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ABSTRACT

The paper examines the empirically verified effect (parallel group experiment) of the
application of the software form of integration and individualization of teaching of
natural and mathematical knowledge in relation to traditional teaching, for example,
the teaching sub-themes Cultivated habitats and life communities, and Equations with
addition, subtraction, multiplication and division in the set N (the natural numbers) and
No (the natural numbers plus the neutral element 0). The sample consisted of 250 pupils
aged 10 to 11 years: 125 in the experimental group and 125 in the control group. The
data were processed by statistical procedures and displayed in textual and graphical
ways. The statistical analysis of the data obtained from the research has been achieved
by the SPSS 17.0 software package, wherein the arithmetic mean, standard deviation,
a t-test. Statistical indicators have confirmed the assumptions that the software form
of integration and individualization contributes to more efficient and easier acquiring
of knowledge, raising the quality and quantity of students’ knowledge and increasing
the interest in studying content in the teaching of Knowledge of Nature and
Mathematics, and as such points to a preferred model of teaching and learning.

Keywords: computer-assisted teaching, contemporary, integrated and individualized
teaching, learning models, learning flexibility

INTRODUCTION

The development of science, technique and modern technology has changed all the spheres of society, so in the
school system there was also a need for a more modern and active way of organizing the teaching process. One of
the basic expectations of more rational and effective learning is the creation of situations in which the student will
be at the center of the teaching process with the possibility of flexible adoption of the predicted content. As the most
appropriate solution, the differentiation and individualization of teaching is emphasized, enabling each student to
develop his/her, primarily, intellectual abilities.

BACKGROUND OF THE STUDY

The greatest benefits for individualized teaching in the junior primary school are provided by modern computer
technology. Computerized interpretation of teaching content, on the one hand, enables a wider and more contented
thinking process among students and a deeper and more thorough learning of educational content, and on the
other, monitoring students” abilities and a pace by which the learner can master the curriculum envisaged.

Chaudhari (2013) highlights numerous benefits of computer-assisted teaching that are reflected in the following
elements:

® The ability to learn at a personal pace: a pupil can learn content at a personal pace and repeat a task if he
does not understand what he is learning.
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Contribution of this paper to the literature

e  Using the software form of integrating Mathematics and Knowledge of Nature teaching, students achieved
significantly better quality and preserving knowledgein the whole as well as within the analyzed cognitive
domains (knowledge, understanding and application).

e The somewhat greater progress of the experimental group in Mathematics is the result of learning
Mathematics in the context, which, in the first place, reinforces mathematical understanding.

e This paper presents a contribution to the foundation of contemporary, integrated and individualized
teaching of Mathematics and Knowledge of Nature, supported by educational computer software.

® Current feedback for pupils and teachers: fast feedback motivates students and determines further
workflow and if the answer is not correct it will help correct his mistake.

® Automatically adjusting students” levels of competence: A computer-assisted program is designed in such
a way that it can help both advanced students and students who have difficulty in mastering the material
and that is what makes it flexible.

® Continuous interaction: computer-supported programs allow for continuous interaction.

® Flexibility of time: programs have flexibility in terms of time, place and pace of work.

Milinkovi¢ and Pikula (2013) point out that computerization of teaching provides the most adequate response
to the demand for the integrity of teaching in the junior primary school, which presupposes a didactic-methodical
transformation of program contents in the direction of their connection and integration. With such work method,
Pesikan and Ivi¢ (2000) confirm, the subject-lesson system is exceeded, which is mostly a limiting factor in the
regular schooling. An interdisciplinary approach to teaching contents is provided, that corresponds very clearly to
active learning methods that emphasize the importance of forms of learning that encourage complex (and higher)
mental processes such as creativity, linking knowledge, applying knowledge, independence, initiative, and the
freedom of pupils to choose and express themselves. Jacobs defines interdisciplinary learning as ,, A knowledge
view and curriculum approach that consciously applies methodology and language from more than one discipline
to examine a central theme, issue, problem, topic, or experience” (Jacobs, 1989: 8). The concept of interdisciplinary
education ,recognizes the integrity and uniqueness of each subject area, but recognizes interrelations between
subjects. An interdisciplinary approach in teaching is important because of the integrative process in science, which
increasingly establishes the connections between certain scientific disciplines, which reflects the scientific and
technological development of society and implies the team work of professionals of different profiles” (Rodi¢, 2014:
283). In the process of integration, emphasizes Walsh (2002), the role of teachers, who will apply the
interdisciplinary educational model at the very beginning of schooling to enlighten students in terms of the
interdependence of all parts of life is especially significant.

According to Milinkovi¢ (2011) in the teaching of the mathematics of the basic school cycle, the teaching topics
are based on the contextual problem of what is relevant for the students. In this process, special attention is paid to
vertical and horizontal mathematization. The selected authentic context in each teaching unit initiates the
introduction or application of mathematical concepts from different thematic areas and the establishment of links
with other teaching subjects, or scientific disciplines.

The objective connection that exists between nature and Knowledge of Nature, must be dominantly represented
in the cognitive process of learning the curriculum content of their subjects. When mathematical content in
classroom is concerned, the most natural is the connection with the contents of nature and society that provide a
very high quality basis for achieving interdisciplinary teaching and learning. In teaching the interdisciplinary
approach in mathematics, Milinkovi¢ (2013) emphasized that the complexity and comprehensiveness of the
program of nature and society imply integrated topics from this teaching area, which are related to other
educational areas without interfering with their relative autonomy and their own logic. This implies that already
in the planning and programming of teaching work at the beginning of the school year, that is, when drafting an
operational plan, the contents of nature and society must be firstly planned and analyzed in order to serve as a
basis for planning the program contents of other subjects.

