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Abstract

In this study we analyse the quantity and the quality of the use of computers in
mathematics teaching in schools (both primary and secondary) in Serbia, observing
two samples. The data for the first research was obtained through a sample consisting
of 142 experienced teachers. By conducting a survey we determined the current
situation regarding personal and school use of computers, and also examined whether
or not computer usage was affected by some non-attitudinal (e.g., demographic) and
attitudinal variables. The second research included 123 beginner teachers, applicants
for the professional state teacher license. The collected data was based on our estimates
of the applicants’ preparation for the practical part of the licensing examination. We
examined the impact of some demographic and academic factors on the quality of
computer usage. In both researches, the data collected was coded and analysed using
the SPSS 13.0 statistical program (cross tabulation and appropriate tests for comparing
groups). The aims of our researches were to determine the current situation and give
some possible suggestions for improving computer use.

Key words: beginner teachers, experienced teachers, quality of the computer use,
quantity of computer use

Introduction

The use of digital technologies, computer based applications, hardware and

communication devices have become ubiquitous in modern society (Friedman,
2006). Contemporary generations that have been growing up on the wave of the
technological revolution (which started several decades ago, and has reached every
person in almost all segments of life by now) should not be taught only by means of
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paper-pencil or blackboard-chalk techniques. For these students, constant interaction
using computers and contemporary technologies is definitely natural and that is
why it should be used for improving the quality of teaching (Kebritchi, Hirumi, &
Bai, 2010). Therefore, it is natural to expect that teachers, particularly young ones
(who have graduated in the last ten years) use digital devices in their school practice
(Cuban, 2001).

The aim of many researches across the globe was to examine the level of adequate
use of computers for teaching and to determine the factors on which that usage
depends among experienced and beginner teachers respectively (Rosen & Weil,
1995; Rusell & Bradley, 1997; Henry & Clements, 1999; Snoeyink, 2000; Sadik, 2006;
Hsu, Wu, & Hwang, 2007; Lin, 2008; Smarkola, 2008; Starkey, 2010). Among others,
Sime and Priestley (2005) identified in their research four categories of factors that
predict whether teachers would integrate digital technologies into their teaching:
resources available, experience in digital technologies, beliefs, and the context
(including available support). Also, many authors investigated pre-service mathematics
teachers’ beliefs about using technology in mathematics teaching (Birgin, Catlioglu,
Costu, & Aydin, 2009; Birgin, Catlioglu, Giirbiiz, & Aydin, 2010; Birgin, Coker, &
Catlioglu, 2010). Researches at all levels of education show that Computer Assisted
Instruction (CAI) is superior to traditional instruction in terms of the effects it
has on learning mathematics (Tjaden & Martin, 1995; Giirbiiz, 2007; Liao, 2007).
Sadik (2006) indicates that teaching experience and training of teachers are vital
for successful implementation and use of computers and that the acquisition of
adequate competences will certainly enhance attitudes toward computers. Birgin
et al. (2009) found that having experience in CAI and computer competence pose
significant differences to the views of students of mathematics (future mathematics
teachers) about computer assisted mathematics instruction. That study suggests that
mathematics teacher education programmes should prepare students, future teachers,
to teach tomorrow’s students by using computers in the mathematics classroom
effectively. Student teachers play crucial roles in integrating technology in schools
(Baki, 2000; Teo, 2008).

Serbia is a south-eastern developing European country with a population of
7 million. For children between the ages of 6 and 15 years education is free and
compulsory, and for children between the ages of 15 and 19 years education is free
but not compulsory. The school system consists of preschool (age 6 years), primary
(divided in two four year cycles, the first for ages 7-11 and the second for ages 11-15
years), and secondary (ages 15-19 years) schools. Our researches cover mathematics
teachers in the second cycle of primary school and (all types of) secondary schools.

Until recently, in the Serbian educational system, Computer science had been studied
only together with Mathematics. Because of that, we focus our analysis on estimates
of the quantity and the quality of the computer usage in mathematics teaching in
Serbia in both, primary and secondary schools. It is important to emphasize that the
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qualifications of mathematics teachers in primary and secondary schools are the same
(Master of mathematics).

The aim of this paper is to determine:

« the level of computer usage in mathematics teaching in Serbia;

« the barriers and promoters of computer usage for mathematics teachers;

« possible ways for increasing and improving computer usage in mathematics
teaching.

Based on many years of working with students who are preparing to be mathematics
teachers and taking part in seminars for continuous education and professional
development of teachers, as well as taking part in the State Commission for Teacher
Licensing, we believe that we have a good insight into the current situation concerning
mathematics education in Serbia. According to our experience, we think that
computers are used insufficiently and inadequately in mathematics teaching in Serbia,
in both primary and secondary schools. In our opinion the main reasons for that are
lack of knowledge (of appropriate software) and skills related to using computers, as
well as lack of positive attitudes towards using contemporary technologies in teaching,
and, also, modest technical equipment in schools. Also, our hypotheses are that those
teachers who use computers in the teaching process are significantly younger, have
better academic achievements and more readily attend continuing education classes
than those who do not use computers.

In order to test our hypotheses we have performed two researches. The first one is
related to experienced teachers with the state teaching license, and the second is related
to beginner teachers, who were in the process of obtaining the license.

Methodological approach

As mentioned previously, we carried out two independent researches. With respect to
experienced teachers, we performed a survey during the annual seminar for continuing
education of mathematics teachers in Serbia, organized by the Mathematical Society
of Serbia. That is a traditional seminar gathering the greatest number of participants
from all parts of Serbia. Our research included 142 mathematics teachers from both
primary and secondary schools. The results of that research are based on their own
answers. On the other hand, the research which included beginner teachers is based on
data ensuing from our opinion of and grading of teachers’ preparation for the practical
part of the licensing examination (each applicant has to teach one lesson and provide
a lesson plan). Therefore, these two researches are different in, at least, two ways:

+ The sample in the first research consists of only licensed mathematics teachers,
and the sample in the second research consists of only teachers who are in the
process of obtaining license;

« The data in the first research was collected strictly by means of participants’ self-
evaluation. To the contrary, data in the second research was collected according
to our evaluation of examinee’s lesson preparation.
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Collected data were analysed using the Statistical Package for Social Sciences (SPSS
13.0 for Windows).

Experienced teachers

In the survey, the teachers were asked to provide answers to questions about:

« Duration of working experience in school;

« Type of school;

« Number of hours spent in continuing education seminars over the last five years;

« Frequency of computer use for private purposes;

« Basic computer skills (Internet, E-mail, Microsoft Word, Microsoft Excel, and
similar);

« Technical equipment at school (access to computers, access to the Internet, access
to overhead projectors, and access to corresponding software);

» Frequency and manner of computer use in the teaching process;

» Reasons, in their opinion, for current level of computer use in teaching;

« Ways for enhancing computer use in the teaching process.

Beginner teachers

We have participated in the State Commission for Teacher Licensing during the last
two years. That examination includes planning and executing one mathematics lesson
in the school at which the applicant is not employed. We evaluated 123 such lessons.
That experience gave us the ability to perceive the situation regarding computer use
by beginner teachers.

We collected data about basic computer use for lesson plans and estimated the
quality of text processing, drawing figures and typing mathematical formulas.

Results and discussion

Experienced teachers

The first research included 142 mathematics teachers with a professional license,
68 (47.89%) from primary and 74 (52.11%) from secondary schools. Their work
experience ranged from 1 to 39 years; with the mean 17.16(+9.92) and the median
16.00 years (see Figure 1). Among the examinees, 124 of them provided information
about the duration of their continuing education, measured in hours over the last five
years (see Figure 2). The range of hours of continuing education was from 0 to 300,
with the mean 90.40(£47.90) and the median 100.00.
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Figure 1. Histogram of examinees’ work experience Figure 2. Histogram of examinees’
duration of continuing education
Having in mind the above mentioned four categories of factors that predict whether
teachers would integrate digital technologies into their teaching (Sime & Priestley,
2005) we investigated the number of teachers who have available computers in their
schools. The situation is as follows:

+ 94 (66.20%) participants answered that they had a computer available;

+ 32 (22.53%) answered that they had a computer available, but for too many users,
which implies lack of possibility of qualitative usage;

+ 16 (11.27%) examinees answered that they did not have a computer available.

