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The literature on the barriers encountered in the use of technology in
education indicates that the internal barriers have a deterministic effect
within this process. Therefore, it is important to determine the way
teachers use technology as well as their opinions and attitudes towards
technology in order to ensure effective use of technology in mathematics
education. This study aims to determine the opinions and attitudes of
secondary school mathematics teachers towards using technology in
mathematics education. The convergent parallel design of a mixed
methods study was used. The study included the participation of 57
teachers, who were determined on a voluntary basis using the
convenience sampling method, from 22 different high schools in Turkey.
A written opinion form and The Scale of Attitudes Towards Technology
were used as data collection tools. The qualitative data obtained were
analysed using descriptive and content analysis methods; quantitative
data were analysed using multivariate analysis of variance. It was
understood that the participants often used only smartboards in their
lessons and they preferred teacher-centred classroom applications, which
did not involve the hardware and software that allowed student
interaction. It was found that the attitudes of mathematics teachers
towards technology were “positive” which had a positive effect on using
technology in lessons. It was observed that the attitudes of teachers
towards technology did not change according to the training they
received on using technology in lessons. It was concluded that the
attitudes of teachers differed significantly across the scale or in various
factors according to their age, the frequency of technology use in their
lessons, the variety of hardware and software they use, and their opinions
about the use of technology by the students. It can be argued that the
positive attitudes of teachers towards technology had a positive effect on
using technology in lessons.

Introduction

In modern day, where problems that are different from those encountered by the
previous generations are experienced, there is an increasing need for individuals who value
mathematics, have advanced mathematical thinking power, and can use mathematics in
modeling and problem solving (Republic of Turkey Ministry of National Education [MoNE],
2013). For example, the developments and requirements in areas such as coding, big data,
block chain and others have redirected the research problems of mathematics, thus increasing
the requirement for individuals with advanced mathematic skills. In this context, the
innovations that the effective use of technological tools could provide for mathematics
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education should be taken into consideration. Enabling students to interact with technological
tools such as computers, tablet computers, and smart (interactive) boards with appropriate
software and content in mathematics education could activate their high-level cognitive skills,
and they could construct their own mathematical knowledge. Rather than replacing
mathematical skills with technology, the aim is to ensure that mathematical thinking becomes
accessible for all students regardless of their skill levels. Hence, students would be able to
work on real/realistic problems in line with the requirements of the age, and use the time they
save by avoiding long mathematical operations for reasoning and creative thinking.

The literature on the barriers encountered in the use of technology in education indicates that
these barriers consist of two orders: external and internal barriers (Ertmer, 1999). Barriers that
are independent from the teacher, such as the lack of access to the hardware and software
required in teaching, incompetent teaching plans, and lack of necessary technical and
administrative support, are external barriers. Internal barriers are the attitudes and beliefs of
teachers towards themselves as well as the teaching and learning activities. Attitudes of
teachers towards technology (ATTT), their self-confidence, beliefs about current teaching and
classroom routines, and beliefs in change could be listed as examples of internal barriers.
Ertmer (1999) stated that overcoming internal barriers to using technology in education was
more difficult than overcoming external barriers. Considering that external obstacles are
generally independent from teachers, it could be argued that policy makers and education
administrators should make the main effort to overcome these very barriers. In this context,
many governments have spent significant amounts of money and human resources in the last
30 years trying to overcome external barriers in order to improve the technological
opportunities in schools (Etmer et al., 2012; Goktas, Gedik & Baydas, 2013). Increasing
Opportunities and Improving Technology Movement (FATIH), which started in Turkey in
2011, is an example of these attempts. Within the scope of the FATIH Project, classrooms
were equipped with smartboards and broadband Internet access, and tablet computers were
distributed to teachers and students in many schools. In the project, it was aimed to improve
the technical infrastructures of the classrooms, enable the effective use of technology in
education activities, address more senses within the learning and teaching process, and ensure
equality of opportunity in education. In addition, in-service trainings were held and web
platforms were created for teachers within the project to ensure integration of technology in
their lessons and to create e-content (MoNE, 2020). Previous studies indicate that the external
barriers to the use of technology in education have been considerably overcome thanks to the
projects, such as FATIH, that are carried out in many countries; however, the internal barriers
still have a deterministic effect within this process (Ertmer et al., 2012; Goktas, Gedik &
Baydas, 2013; Ottenbreit-Leftwich, Liao, Sadik & Ertmer, 2018). Therefore, it is important to
determine the way teachers use technology as well as their opinions and attitudes towards
technology in order to ensure effective use of technology in mathematics education. However,
this study and similar studies could inspire policy makers to more effectively plan financial
and human resources to be spent on integration of technology in education.

Although the internal barriers, such as negative attitudes towards the integration of
technology in education, may seem rather abstract or phenomenological, they are mainly
related to behaviours. Attitude can be briefly expressed as “the tendency attributed to an
individual, which constructs his/her regular opinions, feelings and behaviours about a
psychological object” (Kagitcibasi, 1999). Oskamp and Schultz (2005) suggested that the
attitude towards an individual, object, situation or case consisted of a three-dimensional
structure, being cognitive, affective and behavioural; thus, it is expressed in cognitive,
emotional and behavioural reactions. In this respect, the attitude of an individual towards a
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particular subject could be understood by reviewing his/her opinions and behaviours through
which s/he expressed his/her thoughts, emotions or behaviours. Therefore, in order to
determine the attitudes of mathematics teachers towards using technology in their lessons
more significantly, it would be useful to consider their attitudes and current practices about
this subject in addition to using attitude scales.