Deneme and Ada emphasize that “an interdisciplinary approach aims to bring teachers from different
disciplines together in order to solve the problem of effective teaching. As they are aware of the levels and the needs
of their students, they design their syllabus and materials accordingly. Integrating various disciplines can help
children comprehend a topic which may lead to effective learning” (Deneme & Ada, 2012: 886). However,
Alghamdi (2017) pointed out that we should take care that such an approach to integration must be in line with the
standards and outcomes that are specific for each subject area.
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The pursuit of subject interconnection, which arises from the need to increase the efficiency of pedagogical
processes in all teaching subjects studied in basic education, was also analyzed by Curéi¢ (2006). He pointed out
that the connection of subjects, close to content, not only affects the quality of knowledge, but also helps prepare
students for independent work and influences the formation of a scientific view of the world. In this context,
educational computer software enables each individual to acquire the necessary knowledge in the mentioned field,
while also having constant feedback on the success of the mastered material. Individualization of learning through
educational computer software provides the pupil with the opportunity to become aware of learning goals, to
master the strategies of studying, recognize the achieved goals and estimate the potentials for new
accomplishments. One of the basic tasks of this kind of teaching is to ensure quality implementation of
individualization and differentiation of teaching in teaching practice.

Grdini¢ and Brankovi¢ (2005) state that individualization and differentiation provide: information designed and
created in different ways; tasks for pupils that can be formulated and set up in different ways; supplementary
information for pupils with lower previous knowledge and lower intellectual abilities; additional information for
those pupils who wish to learn more about the material being taught. Educational computer software (ECS) enables
day-to-day dosing of problems that attract the attention of pupils and “relieves” the teacher in terms of the number
of hours since with this way of working the teacher will have as much time for his pupils as their interests dictate.

In the context of integration and interdisciplinary approach, in the recent years there is a tendency to enable
students to educate in the field of Science, Technology, Engineering and Mathematics (STEM). The emergence of
integrated STEM education in some institutions shows that this approach offers students better solutions to
problems and develops logical thinking. Furner and Kumar point out the importance of integrated curriculum
noting that “research indicates that using an interdisciplinary or integrated curriculum provides opportunities for
more relevant, less fragmented, and more stimulating experiences for learner” (Furner & Kumar, 2007: 186).

Backer and Park (2011) in the analysis of 28 studies examined the effects of integrative approaches among STEM
subjects and came to the conclusion that the greatest effect is achieved at the elementary school level, and the lowest
in college.

Deneme and Ada (2012) suggest that the benefits of using interdisciplinary approach in primary schools.

Kurt and Pehlivan (2013) having analyzed a number of studies that focus on the concept of integrated science
and mathematics indicate that integration improves student achievement.

Tudor (2014) using the empirical research in primary school confirmed that creating lessons based on
integration activities provides greater student achievement.

Alghamdi (2017) stated the positive examples from Saudi Arabia on the necessity and effectiveness of the
integration of various scientific disciplines in order to improve the academic achievement of students.

Curéi¢, Milinkovi¢ and Radivojevi¢ (2017) have investigated the effects of an interdisciplinary approach in
primary school children in the case of integration with the teaching of mathematics and knowledge of nature and
the student’s responses to this model of learning. The results showed that students responded positively to this
approach to teaching mathematics, indicating that a multidimensional approach to learning contributes
significantly to a better understanding of the mathematical content and concepts as well as a better understanding
of the contents in nature and society, and that significantly improves the quality of functional and applicable
knowledge and motivation for learning in general.

Software Model for Integration and Individualization in Teaching of Knowledge of
Nature and Mathematics

“Besides a wide variety of educational software that provide opportunities for teachers t present their lessons
(Niederhauser & Stoddart, 2001) and increase student motivation (Lambi¢, 2011), development of information
technology has enabled teachers to create their own (simple) educational software to meet their personal and their
students’ needs” (Lambi¢, 2014: 816).

Accordingly, an experimentally verified model of the ECS for the teaching subculture of Cultivated Habitats and
Life Communities has been created from the Course of Knowledge of Nature and sub-theme of Equations with addition,
subtraction, multiplication and division in the N and Ny Mathematics set.

The contents of mathematics in the given natural context were created for learning by introducing students into
the process of mathematics of real situations from nature. In that sense, Milinkovi¢ and Pikula (2014) emphasize
that the “mathematical part” of software is determined by a realistic approach and contextualization of teaching,
and a modeling method that mediates between the real environment and the “world” of mathematics in the process
of solving “natural” problems.

