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The article discusses the topic of computer visasibn of the
educational contents of natural sciences subjegghé at primary
level, i.e. from the first to the fourth grade oiihpary school. The

need to visualise logical causality in the contesfteatural sciences
Is a result of several years of teaching experigmoing that while a
pupil might be able to describe facts and processemtural
sciences, it does not necessarily mean he/she stoderthe
mechanism behind these facts and processes. mittus of pupils
the facts are often out of context and causaliber&fore, the solution
to the missing causality of the learning contentfdal structure
could be a computer visualisation of the learningtents.
Visualisation is a graphic (visual) representatioina group of key
logical areas/terms and their interconnection. Bhictural
components used for primary school pupils are ¢fiewing: word
maps, orientation graphs, structure grams, develapysequence
diagrams, Venn diagrams, tables and graphs. Thelaralso
presents an innovative system of teaching natwiehses to primary
school pupils, which has been proposed and expetatig tested in
the practice over several years. The main reasoddégelopment of
this system was to innovate the existing well-fonoig and
methodologically detailed traditional system ofdie#g, rather than
replacing it. Our intention was to show new pogdgibs of the
innovation systems extending the boundaries afr#ational ones.
Such a symbiosis builds on positive sides of hattems while
limiting or completely excluding the negative orEse final part of
the articles presents the results of educationpkexnent carried out
in the last school year. The experiment testedfeness of applying
computer visualisation to the process of learnieglasition of the
educational contents of the natural sciences imgary school pupils.

Keywords: computer visualization of the system of the logical

structure of curriculum, natural science, primasfaol, pedagogical
experiment
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The article deals with the issue of computer vigaéibn of the system of
the logical structure of natural science curriculfon pupils of younger
school age attending primary level of educatiaom, from the 1st to the 4th
grade of primary school.

The need to visualize logical causality in the eots of natural sciences
is a result of several years of teaching experigmoging that while a pupil
might be able to describe facts and processestofataciences, it does not
necessarily mean he/she understood the mechanisimdbénese facts and
processesin the minds of pupils the facts are often out ohtext and
causality. Therefore, the solution to the missimgisality of the learning
contents logical structure could be a computeraligation of the learning
contents.

Logical structure of the curriculum

Under the visualization of the system of the lob&taucture of curriculum,
we understand a graphic representation (visualeptagon) of a set of
logical key points in the curriculum and the logidiaks between them
(Bernatova, 2001).

We encounter with the issue of the logical struetfr curriculum and its
impact on learning in theoretical and experimetgakl in Bruner (1965)
and in application level in Satalov (1987). In tila to the technological
context, the system of the logical structure oficutum can be visualized in
two forms:

a) the traditional graphic form, for example, the diraywon a
blackboard, wall painting, compositional slide, #pplication on
a magnetic wall, slides, etc.;

b) the form of a virtual computer-based presentaticthe software-
type Power Point, Flash and others (Bernatova, 2002

We will deal with virtual (multimedia) visualizatio of the logical
structure of curriculum and its possible applicasiin education in details in
the following part of the article.

Computer visualization

Dominant context of the application of computehtemlogy (brings specific
aspects into the education, which can be also astak visualization of the
system of the logical structure of curriculum) ésmsummarized as:

v multimedia, which mainly facilitate the visual aadditory
imagination of the phenomenon, which shortensebening
process;

v' the possibility of animation and simulation of pesses, which
allows to create a model of the behaviour of tla peocess on
the basis of different input values and subsegaeimation of
results of output, which allows the “decelerationl @acceleration”
of processes;

v' the interaction between user and computer, whicmésof the
important features of multimedia.

In relation to the listed aspects of computer imaeisualization of the

system of the logical structure of curriculum, Hoas in contrast to
traditional graphic visualization:
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a) to visualize the logical links between the elateef curriculum in
the various sites;

b) to establish a system of mutually plunged suiesys of the
virtually visualized system of the logical struof curriculum
created in the form of integrated modules;

c¢) to complement the virtually visualized systenthaf logical
structure of curriculum on the audio commentasey, the computer
simulation and animation as well as movie;

d) to make the virtually visualized system of Iaistructure of the
curriculum available to the general public with thedp of the Internet
computer network;

e) to modularly display the logical structure of gystem of
curriculum in the different rades of school edumati

f) to complement the implementation of the visuadizystem of
logical structure of the curriculum on computer giations,
animations and movies;

g) to project the system of the logical structurewriculum
implemented on basis of presentation programs asi¢towerPoint on
the classic screen (or via an interactive whitethpanearly visible for
the whole class of pupils;

h) to dynamize the presentation (movement, effetts) of individual
images (pages) as well as individual objects df $fiatem of the
logical structure of curriculum;

i) easy reproduction, i.e. undemanding spatialigitatp of recordings
by media carriers of information, makes it posstblereate the
necessary changes to product (e.g. in connectitimtiaé rapid growth
of scientific knowledge) (Bernatova, 2002).

