vaizdiniams
formuoti(s), nusakyti pagrindiniai jy kiirimo bei taikymo principai.

Teorinio rezultaty reik§mingumo esme nusako suformuotos
aritmetikos veiksmy mokymui(si) palankiy virtualiyjy mokymo(si)
objekty karimo ir taikymo teorinés prielaidos.

Tyrimo rezultaty praktinj reik§minguma salygoja mokyklos porei-
kis siekti aukstesniy mokiniy mokymo(si) rezultaty. Tyrimu empiriskai
patikrintas virtualiyjy mokymo(si) objekty veiksmingumas, ugdant(is)
mokiniy gebéjima atlikti aritmetikos veiksmus. Atskleistos aritmetiniy
vaizdiniy ir gebéjimo atlikti aritmetikos veiksmus sgsajos.

Disertacinio tyrimo rezultaty aprobavimas

Leidiniuose, referuojamuose kitose (ne ISI WEB of Science)
tarptautinése duomeny bazése:

MLA International Bibliography (OCLC sarasas 2004-2005)duo-
meny bazéje:

1. Kiseliova D., Kiseliovas A., Volodka H., Kiseliova O. (2004).
Pradiniy klasiy mokiniy psichologinés aplinkos ir jy pozia-
rio { matematika sgveika // Vilniaus pedagoginis universitetas,
Ugdymo psichologija. Mokslo darbai. Nr. 11-12. P. 102-108. IS-
SN 1392 - 639X.

CEEOL duomeny bazéje:

1. Salkuviené O. (2005). Dinaminis vaizdumas matematikos pamo-
kose IV-V klasése // Jaunyjy mokslininky darbai. Nr. 3 (7). P. 94-98.
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2. Salkuviené O. (2006). Dinaminio vaizdumo priemonés mo-
kant aritmetikos IV-V klasése // Jaunyjy mokslininky darbai.
Nr. 1 (8). P. 84-87.

3. Salkuviené O. (2007). Informaciniy komunikaciniy techno-
logijy taikymo pradinio ugdymo procese teorinés prielaidos.
Jaunyjy mokslininky darbai. Nr. 3 (14). P. 91-96.

IndexCopernicus duomeny bazéje:

1. Salkuviené O. (2008). Aritmetiniy veiksmy mokymo(si) temos
IV-V klasés matematikos turinyje. Jaunyjy mokslininky dar-
bai. Nr. 1 (17). P. 119-125.

2. Salkuviené O. (2010). Virtualiyjy mokymo(si) objekty (VMO)
aritmetikos mokymui IV-V klasése propedeutinis vertinimas.
Jaunyjy mokslininky darbai. Nr.4 (29) P. 72-78.

Pranesimai konferencijose ir publikacijos kituose leidiniuose:

1. Kiseliova D., Kiseliovas A., Donieliené I., Kiseliova O. (2002)
The validation of mathematical skills application tasks. Lietu-
vos matematikos rinkinys. Vilnius. T. 42, spec. nr. P. 391-396.

2. Kiseliova O. (2002). The Comparative Analysis of the Lithu-
anian and Russian Primary School Mathematics. III Interna-
tional conference, Teaching Mathematics: Retrospective and
Perspective. Liepaja, p. 101-104.

3. Kiseliova O. (2003). Pradiniy klasiy mokytojy kompiuterinis
raStingumas. Lietuvos matematikos rinkinys. Vilnius. T. 43,
spec. nr. P. 243-247.

4. Kiseliova O. (2003). Dinaminiy vaizdiniy priemoniy taikymas
pradinéje mokykloje. Kompiuteriniy technologijy taikymas
ugdymo procese. Respublikinés mokslinés praktinés konfe-
rencijos medziaga. Siauliai, p. 41-47.

5. Kiseliova O. (2004). Pradinés mokyklos ketvirtos klasés moki-

niy kompiuterinis ragtingumas. Tarptautiné moksliné konfe-
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rencija Aukstojo mokslo ir bendrojo ugdymo kaita ir perspek-

tyvos (Fizika, matematika ir informatika). Siauliai, p. 117-121.

. Kiseliova O. (2004, May 6-7). Computer literacy among the

general school fifth-formers. International Scientific Confe-
rence Information Technologies and Telecommunications for
Rural Development. Latvia: Jelgava, p. 170-176.

Kiseliova O. (2004). CpaBHUTeNbHBII aHATN3 KOMITBIOTEPHON
TPaMOTHOCTY YYMUTEJIEN IMTOBCKON Ha4a/IbHOI HMIKO/IBI Y YYEHMKOB
IV-V kiaccoB. 5 MexiyHaponHast HayqHas KoHpepeHiys Obyqeniie
mamemamuxe: ucmopusi u nepcnekmusul. Liepajas Pedagogijas
akadémija, LIEPAJA. ISSN 1407-9089, p. 137-142.

Metodinés priemoneés:

1. Salkuviené O., Bakanoviené T., Donieliené 1. (2008). Informa-

ciniy technologijy taikymas ugdymo praktikoje. Metodiné prie-

moné. Siauliai. K. J. Vasiliausko leidykla ,, Liucijus®.

Eksperimentinés plétros ir taikomosios mokslinés veiklos darbai:
1. Kiseliova D., Kiseliovas A., Salkuviené O. (2005). Nuotolinis

matematikos mokymo kursas specialiyjy poreikiy vaikams 4
klasei (atskirais atvejais tinka 4-8 klasei). http://vma.emoky-
kla.lt/moodle.

Disertacijos struktara ir apimtis. Darba sudaro jvadas, 3 sky-

riai, i$vados, rekomendacijos, literatliros sarasas ir 5 priedai. Bendra

apimtis 218 145 spaudos zenklai. 25 lentelés, 18 paveiksly. Literata-

ros sarase 228 pozicijos, i$ jy 106 lietuviy kalba ir 122 uzsienio (angly,

prancuzy, rusy) kalbomis.
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DISERTACIJOS TURINIO PRISTATYMAS

Ivade atskleidziama tiriamoji problema, apibréziami tikslas, uz-
daviniai, tyrimo objektas, darbo moksliné ir praktiné reik§mé, patei-
kiami disertacijos ginamieji teiginiai, nurodomi disertacijos tema pu-
blikuoti straipsniai.

Pirmajame disertacijos skyriuje ,Virtualiyjy mokymo(si)
objekty taikymo IV-V klasése mokant aritmetikos veiksmy teori-
nis pagrindimas® pateikiama mokslinés, pedagoginés, psichologinés
literataros, $vietimo dokumenty, matematikos mokymo(si) priemo-
niy analizé, kuria remiantis, atkreiptas démesys i:

o aritmetikos veiksmy mokymo(si) turinj bei metodus;

o galimybes taikyti virtualiuosius mokymo(si) objektus IV-V

klasése;

o aritmetiniy vaizdiniy formavimo(si) svarba ir badus.