Educational software designed for the purpose of research has been created in Microsoft Power Point. Software
maintenance in this format will be easy to use on any computer without installing additional software, as well as

3/15



Curcié et al. / Educational Computer Software

BHILKE BOTHbAKA MBWHOMT 404 —TPABABORKE R @
JELHAYRHE CA NHOME HiEM ¥ CRYTTY i K,

ED
L

To oy BHWEraq it Jp E2HACTE GMIbKe HE KOjMME PIENHELIEMO KOPH[&H,
CTaAN0 M KpoLe y. Kpow wa j& padaty guo crabna. Ha rpaHama ce Hanaze

NyNOMEUM HE KOjMX G2 pareHja)y GOMHE PaHe, NMCT 0EM M LEETOEA. K AHAUMHe 0fnMKa - x=bux -a=ba,be N,
Mz onnofieHor U eMieT 3 HACTAjE N0 W KOME y CjEMEHEE. WROHME C8 b aMjend ¢3 & Gez ootana
HM3 P Lk &

x=h:a.

Mpema Tome,
HEN OZHATH 4HHMNAL
& HEp aYHE B
Ak EEkaM NPOHIEDAS
NOZHITHM HMHHAOLE M .

r= [tz
BES T B SPAAM
L TIRBATAR T IRJATAK

Figure 1. Interpretation of Content

high compatibility and use in various software and hardware environments. The whole written material in the
software is adapted to the age of the students whom it is intended, written in Serbian language (mother tongue)
and enriched with numerous illustrations, animations and videos.

The ECS is conceived as a presentation of a multimedial character whose goal, in an interesting, unusual and
entertaining manner, presents students with the knowledge they need to acquire within the stated teaching areas.
It is intended for adoption, expansion, training and repetition of fifth grade students’ knowledge, and it is designed
to provide the possibility of individual advancement. Individualization is enabled through several modules.

Content interpretation module (Figure 1) is achieved through the formation of basic and feedback information.

Since the basic text with the dominant informative function occupies a central place in the adoption of content
by determining the extent of the material that pupils should adopt, it must be ensured that the content is logically
structured, measured, reviewed, systematic and gradual, and in accordance with the expected goals and learning
outcomes; Bearing in mind the differences between pupils, it began from a varied way of presenting the content
being studied (text/real problem, image, animation, video ...), respecting the basic principles that, according to
empirical research, Mayer (2009) established, and for the purposes of this research, the importance of multimedia:
the student learns more successfully by using words and images, then by only using words; the principle of a spatial
constraint that perceives the best effects of learning through the ability to present words and pictures one by one
rather than when they are distant; Limited time principle which emphasizes more effective learning when words and
images are displayed simultaneously; the principle of coherence by which more effective learning is achieved when
the excessive (irrelevant) words, images and sounds are eliminated from the content; The principle of individual
differences indicates that the effects of the design process are more effectively reflected on the pupils with lesser
knowledge than on pupils with greater knowledge. The aim of interpreting content through multimedia systems
is to get to know the complex processes and phenomena in cultivated habitats and life communities in the fastest,
most obvious and most efficient way, and to form and solve equations with addition, subtraction, multiplication
and division in the set N and Nop. Depending on the priority of learning outcomes, content is also formed in
feedback.

The Knowledge acquisition module (Figure 2) was realized through differentiation of task. Adaptation of questions
and tasks to the teaching contents, expected outcomes and pupils” abilities was carried out on various issues and
tasks, of the textual (alternative choice questions, questions of multiple choice, finding the appropriate pair,
inserting expressions, concise answer) and graphic content (Venn diagram; grids, arrows, plain tables, images).
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Figure 4. Module of instructions and help in the work

In addition to the shaping of information, the feedback module (Figure 3) also provides an Instruction module,
that is, assistance in the work (Figure 4). Given that feedback is provided at each step of learning, it provides the
pupil with a timely notification of the accuracy of the solution (real problem and response), the quality of the
acquired knowledge, or the level of achievement and correctness of the chosen path.

Help in the work in mathematics has been achieved through the differentiation of the level of assistance
(according to Zech, 1999): motivational help, feedback help, general-strategic help, content-oriented strategic help,

and content help.
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Figure 5. Additional information to expand knowledge

From the point of view of the importance of learning flexibility, for learners who find it difficult or easy to
master the material, the module of additional and supplementary information (Figure 5) that encourages the creative
potential of pupils is no less important.

Radivojevi¢ (2016) emphasized that thanks to such solutions, basic technological, program and organizational
prerequisites for successful individualization of teaching work were provided. Unlike the traditional way of
learning in which the content and the ways of its adoption are the same for all pupils, the ECS, provides the
opportunity for a pupil to determine how many times he will learn and whether he will indeed “visit” certain
segments and provide for the application of different techniques of work, learning and solving tasks which
correspond to the possibilities and the pace of progress of the individual student. Many researches (Baki &
Cakiroglu, 2011; Baki, Kosa & Giiven, 2011; Barkatsas, Kasimatis & Gialamas, 2009; Birgin et al., 2008; Erbas &
Yenmez, 2011; Giibti & Birgin, 2012; Isiksal & Askar, 2005; Ozdemir, Tektas & Egelioglu, 2010; Pilli & Aksu, 2013;
Tabuk, 2003; Tjaden & Martin, 1995; Tutak & Birgin, 2008; Ubuz, Ustun & Erbas, 2009; Qing & Xin, 2010; Yildiz,
2009) according to Birgin, Bozkurt, Giirel and Duru (2015), have proven that computer-assisted teaching has a
positive impact on the students” achievements and when it comes to mathematical concepts.