Although there is room for improving the issue of technical equipment, we have
to conclude that the current level gives enough support for the use of computers in
schools.

Sadik (2006) investigated the relationship between personal and school use of
computers. He concluded that teachers who have positive attitudes towards their
personal use of computers also feel positive towards the use of computers in schools.
It was interesting for us to compare private to professional habits of teachers in terms
of computer use. Based on the data collected, Figure 3 presents the results of the
frequency of computer use for private purposes and in the teaching process.
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Figure 3. Frequency of computer use for private purposes (a) and in the teaching process (b)

By analysing and comparing the collected data, we point out that it is obvious that
the frequency of using computers for professional purposes is significantly smaller
than for private purposes. While 80 participants use computers on a daily basis for
private purposes, only 24 of them use computers daily in their teaching. It can be
observed that 15 participants answered that they do not use computers in teaching
process in any way, but only 6 participants do not use computers at all.

When discussing the manner in which computers are used in teaching, one of the
questions was related to the types of teaching materials in electronic forms which they
possess personally or share with colleagues at school. They had to mark one or more
of the following five options:

(1) Collections of teaching units in the electronic form (77 participants);

(2) Some kind of educational software (34 participants);

(3) Presentations or video films for some parts of teaching units (56 participants);
(4) Collections of control or final tests (59 participants);

(5) Nothing of the above (10 participants).

According to the data collected, we got the results presented in Table 1 about the
manner in which computers were used in the teaching process, where number 1
means that the participants marked only 1, number 13 means that the participants
marked only 1 and 3 etc.

Table 1. The manner of computer use in the teaching process

Frequency | Percent Valid Percent
1 14 9.9 10.6
2 3 2.1 23
3 10 7.0 7.6
4 26 18.3 19.7
5 18 12.7 13.6
13 2 1.4 1.5
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14 13 9.2 9.8
23 3 2.1 23
24 3 2.1 23
34 4 2.8 3.0
123 4 2.8 3.0
124 4 2.8 3.0
134 11 7.7 8.3
234 6 4.2 4.5
1234 11 7.7 8.3
Total 132 93.0 100.0
Total 142 100.0

As can be seen from Table 1 we can conclude that teachers mainly use computers
as “clever notebook’, i.e., only as storage of materials which can be reused or easily
modified before some new use. Additionally, we see that 98 (69.01%) participants
marked 1 or 4, but only 34 (23.94%) use computers at an advanced level (which among
the others means use of some kind of educational software).

Partculary, our interest was in the use of CAS (Computer Algebra Systems) and/or
IG (Interactive Geometry) tools. Although CAS and IG tools are the most effective
and most desirable way of using computers in mathematics teaching (from our
point of view), unfortunately, that usage is quite rare, only 15 (10.56%) of the 142
participants indicate that they use them. This is one more item which is in line with
our observation about inadequate use of computers in the teaching process. We can
observe similar results obtained by Sadik (2006), who determined that there is high
use of computers for low-level purposes (e.g. word processing and playing audio
recordings), while the use of computers for programming and courseware design was
the least used purpose for teachers.

As the main obstacles for their better and/or more frequent use of computers in
teaching, teachers specify the following:

1. Absence of adequate equipment in schools — 36 (25.35%) participants;

2.Lack of knowledge in computer use, or use of appropriate software — 17 (11.97%)
participants;

3. Their negative attitude towards using computers in the teaching process - 11
(7.75%) participants.

It can be observed that the listed obstacles correspond to the factors that have
already been identified in other researches (Sime & Priestley, 2005; Starkey, 2010).

Consistent with the above mentioned obstacles, the ways for enhancing computer
use in teaching are, according to the teachers’ opinions, the following:
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1. Better technical equipment in schools — 84 (59.15)% participants;
2. Continuing education of teachers - 75 (52.82%) participants;

3. More available software — 50 (35.21%) participants;

4. More help from State authorities - 34 (23.94%) participants.

Our opinion is that significant improvement (in both quality and quantity), with the
existing level of equipment, could be achieved by insisting on continuing education
of teachers. It is probably the most efficient way considering that it gives good results
in a short time frame while using modest material support.

At the end of this part, some statistical analysis of collected data, conducted in order
to check the validity of the hypothesis given in Introduction will be presented. The
following conclusions were reached.

1. A 2x2 contingency table analysis was conducted to determine if there is an

association between the use of computers in the teaching process and the type of
school. The Chi-Square test with Yates’ Correction for Continuity did not show
a significant relationship between the use of computers and the type of school,
x*(1, n=142)=0.000, p=1.000>0.05 (see also Figure 4). This is expected since
mathematics teachers in primary and secondary school have the same education.

M do not use
use

61 66

Figure 4. Use of computers in primary (left) and secondary (right) school

2. Mann-Whitney U test indicates that there is a significant difference between

394

average work experience in populations of teachers who use (Md=15, n=126)
and who do not use computers in the teaching process (Md=23,n=15), Z=-2.275,
p=0.023<0.05 (see Figure 5), thus verifying our hypothesis that those who use
computers in teaching more frequently are younger teachers.
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3. The conducted Mann-Whitney U test suggests that there is no significant
difference between the average duration of continuing education in populations
of teachers who use (Md=100, n=111) and those who do not use computers
(Md=72, n=13) in the teaching process Z=-0.896, p=0.37>0.05 (see Figure 6).
However, it is important to observe that all of the participants who have spent
a significant number of hours in continuing education (more then 120) use
computers in the teaching process, which is, to an extent, in line with the results
from previous researches indicating that in-service training of teachers is very
important for a successful implementation and use of computers in the teaching
process (Sadik, 2006; Yildirim 2000).

Beginner teachers

The second research covered 123 beginner mathematics teachers — applicants for
the professional license, 80 (65.00%) from primary and 43 (35.00%) from secondary
schools. Since the State Commission is unique, we have examinees who have graduated
from various state universities (66 graduated from University of Belgrade, 17 from
University of Novi Sad, 19 from University of Ni$, 16 from University of Kragujevac,
and 5 graduated from some other university) and who are working in all regions of
Serbia (39 in Belgrade, 23 in Vojvodina, 30 in central and west Serbia, and 31 in south
and east Serbia). Thus, the sample adequately represents the state of mathematics
education in Serbia.

It is important to emphasize that beginner teachers are novice in teaching profession
(some of them previously worked in some other positions). A condition necessary
for applying for the teaching license is one year of work experience as mathematics
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teacher. The data regarding the age of the applicants is presented in Figure 7, the mean
is 34.73(£5.73) and the median is 34.00.

The research conducted for this purpose relates to one part of the licensing
examination, precisely to mathematics lessons performed by applicants in schools.
In this research we only concentrated on the achieved level of technical processing
of prepared lesson plans (here we ignore the quality of the lesson plan itself). As this
is the main part of a very important examination for applicants, it is quite natural to
expect that the technical processing of the given lesson plan is not of lesser quality
than in everyday school practice. We evaluated the quality of technical processing
according to three categories: unsatisfactory, satisfactory, and good.

30—

25—

N
o
|

Frequency
o
|

Ages
Figure 7. Histogram of examinees’ ages

From the data collected, we established that 8 (6.50%) of the examinees did not use
a computer at all (their lesson plans were written by hand). The marks, based on our
opinion, for the 115 examinees who used computers for text processing are given in
Table 2.

Among the observed population, there were 60 teachers who had figures in their
lesson plans, but 17 of them drew figures by hand. The marks for the others are given
in Table 3. Also, the marks for typing mathematical formulas are given in Table 4
(notice that 2 examinees wrote the formulas by hand).

Table 2. Evaluation of examinees’ text processing

Frequency Percent
Unsatisfactory 10 87
Satisfactory 52 452
Good 53 46.1
Total 115 100.0
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Table 3. Evaluation of examinees’ drawing figures by using computers

Frequency Percent

Unsatisfactory 21 48.8
Satisfactory 16 37.2
Good 6 14.0
Total 43 100.0

Table 4. Evaluation of examinees’ typing of mathematical formulas

Frequency Percent

| Unsatisfactory 50 44.2 |
| Satisfactory 33 29.2 |
| Good 30 266 |
| Total 113 100.0 |

We were interested in checking whether there were any connections between the
university from which the applicants graduated (we took into account only four
major state universities), the region where they work, the type of school where they
teach, average marks during study, duration of study and, on the other hand, the
characteristics of their lesson plans which we evaluated. Based on the statistical analysis
of the collected data we have obtained results which we present in the continuation.