Structural components

When visualizing the system of the logical struetwf natural science
curriculum, we use mainly the following structucalmponents: word maps,
orientation graphs, structure grams, developmenifsece diagrams, Venn
diagrams, tables and graphs (Bernatova, 2001).

Word mapsare very suitable for the record of logical links the
hierarchy of the system of concepts in curriculum.

Structure gramgorm “binder, carrier base, bond or a pillar’ beemthe
structures in curriculum. They give to curriculuhret“systematic breath”,
but especially “skeleton” of global structuring thie curriculum (structural
elements are not isolated, but form a whole systdimgy are a simplified
variant of the flat block diagram in its graphiaalture. In the diagram, every
single block is designated generally by rectang{iess circle, triangle, etc.)
frame; the lines between the blocks indicate theiationships. The
horizontal lines are the signs of equivalence;vitxdical lines usually mean
inclusiveness. In general, under the structure gramwill understand the
link of a set of blocks by the set of orientatiorek.

In the development diagramthe record consists of a decision block, in
which the condition for branching and orientatidrlioes (arrows) entering
into and exiting from the decision block (branchaiggrnatives) is recorded.

Orientation graphsare particularly useful for the record of the ladic
structure of curriculum resulting from the trandpamature of the
phenomenon. Graphic shape is the oriented linearfrom the source to
the target place of transport. Along the orientatlme, there is usually
recorded the essence of the transport mechanigmcfemical equation) or
transported media.
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Venn diagramsare symbolic record of a set and a predicate lagid
create a very convenient connection with othersdygfecomponents.

When visualizing the curriculum for pupils of yowrgschool age, we
also use other types of structural components sisclgraph of function,
table, mathematical symbols, graphs of the timaisece, maps and plans,
etc.

Visualized system of the logical structure of awlum as a whole
consists of a clear-cut or mixed types of strudtwamponents. Their
selection and the use depend on the age of papilsculum content as well
as aims of the learning process.

Principal essence of the application of computeuaiization

Application of computer visualization of the systemthe logical structure

of curriculum in education of pupils of younger sohage proposed by us is
based on the principle that the system of educatipplying computer

visualization of the logical structure of the caulum should not displace or
replace the traditional teaching in any case, bshould complement it in

harmony with it in raising clearness especially wheepeating and

reinforcing natural science curriculum.

Pedagogical experiment

The aim of pedagogical experiment was to verify éffectiveness of the
application of computer visualization of the systefnthe logical structure of
curriculum in the process of acquisition of theunak science curriculum by
pupils of younger school age. We chose two groums fedagogical

experiment. Independently variable was the way he&f organization of

cognitive activity of pupils, with which we mani@téd (experimental

change), dependently variable was the performahpeapls in the cognitive

area. Pedagogical experiment was carried out framuary to June 2011 in
natural science subjects for the 4th grade of psmschool. In the

experimental group, there was computer supportetnileg (using a

computer visualization system of the logical stnuetof curriculum) applied

in the natural science lessons and in the contmlp there was education
carried out without computer support (using traditil way of teaching).

Examples of the computer-visualized system
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Research sample

The research sample consisted of 118 pupils o#ithgyrade from the five
primary schools of the eastern region. Pupils &f 4th grade forming a
research sample were on the basis of results amhievthe input didactic
tests divided into experimental and control groba®.pupils were placed in
the experimental group and 60 pupils in the corgrolp. The experimental
group consisted of elementary school pupils froimary schools of Slanec,
Chminianska Nova Ves and Zahradne. The controlgyomunsisted of pupils
from the primary school oEubotice and Ceskoslovenska armada. By the
analysis of variance (F - test) at significanceele®.05, we checked the
equivalence of the sample - an experimental andraonn Excel, we
calculated the test criterion (F) and we compateuth a critical value F,
which we found in statistical table in the publioat Horak and Chraska
(1989). We calculated the test criterion F = 1.990Bhe critical value at
significance level of 0.05 is = 3.92. In our case 1.99037 <3.92, which
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means that between the experimental and contralpgi® not statistically
significant difference at significance level of B.0At the beginning, we
considered experimental and control group to bévatgnt.