1 poskyryje ,Aritmetikos veiksmy mokymas(is) Bendrosiose
programose' bei mokymo(si) priemonése“ atlikta:

« moksliniy tyrimy, pedagoginés ir psichologinés literatiiros
analizé, padéjusi atskleisti pagrindinius mokiniy matematikos
mokymo(si) sunkumus bei ju priezastis;

o Svietimo dokumenty ir matematikos vadovéliy analizé, padé-
jusi i$skirti aritmetikos veiksmy mokymo(si) svarba bei rysj
su kitomis matematikos sritimis; IV ir V klasés matematikos
mokymo(si) turinio sasajas.

Remiantis matematiniy pasiekimy pradinéje mokykloje tyrimy (Bal-
¢itnas, Kiseliova, Kiseliovas, 1998; Bal¢iinas, Merkys, 1999; Bal¢itunas,
Balcytis, 2000; Kiseliova, 2002; Kiseliova O. ir kt, 2002; Kiseliova, Kiselio-
vas, 2002, 2002 a, 2002 b; Kiseliova, Donieliené, Drozd, 2004) pagrindu,

galima teigti, kad daugumos ketvirty klasiy mokiniy skaic¢iavimo gebe-

1 Pradinio ir pagrindinio ugdymo bendrosios programos (2008).
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jimai néra blogi. Taciau penktoje klaséje, peréjus j dalykine sistema, ne-
mazai mokiniy bana uzmirSe daugybos ir dalybos veiksmy algoritmus,
sunkiai sprendzia uzduotis, kuriose jprasta aritmetikos veiksmo taisyklé
pateikta kitaip (pvz., mokiniai teisingai apskai¢iuoja, kiek bus 700 - 6 (700
-6 = ...), taciau daro klaidy, kai prasoma uzrasyti, kaip gaunama sandau-
ga 4200 (4200 = ...). Sprendziant jvairiy matematikos sri¢iy uzduotis, i$-
ryskéja mokiniy daromos skaiciavimo klaidos: skai¢iuojant formaliai pa-
teikty aritmetikos veiksmy reik$mes, visas démesys sutelkiamas tik skai-
¢iavimo operacijoms, o atliekant kitokias uzduotis aritmetikos veiksmai
yra tik tarpiniai uzduoties atlikimo etapai (pvz., kai reikia suzinoti, po
kiek laiko susitiks du keleiviai i$¢je¢ vienas prieSais kita, kai zinomas ats-
tumas ir kiekvieno greitis), todél atsiranda klaidy, rodan¢iy aritmetikos
veiksmy atlikimo bei matematinés medziagos jsisavinimo spragas. Todél,
mokant mokinijus atlikti pac¢ius paprasciausius aritmetikos veiksmus,
labai svarbu pirmiausia sudaryti tokius aritmetinius vaizdinius, kuriy
pagrindu véliau galima baty sékmingai ugdyti(is) atitinkamus gebéjimus.
Kartu reikia atkreipti démesj j tai, kad, Siems vaizdiniams formuoti(is)
nepakanka vien formalaus ai$kinimo - batina naudoti jvairias vaizdines
priemones bei mokymo(si) formas. Be vaizdinio suvokimo, kaip susidaro
atskiri skaiciy skyriai, kaip jie i$yra ir pan., mokiniai suklumpa susidare
su sudétingesniais veiksmais, didesniais skaiciais ir kt. Apie jvairiy vaiz-
diniy priemoniy, padalomosios medziagos, IKT taikyma mokant skaiciy
ir skai¢iavimy srities raSoma ir Bendrosiose programose (2008).
Dabartinj matematikos ugdymo turinj reglamentuojan¢iame
dokumente - Pradinio ir pagrindinio ugdymo bendrosiose progra-
mose (2008, p. 199, 799) aritmetikos veiksmai priskiriami Skai¢iy ir
skai¢iavimy sri¢iai. Skaiciai ir skai¢iavimai - pati svarbiausia ir savo
turinio apimtimi didziausia matematinés veiklos sritis, teikianti ypac
daug ugdymo galimybiy. Si matematikos veiklos sritis ypa¢ reiksmin-

ga ugdant mokiniy nuostatas bei bendruosius matematinius gebéji-
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mus: matematinio komunikavimo, matematinio mastymo, problemy
sprendimo (Bendrosios programos, 2008).

Bendrosiose programose (2008) i§samiai aptartas IKT integravi-
mas | jvairius mokomuosius dalykus. Tokiu budu siekiama moderni-
zuoti ir tobulinti ugdymo(si) procesa: kitaip organizuoti mokymg ir
mokymasi, kitaip pateikti mokomaja medziagg ir t. t. Integruodamas
IKT i pradinio ugdymo procesg, mokytojas gali supazindinti mokinius
su ju amziui skirtomis jvairiy dalyky mokomosiomis kompiuteriy
programomis ir edukaciniais zaidimais, tikslingai, pagal galimybes,
taikyti juos ugdymo procese. Pagrindinéje mokykloje informaciniams
ir komunikaciniams gebéjimams ugdyti skiriamas ypatingas démesys —
informaciniy technologijy mokiniy pasiekimai integruojami j kity mo-
komuyjy dalyky turinj. Svarbu, kad mokiniai ne tik gebéty konkreciai
taikyti vieng ar kitg kompiuterine technologija, bet ir jgyty esminiy
darbo kompiuteriu jgadziy, ugdytysi bendruosius ir konkrec¢iuosius
dalykinius gebéjimus, vertybines nuostatas. Siektina mokiniy gebéjimo
integruoti dalyky zinias, susiejant jas su IKT galimybémis ir pasinau-
dojant jy jvairiomis paslaugomis. Analizuojant IV-V klasés matemati-
kos mokymo(si) turinj atsizvelgta j perimamumo principa, t. y. iSanali-
zuotos IV-V klasiy matematikos turinio sgsajos skaiciy ir skai¢iavimy
srityje Bendrosiose programose (2008) bei matematikos vadovéliuose.

2 poskyryje ,,Aritmetikos veiksmy IV-V klasése mokymas(is)
aritmetiniy vaizdiniy formavimo kontekste“ atkreiptas démesys i:

o IV-V klasés mokiniy amziaus tarpsniui budingas mastymo

operacijas (Inhelder, Piaget, 1958; Piaget, 1969; Kruteckis,
1978; Butkiené, Kepalaité, 1996; Zambacevic¢iené, 2006 ir kt.).

