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ABSTRACT 

Teacher competencies are among the key factors of a successful mathematics instruction. The main goal of the 

study was to compare teachers’ beliefs and attitudes affected by different strategies in organizing the instruction 

process. The study gives a comparison of teachers’ competencies in three groups of teachers – one teaching 

mathematics without ICT, the second using ready-made GeoGebra applets and the third one developing their own 

GeoGebra applets in cooperation with their students. The survey includes 65 mathematics teachers working in 21 

primary and secondary schools in southern regions of Serbia. We observed, assessed and compared affective-

motivational characteristics of teachers – their beliefs and professional motivation. Results indicate that the 

teachers’ affective-motivational characteristics depend on the way they employ technology in representing the 

content they teach. If the technology is used in an inappropriate manner it can impede the students’ creativity, but 

it also obstructs teachers in deploying their full abilities in the process. The results also bring to the fore issues 

concerning ways to maintain positive effects achieved through ICT empowered instruction organized in the way 

the third group of teachers did.   
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INTRODUCTION 

One of the goals of the 21st century education is to fulfill 

needs of modern society for experts ready to cope with various 

problems that will be current in the future. Mathematics 

instruction is no exception. There are many aspects of the 

instruction that can contribute in fulfilling these tasks and others 

that can lead students and teachers develop habits not in line with 

the modern society needs. 

Modern day instruction undoubtedly relies on Informatics-

Communication Technologies (ICT) usage. A number of studies 

dealt with influence that ICT usage in Mathematics instruction 

can have on students‘ creativity, knowledge building, quality of 

knowledge and their academic achievements. Some of them 

suggest that ICT usage in the Mathematics instruction can boost 

students‘ parameters (Arbain & Shukor, 2015; Brown, 2010; 

Hopper, 2009; Rajagopal et al.,  2015), but there are more studies 

(Bennett & Maton, 2010; Bullen et al., 2011; Oblinger & 

Oblinger, 2005; White & Le Cornu, 2011) showing that the 

context is the key factor in understanding quality and efficiency 

of ICT impact on students‘ parameters. 

One of the most important aspects of the ICT usage in the 

instruction process is that it requires teachers be able to 

meaningfully incorporate a new technology into the process. 

Several studies (Tatar, 2013; Zakaria & Lee, 2012; Senk et al., 

2012) indicate that using ICT in instruction process helps 

teachers improve and diversify their teaching techniques. Others 
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(Jimoyiannis, 2010; Kelly, 2002) point at an urgent need to 

coordinate students‘ interests and teachers‘ competencies in ICT 

learning environment. This study explores whether the way ICT 

are used in the Mathematics instruction can have impact on 

teachers‘ competencies. 

Teachers’ competencies. A successful teacher can be 

recognized through developed teachers‘ competencies. Though 

there are different approaches to describing the competencies, we 

based our study on the framework given in Döhrmann et al. 

(2012). There (ibid., p.327), the teachers‘ competencies are 

classified into two facets: cognitive abilities and affective-

motivational characteristics, Figure 1. 

  

Figure 1. Teachers‘ professional competencies, according to 

Döhrmann et al. (2012). 
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Both, teachers and students show changes in their 

classroom interactions when the instruction is ICT-empowered. 

The interactions tend to move towards more informal group 

work (Farrell, 1996). Fuglestat et al. (2010) came to a conclusion 

that ―by involving teacher in all stages of the design process, the 

full extent of the repercussions involved in using digital tools in 

the classroom – their impact on not only students‘ learning and 

teachers‘ didactic approaches but also on classroom 

management, on teaching time, and on mathematical knowledge 

itself – becomes more apparent. (p.309)‖ Teachers develop their 

cognitive abilities mostly in their pre-service period, but their 

affective-motivational characteristics can be susceptible during 

their lifetime. Goos et al. (2010) state that ―teacher 

characteristics (their mathematical and pedagogical knowledge, 

beliefs and attitudes) … influence the integration of digital 

technologies into mathematics teaching.‖ (ibid. p. 327). On the 

other hand, the influence that ICT usage can have on teachers‘ 

characteristics is poorly investigated. Therefore, we paid 

attention at teachers‘ affective-motivational characteristics and 

assessed the impact that the quantity and quality of ICT usage in 

the Mathematics instruction can have on this set of 

competencies. 