RESEARCH METHODOLOGY

In the school year 2014/2015 during the second semestar in two elementary schools in Bijeljina (Bosnia and
Herzegovina) a research was conducted aimed at examining and experimentally checking the effects of application
of the software form of integration and individualization of knowledge of nature and mathematics on content about
cultivated habitats and living communities and equations with addition, subtraction, multiplication and
distribution in the set N and Np and its impact on the quality of knowledge in relation to traditional teaching.

The flow of the experimental part of the study is presented in Scheme 1.

Experimental learning model is designed with the intention of influencing the greater unity of the acquired
knowledge by linking similar contents in different subjects as a prerequisite for lasting and applicable knowledge
in real life situations. During creating the software the objectives and clearly defined learning outcomes to be
achieved as well as prior knowledge, skills and abilities of students to whom it is intended have been taken into
account. The experiment lasted five weeks as part of regular classes in accordance with the current curriculum of
Republic of Srpska (Bosnia and Herzegovina) for the fifth grade in the subjects “Knowledge of Nature” and
“Mathematics”. In the experimental group during the implementation of teaching subtopics Cultivated habitats
and living communities, the contents of Equations with adding, subtracting, multiplying and dividing in the set N
and Ny have been integrated.

In the teaching of Knowledge of Nature the contents of the cultivated habitats and living communities
(vegetable garden, field, orchard, vineyard, park and flower garden) have been realized. The outcomes have been
targeted to gradually discovering the living conditions, the interaction of flora and fauna and the importance of
human activities in their interactions within these living communities.
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Initial measurement in the E and C group - conducted at the end of January 2015.
(test with objective type tasks at the beginning of the experiment pedagogical)

Realization of teaching subtopics cultivated habitats and living communities (Natural Sciences) and equations with adding,
subtracting, multiplying and dividing the set N and No (Mathematics) conducted in February, March and April 2015.
Experimental group Control group
Realization of teaching subtopics using educational software
designed for this research.
Within the implementation of teaching subtopics Cultivated
habitats and living communities contents from the topic
Equations with adding, subtracting, multiplying and dividing
the set N and No are integrated.
The classes consisted of a few basic steps: running the At the same time, the control group implemented the same
software and opening a teaching unit which is being realized |contents in a traditional (frontal) way of work and their class
at the time; adoption of the content section by section in consisted of: introductory motivation; explaining content by a
accordance with personal pace of progress; after each unit |teacher; exercise, repeating/drills, and student achievement
the student has the opportunity to check their knowledge |checks
through a series of questions or tasks; after each step of
checking a student receives feedback on the accuracy of
responses and receives a guidance for the further course of
action; at the end of the class there is a brief discussion and
joint analysis through which the level of mastering the
outcomes and the pupils’ achievement has been percei+ved.
The final measure in the E and C group, realized at the end of April 2015.
(test with objective type tasks after the implementation of educational research)
Scheme 1. The flow of experimental research

In the teaching of mathematics the contents of the equations with the addition, subtraction, multiplication and
division in the set of N and Ny have been realized. The outcomes have been directed to the solution of equations
with the addition, subtraction, multiplication and division on the basis of the definition of arithmetic operations in
the set N and the set Ny, and to the tasks given in textual form using the familiar equations.

The experiment was conducted in a computerized classroom where every student practiced individually, based
on programmed instructions and instructions for work. In all classes, the teacher had an insight into the work of
each student in the software and followed the course of the work, providing assistance in granting courses.

It was begun by basic assumption that the software form of integration and individualization will contribute to
a better knowledge both within the analyzed individual cognitive domains (knowledge, understanding and
application) and the whole test.

Accordingly, auxiliary hypotheses have been designed:

H;:  The experimental group will achieve significantly better results in the final test on each of the analyzed
cognitive domains (knowledge, understanding and application) and on the test as a whole, compared to
the control group, as a result of the efficiency of application of the software form of integration and
individualization of teaching of nature and mathematics education in relation to traditional teaching.

H,: Experimental group members will, in relation to the control group, achieve greater advancement in
mathematics in each of the analyzed cognitive domains (knowledge, understanding and application) and
on the test as a whole, because the projected ORS model for mathematics learning in a real context
contributes to a higher quality knowledge.

Hj:  Experimental group boys will achieve much better results in the final test (as in the knowledge of nature
as well as in mathematics) on each of the analyzed cognitive domain (knowledge, understanding and
application) and in the test as a whole, as compared to the control group, as the result of the efficiency of
application of software integration and individualization of teaching of knowledge of nature and
mathematics as compared with the traditional approach.

Hy:  Experimental group girls will achieve much better results in the final test (as in the knowledge of nature
as well as in mathematics) on each of the analyzed cognitive domain (knowledge, understanding and
application) and in the test as a whole, as compared to the control group, as the result of the efficiency of
application of software integration and individualization of teaching of knowledge of nature and
mathematics as compared with the traditional approach.
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Table 1. Results of E and C groups in the initial test from Knowledge of Nature

Cognitive Domains Group N M SD t df p

E 125 18.17 3.36

Knowledge C 125 17.77 3.29
Total 250 17.97 3.33 .94 248 34

E 125 18.27 5.73

Understanding C 125 18.91 5.84
Total 250 18.59 5.78 -.87 248 .38

E 125 14.04 4.20

Application C 125 13.52 3.96
Total 250 13.78 4.09 1.00 248 31

E 125 50.49 11.03

Overall Achievement C 125 50.21 10.76
Total 250 50.36 10.88 .20 248 .83

Table 2. Results of the experimental and control groups at the initial test from Mathematics