Jaunesniojo mokyklinio amziaus vaiky labiau i$vystyta vaizdi-
né - konkreti atmintis negu vadinamoji zodiné - loginé. Jie grei¢iau
ir tvir¢iau jsimena, ilgiau islaiko atmintyje konkrecias zinias, jvykius,

asmenis, daiktus, faktus negu apibrézimus ir ai$kinimus. 7-11 mety
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vaikui dar sunku labai abstrak¢iai mastyti, jo loginis mastymas dar
néra toks abstraktus ar sudétingas kaip paauglystéje.

o Vaizdumo svarbg mokant(is) aritmetikos veiksmy (Gailiené,

Bulotaité, Sturliené, 1996; Azubalis, Kiseliovas, 2002; Sztajan,
2002; Sisul, 2002; Cesnauskiené, 2005; Kiseliova, Kiseliovas,
Drozd, 2008 ir kt.).

Aritmetikos veiksmy sitiloma pradéti mokyti pasitelkiant jvairias
vaizdines priemones. Vaikas masto vaizdziai, konkrediai, jis supranta
tai, kas vaizdu, konkretu, jam nesuprantami bei neaiskts abstraktis
samprotavimai. Mokinys gali $iuos samprotavimus i$mokti, jsiminti,
taciau nejtvirtinus vaizdumu jie bus mokiniui tusti, be turinio, min-
tinai i$kalti sakiniai (Azubalis, Kiseliovas, 2002). Vaizdumas padeda
ne tik suvokti bei suprasti matematikos faktus, bet ir jsisamoninti
tuos mastymo procesus, kurie lydi medziagos aiskinimg. Siuos proce-
sus taip pat reikia remti ir sieti su Zinomais dalykais, tada mokiniai
juos geriau supranta ir lengviau atsimena.

Jvairiems kurso skyriams naudojamos skirtingos vaizdinés prie-
monés. Mokymo(si) pradzioje mokinj labiausiai jtikina skaic¢iavimas,
vartojant nattiralius daiktus, po to — paveikslélius, piesinius, sutartines
schemas, lenteles, bréZinius. Tai ugdo mokiniy mastymga ir vaizduote.
Antra vertus, kiekvieng nauja abstraktesne vaizdumo rasj reikia taikyti
atsargiai, tinkamu laiku, neskubant. Galutinis aritmetikos mokymo(si)
uzdavinys - siekti, kad vaikai suvokty abstraktaus skai¢iaus sgvoka,
gebéty abstrakéiai skaiCiuoti ir mastyti. Siekiant $io tikslo, vaizdumas
turi lydéti pradinj darbo etapg, sgvokos formavimo procesa. Paskui
ateina momentas, kai vaizdinés priemonés uzleidzia savo vietg api-
bendrinan¢iai, abstrahuojanciai mokinio minciai. Sékmingai mokoma
aritmetikos tada, kai gebama rasti teisingg vaizdumo ir abstraktumo
santykj, gebama palaipsniui ir sklandziai pervesti mokinius i§ konkre-

taus mastymo j abstrakty. Reikia atsiminti, kad vaizdumas yra ne tiks-
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las, o tik pagalbiné priemoné, siekiant tikrojo tikslo - Ziniy sampratos,
loginio abstraktaus mastymo. Todél vaizdinés priemonés naudotinos
medziagos suvokimo bei jprasminimo etapuose, taip pat pirmyjy pra-
tyby etape, tadiau Zinias jtvirtinant, apibendrinant reikéty apsieiti be
jy, i$skyrus tuos atvejus, kai kyla kokiy nors sunkumy. Organizuojant
darba su didaktine medziaga, reikia taip apgalvoti uzduotis, kad baty
jtvirtinamos ne tik naujos, bet ir anks¢iau vaiky jgytos Zinios.

« VMO taikymo galimybes bei patirtj.

Jau pries§ kelis deSimtmecius rekomenduota pamokose bei uzkla-
sinéje veikloje taikyti technines mokymo(si) ir vaizdumo priemones —
skaidres, king, radija, televizijg (Salkuviené, 2007). Daugelis $iy tech-
niniy priemoniy vartojama ir dabar. Ta¢iau doméjimasis kai kuriomis
i$ ju labai sumenkes. Kompiuteris tampa ne tik svarbia informacijos
kaupimo, bet ir mokymo(si) priemone. IKT pagalba mokiniai puikiai
sugeba priimti greitg ir suspaustg informacija (Paxumssnosa, 2005).

I$naudojant visas IKT bei auk$c¢iau minéty priemoniy galimybes,
galima sukurti jdomius, mokiniams patrauklius mokymo(si) objektus.
Pamoka tampa naujoviskesné, patrauklesné, suprantamesné ir vaiz-
desné (Dexter, 2000; Baxter, Woodward, Olson, Robyns, 2002; Corwin,
2002; House, 2002; Kessler, 2002; Klaos, 2003; Kazeine, 2004).

Vienas i$ efektyviausiy bady IKT diegimo ugdymo procese yra
interaktyviy modeliy ir dinaminiy trumpy pranesimy - prezentacijy,
arba, kaip dabar priimta vadinti - virtualiyjy mokymo(si) objekty
(VMO), vartojimas. Cia priskiriamos ir demonstravimo programos,
imitavimo, eksperimentavimo, modeliavimo, pratyby ir kontrolés
programos, elektroniniai vadovéliai ir mokomieji zaidimai (Informa-
ciniy komunikaciniy technologijy taikymo ugdymo procese galimy-
bés. Rekomendacijos mokytojui, 2005).

Todél, remdamiesi Bendryjy programy (2008) rekomendaci-

jomis j ugdymo procesa integruoti IKT bei atsizvelgdami | jvairiy



techniniy mokymo ir vaizdumo priemoniy taikymo patirtj (Braz-
deikis, 1999; Dolk, Den Hertog, Gravemeijer, 2002; Dziedzic, 2002;
Eith, 2002; Essex, Lambdin, McGraw, 2002; Meyer, 2002; Sarama,
Clements, 2002; Laughbaum, 2003; McNeal, Ji, 2003; Watanabe,
2003; Kvieskiené, 2004; Darling-Hammond, Bransford, 2005; In-
formaciniy komunikaciniy technologijy taikymo ugdymo procese
galimybés, 2005; fctpebos, Axymmna, 2006; Inovatyviy mokymosi
metody ir IKT taikymas, 2007; Salkuvieneé, 2007), sialome pasi-
telkti kompiuterines programas, ne tik iliustruojancias tam tikra
aritmetikos veiksmy atlikimo seka, bet ir padedancias susidaryti
reikiamus vaizdinius. Tac¢iau, atlikta kompiuteriniy mokymo(si)
priemoniy analizé (Salkuviené, 2006), leidZia teigti, kad visos
priemoneés, skirtos aritmetikos veiksmy mokymui(si), tinkamos
formaliam gebéjimy ugdymui(si), bet ne vaizdiniy sudarymui. To-
deél, siekdami i$naudoti $iuo metu esancias galimybes mokiniams
sudominti matematika, parodyti, kad galima rasti jvairiy matema-
tikos mokymo(si) budy, atkreiptas démesys j multiplikacija arba,
kaip dabar priimta sakyti — animacijg. Tuo tikslu buvo i$analizuoti
moksliniai tyrimai, $§vietimo dokumentai bei praktiné patirtis $ioje
srityje (Asmumos, lllykun, 1999; Dexter, 2000; KpacnoBa, benses,
Conosos, 2001; Prendinger & Ishizuka, 2001; SIxoBnesa, 2002; Mer-
rill, 2003; Znotina, 2003; Kazeine, 2004; Mmyx, Haru6una, 2005;
PaxnmssaHoBa, 2005; CrebyHoBa, 2005; CemeHoB, Pyguenko, 2006;
Scrpebos, Akyunua, 2006; Inovatyviy mokymo metody ir IKT tai-
kymas, 2007 ir kt.).