About GeoGebra. In order to explore and assess impact that 

ICT usage can have on teachers‘ beliefs and attitudes, we 

introduced GeoGebra software into the instruction process – i.e. 

some of the teachers included in the survey organized their 

lessons using it.  GeoGebra was chosen due to its ease of use and 

popularity among Serbian students and teachers. It is an open 

source dynamic mathematics software. Its interaction window 

has many different perspectives – algebra and graphics windows, 

spreadsheet, CAS, 3D graphics, etc. Work with GeoGebra is 

mostly organized through building worksheets – GeoGebra 

applets. 

There are studies showing that teachers express very 

positive attitudes toward using GeoGebra in mathematics 

instruction (Hohenwarter et al., 2008, Preiner, 2008, Zakaria & 

Lee, 2012), but they do not compare and assess different 

approaches to introduce technology into the instruction process. 

Teachers included in our research used two types of GeoGebra 

applets – ready-made or the ones developed by themselves in 

cooperation with their students. The ready-made applets were 

developed earlier, and the teachers were offered to incorporate 

them into the instruction process. Another group of teachers was 

consisted of the ones that had previous experience with 

GeoGebra, and they were required to develop their own applets. 

In that process they used to include their students, mostly 

through homework. 

METHOD 

Sampling. The sample was comprised of 65 mathematics 

teachers from 21 primary and secondary schools in southern 

regions of Serbia. According to the way they organized 

instruction process and level of ICT usage, the teachers were 

divided into three groups: those teaching mathematics without 

ICT – 41 teachers, the ones teaching mathematics using ready-

made GeoGebra applets – 13 teachers, and the ones that used to 

develop GeoGebra applets together with their students – 11 

teachers. 

Objectives. The main objective of this research is to 

examine and assess influence of ICT usage on affective-

motivational characteristics of teachers. Having in mind various 

possibilities to employ technology in the classroom, we decided 

to find out if there are differences in the influence levels that 

different approaches to technology usage in the classroom affect 

the teachers‘ characteristics. In other words, our task is to answer 

the following question: To what extent the way ICT is used in 

the instruction shapes the teachers‘ beliefs and attitudes? 

Instruments and survey. The participants to the survey filled 

in a questionnaire consisted of two parts. The first part covered 

general information about participants – their age, education and 

work experience. In the second part there were five items – 

statements expressing teacher‘s beliefs about the instruction 

process. For every statement teachers could pick one of five 

assessments representing their attitude about the statement –―I 

strongly disagree‖, ―I disagree‖, ―I am neutral‖, ―I agree‖ and ―I 

strongly agree‖. In order to compare teachers‘ attitudes and 

estimate their beliefs, we assigned numerical values to the 

assessments – 1 for ―I strongly disagree‖ to 5 for ―I strongly 

agree‖. The statements of the second part of the questionnaire 

were: 

1. I find it easy to prepare teaching materials. 

2. Using ICT in Mathematics instruction helps students 

understand the subject material. 

3. Mathematics is easy for students to learn. 

4. Relations between my students and me in the classroom are 

relaxed. 

5. I can easily make my students interested in subject 

material.  

Data collection and analysis.  All the teachers covered with 

the survey had similar background – they were all from southern 

regions of Serbia, mostly with rural background. Their age and 

work experience varied very slightly between the groups. 

We used methods of descriptive statistics (average values; 

standard deviations) to process general data collected through the 

survey. In order to statistically estimate differences in attitudes 

between the groups of teachers, we conducted t-tests for every 

statement.  