It is understood that when the ATTT are positive, teachers could easily adapt themselves to
the use of technology in learning and teaching processes and integrate them into classroom
practices (Buabeng-Andoh, 2012). Many studies concluded that ATTT had a positive effect
on predicting and improving technological pedagogical content knowledge competencies,
which had an important role in the effective use of technology in lessons (Albayrak Sari,
Canbazoglu Bilici, Baran & Ozbay, 2016; Buabeng-Andoh, 2012; Celik & Yesilyurt, 2013;
Kalemoglu Varol, 2015; Yulisman et all., 2019). In the literature scan that was carried out
about the ATTT, there were not many satisfying studies in terms of their scope. It is
understood that the practices of mathematics teachers who use technological tools in their
lessons generally replace traditional methods and tools (Bray & Tangney, 2017; Egan,
FitzGibbon & Oldham, 2013; Ottenbreit-Leftwich et al., 2012; Thinyane, 2010), and they
may use a basic level of technology within this process (Ardig¢ & Isleyen, 2017a; Avel, Kula
& Haslaman, 2019; Bray & Tangney, 2017; Psycharis, Chalatzoglidis & Kalogiannakis,
2013). Looking at the studies conducted about the use of technology in education in Turkey,
where the FATIH Project, which is defined by MoNE (2020) as the "largest and most
comprehensive educational movement in the world about the use of technology in education,”
was carried out, the attitudes of the participants towards technology were observed to be
"high" (Birkollu, Yiicesoy, Baglama & Kanbul, 2017; Cakir & Oktay, 2013; Kayalar, 2018;
Pasa, Bolat & Karatas, 2015; Ustiin & Akman, 2015). However, it was seen that the majority
of these studies were quantitative studies where the participants were preservice teachers and
only scales were used as data collection tools. It was found that the examinations performed
in these studies were generally based on the demographic characteristics of participants, and
no analysis was performed on the attitudes towards an opinion or a classroom practice. None
of the studies conducted nationally in Turkey were found to focus particularly on secondary
school mathematics teachers and education. Looking at the existing studies, this study, in
which the opinions and attitudes of secondary school mathematics teachers are determined
and evaluated collaboratively, is believed to be beneficial in terms of understanding the
current situation and contributing to the literature.

Study questions

In this study, where the opinions and attitudes of secondary school mathematics
teachers towards the use of technology in mathematics education were determined, answers to
the following study questions were sought:

(1) What are the opinions and attitudes of mathematics teachers on using technology in
teaching?

(a) How do teachers use technological tools in lessons and do the ATTT differ
according to this usage?

(b) What are the opinions of teachers about the use of technological tools by
students and do the ATTT differ according to these opinions?

(c) What kind of training did teachers receive on the use of technology in lessons
and do the ATTT differ according to these trainings?
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Methods

In this research, the convergent parallel design of a mixed methods study was used. In
this design, the qualitative and quantitative data were collected and analysed simultaneously,
and the findings obtained were examined in order to see whether they supported each other or
not (Creswell & Clark, 2011). The research design of the study is given in Figure 1.

Qualitative data collection Quantitative data collection
The wiitten opinion form, which Scale of Attitndes Towards
contained a seres of semi- Tachnology, which iz a five-
stmuctured and open-ended point Likert-type zcale
quastions m=5"
(@=37)
Qualitative data analysis Quantitative data analysiz
Dascriptive and content analysiz Descriptive and varianca
(oodes, categories, frequencies) analysiz in SPEE

{Descriptive, MANOVA and
ANOVA statistics)

NI 74

Merge results
Compare gualitative findings with quantitative
rasults

Interpretation

Figure 1. The research design of the study.

Participants

The study was participated by 57 high school mathematics teachers who were
determined on a voluntary basis using the convenience sampling method. Participants were
employed in 22 different high schools in a province located in the southeast of Turkey.
Technological tools available at the schools of the participants are listed in Table 1.

Table 1. Technological tools available at the schools of teachers.

Technological Tools f %
Smartboard 53 93
Desktop Computer 39 68.4
Tablet Computer in Students 12 21.1
Projector 8 14
Technology classroom 5 8.8
o
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Data Collection and Analysis

A form that consisted of three parts was used as one of the data collection tools. The
first part contained questions about the demographic information of participants and
technological facilities available in their schools. In the second part, there was a written
opinion form in which the opinions of teachers were taken in order to determine their
opinions about the use of technology. The last part of the form included the Scale of Attitudes
Towards Technology (SATT) (Yavuz, 2005).

The written opinion form contained a series of semi-structured and open-ended questions to
understand how mathematics teachers use technological tools in their lessons as well as what
kind of hardware and software they use. The written opinion form was created using the semi-
structured interview forms developed by the researcher in a previous study (Ardi¢ & Isleyen,
2017b, 2017c). One of the questions in the written opinion form was: “What are your
opinions about the use of a computer or tablet (including appropriate applications) by the
students during the lesson?"

Descriptive and content analysis methods were used for the analysis of the qualitative data
obtained. The opinions obtained from mathematics teachers were transcribed by the
researcher. In the analysis of the opinions, the opinions were first examined per individual,
and then the codes, categories, and frequencies were identified through examining them per
each question. Afterwards, the data set obtained from each participant were re-examined to
obtain the holistic approaches of mathematics teachers. After the codes were arranged
according to related categories, they were grouped according to the themes identified by the
research questions. To ensure the reliability of the data obtained from written opinions, they
were checked by an expert with a doctorate degree in mathematics education, and the
identified codes and categories were finalized afterwards. Quotations were made from the
opinions of the participants with the aim to explain the codes and categories identified.