Pirmasis VMO, skirty aritmetiniy vaizdiniy formavimui, va-
riantas buvo parengtas remiantis teorinémis prielaidomis, véliau
tobulinamas atsizvelgiant i Lietuvos bendrojo lavinimo mokyklos
pradiniy klasiy bei matematikos mokytojy nuomone bei pasitly-

mus. Placiau apie tai kalbama antrame disertacinio darbo skyriuje.
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Antrajame skyriuje ,,Virtualiyjy mokymo(si) objekty taikymo
IV-V klasése mokant aritmetikos veiksmy tyrimo metodologija“
pristatomi pagrindiniai pozitriai bei koncepcijos, kuriomis remtasi
atliekant tyrima, apibadinami taikyti metodai, apraSomi empirinio
tyrimo etapai, pateikiama tyrimo rezultaty analizé.

1 poskyris ,, Tyrimo metodologija“. Disertaciniame darbe remtasi:

o Pragmatine ugdymo filosofija. Pragmatikams Zmogaus gyveni-
mo esmé yra veikla. Remiantis $§iuo pozitriu, pabréziama, kad
tradicinius poreikius ir galimybes tenka keisti atsizvelgiant j
laikmecio reikalavimus, kaip ir nuostatas. Kita vertus, teigia-
ma, kad gyvenimo logika nesutampa su mokslo logika, todél
aktyvus ugdymo turinys turi bati integruotas ir grindziamas
ugdytiniy poreikiais (Ozmon, Craver, 1996). Taigi, pragmatinio
ugdymo paskirtis apibadinama kaip individo dabartinio gy-
venimo ir veiklos organizavimas, siekiant jgyti gyvenimiskos
patirties (Veckiené, Masaityté, 2003). Siandien pabréziamas
turinio ir metodo ,kas“ ir ,kaip“ sgveikumas, glaudus sary-
$ingumas. Technologija, kuri priskirtina ,kaip“ veiklos sri¢iai,
$iandien vis labiau naudojasi naujoviskais technikos isradimais,
kurie veikia ne vien darbo metodus, bet ir mgstymo buada, o
nuo to labai priklauso ir mgstymo turinys, net mastymo kryp-
tis (Luksiené, 2000).

o Realistine filosofija, kurios esmé — teikti ugdytiniui baziniy ir
esminiy pasaulio pazinimo Ziniy; lavinti mokiniy racionalias ga-
lias, nes jos — gero gyvenimo laidas; ugdant sukurti nauja realybe:
naujus jgadzius, gebéjimus, kokybe ir t. t.

Svarbiausi $ios filosofijos krypties ugdymo principai: fakty suvo-
kimas, sutvarkymas, ziniy klasifikavimas, kritiskas mastymas,
pasireiskiantis stebéjimu ir praktine veikla / eksperimentavimu;

mokymas - dziaugsmingas ir praktiskas, nes zaidimai padeda is-
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vengti mokymosi monotonijos, never¢ia mokiniy daryti daugiau,
negu jie yra pasiruose; kompiuterinés technikos taikymas padeda
garantuoti mokymo organizuotuma (Ozmon, Craver, 1996).
Konstruktyvistiniu poZiiriu, akcentuojanciu, kad mokymasis
yra aktyvus ir konstruktyvus procesas. Mokytojas planuoja,
organizuoja, kuria ir vertina salygas, vadovauja mokiniams ir
ripinasi jy mokymo(si) motyvacija, padeda mokiniams adap-
tuotis taip, kad nauja patirtis jsikomponuoty i jy Zinojima.
Kiekvieno mokinio ziniy ir patirties rezultatas — individuali
konstrukcija. Besimokantieji néra pasyvus informacijos gavé-
jai, jie aktyviai kuria savo Zinias ir jgidzius, remdamiesi jau
turimomis - tiek formaliomis, tiek neformaliomis - Zinio-
mis, sgveikaudami su aplinka (Novak, 1998). Besimokantieji
aktyviai kuria Zinias, siedami jas ir remdamiesi jau turima
patirtimi. Mokymasis turi skatinti mastymo, jausmy ir veiklos
integracija (Juceviciené, Tautkeviciené, 2004).

Humanistine pedagogika ir filosofija, akcentuojancia akty-
viuosius mokymo(si) metodus, probleminj mokyma, viso mo-
kyklos mikroklimato humanizavima, pradedant mokytojo -
mokinio ir baigiant administracijos - mokytojo santykiais
(Luksiené, 2000).

Didaktinés kompetencijos koncepcija (Jucevi¢iené, 1997; Ciuzas,
Juceviciené, 2006), kuri traktuojama kaip mokytojo Zinios, ge-
béjimai, poziriai, vertybés, kitos asmens savybés, lemiancios
efektyvig mokymo(si) veikla (Ciuzas, 2007).

Sisteminiu poZitiriu — pedagogine tiksly, turinio, priemoniy,
metody ir formy visuma, kaip spresti problema ar atlikti darbg,
atsizvelgiant j pedagogu ir ugdytiniy savybes ir situacija (Jovai-
$a, 2007). Mokymasis yra socialinis vyksmas, kurj veikia anks-

tesni gebéjimai ir naujos mokymosi patirties saveika.
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2 poskyryje ,Empirinio tyrimo charakteristika® pristatyti
etiniai tyrimo principai, apra$yti empirinio tyrimo etapai, jy tikslai,
imtis bei taikyti metodai (5 lentelé).

Planuojant tyrima buvo atsizvelgta | metodologinéje literatiiroje
(Kardelis, 2002; Silverman, 2002; Bitinas, 2006; Zydzitinaité, 2007; ir
kt.) nurodytus pagrindinius etikos principus: teis¢ buti nepazeistam,
teise nebtti iSnaudojamam, tyrimo naudinguma, konfidencialuma, sa-
vanori$kuma, geranoriskuma.