Regarding the connection between the use of computers in the teaching process and
the university from which the examinees graduated we obtained the results presented
in Table 5. A 4x3 contingency table analysis was conducted to determine if there is
an association between the use of computers (marks 1, 2, and 3) for text processing
and the university from which the examinees graduated. The Chi-Square test did not
show a significant relationship between computer use and university, Pearson Chi-
Square value (6,110)=6.374, p=0.383>0.05. Since contingency tables in two other cases
contain too many cells that have entries less than 5, the Chi-square test could not be
conducted. But, according to Table 5, it seems that the university attended does not
play a crucial role in the quality of drawing figures and typing mathematical formulas.

Table 5. Evaluated characteristics of examinees’ lesson plans according to universities

University Belgrade Novi Sad i Kragujevac
Marks s T2l Tel Tl olelolcTaTulul]:
e 5 7 3 24 2 1 3 11 1 1 8 9 0 1 8 7
processing
Eraw'“g 7 15 11 4 3 0 1 0 3 2 0 2 4 2 3 0
igures
1) 1 3 16 10 0 4 3 8 0 6 7 5 1 4 5 6
formulas

Note: 0 - by hand; 1 - unsatisfactory; 2 - satisfactory; 3 - good.
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Table 6. Evaluated characteristics of examinees’ lesson plans according to regions

University Belgrade Vojvodina Centr:l;;: Lol Soutshei::itleast
Marks oo T 2T aToelaoleT Taelo T 2Tl T:21:
i 6 16 14 3 2 5 12 0 1 17 12 2 1 13 15
processing
Era"‘”“g slalelalalalilalalelalalala]a]l:
igures
Il 118 10 7 0 7 5 7 1 12 7 10 0 12 11 6
formulas

Note: 0 - by hand; 1 - unsatisfactory; 2 - satisfactory; 3 — good.

Table 6 shows marks for the evaluated characteristics with respect to regions in
Serbia. A 4x3 contingency table analysis was conducted to determine if there is a link
between the quality of text processing as well as the quality of typing mathematical
formulas and regions where beginner teachers work. The Chi-Square tests show that
both the quality of text processing and the quality of typing mathematical formulas
are independent of the region of Serbia where novice teachers work:

» Pearson Chi-Square value (6, 114)=8.995, p=0.174>0.05 (text processing);

« Pearson Chi-Square value (6, 112)=4.174, p=0.653>0.05 (typing formulas).

In the case of drawing figures, the Chi-square test could not be conducted, however,
it seems that there is no significant difference between the regions as well.

Table 7. Evaluated characteristics of examinees’ lesson plans according to types of school

School type Primary Secondary
Marks 0 1 2 3 0 1 2 3
| Text processing 5 6 33 36 3 4 19 17 |
| Drawing figures 13 18 12 3 4 3 4 3
| Typing formulas 2 39 19 15 0 1 14 15 |

Note: 0 - by hand; 1 - unsatisfactory; 2 - satisfactory; 3 - good.

A 2x3 contingency table analysis was conducted to determine if there is an
association between the quality of text processing as well as the quality of typing
mathematical formulas and the types of schools where teachers work. The quality
of text processing is independent of the type of school, Pearson Chi-Square value
(2,115)=0.362, p=0.834>0.05. However, the quality of typing mathematical formulas
and the types of schools are correlated, Pearson Chi-Square value (2, 113)=7.434,
p=0.024<0.05. The situation in secondary schools is better than in primary schools
(see Figure 8).

In the case of drawing figures the Chi-square test could not be conducted.
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[ unsatisfactory
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[ good

Figure 8. Quality of typing mathematical formulas in primary (left) and secondary (right) school

The presented data and the analyses speak in favour of our previously mentioned
opinion that the situation is unsatisfactory and overall the same in all schools in Serbia.

We conducted the Kruskal-Wallis tests to check if there are significant differences
in average marks during the course of the study for the observed populations (with
differently evaluated characteristics).

« There are significant differences in the average marks during the course of the
study between populations of beginner teachers who wrote the text by hand
(Md=7.92, n=8), whose text processing is unsatisfactory (Md=7.35, n=10),
satisfactory (Md=7.52, n=52), or good (Md=7.95, n=52), x*(3, n=122)=14.762,
p=0.002<0.05. Specifically, using the Mann-Whitney U tests, there is a significant
difference between populations whose text processing is unsatisfactory and good
(Z=-2,422,p=0.015<0.05), as well as between populations whose text processing
is satisfactory and good (Z=-3,502, p=0.000<0.05), see Figure 9.

« There are significant differences in average marks in the study between populations
of those who draw figures by hand (Md=7.84, n=17), unsatisfactory (Md=7.35,
n=21), satisfactory (Md=7.91, n=16) and good (Md=8.14, n=6), use computers
for drawing, x*(3, n=60)=10.333, p=0.016<0.05. Specifically, using the Mann-
Whitney U tests, there is a significant difference between populations of those
who draw figures by hand and those who use computers in an unsatisfactory
way (Z=-2.144, p=0.031<0.05), as well as between populations of those who use
computers in an unsatisfactory and satisfactory way (Z=-2.055, p=0.04<0.05), and
also populations of those who use computers in an unsatisfactory and good way
(Z=-2.655, p=0.005<0.05), see Figure 10.

« There are significant differences in average marks in the study between populations
of those who write mathematical formulas by hand (Md=7.39, n=2), unsatisfactory
(Md=7.58, n=50), satisfactory (Md=7.80, n=32) and good (Md=9.12, n=30) use
computers for typing mathematical formulas, x*(3,n=114)=10.358, p=0.016<0.05.
Specifically, using the Mann-Whitney U test, there is a significant difference
between the population of those who use computers in an unsatisfactory and good
way (Z=-2.922,p=0.003<0.05), see Figure 11.
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With respect to the participants’ length of the study, the following results were

obtained:

« The conducted Kruskal-Wallis test, x*(3, n=118)=2.648, p=0.449>0.05, does not
suggest that there are statistically significant differences in the length of study
between populations of those who wrote the text by hand (Md=7.50,n=8) or those
whose text processing is unsatisfactory (Md=10.00, n=9), satisfactory (Md=8.00,
n=>51) and good (Md=8.50, n=50), see Figure 12.

« The conducted Analysis of Variance (ANOVA) does not suggest that there are
statistically significant differences in the length of study between populations
of examinees who draw figures by hand (8.13+£0.786, n=15), unsatisfactory
(9.65+0.650, n=20), satisfactory (8.38+0.576, n=16) and good use computers for
drawing (7.17£1.078, n=6), F(3, 53)=1.675, p=0.183>0.05, see Figure 13.

» The conducted Kruskal-Wallis test (x*(3, n=110)=1.544, p=0.672>0.05) does not
suggest that there are statistically significant differences in the length of study between
populations of examinees who write mathematical formulas by hand (Md=9.50,n=2),
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unsatisfactory (Md=8.50, n=48), satisfactory (Md=9.00, n=32) and good (Md=8.00,
n=30) use computers for typing mathematical formulas (see Figure 14).
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Figure 13. Box plots presenting duration of Figure 14. Box plots presenting duration of study and
study and quality of drawing figures quality of typing mathematical formulas

The presented data and analyses imply that teachers with higher academic
achievements in their studies usually use computers in a more adequate way. This
suggests, also, that the studies are the most important part of teachers’ education,
when a solid foundation for appropriate use of computers in teaching process must be
established. We must have this in mind when developing curricula and/or university
course programmes. Lin (2008) also recommends that mathematics teacher education
programmes be reviewed taking into consideration students’ needs and also preparing
future teachers for effective use of technology in mathematics teaching.