In the study, SATT, which was developed by Yavuz (2005), was used as the quantitative data
collection tool. SATT, which is a five-point Likert-type scale scored from “I1-Strongly
disagree” to “5-Strongly agree,” consists of five factors and 19 items. These are: “not using
technological tools in education (Factor 1, 5 items),” “using technological tools in education
(Factor 2, 4 items),” “the effects of technology on educational life (Factor 3, 4 items),”
“teaching how to use technological tools (Factor 4, 4 items),” and “evaluating technological
tools (Factor 5, 2 items).” Cronbach's Alpha reliability coefficient of SATT was calculated as
0.87. Total correlations of item differentiation and item difficulty calculated separately for 19
items of the scale ranged between 0.24 and 0.68.

Multivariate analysis of variance (MANOVA) was performed to analyse the data obtained in
the study. Before the application of MANOVA during the analysis phase, the relevant data
were first checked in terms of their compliance with the required assumptions (normality,
multivariate normality, homogeneity of covariance matrices), and no significant violation was
found. To determine the source of the differences observed in the dependent variables,
variance analysis (ANOVA) was applied for each dependent variable as a follow-up test. In
cases where MANOVA results were significant, the follow-up tests were evaluated according
to the significance level of 0=.05. In cases where the results were not significant, the
Bonferroni correction was made and a=.008 was used as the significance level. In order to
understand the independent variables between which the significant differences were
observed as a result of the ANOVA tests, the Bonferroni test, which was statistically stronger
in comparison of small groups (Type 1) and more successful in controlling the Type I error
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rate, was used (Field, 2009).
Findings

What are the opinions and attitudes of mathematics teachers on using technology in
teaching?

Looking at the opinions of mathematics teachers, it was understood that 49 teachers
used technological tools at different frequencies in their lessons, and the remaining 8 did not
use them at all (Table 2).

Table 2. Frequency at which teachers use technological tools in lessons

Frequency of Usage N

No use

Rarely on certain topics
Several times a month
Several times a week
Almost in every lesson

N © © w o

8

The majority of teachers stated that their reason for not using technological tools was the lack
of equipment (Table 3). Also, when the opinions of the teachers were examined, they were
determined to believe that the use of technology was time consuming, was not suitable for
mathematics lessons, and would not be beneficial. Some of the relevant opinions of the
teachers are as follows:

“T used a smartboard, but it was taking up my time. | saw that the class was always
messy. Students listen better when | use chalk. | think, there should not be any
technological tools at schools."

“Technology is not suitable for every subject area. There are not many images in
mathematics, there are only PDFs and they are like books. Images and animations are
better in lessons such as geography and biology. ”

Table 3. Teachers’ reasons for not using technological tools in lessons

Reasons N

Lack of equipment

Time consuming

Not beneficial

Students are not ready for technology usage
Not suitable for mathematics lessons

DN DNO

On the other hand, as a result of the descriptive analysis, it was observed that the overall mean
scores obtained by the mathematics teachers in SATT was M=3.861 and they had a “positive”
attitude towards technology (Table 4). It was also understood that the same result was
obtained in all sub-dimensions of the scale.

Table 4. ATTT

SATT Factors N M SD Attitude
Factor 1 57 3.96 0.78 Positive
Factor 2 57 3.76 0.75 Positive
Factor 3 57 3.83 0.70 Positive
Factor 4 57 3.84 0.68 Positive
Factor 5 57 391 0.77 Positive
SATT 57 3.86 0.50 Positive
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In addition, SATT scores of teachers according to their frequency of technology usage are
displayed in Table 5.

Table 5. SATT scores of teachers according to their frequency technology usage in their classes

Fra” Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 SATT

rq N M SD M SD M sD M sD M sD M
0 8 3.83 0.93 2.97 0.62 3.47 0.67 3.50 0.58 3.56 0.42 3.47 0.54
1 3 3.47 0.50 3.92 0.58 4.08 0.38 3.92 0.52 4.33 0.29 3.88 0.11
2 9 3.64 0.99 3.78 0.46 3.89 0.77 3.89 0.44 3.89 0.55 3.80 0.46
3 9 4,58 0.39 3.81 0.74 3.81 0.63 4.28 0.70 4.33 0.79 4.16 0.30
4 28 3.96 0.70 3.95 0.77 3.89 0.74 3.78 0.74 3.84 0.88 3.89 0.52

*0: No use, 1: Rarely on certain topics, 2: Several times a month, 3: Several times a week,
4: Almost in every lesson

According to the Roys Largest Root ©=.351, F(5,51)= 3.582, p<.01 statistics obtained in
MANOVA, it was concluded that ATTT demonstrated a significant difference according to
the frequency of using technological tools in lessons. ANOVA test (Table 6) showed that the
attitudes of teachers using technological tools "almost in every lesson” towards technology
were significantly higher than those of the teachers who did not use technology in lessons in
the "using technological tools in education” factor (F(4,56)=3.123, p<.05, Partial n2=.194).