Imtis. Empirinio socialinio tyrimo metodologiniy charakteristi-
ky tyrimo rezultaty patikimumui ir tikslumui didele jtaka daro im-
ties parinkimas (Ocumos, 1983; Bortz, 1993; Merkys, 1995; Kardelis,
1997, 2002; Bitinas, 1974, 1998; Charles, 1999; Kiseliova, Kiseliovas,
2004 ir kt.). Siekiant i$vengti tyrimo klaidy, tikslinga operuoti didelés
apimties atsitiktinémis imtimis (Kiseliova, 2002). Taciau realioje tyri-
my praktikoje daznai atsitiktinés imties normy realizuoti nejmanoma
dél objektyviy, nuo tyréjo valios nepriklausanciy aplinkybiy. Alterna-
tyvis imciy sudarymo metodai plac¢iai apradyti specialioje metodo-
loginéje literataroje (Merkys, 1995; Kardelis, 1997, 2002; VanVoorhis,
Morgan, 2006 ir kt.). Imties atrinkimo pagrindas - teorinis. Atsizvel-
gus j ankety klausimy ir teiginiy kryptis, ankety kokybés tikrinimo
sociologiniy pozymiy atzvilgiu imtys yra pakankamai reprezentaty-
vios (Krauth, 1995; Kiseliova, Kiseliovas, 2004).

Atliekant apklausg, mokytojams buvo pristatytas tyrimo tikslas,
rezultaty sklaidos badai bei garantuojamas anonimiskumas. Nurodo-
ma informacija apie tyréja: vardas, pavardé, kontaktiné informacija.
Pateiktos trumpos instrukcijos apie ankety pildyma. Atliekant testa-
vimg su mokiniais, buvo praoma tévy, mokinio ir mokytojo sutiki-
my dalyvauti tyrime.

Anketavimo ir testavimo rezultatai buvo koduojami taikant stan-

dartizuotas kodavimo instrukcijas, sudarant kompiuterine testavimo
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duomeny matricg. Duomeny kodavimo ir perkélimo procediiry pati-

kimumui jvertinti pakartotinai perkoduota ir suvesta 5% atsitiktinai

atrinkty ankety. Kodavimo klaidy skaic¢ius nevirsijo 0,18%.

Skai¢iavimai atlikti taikant specializuotus statistiniy kompiuteri-
niy programy paketus PAULA (Bitinas, 1998), SPSS (Biihl, Zofel, 1996),

lentelés ir grafikai sukurti naudojantis bendrosiomis rengyklémis.

Empirinio tyrimo charakteristika

5 lentelé

Tikslai

Imtis

Metodai

Statistiniai me-
todai

I etapas (2005 m.) Pradinis VMO vertinimas

Kadangi pirminiai VMO
variantai buvo rengti
remiantis teoriniu pa-
grindu, $io etapo tikslas
buvo i8siaiskinti atskiry
VMO elementy kiirimo
ir tobulinimo kryptis,
temas, mokytojy pa-
geidavimus, pasialy-
mus bei VMO taikymo
galimybes, ypatybes,
pagristi jy tikslinguma
bei reik§mingumga

Apklausta 100 jvai-
raus amziaus, kva-
lifikacijos bei skir-
tingo pedagoginio
darbo patirties
tu-rinc¢iy mokytojy

Anketavimas

II etapas (2005 m.)

Ekspertinis VMO vertinimas

Siekta i$siaiskinti pe-
dagogy nuomong apie
pedagoginiame eks-
perimente rengiamus
taikyti VMO. Mokytojai
turéjo galimybe praktis-
kai susipazinti su VMO,
pabandyti taikyti juos
savo pamokose

VMO vertino (eks-
pertavo) 37 pradi-
nés ir pagrindines
mokyklos mate-
matikos mokytojai
(19 pradinés ir 18
pagrindinés moky-
klos matematikos
mokytojy)

Anketavimas

Taikyti Spirmeno

(Spearman) rangi-

nés koreliacijos ko-

eficientas, chi kva-
drato (Chi-Square)
pozymiy nepriklau-
somumo kriterijus

(Cekanavitiusirkt.,

2002).

Naudoti $ie statisti-

niy kriterijy reiks-

mingumo lygmenys

(Bitinas, 1998):

o p>0,05-skirtu-
mas statisti$kai
nereik§mingas;

o p<0,05-skirtu-
mas statisti$kai
reik§mingas;

« p<0,01-skirtu-
mas esminis;

o p<0,001 - skir-
tumas labai rys-
kus
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5 lentelés tesinys

III etapas (2008 m.) VMO taikymo veiksmingumo ver-
tinimas
Siekta jvertinti VMO | I$skirianthomoge- | Testavimas Homogeniskoms
veiksmingumg aritme- | niSkas klases daly- | (mokiniams) |klaséms i$skirti
tikos veiksmy atlikimo | vavo 839 mokiniai, | Diskusija taikyti ANOVA ir
gebéjimams bei empiris- | i jy 98 mokiniai | (mokytojams) | DUNKAN metodai.
kai pagristi pagrindinius | ir 6 mokytojai (46 Skirstiniy normalu-
virtualiyjy mokymo(si) | mokiniai kontroli- mui tarp kontroli-
objekty, skirty mokyti | nés ir 52 eksperti- niyir eksperimenti-
aritmetikos veiksmy | nésklasés) dalyva- niy klasiy nustatyti
IV-Vklasése, sudarymo | vo pedagoginiame taikytas Kolmogo-
principus eksperimente rovo—Smirnovo kri-
terijus.
Tiriamyjy rezulta-
tams i$skirti, taiky-
ti ANOVA ir DUN-
KAN metodai

Atliekant pradinj VMO? vertinimg, anketavimas vykdytas 2005 m.
balandzio mén. Mokytojams buvo pristatyti keli VMO, skirti aritmeti-
niy vaizdiniy formavimui. Po to buvo pateikta 18 punkty uzdaro tipo
anketa. Demografinis blokas apima 9 punktus (respondenty amzius;
i$silavinimas; lytis; baigta mokykla; pedagoginio darbo stazas; kvalifi-
kaciné kategorija; darbo vieta; mokykla, kurioje dirba ir klasé, su kuria
dirba). Antrojo bloko klausimais stengtasi i$siaiskinti, ar mokytojai jau
susipazine su VMO esme, kitomis virtualiomis mokymo(si) priemoné-
mis ir kokig nuomong jie susidaré apie $ios rasies priemones. Trecioji
anketos dalis skirta mokytoju nuomonei apie pateikta VMO nustatyti.
Sios dalies klausimais siekta i$siaigkinti VMO trikumus ir privalumus.