Cognitive Domains Group N M SD t df p

E 125 17.11 345

Knowledge C 125 16.77 3.29
Total 250 16.94 3.37 .78 248 43

E 125 17.09 5.74

Understanding C 125 17.86 5.82
Total 250 17.48 5.78 -1.05 248 .29

E 125 13.03 4.20

Application C 125 12.41 4.00
Total 250 12.72 4.10 1.18 248 .23

E 125 47.24 11.34

Overall Achievement C 125 47.05 10.82
Total 250 47.14 11.06 13 248 .89

The survey sample consisted of 250 pupils (eleven grades) of the fifth grade of elementary school (aged 10 to 11
years) from two primary schools in Bosnia and Herzegovina. The pupils were divided into two groups -
experimental (N=125) and control (N=125). The Experimental Group (E) consisted of three classes from one and
two classes from another school, while the Control Group (C) consisted of three classes from both schools. The
groups were balanced in view of the results achieved on the initial knowledge test from the Knowledge of Nature
and Mathematics and the age (from 10 to 11 years).

In terms of the gender of the respondents, in the study participated 132 boys and 118 girls. Based on these data,
we notice more boys than girls in both the E group (66 boys - 52.80% and 59 girls - 47.20%) and in the C group (66
boys - 52.80% and 59 girls - 47.20%), however, the ratio of the number of boys and girls between E and C group is
quite balanced.

At the beginning of the research, an initial test was conducted of the knowledge from Knowledge of Nature
(Table 1) and Mathematics (Table 2), which established the initial state of independence and knowledge of the
pupils needed to conduct the experiment.

The results of the initial knowledge test from the Knowledge of Nature show that E and C group at the
beginning of the pedagogical research are well balanced on the basis of pupils previous” previous knowledge. The
values of the t-test, in the initial test as a whole (t=.20, p=.83), as well as in the individual cognitive domains
(knowledge: t=.94, p=.34; understanding: t=-.87, p=.38; application: t=1.00, p=.31) are not at the level of statistical
significance p<.05, which points to the equality of groups in respect to previously acquired knowledge of
Knowledge of Nature.

The results of the initial Mathematics test also confirmed the group’s equality at the beginning of the
experimental program. Namely, the values of the t-test in individual cognitive domains (knowledge: t=.78, p=.43;
understanding: t=-1.05, p=.29; application: t=1.18, p=.23) and on the whole test (t=.13, p=.89), are not at the level of
statistical significance p<.05 and clearly indicate that the groups are equal in the initial pre-knowledge in
Mathematics.

After the initial testing and equalization of the groups, the implementation of the experimental program was
begun, the model of which was designed so that the participants of the experimental group will adopt the contents
independently using the projected software form of integration and individualization of teaching of nature and
mathematics education, while the students of the control group realize the same contents through the traditional
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Table 3. The importance of differences between group E and C in the final test from Knowledge of Nature (t-test)

Cognitive Domains Group N M SD t df p
E 125 24.56 3.88
Knowledge C 125 22.32 4.57
Total 250 23.44 438 4.15 248 .00
E 125 23.65 6.46
Understanding C 125 18.95 6.71
Total 250 21.30 6.98 5.64 248 .00
E 125 22.68 5.52
Application C 125 15.35 5.20
Total 250 19.02 6.49 10.79 248 .00
E 125 70.90 13.06
Overall Achievement C 125 56.63 13.81
Total 250 63.76 15.20 8.39 248 .00

way of work. At the end of the experimental program, the final test tested the level of achievement of E and C group
students.

Research Instruments (initial and final test) contain questions and assignments belonging to cognitive domains
of knowledge (recognition and memory), understanding and application.

The internal consistency of the tests (initial and final test) was determined according to the reliability of
Cronbach alpha coefficient. The values of Cronbach alpha reliability coefficient for the Knowledge of nature for the
initial test was .89 and .93 for the final test, while for mathematics and fundamental values of Cronbach alpha for
the initial test is .85 and .91 for the final test. Displayed values show that the reliability of the measurements at an
acceptable level.

Statistical Processing of data obtained by research was achieved through the software package SPSS 17.0. The
statistical parameters were analyzed: mean (M), standard deviation (SD), and t-test (t) was used to determine the
relationship between two variables with the significance threshold p=.05. The results of the research are presented
both textually and graphically.

RESULTS AND DISCUSSION

After the realization of the teaching sub-themes Cultivated habitats and life communities and Equations with
addition, subtraction, multiplication and division in the set N and Ny, using different teaching models, the final exam
tested the level of achievement of E and C group of pupils and analyzed the justification of the hypothesis. In order
to determine whether there are statistically significant differences in the achievement between students of the
experimental and control group, both in individual cognitive domains and on the test as a whole, in the situation
of the final test, we compared the results of their achievement. We primarily analyzed the results obtained from
Knowledge of Nature, and then from Mathematics. In the end, we compared the pupils’ success by comparing the
arithmetic meanings from both subjects to determine the learning of which the experimental program achieved
greater influence.

Table 3 shows the statistical parameters of the final test from Knowledge of Nature as a whole and within
individual cognitive domains on which was tested, by calculating the t-test the significance of the differences in
the achievement of E and C group of pupils.