Table 6. ANOVA results according to the frequency at which teachers use technological tools
in lessons

Variance Sum of Squares df Mean Square F p Partial i>  Bonferroni”
Between G.  5.206 4 1302 2.350 .066 .153
Factor 1 Within G. 28.804 52 554
Total 34.010 56
Between G.  6.077 4 1.519 3.123 .022 .194 4>0
Factor 2 Within G. 25.294 52 .486
Total 31.371 56
Between G.  1.384 4  .346 .688  .603 .050
Factor 3 Within G. 26.136 52 .503
Total 27.520 56
Between G.  2.800 4 700 1572 .196 .108
Factor 4 Within G. 23.154 52 .445
Total 25.954 56
Between G.  3.260 4 815 1.422 240 .099
Factor 5 Within G. 29.801 52 573
Total 33.061 56
Between G.  2.086 4 522 2,302 .071 .150
SATT Within G. 11.784 52 0.227
Total 13.871 56

*0: No use, 1: Rarely on certain topics, 2: Several times a month, 3: Several times a week,
4: Almost in every lesson

In the study, it was also investigated whether ATTT differ by age. The mean scores obtained
by the mathematics teachers in SATT according to their ages are displayed in Table 7.

Table 7. SATT scores of teachers according to their ages

Ade Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 SATT
g N M SD M SD M SD M SD M SD M SD

26-30 3 4.67 0.58 433 058 408 038 433 058 283 1.26 421 0.28
31-35 8 3.88 1.02 344 092 3838 060 384 076 4.00 0.65 3.79 0.53
36-40 27 3.87 0.79 389 068 392 061 394 056 4.09 0.52 3.92 044
41+ 19 4.02 0.66 362 074 364 088 362 079 379 0.92 3.75 0.57
e

‘@%’ Participatory Educational Research (PER)

1"»‘»4..--”

-142-



Participatory Educational Research (PER), 8 (3);136-155, 1 August 2021

According to MANOVA, it was understood that ATTT differed significantly according to age
(Hotelling’s Trace T=.557, F(15,143)= 1.769, p<.05; Roys Largest Root ©=.415, F(5,51)=
4.238, p<.01). Looking at the ANOVA values in Table 8, it was understood that there was a
significant difference between the teachers in the 36-40 age group and those in the 26-30 age
group, in favour of the 36-40 age group in the “evaluation of technological tools” factor
(F(3,53)=2.941, p<.05, Partial n2=.143).

Table 8. ANOVA results according to the ages of teachers

Variance gum of df Mean F p Partialn>  Bonferroni
quares Square
Between G. 1.825 3 .608 1.002 .399 .054
Factor 1  Within G. 32.185 53 .607
Total 34.010 56
Between G. 2.647 3 .882 1.628 .194 .084
Factor 2 Within G. 28.723 53 542
Total 31371 56
Between G. 1.064 3 .355 710  .550 .039
Factor 3 Within G. 26.456 53  .499
Total 27.520 56
Between G. 1.957 3 .652 1.441 241 .075
Factor4  Within G. 23.997 53  .453
Total 25.954 56
Between G. 4.718 3 1.573 2941 .041 .143
Factor5  Within G. 28.343 53 535 36-40>26-30
Total 33.061 56
Between G. 757 3 .252 1.020 .391 .055
SATT Within G. 13.113 53 .247
Total 13.871 56

How do teachers use technological tools in lessons and do the ATTT differ according to
this usage?

According to the opinions of mathematics teachers, it was found that teachers mostly
used technological tools to solve problems and exercises, or to project the lesson notes. The
way teachers used technological tools in the lessons and some of their views on this subject
are as follows (Table 9):

“I reflect the publication, which is the same as what we had students purchase, on the
smartboard and | use it in solving the questions. | use a course notebook and use it to
solve many questions. ”

“T used it for the lecture or problem solving that | obtained from the PDF files | found on
the Internet. But students are bored with writing and solving questions. ”

“We solve equations and draw graphics with Wolfram Alpha. By saving a document
(exam questions etc.) on a smartphone and using it.”

Table 9. The ways teachers use technological tools in their lessons

Usage N
Solve problems and exercises 41
Project the lesson notes 32
Figure or graph drawing 8
DGS or CAS usage 2
Animation 2

Looking at the ways teachers used technological tools in lessons, it was found that there was a
variety of tools and programs used. While the majority of mathematics teachers (35
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participants) used only smartboards in their lessons, others (14 participants) used multiple
technological tools. Technological tools used by teachers in their lessons are displayed in
Table 10.

Table 10. Technological tools used by teachers in lessons

Technological tools

Smartboard
Tablet Computer
Computer
Projection

Smart Phone

R PR o oMz

Also, the mean scores obtained by the teachers in SATT according to the variety of
technological tools used in lessons are displayed in Table 11.

Table 11. SATT scores according to the variety of technological tools used by the teachers in
lessons.

Tools* Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 SATT

N M SD M SD M SD M SD M SD M
0 8 383 093 297 062 347 067 350 058 356 042 347 054
1 35 389 078 39 067 38 077 376 068 391 08 387 051
2 14 423 067 371 073 398 045 423 058 411 063 406 0.32

“0: No use, 1: Used only smartboards, 2: Used multiple tools

MANOVA concluded that ATTT showed a significant difference according to the variety of
technological tools used in lessons (Pillai’s Trace V=.357, F(10,102)= 2.220, p<.01). The
statistics in Table 12 indicated that this difference was present in SATT in general
(F(2,54)=3.870, p<.05, Partial m2=.125) and “using technological tools in education”
(F(2,54)=6.918, p<.01, Partial n2=.204), “teaching how to use technological tools”
(F(2,54)=3.903, p<.05, Partial n2=.126) factors of the SATT. Significant differences were
observed in the "using technological tools in education™ factor, favouring the teachers who
"used multiple tools" and "used only smartboards” when compared to the teachers who did
not use technological tools (p<.05). There were significant differences in SATT in general
and in the "teaching how to use technological tools"” factor, favouring the teachers who "used
multiple tools” when compared to the teachers who did not use technological tools in their
lessons.