II etape, atliekant VMO ekspertinj vertinimg, keliose miesto ir ra-

jono mokyklose matematikos pamokose buvo taikomi VMO, siekiant

2 Anketoje VMO jvardijamas, kaip jgarsinta dinaminio vaizdumo priemoné (JDVP),
kad tiriamieji tiksliau suvokty objekta.
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issiaiskinti pasitaikancius nesklandumus, atliekant jvairius koregavi-
mus. Tuo tikslu vykdytas anketavimas.

IT ir IIT etapy metu i$skirti pagrindiniai VMO aritmetikos veiks-
my atlikimo gebéjimams ugdyti(s) bei formuoti(s) aritmetinius vaiz-
dinius sudarymo principai.

VMO taikymo veiksmingumui jvertinti bei pagrindiniams virtu-
aliyjy mokymo(si) objekty, skirty mokyti aritmetikos veiksmy IV-V
klasése, sudarymo principams pagrjsti 2008 m. sausio-balandzio
ménesiais atliktas pedagoginis eksperimentas. Remiantis TIMSS
pradinés matematikos testais (TIMSS 1995, TIMSS 2003), buvo pa-
rengtas matematiniy gebéjimy testas. Sausio mén. jvairiose Lietuvos
mokyklose testuoti 839° ketvirtokai. Testo rezultatai leido i§skirti
homogenisky klasiy grupes. Su viena tokia grupe (eksperimentinéje
grupéje buvo 52 mokiniai i$§ dviejy miesto ir vienos rajono mokyklos;
kontrolinéje grupéje — 46 mokiniai i§ dviejy miesto ir vienos rajono
mokyklos) vasario—balandzio ménesiais atliktas VMO taikymo povei-
kio mokiniy aritmetikos veiksmy atlikimo gebéjimams vertinimas.
Pedagoginiame eksperimente taikyto testo uzduociy klasifikacija
tematikos turinio aspektu atitinka Bendryjy programy ir i$silavini-
mo standarty (2003) reikalavimus. Testo uzduodiy turinys ir forma
pasirinkti orientuojantis j IV-V klasés matematikos vadovéliuose bei
mokytojy dazniausiai naudojamoje papildomoje matematikos didak-
tinéje medziagoje pateikty uzduociy tipus.

Analizuojant pedagoginio eksperimento testy rezultatus, disku-
sijy su eksperimente dalyvavusiais mokytojais metu siekta empiriskai

pagristi pagrindinius VMO, skirty mokyti aritmetikos veiksmy IV-V

3 Remiantis Lietuvos Svietimo ir mokslo ministerijos duomenimis (2010), 2008 m.
Lietuvos bendrojo lavinimo mokyklos IV klasése vidutiniskai mokeési 30 000 mo-
kiniy. Imties taris paskaiciuotas pagal K. Kardelio (2002) pateiktas lenteles ir for-
mules, kur N - generaliné aibé, A - paklaidos dydis (5 proc.), n — imtis: n =1/ (A* +
1/N). Remiantis $iais skai¢iavimais, imties dydis turéty buti apie 395 mokinius.
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klasése, sudarymo principus, i$siaiskinti VMO taikymo poveiki;
analizuota ir apibendrinta mokytojy jgyta patirtis, dalykiniai ir meto-
diniai pastebéjimai. I$skirti taikymo efektyvuma lemiantys veiksniai.
Diskusijy turinys jrasytas diktofonu. Véliau sakytiniai tekstai buvo
pakeisti rasytiniais variantais, kad baty galima tinkamai cituoti darbe.

Treciajame skyriuje ,,Virtualiyjy mokymo(si) objekty taikymo
IV-V klasése ugdant aritmetikos veiksmy atlikimo gebéjimus empiri-
nis tyrimas“ pristatyti empirinio tyrimo rezultatai bei jy analizé.

1 poskyryje ,VMO realizavimo pradinis vertinimas® pristatyti
mokytojy apklausos apie pirminius (sukurtus remiantis teorinémis
prielaidomis) VMO, numatomus taikyti pedagoginiame eksperimen-
te, rezultatai. Atsizvelgiant j juos, VMO buvo patobulinti ir pateikti
ekspertiniam jvertinimui.

2 poskyryje ,VMO ekspertinis jvertinimas®“ pateikiami apklausos
rezultatai, kurie parodé, kad parengtieji VMO i§ esmés atitinka mo-
kytojy poreikius, kuriy pagrindas, be abejo, — vaiky poreikiai bei gali-
mybés. Apklausoje dalyvavusiy pedagogy i$sakyti pagrindiniai VMO
taikymo, mokant aritmetikos, privalumai bei trakumai pateikti 7 ir 8

lentelése.

7 lentelé
Respondenty jvardyty galimy privalumy, vartojant pateikta VMO,

vertinimo skirstinys %

Visi$kai|Sutin-|Nezi-Nesu-|Visiskai

Atsakymy formuluotés sutinku |ku nau (tinku |nesutinku

1. |Palengvina temos suvokimag 72,97 | 27,03 - - -

Tenkina vaiko norg eksperimen-

. 51,35 | 40,54 | 8,11 - -
tuoti

Ugdo mokiniy skaic¢iavimo ge-

o 54,05 | 45,95 - - -
béjimams
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7 lentelés tesinys

4 Ugdo algoritminj, loginj, kritinj 524 | 5135 | 270 | 270 ~
mgstyma

5. |Padedajveikti matematikos baime¢| 59,46 | 27,03 | 10,81 | 2,70 -

6. |Gcriau atskleidZia dalyko esme) 50 | 5704 | 579 | 2,70
nei statinés priemoneés

7 kaa. mokiniy savaranki$kam 2973 | 5676 | 541 | 8.11 ~
darbui

8. |Skatina karybiskuma 27,03 | 4595 | 18,92 | 8,11 -

9. Skatlna.mokmlq doméjimasi 5135 |4865| - ~ ~
matematika

10. |Padeda formuoti vaizdinius 64,86 | 3514 | - - -

" qu? mokiniy informacinius 5405 |4595| - B ~
gebéjimus

1, [Priemone geriauvartotipopamo-| o | )45y | 243 | 4304 | 541
kinéje veikloje

8 lentelé

Respondenty jvardyty galimy trukdziy, vartojant pateikta VMO, vertinimo

skirstinys %

Atsakymu turinys Visiskai|Sutin-|Nezi-|Nesu-| Visiskai
ymy Y sutinku| ku | nau [tinku|nesutinku

1, [Mokyklos vadovy abejingumas ir) 5 )| 50 1oy 5503043 243
nenoras padéti

2. |[rangos trakumas 54,05 | 35,14 | - 8,11 2,70

3. Vartojant prlen.mne; sugaiStama B 10,81 | 1892 | 51,35 18.92
daug pamokos laiko

" Sugalsta.ma daug laiko ruosiantis| 270 |16.22] 5046 | 2162
pamokai

5 D.ar.bas su $ia priemone blasko mo-| 270 |10.81 6486 2162
kiniy démesj

6. NorlntvartoFlpr1.en‘{01_1§,vr.e1k1a gery 13,51 54,05 | 2.70 | 27,03 2.70
darbo kompiuteriu jgadziy
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Remiantis ekspertinio VMO vertinimo rezultatais buvo paruosti
VMO taikyti pedagoginiame eksperimente.