NUMERICAL RESULTS 

In Tables 1-5 we present data concerning the second part of 

the questionnaire. Besides, we conduct t-tests to compare 

statistical differences between the groups concerning all five 

statements. Having in mind t and p values we obtained for all 

five criteria, we draw conclusions about statistical significance of 
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the differences between the groups. We observed statistical 

differences at 0.05 level. 

Table 1. Average values and standard deviations for the first 

statement. 

Group Count  Average SD 

1. 41 2.51 1.25 

2. 13 3.46 1.21 

3. 11 3.18 1.27 

For this statement we obtained following results:  

1.1. For the first and the second groups, we have 2.35t   , 

52df  , 0.02p  . 

1.2. For the first and the third groups, we have 1.54t   , 

50df  , 0.13p  . 

1.3. For the second and the third groups, we have  0.53t  , 

22df  , 0.60p  . 

The first criterion was about difficulties teachers encounter 

while preparing teaching materials. The only statistically 

significant difference was between the first and the second 

groups, in favor of the second one. It could be expected, 

considering that the second group of teachers worked with ready-

made materials. On the other hand, the difference between the 

second and the third groups was not statistically significant, 

though the third group teachers had to develop their own applets.  

Table 2. Average values and standard deviations for the second 

statement. 

Group Count  Average SD 

1. 41 2.56 1.13 

2. 13 2.69 1.20 

3. 11 3.82 1.27 

For the second statement we obtained following results:  

2.1. For the first and the second groups, we have 0.35t   , 

52df  , 0.73p  . 

2.2. For the first and the third groups, we have 3.14t   , 

50df  , 0.0029p  . 

2.3. For the second and the third groups, we have  2.14t   , 

22df  , 0.044p  .  

The second criterion expressed teachers‘ opinion on 

influence of ICT usage in the instruction process to students‘ 

understanding of materials taught. The differences appeared to 

be significant between the first and the third, and the second and 

the third groups, in both cases in favor of the third group. 

Though the difference between the first and the third groups 

could be expected, it could be useful to understand why the 

difference between the second and the third groups was 

statistically significant, and was not in case 1 – 2. The answer 

lies in the way the second group of teachers used technology in 

the instruction. Generally, usage of ready-made applets impedes 

students‘ creativity which is in direct connection to 

understanding the subject materials.  

Table 3. Average values and standard deviations for the third 

statement. 

Group Count  Average SD 

1. 41 2.85 1.12 

2. 13 2.92 1.27 

3. 11 3.27 1.35 

For the third statement we obtained following results:  

3.1. For the first and the second groups, we have 0.19t   , 

52df  , 0.85p  . 

3.2. For the first and the third groups, we have 1.03t   , 

50df  , 0.31p  . 

3.3. For the second and the third groups, we have  0.62t   , 

22df  , 0.54p  . 

The third criterion is teachers‘ perception on difficulties 

students meet while learning Mathematics. All three groups of 

teachers had very similar scores – from 2.85 to 3.27, and there 

was no statistically significant difference between any of the 

groups. This means that teachers expect students can learn 

Mathematics easily, regardless of the technology used in the 

instruction process. 

Table 4. Average values and standard deviations for the fourth 

statement. 

Group Count  Average SD 

1. 41 2.41 1.06 

2. 13 3 1.24 

3. 11 3.91 1.16 

For the fourth statement we obtained following results:  

4.1. For the first and the second groups, we have 1.63t   , 

52df  , 0.11p  . 

4.2. For the first and the third groups, we have 3.99t   , 

50df  , 0.0037p  .  

4.3. For the second and the third groups, we have  1.76t   , 

22df  , 0.092p  . 

The fourth criterion was the nature of the teacher-students 

relations in the classroom. The difference was statistically 

significant only between the first and the third groups. Although 

the second group also used ICT in the classroom, it came out that 

it did not ease the relations as it did with the third group of the 

teachers. On the other hand, the difference between the second 
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and the third groups, tough very high ( 1.76t   , 22df  , 

0.092p  ), was not statistically significant. 

Table 5. Average values and standard deviations for the fifth 

statement. 