By analyzing the results we note that there are statistically significant differences in favor of the E group, both
on the total final test from Knowledge of Nature, and in all cognitive domains, which is confirmed by the values of
the t-test with the significance level p=.00 for all analyzed parameters. Considering the correspondence value of
the t-test (t=1.96) for the reliability level p=.05, the results of the conducted t-test indicate that its values are
significantly higher both on the final test as a whole (t=8.39), as well as within individual cognitive domains
(knowledge: t=4.15; understanding: t=5.64 and application: t=10.79). Since the total number of possible points in
the final test was 90 for each individual cognitive domain of 30, Table 3 shows the tendency of the difference where
the experimental group has a higher average value on the whole test, which is 70.90, with a standard deviation of
13.06 in relative to the control group with an average value of 56.63 and a standard deviation of 13.81. In terms of
individual cognitive domains, the differences in the average values of the points won are most pronounced in the
level of applying the knowledge (E group: 22.68; C group: 15.35), then understanding (E group: 23.65; C group:
18.95) and finally at the level of knowledge E group: 24.56; C group: 22.32), indicating the positive impact of the
software integration and individualization capability on the ability to solve complex tasks.
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Table 4. Comparison of students achievement in E and C groups in tests of Knowledge of Nature

Cognitive Domains Group N Knowledge of Nature Initial Knowledge of Nature Final
Test Test
Knowledge E 125 18.17 24.56
C 125 17.77 22.32
. E 125 18.27 23.65
Understanding C 125 18.91 18.95
licati E 125 14.04 22.68
Application C 125 13.52 1535
Overall achievement E 125 2049 70.90
C 125 50.21 56.63

Table 5. The importance of differences between group E and C in the final Mathematics test (t—test)

Cognitive Domains Group N M SD t df p
E 125 24.88 3.97
Knowledge C 125 21.39 4.61
Total 250 23.14 4.63 6.42 248 .00
E 125 22.32 6.40
. C 125 16.36 6.36
Understanding Total 250 19.34 7.03 738 248 00
E 125 21.72 6.01
Application C 125 13.46 4.98
Total 250 17.59 6.89 11.81 248 .00
E 125 68.92 13.64
Overall achievement C 125 51.21 13.26
Total 250 60.07 16.09 10.40 248 .00

We then compared the achievements of students in the initial and final test from Knowledge of Nature in order
to have a better view of student achievement at the end of the carried out experiment comparing to its beginning
(Table 4).

Comparing the results of pupils achievement generated at the initial and final test there is the evident progress
achieved by the E group in the final test compared to initial ones. The results of the survey show that the obtained
differences in achievements between the pupils of E and C group in the final test comparing to the initial one of the
Knowledge of Nature is the result of an adequately selected educational content and its effective realization by
applying the software form of integration and individualization in the E group in relation to the traditional way of
work in the C group.

Such results of work are in accordance with the results of research done by authors who deal with similar issues
(Cepni, Tas & Kose, 2006; Ceki¢-Jovanovié, Golubovi¢-1li¢ & Jakovljevi¢, 2014; Chaudhari, 2013; Hulya Efe & Rifat
Efe, 2011; Serin, 2011; Solesa, 2000; Stankovié, 2009; Yusuf & Afolabi 2010; Zupanec, Miljanovié¢ & Pribicevié, 2013).

In further analysis we tried to determine whether the same effect can be achieved in the realization of the
contents in teaching Mathematics.

Table 5 shows the statistical significance of the differences in the success of E and C group students in
Mathematics at the final test by calculating the t-test.

The values of the t-test indicate that there are statistically significant differences in the final mathematical test,
both at the total level (t=10.40, p=.00), and within individual cognitive domains (knowledge: t=6.42, p=.00;
understanding: t=7.38, p=.00; application: t=11.81, p=.00). The tendencies towards differences in favor of the E
group are expressed through the average values of the points won. The possible number of points in the final
Mathematics test is 90 (for each cognitive domain of 30). At all analyzed levels of knowledge, as well as on the test
as a whole, the average value of the points won is in favor of the E group. Differences are, as well as in the teaching
of Nature, more pronounced in the achievements of higher cognitive structures, which points to the positive
influence of the software form of integration and individualization on the ability to solve complex tasks, which
confirms that the software form of integration and individualization results in better quality mathematical
knowledge.

In order to introspect the success of students at the end of the carried out experiment in the relation to its
beginning we compared students” achievements in the initial and final knowledge test in Mathematics (Table 6).
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Table 6. Comparison of students achievement in E and C groups in Mathematics tests

Cognitive Domains Group N Ma?l?ematics Ma.thematics
Initial Test Final Test

Knowledge E 125 17.11 24.88
C 125 16.77 21.39
. E 125 17.09 22.32
Understanding C 125 17.86 1636
licati E 125 13.03 21.72
Application C 125 12.41 13.46
Overall achievement E 125 47.24 6892
C 125 47.05 51.21

After analyzing the results, there is an evident improvement of pupils from E group in the final test in relation
to the initial one, both in terms of individual cognitive domains and in the test as a whole. This means that cross-
curricular integration with its multiperspective contributes to the development of mathematical thinking.