Also, it is interesting to notice that beginner teachers who wrote the text by hand
as well as those who drew figures by hand have better average marks than those who
use computers for that purpose in an unsatisfactory way. In our opinion, the reason
for that is a lack of positive attitude towards using digital technologies in teaching.

Conclusion

In the two independent researches we investigated the use of computers in the
teaching process in Serbia, one relating to experienced teachers with a state teaching
license, and the other relating to beginner teachers, applicants for the license. We were
interested in determining the level of computer use, the current situation and reasons
behind it, as well as the ways for increasing and improving computer use.

The first important result of our research is that the difference between computer
use for private and professional purposes is too big, and the level of use for private
purposes provides a possibility for a fast increase of computer use in the teaching
process. In our opinion, the reasons for such a difference are the following: (1) from
the teachers’ point of view computer-based teaching is a kind of innovation bringing
certain difficulties (Henry, & Clements, 1999); (2) the teacher’s role should no longer
be that of a traditional lecturer (Hsu, Wu, & Hwang, 2007). Therefore, teachers do not
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have a resistance to digital technologies at all, but it is obvious that they are not sure
about the ways of implementing them in the teaching processes.

As it was expected, younger teachers are leading the way in using computers in the
teaching process. Besides that, our studies show that the main impacts on the use of
computers in the teaching process lie in the average marks during the teachers’ course
of study as well as their dedication to continuing education. It can be observed that
the level and the quality of computer use do not depend on the university from which
the teachers had graduated or on the place of work (in both sense, type of school and
less or more economically developed region).

The results obtained have further convinced us that teacher education is a
strategically critical period during which improvements, i.e. effective integration of
computers into the curriculum have to be made. Learning to teach mathematics with
technology is best learned when technology is integrated into the teacher education
curriculum (Baki, 2000). Students with positive attitudes towards mathematical
computer tools overcame initial difficulties when using such tools and progressed to
more effective behaviours (Pierce, & Stacey, 2004; Reed, Drijvers, & Kirschner, 2010).
During their education (both basic and continuing) teachers should be encouraged
to develop the right attitude and become qualified to use newly developed digital
tools for teaching. The term being qualified implies not only providing teachers with
opportunities to learn about new technologies (knowledge), but also to learn about
when and how to use them in teaching (skill). We see a possible solution in providing a
wider range of topics directly related to school practice in didactics courses at teaching
faculties which would help future teachers deal with multiple problems that they may
encounter in their practice. Also, we suggest restructuring of the existing courses in
such a way that they encourage the use of digital technologies which can improve the
quality of teaching process.

Several years ago at some universities in Serbia a course named Educational Software
was included in the mathematics curriculum. That course was intended to increase
the interest for software packages, especially for CAS-IG tools, as well as develop
positive attitudes for using contemporary technologies in teaching. Students received
examples of those parts of mathematics where the corresponding software packages
could be applied in teaching. This decision will mostly influence, in our opinion, those
future teachers, students who will graduate in the years to come; they will influence
the change of the attitude regarding the use of digital technologies in the teaching
process. Serious research which is to follow our graduated students in longer time
period, if we talk about their professional work, may give the answers with greater
accuracy about the questions being asked.
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Uporaba racunala u poucavanju
matematike — pregled stanja
u Srbiji

Sazetak

U ovom radu analiziramo kvantitetu i kvalitetu uporabe racunala u poucavanju
matematike u Srbiji (u osnovnim i srednjim skolama) promatrajuci dva uzorka.
Podaci za prvo istraZivanje prikupljeni su na uzorku od 142 iskusna nastavnika
(s profesionalnom licencom). Provedbom istraZivanja ustanovili smo trenutnu
situaciju s obzirom na privatnu uporabu ra¢unala i uporabu racunala u Skoli, kao
i utje¢u li na uporabu racunala neke objektivne (npr. demografija) i subjektivne
varijable. Drugo istraZivanje je provedeno na uzorku od 123 nastavnicka
pripravnika (bez profesionalne licence). Prikupljeni podatci su temeljeni na nasim
procjenama o pripravi prakticnog dijela strucnog ispita pripravnika. Istrazili smo
utjecaj nekih demografskih i akademskih cimbenika na kakvoéu uporabe racunala.
U oba istraZivanja podatci su obradeni uporabom statistickog programa SPSS
13.0 (unakrsno tabeliranje i odgovarajuci testovi za usporedivanje skupina). Cilj
istraZivanja je bio utvrditi trenutnu situaciju i predloZiti mogucéa poboljsanja
uporabe racunala.

Kljucne rijeci: nastavnik pripravnik, iskusni nastavnik, kakvoca uporabe racunala,
kvantiteta uporabe racunala

Uvod

Uporaba digitalnih tehnologija, ra¢unalnih aplikacija, hardvera i komunikacijske

opreme postala je uobic¢ajena u modernom drustvu (Friedman, 2006). Suvremene
generacije, koje -odrastaju na valu tehnoloske revolucije (koja je zapoéela prije nekoliko
desetljeca i utjecala na ljude u skoro svim podruéjima djelovanja), ne bi se trebale
poucavati samo uporabom pomagala kao $to su olovka-papir ili plo¢a-kreda. Za te
ucenike potpuno je prirodna stalna interakcija s ra¢unalom i stoga bi ju trebalo iskoristiti
za unaprjedivanje kakvoce procesa ucenja i poucavanja (Kebritchi, Hirumi, & Bai, 2010).
Shodno tome ocekuje se da se nastavnici, a posebno mlada generacija (koja je diplomirala
unazad deset godina) koriste digitalnim uredajima u svojoj nastavi (Cuban, 2001).

Cilj mnogih istrazivanja diljem svijeta bio je utvrditi razinu prikladne uporabe

raCunala u nastavi i ¢cimbenike o kojima ta uporaba ovisi medu pocetnicima i iskusnim

405



Dimitrijevi¢, Popovié¢ and Stani¢: Computer use in mathematics teaching...

nastavnicima (Rosen & Weil, 1995; Rusell & Bradley, 1997; Henry & Clements,
1999; Snoeyink, 2000; Sadik, 2006; Hsu, Wu, & Hwang, 2007; Lin, 2008; Smarkola,
2008; Starkey, 2010). Medu ostalima, Sime i Priestley (2005), su u svom istraZivanju
identificirali Cetiri kategorije ¢imbenika koji predvidaju hoce li nastavnici integrirati
digitalne tehnologije u svoju nastavu: dostupna sredstva, iskustvo uporabe digitalnih
tehnologija, uvjerenja, i kontekst (uklju¢ujudi i raspolozivu potporu). Mnogi autori
su istrazivali i stavove o uporabi rac¢unala u nastavi matematike medu studentima
nastavni¢kog smjera matematike (Birgin, Catlioglu, Costu, & Aydin, 2009; Birgin,
Catlioglu, Giirbiiz, & Aydin, 2010; Birgin, Coker, & Catlioglu, 2010). IstraZzivanja
na svim razinama obrazovanja pokazuju da je ra¢unalno potpomognuta nastava
(Computer Assisted Instruction - CAI), s obzirom na ucinke pri uéenju matematike,
superiornija u odnosu na tradicionalne metode (Tjaden & Martin, 1995; Giirbiiz,
2007; Liao, 2007). Sadik (2006) ukazuje na to da su nastavnicko iskustvo, kao i
obrazovanje nastavnika, vitalni za uspje$nu implementaciju i uporabu ra¢unala te
da usvajanje odgovaraju¢ih kompetencija zasigurno pospjesuje pozitivne stavove
prema racunalima. Birgin i dr. (2009) su ustanovili da iskustvo u CAI i ra¢unalna
kompetencija predstavljaju znac¢ajnu razliku u pogledima studenata matematike
(budu¢im nastavnicima) prema ra¢unalno potpomognutoj nastavi matematike.
Taj rad predlaze da program obrazovanja nastavnika matematike, studente, buduce
nastavnike, treba pripremiti da s u¢enicima sutra$njice u¢inkovito upotrebljavaju
racunala u nastavi matematike. Buduéi nastavnici igraju klju¢nu ulogu u ukljuc¢ivanju
tehnologije u $kole (Baki, 2000; Teo, 2008).