Table 12. ANOVA results according to the variety of technological tools used by teachers in
lessons.

Variance Sum of Squares df Mean Square F zzartlal Bonferroni”
Between G.  1.319 2 .659 1.089 .344 .039

Factor 1  Within G. 32.691 54  .605
Total 34.010 56
Between G.  6.398 2 3.199 6.918 .002 .204

Factor 2 Within G. 24.973 54 462 1>0, 2>0
Total 31.371 56
Between G.  1.382 2 .691 1.428 .249 .050

Factor 3  Within G. 26.138 54  .484
Total 27.520 56
Between G.  3.278 2 1.639 3.903 .026 .126

Factor 4 Within G. 22.676 54 .420 2>0
Total 25.954 56

oo
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Between G. 1511 2 755 1.293 .283 .046
Factor 5 Within G. 31.551 54 584
Total 33.061 56
Between G.  1.739 2 .869 3.870 .027 .125
SATT Within G. 12.132 54 225 2>0
Total 13.871 56

*0: No use, 1: Used only smartboards, 2: Used multiple tools

Additionally, looking at the ways teachers used technological tools in lessons it was observed
that teachers mostly used PDF readers, which visualized the lesson notes; presentations
software such as MS PowerPoint; and word processors such as MS Word (Table 13). It was
also observed that very few of the teachers used the dynamic geometry software (DGS) called
GeoGebra used for teaching mathematics or the computer algebra system (CAS) called
Mathematica.

Table 13. Software used by teachers in their lessons

Software N
PDF reader 39
Presentation software 27
Word processor 18
Multimedia player 14
GeoGebra 2
Mathematica 1
Other 2

While some of the mathematics teachers used only one software in lessons, the majority used
multiple software. According to the variety of software used by teachers in lessons, the mean
of SATT is displayed in Table 14.

Table 14. SATT scores according to the variety of computer software used by teachers in
lessons

Prg.” Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 SATT

N M SD M SD M SD M SD M SD M N
0 8 383 093 297 062 347 067 350 058 356 042 347 054
1 16 371 077 377 067 373 088 328 066 375 09 364 059
2 33 412 073 395 070 396 058 420 047 408 071 4.06 0.33

“0: No use; 1: Single software; 2: Multiple software

MANOVA concluded that ATTT showed a significant difference according to the variety of
programs they used in lessons (Pillai’s Trace V=.587, F(10,102)= 4.237, p<.01). Statistics in
Table 15 showed that this difference was present in the (F(2,54)=8.453, p<.01, Partial
1n2=.238), “using technological tools in education” (F(2,54)=6.601, p<.01, Partial n2=.196)
and “teaching how to use technological tools” (F(2,54)=17.270, p<.01, Partial n2=.390)
factors of the SATT. A significant difference was observed in the "using technological tools
in education™ factor, favouring the teachers who used "multiple” software and a "single"”
software when compared to the teachers who did not use technological tools in their lessons
(p <.05). There were significant differences in SATT in general and in the "teaching how to
use technological tools" factor, favouring the teachers who used "multiple” software when
compared to the teachers who used a "single" software in lessons (p<.05).
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Table 15. ANOVA results according to the variety of computer software used by teachers in
lessons.

. Sum of Mean Partial e

Variance Squares df Square F p . Bonferroni
ge“"’ee” 1.982 2 991 1671 198 058

Factorl \withinc.  32.028 54 593
Total 34.010 56
Between G.  6.163 2 3.081 6.601 .003 .196

Factor 2 Within G. 25.208 54  .467 1>0, 2>0
Total 31.371 56
Between G. 1.766 2 .883 1852 .167 .064

Factor 3  Within G. 25.753 54 477
Total 27.520 56
Between G.  10.125 2 5.062 17.270 .000 .390

Factor 4  Within G. 15.829 54 .293 2>0, 2>1
Total 25.954 56
Between G.  2.282 2 1.141 2.002 .145 .069

Factor 5 Within G. 30.779 54 570
Total 33.061 56
Between G.  3.307 2 1.654 8453 .001 .238

SATT Within G. 10.563 54 196 2>0, 2>1
Total 13.871 56

“0: No use; 1: Single software; 2: Multiple software

What are the opinions of teachers about the use of technological tools by the students and do
the ATTT differ according to these opinions?

It was concluded that the majority of mathematics teachers (34 participants) were
negative towards the use of technological tools by students in their lessons or they were
neutral (8 participants). It was observed that these negative opinions decreased (20
participants) when it came to the use of the technological tools by the students for lesson
preparation outside the classroom.

One of the opinions of the teachers were neutral towards the use of technological tools by the
students and one of the opinions of the teachers who were positive towards this issue are
given below:

“l sometimes consider it positive and sometimes negative. It would be nice if technology
were used moderately. It should not be exaggerated. Today, there are many schools in the
West that see the damages of technology and return to the blackboard, and it seems to be
popular now. ”

“It will be very useful to use if the computer and tablet computer contain appropriate
programs. It will provide a better understanding of the problem in questions that require
more problem solving and visuality in lessons.”