In the last step of the results of the work analysis we have compared student achievement in individual subjects
(Natural Science and Mathematics) based on the results achieved by pupils in the final test of an experimental
programme. There is a noticeable improvement in E group students during the experimental research in the final
tests of Knowledge of Nature and Mathematics in relation to the C group. The total number of possible points on
both tests is 90, and 30 for each of the cognitive domains. Comparing the average success of pupils of E and C group
in the final test (Knowledge of Nature 70.90 and 56.63 points, Mathematics 68.92 and 51.21), we note that the
difference in their achievement 14.27 from Knowledge of Nature and 17.71 from Mathematics. When it comes to
individual cognitive domains, the differences in achievements between the examinees of E and C group are higher
at higher levels (knowledge: Knowledge of Nature 2.23, Mathematics 3.49, understanding: Knowledge of Nature
4.70, Mathematics 5.96, application: Knowledge of Nature 7.33, Mathematics 8.25).

The key contribution to the success of the E group has been the application of the software form of integration
and individualization in the realized contents of the teaching sub- themes Cultivated habitats and life communities and
Equations with addition, subtraction, multiplication and division in the set N and Ny. Educational computer software is
rarely applied in Knowledge of Nature and Mathematics, especially with an interdisciplinary and individualized
approach, although the autonomy of work and the integrity of access to teaching content, adapted to the different
characteristics of pupils, are key elements of successful teaching. Working independently on software-based
content increases pupil activity. Each pupil independently goes through software-supported content, gradually, in
accordance with his/her pace and level of knowledge, until he completely overcomes teaching content.

The somewhat greater progress of the E group of mathematicians, both on the final test as a whole and at
cognitive levels, is the result of learning mathematics in the context, which primarily strengthens mathematical
understanding. “It is understandable, given the growing tendency in the teaching of mathematics, according to
which it is not only important that students acquire and master the relevant knowledge, but should be fully
equipped to apply knowledge, a critical attitude towards content and an adequate evaluation and in all stages of
the teaching process” (Marici¢, Spijunovié¢ & Lazié, 2016: 30).

The ways of working in the C group did not differ from the previous mode of work, and the success of the
pupils in the final test, both in terms of achievements on both tests in general as well as in terms of individual
cognitive domains, was at a significantly lower level than that of the E group. Pupils of the C group were less
motivated to work, less active, less independent and self-motivated, resulting in a lesser success.

These results of the paper in terms of integrative approach with primary school children are in accordance with
the results of the research of the authors who have dealt with similar issues (Alghamdi, 2017; Becker & Park, 2011;
Deneme & Ada, 2012; Duran, Ballone-Duran & Worch, 2009; Kurt & Pehlivan, 2013; Milinkovié, 2012; Tudor, 2014;
Curéié, Milinkovié & Radivojevi¢, 2017).

After all, we have compared student achievement in relation to gender structure. Since the number of boys
between the two groups is completely the same (66 boys in the E and C group) and girls (in 59 in the E and group
C) in order to a better recognition of the success of pupils based on gender we performed a comparative analysis
of the results that realized boys, and girls, in the initial and final test for separate subjects.

Table 7 shows the comparative representation of the results which are achieved by boys at the initial and the
final test in Knowledge of Nature.
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Table 7. Comparison of boys students achievement in E and C groups in tests of Knowledge of Nature

Cognitive Boys Knowledge of Nature Knowledge of Nature
Domains Initial Test Final Test
Group N M SD t p M SD t p
E 66 1824 3.25 23.98 3.99
Knowledge C 66 17.75 3.40 21.57 4.00
t(130)=.83 40 t130)=3.46 .00
E 66 1854 5.80 22.63 6.68
Understanding C 66 19.01 5.74 18.19 6.53
t130=.46 .64 t130=3.86 .00
E 66 13.96 3.86 22.28 5.56
Application C 66 13.30 4.07 15.18 4.44
t130=.96 .33 t1300=8.10 .00
E 66 50.75 10.95 68.90 13.32
Overall 66 5007 1078 5495  11.81
Achievement
t130=.36 71 1130)=6.36 .00

Table 8. Comparison of girls students achievement in E and C groups in tests of Knowledge of Nature

- . Knowledge of Nature Knowledge of Nature
Cognitive Girls o L
Domains Initial Test Final Test
Group N M SD t p M SD t p
E 59 18.10 3.51 25.20 3.68
Knowledge C 59 17.79 3.20 23.16 5.04
t(116=.49 .62 t116=2.50 .01
E 59 17.96 5.68 24.79 6.06
Understanding C 59 1879 5.99 19.79 6.87
ta1e=-.77 44 t116=4.18 .00
E 59 14.13 4.59 23.13 5.50
Application C 59 13.77 3.85 15.54 5.97
t116=.45 .65 t116=7.17 .00
I E 59 50.20 11.22 73.13 12.49
gé’si':vemen . 59 5037  10.83 5850  15.63
t116=-.08 93 t116=5.61 .00

The analysis of the results achieved by E group boys compared to the results which have won C group boys in
the initial and the final test of Knowledge of nature shows that boys are equable at the level of statistical significance
in the initial test as to the single domains as well as on the test as a whole, while in the final measurement parameters
showed statistically significant differences in all analyzed parameters in favor of the boys from the E group.

In the same way the results obtained by the girls in the Knowledge of nature initial and final test have been
compared, and the results are shown in Table 8.

The results shown in the table confirm the expectation that in the final test a statistically significant difference
in favor of E group girls has been achieved, while in the initial measurement results that have been obtained E and
C group girls have been uniform at the level of statistical significance. These data are based on the fact that the
group E has been using experimental model of learning in their work and it has contributed to the improved results
in terms of C group, which has been using conventional (traditional) way of work.