Srbija je jugoisto¢na europska zemlja u razvoju s populacijom od 7 milijuna
stanovnika. Skolovanje je besplatno i obvezatno za djecu izmedu 6 i 15 godina, a
besplatno ali ne i obvezatno za djecu od 15 do 19 godina starosti. Obrazovni sustav
se sastoji od predskole (6 godina starosti), osnovne $kole (podijeljeno na dva
Cetverogodi$nja ciklusa, prvi od 7-11 godina i drugi od 11-15 godina starosti) i srednje
$kole (15-19 godina starosti). Nade istraZivanje se odnosi na nastavnike matematike
drugog ciklusa osnovne $kole i (svih tipova) srednjih skola.

Sve donedavno ra¢unalne su se znanosti u srbijanskom $kolskom sustavu izu¢avane
zajedno s matematikom. Zbog toga smo nase istraZivanje usredotocili na procjenu
koli¢ine i kakvoce uporabe racunala u nastavi matematike na osnovnogkolskoj i
srednjoskolskoj razini. Bitno je naglasiti da nastavnici matematike u osnovnim i
srednjim Skolama imaju jednake kvalifikacije (diplomirani matematicar).

Cilj ovog rada je utvrditi:
- razinu uporabe racunala u poucavanju matematike u Srbiji

« prepreke i poticaje nastavnicima matematike pri uporabi ra¢unala
« mogudi nadini povecanja i pobolj$anja uporabe ra¢unala u pouc¢avanju matematike.

Temeljem niza godina rada sa studentima koji se spremaju postati nastavnici
matematike te sudjelovanjem na seminarima kontinuiranog obrazovanja i stru¢nog
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usavr$avanja, kao i sudjelovanjem u Drzavnoj komisiji za licenciranje nastavnika,
vjerujemo da imamo dobar uvid u trenutnu situaciju matemati¢kog obrazovanja u
Srbiji. Prema dosada$njem iskustvu smatramo da se ra¢unala u nastavi matematike
osnovnih i srednjih $kola Srbije ne upotrebljavaju dovoljno niti na odgovarajuée nacine.
Mislimo da je glavni razlog tome nedostatak znanja (uporabe odgovarajuceg softvera)
i vje$tina koje se odnose na uporabu ra¢unala, kao i pomanjkanje pozitivnih stavova
prema uporabi suvremenih tehnologija u nastavi te skromnoj tehnickoj opremljenosti
$kola. Takoder, nasa je hipoteza da su nastavnici koji u nastavi upotrebljavaju racunala
znadajno mladi, imaju bolja akademska postignuca te spremno pohadaju nastavu
kontinuiranog usavr$avanja, za razliku od onih koji u nastavi ne upotrebljavaju
racunala.

Kako bismo provjerili nase hipoteze, proveli smo dva istrazivanja. Prvo se odnosi na
iskusne nastavnike s poloZenim drzavnim stru¢nim ispitom, a drugo na nastavnike-
pocetnike koji su u procesu polaganja drzavnog stru¢nog ispita.

Metodologija istrazivanja

Kao $to smo naveli, proveli smo dva neovisna istrazivanja. S iskusnim nastavnicima
istrazivanje smo proveli za vrijeme godi$njeg seminara kontinuiranog usavr$avanja
nastavnika matematike u Srbiji, koji organizira Dru$tvo matematicara Srbije. To je
tradicionalni seminar koji okuplja najveci broj sudionika iz svih krajeva Srbije. Nage
istrazivanje je obuhvatilo 142 nastavnika matematike osnovnih i srednjih $kola.
Rezultati tog istrazivanja utemeljeni su na njihovim odgovorima. S druge strane,
rezultati istrazivanja koje smo proveli s nastavnicima pocetnicima temeljeni su na
podatcima proizaslim iz nageg misljenja i ocjena nastavnicke priprave i nastavnog sata
izvedenog temeljem te priprave u sklopu polaganja drzavnog stru¢nog ispita (svaki
pristupnik mora izvesti jedan javni sat i priloZiti pisanu pripravu za taj sat). S obzirom
na navedeno, ta dva istraZivanja se razlikuju najmanje na dva nacina:

Uzorak u prvom istraZivanju sastavljen je isklju¢ivo od nastavnika matematike s
poloZenim drzavnim stru¢nim ispitom, dok je uzorak u drugom istrazivanju sastavljen
isklju¢ivo od nastavnika koji su u procesu polaganja drzavnog stru¢nog ispita.

Podatci iz prvog istraZivanja prikupljeni su isklju¢ivo samovrjednovanjem ispitanika.
U drugom sludaju podaci su bili rezultat nase evaluacije priprave ispitanika za
izvodenje nastave.

Prikupljeni podatci su obradeni uporabom Statistickog paketa za drustvene
znanosti (SPSS 13.0 for Windows).

Iskusni nastavnici

Istrazivanje je od nastavnika traZilo da odgovore na pitanja:

« godine radnog iskustva u koli

« vrsta Skole u kojoj rade

« broj sati provedenih na seminarima kontinuiranog obrazovanja tijekom zadnjih
pet godina
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« ucestalost uporabe racunala za osobne potrebe

« osnovne racunalne vjestine (internet, e-posta, Microsoft Word, Microsoft Excel,
isl)

« tehnic¢ka opremljenost u $koli (pristup racunalima, pristup internetu, pristup
grafoskopima, i pristup odgovaraju¢em softveru)

« ulestalost i nacin uporabe ra¢unala u nastavnom procesu

« razlozi, prema njihovom misljenju, za trenutnu razinu uporabe racunala u nastavi

« na koje nacine bi se uporaba rac¢unala u nastavom procesu mogla poboljsati.

Nastavnici pocetnici

Tijekom posljednje dvije godine sudjelovali smo u Drzavnom povjerenstvu za
provedbu stru¢nih ispita. Ispit se sastoji od planiranja i izvodenja jednog nastavnog
sata matematike u Skoli u kojoj pristupnik nije zaposlen. Izvrsili smo evaluaciju 123
takva predavanja. To iskustvo nam je omogu¢ilo uvid u stanje stvari vezano za uporabu
ra¢unala kod nastavnika pocetnika.

Prikupili smo podatke o osnovnoj uporabi racunala pri izradi priprava za izvodenje
nastavnog sata te s njima procijenili kakvo¢u obrade teksta, grafi¢kih prikaza i unosa
matematickih formula.

Rezultati rasprava

Iskusni nastavnici

Prvo istrazivanje je obuhvatilo 142 nastavnika matematike s polozenim drzavnim
stru¢nim ispitom, 68 (47,89%) iz osnovne $kole i 74 (52,11%) iz srednje $kole. Radno
iskustvo je bilo u rasponu od 1 do 39 godina; prosje¢na vrijednost 17,16 (£9,92) i srednja
vrijednost (medijana) 16,00 godina (vidi Slika 1). Medu ispitanicima 124 ih je dalo
informaciju o trajanju njihova kontinuiranog obrazovanja, mjereno u satima tijekom
posljednjih pet godina (vidi Sliku 2). Raspon sati se kretao od 0 do 300, s prosje¢cnom
vrijedno$c¢u 90,40 (+47,90) i srednjom vrijedno$¢u (medijanom) 100,00.

Slika 1.

Slika 2.

Imajudi na umu gore navedene Cetiri kategorije ¢imbenika koji su predvidali hoce
li nastavnici integrirati digitalne tehnologije u poucavanje (Sime & Priestley, 2005)
istrazili smo broj nastavnika kojima su dostupna racunala u §koli. Situacije je sljedeca:

* 94 (66,20%) ispitanika je odgovorilo da imaju dostupno racunalo u $koli;

+ 32 (22,53%) je odgovorilo da imaju pristup racunalu, no ono je dostupno
prevelikom broju korisnika, §to smanjuje mogu¢nost kvalitetne uporabe;

+ 16 (11,27%) ispitanika je odgovorilo da nemaju dostupno rac¢unalo.