According to the opinions of teachers, the reason for being negative towards the use of
technology by students was that these tools were used outside of their purpose; they did not
contribute to the teaching of mathematics; and students were not prepared to use such
applications (Table 16). Some of the teacher opinions on this issue were as follows:

“[Using] Tablets mean nothing more than a game for the student. At the same time, even
smartphones are the same, | personally do not find it appropriate...[Students] They used
to be more motivated in the previous system. ...As | said, a student, who is not motivated,
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makes noise and sabotages the lesson, and | don't think the student is ready to use
technology. ”

“I do not think the use of technology is very beneficial in my field except for some
topics... I do not allow them to use it during the lesson. Because our school infrastructure
and my knowledge of technology are not sufficient. ...The main issue is that I am not
sufficient in this regard as | had not been trained about this when | became a teacher.
More technology training should be provided in education faculties. ”

“I do not find it appropriate for students to do homework on the internet in numerical
lessons. They have to do homework by researching and writing it down themselves. They
just take the information and bring it. So they bring it without reading, researching or
analysing. So this is free riding. It makes no sense. ”

Table 16. Opinions of teachers about why students should not use technological tools

pd

Opinions

Use outside of their purpose

No contribution to mathematics education
Students not prepared for technology applications
Student’s getting used to ready-made things
Distraction

Difficulty in classroom control

Time consuming

Lack of equipment

Lack of technology knowledge

N O

NWWWhkhoo P

On the other hand, SATT means of mathematics teachers about their opinions on the use of
technological tools by the students in the lessons are displayed in Table 17.

Table 17. SATT scores of teachers according to their opinions on the use of technological
tools by the students in their lessons

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 SATT

o WM SO M SO M S M SO M SO M N

0 34 38 08 373 079 376 08 361 073 394 081 376 057
1 8 458 063 428 041 422 054 419 044 35 102 425 0.20
2 15 389 060 355 070 378 046 418 044 403 044 387 032

*0: Negative, 1: Neutral, 2: Positive

MANOVA (Pillai’s Trace V=3.397, F(10,102)= 3.047, p<.01) concluded that ATTT showed
a significant difference according to their opinions about the use of technological tools by the
students in the lessons. ANOVA statistics in Table 18 indicated a significant difference in
favour of the teachers who had a “positive” opinion in the “teaching how to use technological
tools” factor (F(2,54)=5.706, p<.01, Partial n2=.174). A significant difference was found in
SATT in general between teachers with “negative” and “neutral” opinions, favouring teachers
with “neutral” opinions (F(2,54)=3.343, p<.05, Partial n2=.110).

Table 18. ANOVA results according to the opinions of teachers about the use of
technological tools by the students in lessons

Variance Sum of Squares df Mean Square F fl’f‘”'a' Bonferroni”
Between G.  3.481 2 1.740 3.078 .054 .102
Factor 1  Within G. 30.529 54 565
Total 34.010 56
Between G.  2.870 2 1.435 2719 .075 .091
Factor 2 Within G. 28.501 54 528
Total 31.371 56
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Between G.  1.421 2 711 1470 .239 .052
Factor 3  Within G. 26.099 54 483
Total 27.520 56
Between G.  4.528 2 2.264 5.706 .006 .174
Factor 4  Within G. 21.426 54 397 2>0
Total 25.954 56
Between G.  1.227 2 .613 1.041 .360 .037
Factor 5 Within G. 31.834 54 590
Total 33.061 56
Between G.  1.528 2 764 3.343 .043 .110
SATT Within G. 12.342 54 229 1>0
Total 13.871 56

“0: Negative, 1: Neutral, 2: Positive

The SATT means of mathematics teachers regarding their opinions on the use of
technological tools by the students for activities, such as studying and doing homework
outside the classroom, are displayed in Table 19.

Table 19. The SATT scores of teachers regarding their opinions on the use of technological
tools by the students for preparing

opn * Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 SATT

) N M SD M SD M SD M SD M SD M N
0 20 3.91 0.91 3.59 0.70 3.71 0.89 3.53 0.76 3.80 0.78 3.71 0.59
1 37 3.99 0.71 3.85 0.76 3.89 0.58 4.01 0.58 3.97 0.76 3.94 0.43

*0: Negative, 1: Positive

The Pillai’s Trace V=.129, F(5,51)= 1.511, p>.05 statistics obtained from MANOVA
indicated that ATTT did not differ significantly according to the opinions on the use of
technological tools by the students for preparing for lesson. However, according to ANOVAs
(Table 20) performed after the Bonferroni correction, a significant difference was found in
favour of teachers with positive opinions in the “teaching how to use technological tools”
factor (F(1,55)=7.456, p<.008, Partial n2=.119).

Table 20. ANOVA results according to the opinions of teachers about the use of
technological tools by the students for preparing

Variance Sum of Squares df  Mean Square F p* f:? rtial Difference™
Between G. .093 1 .093 151 .699  .003
Factor 1 Within G. 33.917 55 .617
Total 34.010 56
Between G. .904 1 .904 1632 .207 .029
Factor2  Within G. 30.467 55 554
Total 31.371 56
Between G. 418 1 418 .848 361 .015
Factor3  Within G. 27.102 55 493
Total 27.520 56
Between G. 3.098 1 3.098 7.456 .008 .119
Factor4  Within G. 22.856 55 416 1>0
Total 25.954 56
Between G. .388 1 .388 .654 422 012
Factor 5 Within G. 32.673 55 594
Total 33.061 56
Between G. q27 1 127 3.042 .087  .052
SATT Within G. 13.144 55 239
Total 13.871 56

*0=.008; "0: Negative, 1: Positive
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What kind of training did teachers receive on the use of technology in lessons and do the
ATTT differ according to these trainings?