Further analysis compared the results achieved by boys and girls in the final test in E group. Girls achieved
better results than boys but they are not at the level of statistical significance to the overall level (tx23=-1.82, p=.07),
as well as within individual cognitive domains (knowledge: t(123=-1.76, p =.08; understanding: t(23=-1.88, p =.06;
application: taz3)= -8.55, p=.39), even though the threshold for overall achievement, the level of knowledge and
close to the level of understanding of the limit values to be significant at the p<.05.

In the same way, we compared the results in Mathematics. Further study shows a comparative review of
statistical parameters that are achieved boys in the initial and final Mathematics tests (Table 9).

Results show that boys are uniform at the level of statistical significance in the initial test as for the individual
domains and as for the whole test, while in the final measurement E group boys achieved significantly better results
than boys in the C group in all analyzed parameters with the level of significance p=.00, which is attributable
administered the experimental model of learning in the E group.

After that, the results achieved by the girls in the Mathematics tests have been compared, and the results are
shown in the Table 10.
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Table 9. Comparison of boys students achievement in E and C groups in tests of Mathematics

Cognitive Boys Ma?l’rematics Ma.thematics
Domains Initial Test Final Test
Group N M SD t p M SD t p
E 66 17.18 3.26 24.28 4197
Knowledge C 66 16.75 3.40 20.40 4223
t(130=.73 46 t(130)=5.29 .00
E 66 17.22 5.75 21.45 6.191
Understanding C 66 1795 5.72 15.53 6.062
ta3g=-.72 46 t(130)=5.55 .00
E 66 12.96 3.86 21.72 6.27
Application C 66 12.25 4.05 13.43 4.38
t130=1.03 .30 t(130)=8.79 .00
E 66 47.37 11.15 67.46 13.69
Overall 66 4696  10.73 4937 1154
Achievement
t1309=.21 .83 t(130=8.20 .00

Table 10. Comparison of girls students achievement in E and C groups in tests of Mathematics

Cognitive Girls Ma?l’rematics Ma.thematics
Domains Initial Test Final Test
Group N M SD t p M SD t p
E 59 17.03 3.69 25.55 3.62
Knowledge C 59 16.79 3.20 22.49 4.81
ta16=.37 71 t116=3.91 .00
E 59 16.94 5.77 23.28 6.53
Understanding C 59 17.76 5.97 17.28 6.60
ta1e=-.75 45 t116=4.95 .00
E 59 13.10 4.59 21.71 5.76
Application C 59 12.59 3.96 13.49 5.62
t16=.64 .52 t116=7.84 .00
I E 59 47.08 11.64 70.55 13.52
gé’si':vemen . C 59 4715 1102 5327 1479
ta16=-.03 97 t116=6.62 .00

The given data indicate that in the initial measurement of girls there is no statistically significant difference,
which is to be expected because the groups are uniform, but in the final measurement statistically significant
differences are achieved in favour of E group girls.

By comparing the results between boys and girls in the final test group we can notice that the boys won a slightly
higher score in the second level of knowledge (application) while girls achieved slightly higher number of points
in the other parameters, although none of them were at the level of statistical significance (knowledge: tt23=-1.80,
p=.07; understanding;: t(123=-1.60, p=.11; application: t23=-.14, p =.98; overall achievement t(23=-1.26, p=.20).

Summarizing the overall results, we can conclude that, by introducing the experimental factor, by applying the
software form of integration and individualization in the realized contents, the pupils of the E group achieved
knowledge that was in general much better, of better quality and longer lasting, as well as within the analyzed
cognitive domains (knowledge, understanding and application) thus justifying research hypotheses.

CONCLUSIONS

This work presents a contribution to the foundation of contemporary, integrated and individualized teaching
of nature and mathematics, supported by educational computer software. The learning strategies that are initiated
by it require that students actively engage in the teaching process, learn Mathematics and “Knowledge of Nature”
by discovering that mathematical knowledge and skills are acquired in a natural context. Cur¢i¢, Milinkovié¢ and
Radivojevi¢ (2017) point out that such a way contributes to the activation of the teaching process, because various
types of activities and related contents of various subjects and teaching topics that are in line with students” interests
are provided for their more active participation in the realization of the content. This creates the conditions and
creates opportunities for expressing the specific potentials that pupils have, provides opportunities for better ideas,
new interests and achievement of success, regardless of the differences in the level of adoption of knowledge that
exist among children.
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Based on the analyzed, empirically exact data, we can conclude that the projected model of the software form
of integration and individualization justified the positive and affirmative expectations of its impact on the success
of pupils in the process of teaching Knowledge of Nature and Mathematics, and that it can be accepted as a desirable
model of teaching and learning.

It is just a link in the chain of many positive features that can be associated with teaching with educational
computer software, which is based on encouraging the complete training of an individual to successfully deal with
the flows of modern society.

Regardless of the numerous advantages of multimedia and their high flexibility, it should be pointed out that
the quality, the level of achievement of the individual and collective educational achievement depends on the
quality of the previously programmed material, the chosen methodical approach and the organization of their
multimedia presentation. Their rational application implies innovation of key phases and teaching elements, as
well as the transformation of the position and role of not only pupils, but also other participants in the entire
educational process.
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