Group Count  Average SD 

1. 41 2.56 1.08 

2. 13 2.85 1.23 

3. 11 4 1.13 

For the fifth statement we obtained following results:  

5.1.  For the first and the second groups, we have 0.78t   , 

52df  , 0.44p  . 

5.2. For the first and the third groups, we have 4.12t   , 

50df  , 0.033p  . 

5.3. For the second and the third groups, we have  2.28t   , 

22df  , 0.0001p  . 

Finally, the fifth criterion was teachers‘ opinion about their 

ability to make students understand teaching materials. The 

difference was statistically significant in cases 1 – 3 and 2 – 3, 

and in case 1 – 2 the difference was not statistically significant. 

These suggest that teachers are more successful in helping 

students understand subject materials when they develop 

GeoGebra applets with students, than in cases when they use 

ready-made applets or do not use them at all. 

A more comprehensive picture can be obtained if all these 

conclusions are taken together, Table 6, wherefrom one can see 

that, comparing to the first two groups of teachers, the third one 

expresses significantly more positive attitude and beliefs about 

efficiency of the instruction and their relation to students.  

Table 6. Statistical significance of differences between the 

groups at 0.05 level. 

Pair of 

groups 

 

1 – 2 

 

1 – 3 

 

2 – 3 

1. Yes No  No 

2. No Yes Yes 

3. No No No  

4. No Yes No 

5. No  Yes Yes  

CONCLUSIONS AND DISCUSSION 

Introducing GeoGebra applets into the instruction process 

can alleviate teachers‘ efforts in preparing mathematics 

instruction. But the alleviation depends on the type of the 

applets. Teachers find developing applets more difficult than 

using ready-made ones.  

Teachers that used to develop GeoGebra applets together 

with their students (the third group) consider their type of 

instruction helpful for students to understand subject material. 

On the other hand, those using ready-made applets (the second 

group) found their students less able to understand the subject 

material. The difference could be understood taking in 

consideration cognitive efforts the second group students need to 

incorporate the mathematics and the technology.  

Concerning the teacher-students relations in the classroom, 

the most relaxed ones were with the third group of the teachers. 

Though this conclusion sounds similar to what Farrell stated in 

(1996), it clearly points that a mere introduction of ICT into the 

instruction process does not necessarily lead to a better 

interrelationship in the instruction.  The reason was obviously the 

way technology was introduced in the classroom. Time and 

energy spent in developing the applets and the communication 

during the process contributes to a friendlier atmosphere in the 

classroom. 

Increasing students‘ interest for, and their understanding of 

the subject material is not an easy task for a teacher. Modern day 

students are very keen of ICT, but different ways we use them in 

the classroom induce different students‘ reactions. For that 

reason, students that took part in developing GeoGebra applets 

representing mathematical ideas, concepts or procedures showed 

better understanding of the subject material. Another possibility 

is that the teachers cooperating with students had better insight 

into their students‘ ideas about the subject material.  

The research points out that introduction of ICT into 

mathematics instruction, though a necessity today, has to be 

carefully organized. The way we use ICT in the instruction 

impacts many aspects of the teaching/learning process (teachers‘ 

preparations of teaching materials, students‘ interest and 

understanding, interrelations in the classroom). Introducing ICT 

in the instruction in a way that requires more student activities 

and student-teacher cooperation brings more positive results. On 

the other hand, using ready-made applets can result in lessening 

teachers‘ efforts and declining students‘ commitment to learn, 

which can be reflected through their achievements and teachers‘ 

perceptions. 

Finally, the research and its results lead to some questions 

that need to be addressed in future research. Some of the most 

important issues following this research are: 

- Does the level of difficulty/ease of preparing teaching 

materials in an ICT environment impact readiness of 

teachers to cooperate with students and thus initiate fuller 

engagement of their capacities? If it does, in what manner? 

- Can better relations between students and teachers in the 

classroom, achieved in this way, lead to better academic 

achievements of students? 

- Can the students‘ interest for the subject material achieved 

an ICT classroom, organized in a manner the third group of 

teachers did, be maintained? 
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