It was found that 40 teachers received training on using technology in lessons at the
university or through in-service training during their professional life, and, 17 of them did not
receive any training. Contents of trainings received (Table 21) showed that majority of the
teachers participated in the in-service trainings on the use of smartboards within the scope of
the FATIH Project. Some opinions of teachers about the content of the trainings they received
on using technology were as follows:

“I took it as a course at the university. I also attended a course on using computers.”
“The use of smart boards, graphic drawings, Windows, Office within the scope of the
FATIH Project... I received some of these trainings, but | realized that it was not very
successful in student applications. ”

"The courses | have taken are both inadequate and wasted because there were no applied
practices during the courses."

Table 21. Contents of the trainings received by teachers

Contents N
Smartboard usage 30
Basic computer usage 12
DGS or CAS training 8
Computer programming 7
Computer assisted instruction 4

Also, the SATT scores of mathematics teachers according their past training on using
technology in lessons are displayed in Table 22.

Table 22. SATT scores of teachers according to their past training on usage of technology in
lessons

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 SATT

Trn.*
N M SD M SD M SD M SD M SD M N

Yes 40 400 079 376 079 376 078 389 073 3.88 0.84 3.86 0.54
No 17 388 077 375 065 399 043 372 055 4.00 0.59 3.85 0.38

As a result of MANOVA, it was understood that the attitudes of teachers did not differ
significantly according to their training on using technology in their lessons (Pillai’s Trace
V=.0831, F(5,51)=.918, p>.05). Similarly, no differences were found by the follow-up tests
(Table 23) (p>.008).

Table 23. ANOVA results of teachers according to their training on using technology in
lessons

Variance Sum of Squares df  Mean Square F p* Partial n’

Between G. .165 1 .165 .268 .607  .005
Factor 1 Within G. 33.845 55 .615

Total 34.010 56

Between G. .002 1 .002 .003 .955  .000
Factor 2 Within G. 31.369 55 .570

Total 31.371 56

Between G. .592 1 .592 1.210 276 .022
Factor3  Within G. 26.928 55 490

Total 27.520 56

Between G. .358 1 .358 .769 384 014
Factor4  Within G. 25.596 55  .465

Total 25.954 56
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Between G. .186 1 .186 312 579  .006
Factor 5 Within G. 32.875 55  .598

Total 33.061 56

Between G. .001 1 .001 .005 .945  .000
SATT Within G. 13.869 55  .252

Total 13.871 56

* a=.008

Discussion and Conclusion

While the majority of the mathematics teachers who participated in the research used
technological tools frequently in their lessons, a significant number of them either made a
limited use of them or they did not use technology at all. Looking at the scores obtained by
the teachers from SATT and its factors, it was understood that their attitudes towards
technology were "positive.” This result coincides with the results of various studies conducted
with teachers (Cakir & Oktay, 2013; Ustiin & Akman, 2015) or preservice teachers (Birkollu
et al., 2017; Kayalar, 2018; Pasa et al., 2015). When the attitudes of mathematics teachers
towards technology were evaluated in terms of age, it was understood that in the "evaluating
technological tools" factor, teachers in the 36-40 age group (M=4.09, "positive") had a more
positive attitude than teachers in the 26-30 age group (M=2.83, "neutral™). It is noteworthy
that the teachers between the ages of 26-30 actually had the highest means in overall SATT
and all factors except for the factor mentioned above. This was because the younger teachers
demonstrated low participation (M=2.66, "neutral™) in the item "technological tools could
succeed only if they address all senses.” It can be argued that the attitudes of younger teachers
towards technology were high; however, they had a different pedagogical understanding
towards the use of technology in lessons when compared to the experienced teachers.

When the reasons why mathematics teachers did not use technological tools were
investigated, "lack of hardware," which was defined as one of the external barriers by Ertmer
(1999) stood out in first place. That said, when the reasons why teachers did not use
technological tools were considered within a holistic approach, it can be argued that this was
mainly due to internal barriers such as finding these applications “useless” or thinking that
they were “not suitable for mathematics lessons.” The significant difference and large impact
size observed against the teachers who "did not use technology in their classes" in the "using
technological tools in education™” factor was supportive of this finding. Teachers who scored
higher in this factor were expected to have a positive attitude towards the necessity and
importance of using technology in educational activities and towards the idea that these
activities would contribute to the learning outcomes. However, it was understood that teachers
who did not use technological tools in lessons had a “medium” (M=2.97) level attitude in this
factor.