3 poskyryje ,VMO taikymo poveikio jvertinimas“ pristatomi
pedagoginio eksperimento organizavimo etapai bei rezultatai ir jy
analizé. Pristatomas VMO taikymo mokant aritmetikos veiksmy
IV-V klaséje planas.

Eksperimentiniy ir kontroliniy klasiy atranka. Siekiant, kad
eksperimente dalyvauty mokiniai, turintys mazdaug vienodus mate-
matinius gebéjimus, 839 mokiniams buvo pateiktas matematikos pa-
siekimy testas, pagal kurio rezultatus buvo atrinktos 6 homogeniskos
klasés (98 mokiniai).

Pateikiamos uzduociy, sudaranéiy matematikos pasiekimy testa
diagnostinés kokybés skaitinés charakteristikos: sunkumo indeksas,
standartinis nuokrypis, koreliacijos su testu koeficientas, rysio su hi-
potetiniais matematikos pasiekimais jvertis 7; .

Pedagoginis eksperimentas. Remiantis Bendrosiose programose
(2008) nubrézta mokymo(si) turinio apimtimi, pagal veiklos sritis
jvardytais pasiekimais bei gebéjimy apibréztimis, eksperimento metu
numatyta jvertinti mokymo procese taikyty VMO jtaka $iems arit-
metikos veiksmy atlikimo gebéjimams efektyvinti:

1. Atlikti veiksmus su nattraliaisiais skaiciais, pasirenkant tin-
kamg veiksmg ir skai¢iavimo budg, taikant tinkamus aritme-
tikos veiksmy komponenty pavadinimus.

2. Apskaiciuoti paprasty skaitiniy reiskiniy ar dydziy skaitines
reik$mes.

3. Lyginti vienodo tipo skaicius, jrasant tarp juy simbolius - dau-
giau, maziau, lygu.

4. ] paprasciausig lygtj jrasyti skaiciy ir patikrinti, ar gautoji ly-
gybé yra teisinga.
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5. Nurodyti / nustatyti nataraliuosius skaicius, esan¢ius aréiau-
siai duotojo skaiciaus, ar sutvarkyti nurodyta kryptimi duota
skaiciy sekg.

6. Atlikti skaic¢iy daliy radimo uzduotis.

I$vardytiems gebéjimams jvertinti, kai mokoma(si) tradiciniu
badu ir taikant VMO, buvo taikytas testas. Testo reliabilumg (pati-
kimumga) uztikrina j dvi dalis suskaidytos uzduociy aibés aukstas
tapatumas — dideli tiesinés koreliacijos su Spearman - Browno pataisa
ir Gutmano koreliacijos koeficientai: Crombach Alpha = 0,90, Spear-
man - Brown = 0,45, Guttman Split-half = 0,43. Atlikto tyrimo duo-
menys rodo auksty testo viding konsistencija bei matavimo prietaiso
(testo) reliabilumg (patikimuma).

Po pedagoginio eksperimento nustatytas ryskus matematiniy
skai¢iavimy pasiekimy statistinis skirtumas tarp kontroliniy ir eks-
perimentiniy klasiy. Eksperimentiniy klasiy mokiniy skai¢iavimo re-
zultatai auks$tesni. Geriausi skai¢iavimo pasiekimai eksperimentinése
klasése i$ ,,Skaiciy sekos® (14,62%), o kontrolinése klasése i§ ,, Lygybiy
ir nelygybiy“ (4,56%) sri¢iy. Maziausi — eksperimentinése klasése
(9,07%) i$ ,,Aritmetikos veiksmy komponenty nustatymo® srities, o
kontrolinése klasése i§ ,, Aritmetikos veiksmy komponenty nustaty-

mo“ srities fiksuotas — 1,27% pablogéjimas.
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ISVADOS

1. Bendryjy programy (2008) ir matematikos vadovéliy* IV-V

klaséms analizé atskleidé, kad svarbiausias aritmetikos veiksmy
mokymo(si) pradinéje ir pagrindinéje mokykloje tikslas — su-
teikti mokiniams ziniy apie skaicius bei matus, formuoti, gilinti
ir plésti praktinius gebéjimus, teorines Zinias taikyti gyvenime.
Kartu siekiama ir kity tiksly: ugdyti loginj, kritinj, karybinj
mastyma, vystyti mokéjima kelti ir skaidyti klausimus, gebéji-
ma nuosekliai samprotauti, nuovoka, kaip i$ keliy galimy pro-

blemos sprendimo varianty pasirinkti tinkamiausig.

. Atlikta mokslinés literataros analizé leidZia teigti, kad, Lietu-

voje kuriamos palankios salygos virtualiesiems mokymo(si)

objektams taikyti IV-V klasése, mokant aritmetikos veiksmuy:

o telkiami Zmogiskieji istekliai: mokytojai supranta kompiu-
terinio rastingumo svarbag $iuolaikinés mokyklos konteks-
te, ripinasi $iy gebéjimy gilinimu ir tobulinimu, siekia juos
realizuoti pamokose;

o pradiniy klasiy ir V klasése dirbantys matematikos mo-
kytojai supranta matematinio rastingumo svarba mokinio
asmenybei formuotis (mokoma loginés kultaros pagrindu;
lavinama vaizduoté; formuojamos teorinés nuostatos, ku-
rios siejamos su pastangomis, ie$kojimais, bendradarbia-
vimu, sgziningumu ir atkaklumu). Todél mokytojai suin-

teresuoti matematikos, jskaitant ir aritmetikg, mokymo(si)

4 Cibulskaité N., Strickiené M. (2001). Matematika ir pasaulis: vadovélis 5 klasei.
Kiseliova D., Kiseliovas A. (2000). Matematikos pasaulyje. Vadovélis ketvirtai klasei.
Pirmoji knyga.