Tako postoji prostor za pobolj$anje stanja tehnicke opremljenosti, moramo zaklju¢iti kako
trenutna razina opremljenosti daje zadovoljavaju¢u potporu uporabi ra¢unala u $kolama.
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Sadik (2006) je istrazivao vezu izmedu osobne uporabe ra¢unala i uporabe ra¢unala
u $koli. Zakljucio je da nastavnici koji imaju pozitivan stav prema osobnoj uporabi
ra¢unala, takav odnos imaju i prema uporabi ra¢unala u $kolama. Bilo nam je
zanimljivo usporedivati privatne i poslovne navike uporabe racunala kod ispitanika.
Temeljem prikupljenih podataka, Slika 3 predstavlja ucestalost uporabe ra¢unala u
privatne svrhe i u nastavnom procesu.

Slika 3.

Analizirajudi i usporedujuci prikupljene podatke isticemo da je ocita znacajno
manja uéestalost uporabe ra¢unala u poslovne nego u osobne svrhe. Dok 80 sudionika
ra¢unalo upotrebljava svakodnevno za osobne potrebe, samo 24 njih rac¢unalo
upotrebljava svakodnevno u nastavne svrhe. Pripominjemo da je 15 sudionika
odgovorilo kako uopce ne upotrebljavaju racunala u nastavi ni na koji nacin, ali samo
6 sudionika je izjavilo da ra¢unala uop¢e ne upotrebljavaju.

Razmatrajudi pitanje nacina uporabe racunala u poucavanju, jedno od pitanja se
odnosilo na tipove nastavnih materijala u elektroni¢kom obliku koji posjeduju osobno
ili zajedni¢ki s kolegama u $koli. Trebali su ozna’iti jednu ili vi$e od pet navedenih
mogucénosti:

(1) Zbirku nastavnih jedinica u elektroni¢kom obliku (77 sudionika)

(2) Neku vrstu obrazovnog softvera (34 sudionika)

(3) Prezentacije ili videozapise za neke dijelove nastavnih jedinica (56 sudionika)

(4) Zbirku kontrolnih ili zavr$nih ispita (59 sudionika)

(5) Nista od navedenog (10 sudionika).

Prema prikupljenim podatcima, dobili smo rezultate o nac¢inu uporabe rac¢unala u
nastavnom procesu prikazane u Tablici 1, gdje broj 1 oznacava da su ispitanici oznacili
samo 1, broj 13 da su oznadili samo 11 3 itd.

Tablica 1.

Kao $to se vidi iz Tablice 1, mozemo zakljuciti da nastavnici ra¢unala koriste
uglavnom kao “pametnu biljeznicu”, npr. samo kao spremiste za materijale koji mogu
biti ponovno upotrijebljeni ili jednostavno izmijenjeni prije neke ponovne uporabe.
K tomu vidimo da je 98 (69.01%) sudionika oznacilo 1 ili 4, ali samo 34 (23,94%)
ra¢unalom se koristi na naprednijoj razini (koja, izmedu ostalog, podrazumijeva
uporabu i neke vrste obrazovnog softvera).

Posebno nas je zanimala uporaba CAS (Computer Algrebra Systems - Sustava za
ra¢unalnu algebru) i/ili IG (Interactive Geometry - Interaktivna geometrija) alata. Iako
su CAS iIG alati najucinkovitiji i najpozZeljniji na¢ini uporabe ra¢unala u poucavanju
matematike (s na$e tocke gledista), na nesre¢u, takva uporaba je prili¢no rijetka, samo
15 (10,56%) od 142 ispitanika su potvrdili da koriste navedene alate. To je samo jos$
jedna stavka na tragu nase opaske o neadekvatnosti uporabe racunala u procesu
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poucavanja. Sli¢ne rezultate mozemo primijetiti kod Sadika (2006) koji je utvrdio visok
stupanj uporabe rac¢unala u jednostavne svrhe (npr. unos i obrada teksta i pustanje
zvuénih zapisa), dok je uporaba ra¢unala u svrhu programiranja i izrade nastavnog
softvera bila iznimno rijetka medu nastavnicima.

Kao glavnu prepreku boljoj i/ili ¢e§¢oj uporabi rac¢unala u poucavanju nastavnici
su naveli sljedece:

1. Nedostatak odgovarajuce opreme u $kolama - 36 (25,35%) sudionika

2. Neznanje uporabe racunala ili odgovarajuéeg softvera - 17 (11,97%) sudionika

3. Negativan stav prema uporabi racunala u procesu poucavanja - 11 (7,75%)

sudionika.

Zamjetno je da su navedene prepreke u skladu s ¢imbenicima koji su ustanovljeni
u drugim istrazivanjima (Sime & Priestley, 2005; Starkey, 2010).

Dosljedno gore navedenim smetnjama, nac¢ini za unapredenje uporabe racunala u
nastavi, prema misljenjima ispitanih nastavnika, su sljedeci:

1. Bolja tehnicka opremljenost $kola - 84 (59,15)% sudionika

2. Kontinuirano obrazovanje nastavnika - 75 (52,82%) sudionika

3. Vie dostupnog softvera — 50 (35,21%) sudionika

4.Vi$e pomoc¢i od nadleznih drzavnih sluzbi - 34 (23,94%) sudionika.

Nase je misljenje da bi se znacajna pobolj$anja (kvalitetom i kvantitetom), a koristeci
postojecu razinu opremljenosti $kola, mogla posti¢i inzistiranjem na kontinuiranom
obrazovanju nastavnika. To je vjerojatno najucinkovitiji na¢in uzimajuéi u obzir da
daje dobre rezultate u kratkom vremenu, koriste¢i skromnu materijalnu potporu.

Na kraju ovog dijela bit ¢e predstavljeni rezultati statisticke analize prikupljenih
podataka u svrhu provjere vrijednosti hipoteza iznesenih u uvodu. Zakljuc¢eno je
sljedece:

2x2 analiza tablice kontigencije provedena je da bi se utvrdilo postoji li veza izmedu
uporabe ra¢unala u nastavnom procesu i vrste $kole. Hi-kvadrat test s Yatesovom
korekcijom nije pokazao znacajniju vezu izmedu uporabe ra¢unala i vrste Skole, *(1,
n=142)=0.000, p=1.000>0.05 (vidi takoder Sliku 4). Ovo je bilo o¢ekivano s obzirom
da nastavnici matematike u osnovnoj i srednjoj $koli imaju jednaku naobrazbu.

Slika 4.

Mann-Whitney U test ukazuje da postoji znacajna razlika izmedu prosjecnog
radnog iskustva u populaciji nastavnika koji koriste (Md=15,n=126) i koji ne koriste
rac¢unala u nastavnom procesu (Md=23, n=15), Z=-2.275, p=0.023<0.05 (vidi Sliku
5), potvrdujuéi na$u hipotezu da racunala ¢e§ée koriste mladi nastavnici (Md je
skracenica za medijanu).

Slika 5.
Slika 6.
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Provedeni Mann-Whitney U test sugerira da ne postoji znacajna razlika izmedu
prosje¢nog trajanja kontinuiranog obrazovanja u populaciji nastavnika koji koriste
(Md=100, n=111) i onih koji ne koriste ra¢unala (Md=72, n=13) u nastavnom
procesu Z=-0.896, p=0.37>0.05 (vidi Sliku 6). Kako god, vazno je primijetiti da svi
ispitanici koji su proveli znacajan broj sati u kontinuiranom obrazovanju (vise od 120)
koriste ra¢unala u nastavnom procesu, $to je donekle na tragu rezultata prethodnih
istrazivanja koja su ustanovila da je stru¢no usavr$avanje iznimno vazno za uspje$nu
implementaciju i uporabu ra¢unala u nastavnom procesu (Sadik, 2006; Yildirim 2000).

Nastavnici pocetnici

Drugo je istrazivanje obuhvatilo 123 nastavnika matematike, pocetnika -
pristupnika polaganju drzavnog stru¢nog ispita. Od ukupnog broja 80 (65,00%)
ih je bilo iz osnovnih $kola, a 43 (35,00%) iz srednjih $kola. S obzirom na to da je
DrZavno povjerenstvo jedinstveno za sve, imali smo ispitanike koji su diplomirali na
razlic¢itim sveucili§tima (66 diplomanata Sveucilista u Beogradu, 17 sa Sveucili$ta u
Novom Sadu, 19 sa Sveucili$ta u Nisu, 16 sa Sveudilista u Kragujevcu i 5 diplomanata
nekog drugog sveucilista) i koji rade u razli¢itim dijelovima Srbije (39 u Beogradu,
23 u Vojvodini, 30 u sredi$njoj i zapadnoj Srbiji i 31 u juznoj i isto¢noj Srbiji). Stoga
uzorak na odgovarajudi nacin predstavlja stanje matematickog obrazovanja u Srbiji.