Pedagogical experiment was carried out from Jantadune 2011. In
the experimental group, there was applied the coenpsupported
curriculum of the natural sciences (using the campuisualization of the
system of the logical structure of curriculum) andhe control group, there
was education carried out without computer supfusing traditional way
of teaching).

In addition to input and output didactic test, peimf experimental and
control group were even continuously writing teafser completion of
curriculum of individual thematic units. In our iate, we want to present the
achieved results in continuous didactic test frdma turriculum of the
thematic unit Diversity of nature and its cognititime span of 5 hours
teaching). An educational package, which was cdelayeus, contained four
sets of logical pillars and applets. The continudiggctic test was written
by 54 pupils of experimental group and 56 pupils aointrol group.
Continuous didactic text was written by pupilshie first week of May.

Characteristics of the continuous didactic test

Continuous didactic test from the curriculum of thematic unit Diversity
of nature and its cognition contained 12 testirgksa 7 testing tasks were
opened — production and complementary, 5 were @lesé polytomic a 1
dichotomous.

According to Niemerkova taxonomy of cognitive aims, we divided
testing tasks into two subtests. Subtest A conthifietesting tasks to
memorize knowledge. Subtest B contained 4 testigkstfor comprehension
of knowledge. We used a composite score. The mariseore for the test
was 14.5 points. We assigned a maximum of 1 paintesting tasks for
comprehension and 1.5 points for one testing tAs&k.assigned 2 points to
two testing tasks for comprehension and 1 poihivto

Evaluation of the continuous didactic test

The percentage of the successful solutions of ¢lse df the experimental
group was 70.05% and of the control group 60.220&Xcel, we calculated
the F criterion; in statistical tables we found tledtical value for

significance level 0.05. Statistical significance tbe difference between
experimental and control group achieved in perferceain the continuous
didactic test as a whole is documented in the fiotig table.

Continuous test as a whole

n=110 | £(1,108)=392 | F=11,25446 | sign (0,05) |

Calculated F was 11.25446, E 3.92. Since F > i we can say that in
the pupil's performance achieved in the continualidactic test is
statistically significant difference between expental and control group at
the significance level of 0.05.
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Table 1.Achieved performance of pupils of the 4th gradéanécontinuous didactic
test and its subtests displayed in relative metfiicpercentage)

Experimental group —E | Control group - K | E—K
Subtest A 71,35 60,1 11,25
Subtest B 68,21 60,42 7,79
Test as a whole | 70,05 60,22 9,83

The comparison of results showed that the diffezerin the successful
solution of individual subtests between experimleata control group were
as follows: 11.25% in memorizing and 7.79% in coama@nsion in favour of
the experimental group (see Table 1). Pupils okergental group achieved
in the continuous didactic test from the naturakmsee for the 4th grade of
70.05% success in solving, pupils of control grofip0.22% (see Graph 1).

Graph 1.Percentage of successful solution of the continubdactic test by
experimental and control group
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Statistical significance of the difference betweerperimental and
control group in performance of individual subtests the continuous
didactic test is illustrated by the following table

Subtest A

n=110 | K (1,108)=3,92] F = 10,85375 | sign (0,05) |

Calculated F for subtest A was 10, 85375.#3.92 (at the significance level of 0,05).

Subtest B

n=110 | K (1,108)=3,92] F = 4,238351 | sign (0,05) |

Calculated F for subtest B was 4, 23835,..3.92 (at the significance level of 0,05).

In both subtests, the calculated value F was gréade the critical value.
Therefore, we can conclude that in the pupils’ geneince in subtest A and
subtest B, there is a statistically significanfeténce between experimental
and control group at the significance level of 0.05
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Conclusion

In conclusion, we would like to say that we presamy partial results of the
continuous pedagogical experiment in the articleictvwe implement in the
second, third and fourth grade of primary schodhin curriculum of natural
science subjects. The current results describeduin article show that
computer-supported learning of natural scienceestbj(applying computer
visualization of the system of the logical struetaf curriculum) in the 4th
grade of primary school has a positive impact om #equisition of the
educational contents of the natural sciences lmari school pupils.

The article was created as part of a project KEGA-2
030PU-4/2010 and project VEGA 1/0642/09.
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