Kiseliova D., Kiseliovas A. (2000). Matematikos pasaulyje. Vadovélis ketvirtai klasei.
Antroji knyga.
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rezultaty gerinimu, taikant virtualiuosius mokymo(si)
objektus;

mokyklos pagal galimybes apsirGpinusios priemonémis
(materialieji i$tekliai) virtualiesiems mokymo(si) objek-
tams naudoti mokymo(si) procese. Tadiau stokojama
virtualiyjy mokymo(si) objekty, skatinanéiy aritmetiniy

vaizdiniy formavima(si).

3. Remiantis disertaciniame darbe atskleistomis teorinémis prie-

laidomis bei empirinio tyrimo I ir II etapo rezultaty analize,

galima i$skirti Siuos VMO, skirty aritmetikos veiksmy atliki-

mo gebéjimams ugdyti(s), sudarymo principus:

prieinamumas - VMO turi bati parengti taip, kad bet kuris
vartotojas (mokytojas ar mokinys) juos galéty laisvai nau-
doti be ypatingy darbo kompiuteriu jgadziy, animacijos
turi bati paprastos ir suprantamos;

perimamumas - formuojant mokiniy gebéjimus V klaséje
remiamasi anksciau, IV klaséje jgyta jy mokymo(si) patirtimi;
nuoseklumas - informacija pateikiama pradedant paprastai
ir lengvai suprantamais pavyzdziais, nuosekliai einant prie
sunkesniy, reikalaujanciy daugiau Ziniy bei tvirty gebéjimuy;
vaizdumas - aiskus, konkretus medziagos demonstravi-
mas, padedantis formuoti(s) reikiamus vaizdinius, paleng-
vinantis medziagos ai$kinima, jsisavinimg ir panaudojima
matematinéje veikloje;

dinamiskumas - laiko faktoriaus reik§mé ir jtaka mokymo(si)
procese; analizuojant kiekvieng VMO uzduoti, turi buti gali-
mybé reikiamoje vietoje ja sustabdyti, perzitréti i§ naujo,
priklausomai nuo aplinkybiy jjungti ar i§jungti garsa;
emocionalumas — patrauklas, jdomas mokomosios veiklos

pasirei$kimai, darantys emocinj poveikj mokiniams, gali
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buti viena i§ priezasciy savarankiskos paskatos ,,asmenis-
kai dalyvauti“ animacijoje arba stebéti ir analizuoti jos
eiga. Didaktiné $io teiginio prasmé — animacijos jdomumas
ir emocionalumas Zymiai sustiprina pazintinj susidoméji-
ma mokymusi ir dalyvavimg jame.

4. Atlikto pedagoginio eksperimento rezultatai patvirtino, kad
virtualiyjy mokymo(si) objekty taikymas turi jtakos mokiniy
gebéjimams: visose matematinés veiklos srityse — eksperimento
dalyviy pasiekimai buvo statisti$kai reik§mingai aukstesni:
didZiausi poky¢iai, lyginant su eksperimentine grupe, buvo skai-
¢iy sekos uzraSymo (11,34%) ir skaiciaus dalies / daliy (10,70%)
radimo temose, kiek mazesni - aritmetikos veiksmy atliki-
mo (9,07%) ir aritmetikos veiksmy komponenty nustatymo
(9,07%) temose, o maziausi pokyciai uzfiksuoti is lygciy spren-
dimo (7,92%) bei lygybiy ir nelygybiy rasymo (6,18%) temy.

5. Mokiniy pasiekimams jtakos turi ne tik pats VMO taikymo/
netaikymo faktas, bet ir mokytojo vidiné pozicija jy atzvilgiu,
jo pedagoginés veiklos stilius, atsakomybé uz mokymo koky-
be. Virtualieji mokymo(si) objektai, orientuoti j aritmetiniy
vaizdiniy formavima ne tik padeda gilinti bei plésti Zinias, bet

ir efektyvina mokiniy gebéjima atlikti aritmetikos veiksmus.
Disertacijos ginamieji teiginiai pasitvirtino:

1. Tinkamai suformuoti aritmetiniai vaizdiniai padeda moki-
niams ugdyti(s) gebéjima atlikti aritmetikos veiksmus. Lietu-
vos pradinés ir pagrindinés mokyklos edukacinéje aplinkoje
yra pakankamai virtualiyjy mokymo(si) objekty, skirty IV-V
klasiy mokiniams treniruotis be klaidy atlikti aritmetikos

veiksmus, taciau esama poreikio j virtualigjg aplinkg perkel-



ti ir tokias vaizdumo priemones, kurios padéty mokiniams
formuot(is) tinkamus aritmetinius vaizdinius.

. Virtualieji mokymo(si) objektai, skatinantys aritmetiniy vaiz-
diniy formavima(si), sudaromi remiantis klasikiniais didak-
tiniais principais: prieinamumo, perimamumo, nuoseklumo,
vaizdumo, dinamiskumo, emocionalumo.

. Virtualieji mokymo(si) objektai, skirti aritmetiniy vaizdiniy
formavimui(si), jgalina mokinius veiksmingiau ugdyti(s) gebé-

jimga atlikti aritmetikos veiksmus.
REKOMENDACIJOS

. Pedagogus rengiancioms institucijoms. Daugiau démesio skirti
basimy mokytojy kompiuteriniam rastingumui tobulinti bei
didaktiniy gebéjimy ugdymo procese integruoti IKT j jvairiy
dalyky mokyma puoseléjimui.

. Testinio profesinio mokymo(si) institucijoms. Kvalifikacijos ké-
limo programose numatyti kursy / temy mokytojy darbui su
IKT bei VMO taikymui ugdymo procese tobulinti.

. Svietimo skyriy / mokykly vadovams. Daugiau démesio skirti
mokytojy kompetencijoms naudoti IKT bei VMO ugdymo
procese: ne visi pedagogai dalyvauja kompiuterinio rastingu-
mo kursuose, labai mazas jy skai¢ius nuolatos tobulina savo
informacine ir technologine kvalifikacija.

Itin svarbu kiekvienoje mokykloje suformuoti pakankama
techninés ir programinés jrangos baze, leidziandig sudaryti
vienodas salygas visiems mokiniams gilinti savo kompiuterinj
rastinguma bei ugdymo procese naudotis VMO.

. Svietimo ir mokslo ministerijos Mokslo ir technologijy depar-

tamentui. Telkti Lietuvos mokslininkus ir mokytojus — prak-
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tikus kurti VMO mokymo(si) procesui efektyvinti ir optimi-

zuoti, skleisti $ios srities geraja patirt] ir pan.

Tolesniy moksliniy tyrimy kryptys:
o VMA taikymo pradinéje mokykloje empirinis pagrindimas.
« IKT poveikis pedagogy darbo sanaudoms ir kokybei.
o Mokymo(si) proceso efektyvinimas ir optimizavimas tai-
kant VMO, skirtus vaizdiniy formavimui.

« VMO taikymas mokiniy ugdymui namuose organizuoti.
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