Bitno je naglasiti da su nastavnici pocetnici doista pocetnici u nastavnickoj
profesiji (neki od njih su prethodno radili na nekom drugom radnom mjestu). Uvjet
pristupanju Drzavnom stru¢nom ispitu je jedna godina radnog iskustva na mjestu
nastavnika matematike. Podatci o starosti pristupnika su prikazani na Slici 7, prosjek
je 34,73 (£5,73), a srednja vrijednost (medijana) je 34,00.

Provedeno istrazivanje se odnosi na dio stru¢nog ispita, to¢nije na sat matematike
koji pristupnik odrzi u $koli. U istrazivanju smo se usredotocili isklju¢ivo na postignutu
razinu izvedbe pripremljenog nastavnog plana (pri tome zanemarujuci kakvo¢u same
priprave). S obzirom na to da je to najvazniji dio samog stru¢nog ispita, prirodno je
ocekivati da izvedba nastavnog sata ne ¢e biti losija od nastave koju taj nastavnik inace
izvodi svakog dana. Kakvocu izvedbe smo vrjednovali prema trima kategorijama:
nezadovoljavajuce, zadovoljavajuce i dobro.

Slika 7.

Iz prikupljenih podataka ustanovili smo da 8 (6,50%) ispitanika nije uopée rabilo
rac¢unala (njihova priprava je pisana rukom). Ocjene, temeljem naseg misljenja, za
115 ispitanika koji su rabili ra¢unalo za obradu teksta prilikom pisanja priprave dane
su u Tablici 2.

Medu promatranom populacijom imali smo 60 nastavnika koji su imali graficke
prikaze u svojim nastavnim pripravama, no 17 ih je grafi¢ke prikaze risalo rukom.
Ogjene za ostale ispitanike dane su u Tablici 3. Takoder, ocijene za unos matematickih
formula dane su u Tablici 4 (2 su ispitanika formule pisali rukom).
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Tablica 2. - 4.

Zeljeli smo provjeriti postoji li ikakva veza izmedu, s jedne strane, sveucilista
na kojem su pristupnici diplomirali (u obzir smo uzeli samo ¢etiri glavna drzavna
sveucilita), regije u kojoj rade, vrste $kole gdje odrzavaju nastavu, prosjek ocjena
tijekom studija, trajanje studiranja i, s druge strane, svojstava njihove nastavne priprave
koju smo evaluirali. Temeljem statisticke analize prikupljenih podataka dobili smo
rezultate koje prikazujemo u nastavku.

S obzirom na vezu izmedu uporabe rac¢unala u nastavnom procesu i sveucilista
na kojem je pristupnik diplomirao dobili smo rezultate predstavljene u Tablici 5.
Provedena je A 4x3 analiza tablice kontigencije da bi se ustanovilo postoji li veza
izmedu uporabe ra¢unala (ocjene 1, 2,1 3) za obradu teksta i sveutili$ta na kojem je
kandidat diplomirao. Hi-kvadrat test nije pokazao znacajnu vezu izmedu uporabe
rac¢unala i sveuciliSta, Pearson Hi-kvadrat vrijednost (6, 110)=6,374, p=0,383>0,05. S
obzirom na to da tablice kontigencije u ostalim slu¢ajevima sadrze previse celija koji
imaju vrijednosti manje od 5, Hi-kvadrat test nije mogao biti proveden. No prema
Tablici 5, izgleda da sveudiliste koje je ispitanik pohadao ne igra znacajnu ulogu u
kakvod¢i crtanja grafickih prikaza ili unosu matematickih formula.

Tablica 5.
Tablica 6.

Tablica 6 prikazuje ocjene za vrjednovana svojstva s obzirom na regiju u Srbiji.
Provedena je 4x3 analiza kontigencije tablice da bi se ustanovilo postoji li veza izmedu
kakvoce obrade teksta kao i kakvoce unosa matematickih formula i regije u kojoj
nastavnik-pocetnik radi. Hi-kvadrat test pokazuje da su obje vrijednosti neovisne o
regiji Srbije u kojoj nastavnik pocetnik radi:

« Pearsonova Hi-kvadrat vrijednost (6, 114)=8,995, p=0,174>0,05 (obrada teksta);

« Pearsonova Hi-kvadrat vrijednost (6, 112)=4,174, p=0,653>0,05 (unos formula).

Za graficke prikaze Hi-kvadrat test nije mogao biti proveden. Unato¢ tomu, izgleda
da, kao i u prethodnom slu¢aju, medu regijama ne postoji znacajna razlika.

Tablica 7.

Provedena je 2x3 analiza tablice kontigencije da bismo utvrdili postoji li veza izmedu
kakvoce obrade teksta i unosa matematickih formula te vrste $kole u kojoj nastavnik
radi. Kakvoca obrade teksta je neovisna o vrsti $kole, vrijednost Pearson Hi-kvadrata (2,
115)=0,362, p=0,834>0,05. No postoji veza izmedu kakvoce unosa matematickih formula
i vrste $kole u kojoj nastavnik radi, vrijednost Pearson Hi-kvadrata (2, 113)=7,434,
p=0,024<0,05. Situacija u srednjim $kolama je bolja od situacije u osnovnim $kolama
(vidi Sliku 8).
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Kod grafi¢kih prikaza Hi-kvadrat test nije mogao biti proveden.
Slika 8.

Prikazani podatci i analize govore u prilog nasem prethodno spomenutom misljenju

da je situacija nezadovoljavajuca i uglavnom jednaka u svim $kolama diljem Srbije.

Proveli smo Kruskal-Wallis testove da bismo provjerili postoje li znacajne razlike u

prosjeku ocjena tijekom studiranja za promatranu populaciju (s razli¢ito vrjednovanim
svojstvima).

« Postoje znadajne razlike u prosjeku ocjena tijekom studiranja medu populacijama
nastavnika pocetnika koji su svoju nastavnu pripravu pisali rukom (Md=7,92,
n=8), ¢ija je ratunalna obrada teksta bila nezadovoljavaju¢a (Md=7,35, n=10),
zadovoljavaju¢a (Md=7,52,n=52) ili dobra (Md=7,95,n=52), x*(3,n=122)=14,762,
p=0,002<0,05. Preciznije, po Mann-Whitney U testovima, postoji znacajna razlika
izmedu populacije ¢ija je obrada teksta nezadovoljavajuca i populacije ¢ija je obrada
teksta dobra (Z=-2,422, p=0,015<0,05), kao i izmedu populacija ¢ija je obrada
teksta zadovoljavajuca i onih ¢ija je obrada teksta dobra (Z=-3,502, p=0,000<0,05),
vidi Sliku 9.

« Postoji znacajna razlika u prosjeku ocjena tijekom studiranja medu populacijama
koje graficke prikaze crtaju rukom (Md=7,84, n=17), za to rabe rac¢unalo
nezadovoljavaju¢e (Md=7,35, n=21), zadovoljavajuce (Md=7,91, n=16) ili dobro
(Md=8,14, n=6), X*(3, n=60)=10,333, p=0,016<0,05. Preciznije, uporabom Mann-
su crtani rukom i onih koji su za to rabili ra¢unala na nezadovoljavaju¢i nacin
(Z=-2,144,p=0,031<0,05), kao i izmedu populacija koje su za to koristile racunalo
na nezadovoljavajudi i zadovoljavaju¢u nacin (Z=-2,055, p=0,04<0,05), i populacija
koje su se ra¢unalom koristile na nezadovoljavajudi i koje su se njime koristile na
dobar nacin (Z=-2,655, p=0,005<0,05), vidi Sliku 10.

« Postoji znacajna razlika u prosjeku ocjena tijekom studiranja medu populacijama
onih koji su unosili matematicke formule ru¢no (Md=7,39, n=2), za to su rabili
ra¢unala na nezadovoljavaju¢i (Md=7,58, n=50), zadovoljavaju¢i (Md=7,80,n=32)
ili dobar nacin (Md=9,12, n=30), x*(3, n=114)=10.358, p=0.016<0.05. Preciznije,
uporabom Mann-Whitney U testova, postoji znacajna razlika izmedu populacija
koje rabe rac¢unala za unos formula na nezadovoljavajuéi nadin i na dobar nacin
(Z=-2,922, p=0,003<0,05), vidi Sliku 11.

Slika 9. - 12.

S obzirom na duzinu studiranja sudionika nase studije, dobiveni su sljede¢i rezultati:
« Provedeni Kruskal-Wallis test, x*(3, n=118)=2,648, p=0,449>0,05, ne sugerira da
postoji statisticki znacajna razlika izmedu duZine studiranja t onih koji su tekst
pisali rukom (Md=7,50, n=8) ili onih ¢ija je obrada teksta nezadovoljavajuca
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(Md=10,00, n=9), zadovoljavaju¢a (Md=8,00, n=>51) ili dobra (Md=8,50, n=50),
vidi Sliku 12.

« Provedena Analiza varijance (ANOVA) ne sugerira postojanje statisticki znacajnih
razlika u duzini studiranja medu ispitanicima koji su svoje graficke prikaze
crtali rukom (8,13+0,786, n=15), ili su za to rabili ra¢unalo nezadovoljavajuce
(9,650,650, n=20), zadovoljavajuce (8,38+0,576, n=16) ili dobro (7.17+1.078,
n=6), F(3, 53)=1.675, p=0.183>0.05, vidi Sliku 13.

» Provedeni Kruskal-Wallis test (x*(3, n=110)=1,544, p=0,672>0,05) ne sugerira
postojanje statisticki znacajnih razlika u duzini studiranja medu populacijama
ispitanika koje su matematicke formule pisale rukom (Md=9,50, n=2), ili su za to
rabili ra¢unala nezadovoljavaju¢e (Md=8,50, n=48), zadovoljavaju¢e (Md=9,00,
n=32) ili dobro (Md=8,00, n=30) (vidi Sliku 14).

Slika 13.
Slika 14.

Prikazani podatci i analize ukazuju da nastavnici s vi$im akademskim postignu¢ima
tijekom svog studiranja rabe racunala na primjereniji na¢in. Navedeno takoder
sugerira da je studij najvazniji dio obrazovanja buducih nastavnika, kad je potrebno
stvoriti ¢vrste temelje za pravilnu uporabu racunala u nastavi. To moramo imati na
umu prilikom razvoja kurikula i/ili sveucilisnih nastavnih programa. Lin (2008)
takoder preporuca da program za izobrazbu nastavnika matematike bude recenziran
uzimajuéi u obzir potrebe studenata i istovremeno pripremajuci buduée nastavnike
za uéinkovitu uporabu tehnologije u pou¢avanju matematike.

Takoder, zanimljivo je primijetiti da nastavnici-pocetnici koji piu tekst i crtaju
graficke prikaze rukom imaju bolji prosjek ocjena tijekom studija od onih koji u tu
svrhu rabe ra¢unalo, ali na nezadovoljavaju¢i na¢in. Smatramo da je razlog tomu
nedostatak pozitivnog stava prema uporabi digitalnih tehnologija u poucavanju.

Zakljucak

U dvije neovisne studije istrazivali smo uporabu rac¢unala u nastavnom procesu
u Srbiji. Jedna se odnosila na iskusne nastavnike s poloZzenim drzavnim stru¢nim
ispitom, a druga na nastavnike-pocetnike, kandidate za polaganje drzavnog stru¢nog
ispita. Zeljeli smo utvrditi razinu uporabe racunala, trenutnu situaciju i razloge koji
se kriju iza toga te nacine kako povecati i poboljsati uporabu racunala.

Prvi vazan rezultat naSeg istrazivanja je da je razlika izmedu uporabe racunala za
osobnu i poslovnu uporabu prevelika te da razina uporabe za osobne potrebe pruza
mogucnost za brzo uvecanje uporabe racunala u nastavnom procesu. Smatramo da su
uzroci takvim razlikama sljededi: (1) s nastavnickog stajali$ta poucavanje uz pomo¢
rac¢unala je vrsta inovacije koja donosi i odredene probleme (Henry, & Clements,
1999); (2) uloga nastavnika vi$e ne bi trebala biti samo klasi¢an predava¢ (Hsu, W,
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& Hwang, 2007). Zbog toga se nastavnici ne protive uporabi digitalnih tehnologija
generalno, ali je ocito da nisu potpuno sigurni u nacine njihove implementacije u
nastavni proces.

Kao $to se moglo ocekivati, mladi nastavnici prednjace u uporabi racunala u nastavi.
Uz to, istraZivanje pokazuje da na uporabu racunala u nastavi glavni utjecaj proizlazi
iz prosjeka ocjena tijekom studiranja i njihova ustrajnog kontinuiranog obrazovanja.
Moze se primijetiti da razina kakvoce uporabe ra¢unala ne ovisi o sveucilistu na kojem
je nastavnik stekao diplomu ni o tomu gdje radi (neovisno gledamo li tip $kole ili
ekonomsku razvijenost regije u kojoj se $kola nalazi).

Prikupljeni rezultati su nas jo§ vi$e uvjerili da je obrazovanje nastavnika strateski
kriti¢an period tijekom kojeg je nuzno udiniti pobolj$anja, primjerice u¢inkovitu
integraciju racunala u kurikul. U¢iti poucavati matematiku uporabom tehnologije
najucinkovitije je kad je tehnologija integrirana u kurikul obrazovanja nastavnika
(Baki, 2000). Studenti s pozitivnim stavom prema matematickim racunalnim alatima
su nadisli pocetne poteskoce prilikom uporabe tih alata i postali su u¢inkovitiji (Pierce,
& Stacey, 2004; Reed, Drijvers, & Kirschner, 2010). Tijekom njihova obrazovanja
(temeljnog i kontinuiranog) nastavnike je potrebno ohrabrivati da razviju ispravan
stav i postanu kvalificirani za uporabu novorazvijenih digitalnih alata za poudavanje.
Pojam biti kvalificiran podrazumijeva ne samo pruZanje mogu¢énosti nastavnicima
da steknu znanja o novim tehnologijama, ve¢ i da nauce kada i kako upotrijebiti
dostupnu tehnologiju (stec¢i vjestinu). Moguce rjeSenje vidimo u pruzanju Sireg
raspona tema izravno vezanih na $kolsku praksu u didakti¢kim kolegijima na
nastavnic¢kim fakultetima, $to bi pomoglo budu¢im uciteljima-nastavnicima u
rjeSavanju mnogostrukih problema koje mogu susresti u praksi. Takoder predlazemo
restrukturiranje postojecih kolegija na na¢in da poti¢u uporabu digitalnih tehnologija
koje mogu pridonijeti kakvo¢i nastavnog procesa.

Prije nekoliko godina, na nekim sveu¢ilistima u Srbiji, u matematicki kurikul je
uveden kolegij nazvan Edukacijski softver. Namjera kolegija je bila povecati zanimanje
za softverske pakete, posebice CAS-IG alate, kao i razviti pozitivne stavove prema
uporabi suvremenih tehnologija u pou¢avanju. Studentima su prikazani primjeri
dijelova matematickog gradiva gdje bi se u poucavanju mogao primijeniti odgovarajuci
softverski paket. Ta odluka ¢e, prema nagem misljenju, najvise utjecati na buduce
nastavnike, studente koji ¢e tek diplomirati u godinama koje su pred nama; oni ¢e
utjecati na promjenu stava prema uporabi digitalnih tehnologija u nastavnom procesu.
Ozbiljno istrazivanje, koje bi pratilo nase diplomce kroz duzi vremenski period, ako
govorimo o njihovom radu, moglo bi dati preciznije odgovore na postavljena pitanja.

Napomena

Drugog i treceg autor ovog rada dijelom je podrzalo Ministarstvo obrazovanja i
znanosti Srbije (projekti #174002 i #174015).
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