Looking at the ways mathematics teachers used technological tools, it was found that they
used technological tools such as smartboards instead of the traditional teaching tools such as
chalkboards, and they used these tools in order to do exercises or project lecture notes. It was
notable that the majority of teachers did not use a technological tool other than smartboards in
lessons. Looking at ATTT in this context, it was observed that the teachers who used "only
the smartboards” in lessons differed positively from the teachers who "did not use
technological tools in lessons™ in the "using technological tools in education™ factor.
However, teachers who used “multiple tools” differed positively from the teachers who "did
not use technological tools in lessons” in the “teaching how to use technological tools™ factor
and the overall SATT. It can be concluded that the variety of technological tools used by
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mathematics teachers in lessons had a positive effect on their ATTT. A similar conclusion
could be obtained for the variety of software used in lessons. Very few teachers used DGS
and CAS software such as GeoGebra or Mathematica for teaching mathematics in lessons.
The majority used the PDF reader and presentation software, which limited student
interaction or did not allow it at all. It is striking that the variety of software used despite the
limitation had a positive and large impact on ATTT. The reason why the majority of teachers
did not use programs such as GeoGebra and Mathematica, as mentioned in previous studies,
may be that they did not receive any training about these software and thus felt incompetent
(Ardi¢ & Isleyen, 2017b, 2017c; Birgin, Uzun & Akar, 2020). The fact that the teachers who
used multiple software in their lessons differed from other teachers with the largest impact
size in terms of their attitudes towards technology in the “teaching how to use technological
tools” factor is supportive of this result. Those who scored higher in this factor were expected
to have a positive attitude towards the provision of training on using technology offered to
preservice teachers during the education programs and to the teachers within the scope of in-
service training.

In the study, it was also found that a majority of the mathematics teachers either did not
favour students using technological tools in lessons or they were neutral towards this issue.
There was a significant increase in the positive opinions when the question was about the use
of technology by the students outside the classroom to prepare for lessons, and alike. It was
found that teachers were negative about the use of tools such as computers and tablets
because they were used outside of their purposes; they did not contribute to mathematics
education; and students were not prepared for such applications. It is possible to reach similar
findings, particularly as regards the opinion of “the use of tablet computers outside of their
purpose,” in many studies conducted in schools within the scope of the FATIH Project (Altin
& Kalelioglu, 2015; Demirer & Dikmen, 2018; Keles, Oksiiz & Bahgekapili, 2013). This may
stem from the fact that the teachers and students did not know how to use these technologies
specifically in mathematics lessons. Hence, the dramatic changes observed in the opinions of
teachers about using technological tools in lessons or outside the classroom may have
indicated that they felt neutral towards this subject and believed that they or their students
were not qualified to use these tools. The significant highness of the means of the teachers
with "neutral™ opinions in the analysis performed on their attitudes towards technology is
supportive of this outcome. In addition, the fact that the teachers with positive opinions about
the use of technological tools in lessons and outside the classroom had a significantly high
attitude in the “teaching how to use technological tools” factor indicated that both teachers
and students required training in this regard.

It was concluded that the majority of mathematics teachers who participated in the study
received training on using technology in lessons at the university or as part of an in-service
training during their profession. It is remarkable that a significant amount of the teachers who
participated in the research (17 participants) stated that they did not receive any training on
using technology. In fact, in-service training was organized for all teachers, particularly
secondary education teachers, within the FATIH Project. This may indicate that the in-service
trainings organized during the project did not reach the targeted prevalence. When the
contents of these trainings were examined, it was concluded that almost all of the teachers
were trained about the use of smartboards or basic computers, while a few of them were
trained on computer-assisted teaching and DGSs or CASs. As some participants also stated,
the trainings that the vast majority of teachers received touched only upon the technical
features of the tools and how to use them, and that there were no practices or trainings on
using technology in mathematics teaching. It can be argued that these trainings increased the
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knowledge levels of the teachers; however, they were not sufficient to create the desired level
of impact on using technology in mathematics teaching. In this context, the fact that no
significant difference was found contrary to what was expected when the attitudes of
mathematics teachers towards technology were examined according to their previous training
on using technology in the lessons is supportive of this conclusion. Findings indicating that
the in-service trainings organized within the scope of the FATIH Project in previous studies
were insufficient to eliminate the concerns, negative opinions or prejudices of the participants
regarding the use of technology (Ardi¢ & Isleyen, 2017b; Keles et al., 2013; Keles & Turan,
2015) and that they did not contribute to achieving technology integration in mathematics
teaching at the desired level (Ardi¢ & Isleyen, 2017a) also support the conclusions of this
study.

Overall results of the study indicated that mathematics teachers often used only smartboards
in lessons; they did not use hardware such as tablet computers or software like DGS and CAS,
in which students could interact; and they preferred teacher-centered classroom organizations.
This could be interpreted as the fact that the trainings received by teachers did not have a
desired level of impact on the way of using technological tools in their lessons and that the
majority of teachers did not go far from the traditional understanding of teaching. The
findings of many studies in the literature indicating that using technology in mathematics
teaching replaced traditional methods and tools and (Bray & Tangney, 2017; Egan et al.,
2013; Ottenbreit-Leftwich et al., 2012; Thinyane, 2010) that only a basic level of technology
could be used in this process (Ardic & Isleyen, 2017a; Avcr et al., 2019; Bray & Tangney,
2017; Psycharis et al., 2013) supported these results. It can be argued that the "positive"
ATTT had a positive effect on using technology in lessons. The results of the studies
indicating that ATTT had a positive effect on the development of technological and
pedagogical competencies of teachers are supportive of this conclusion (Albayrak Sari et al.,
2016; Buabeng-Andoh, 2012; Celik & Yesilyurt, 2013; Hill & Uribe-Florez, 2020;
Kalemoglu Varol, 2015; Yulisman et all., 2019).

Recommendations

Among the significant differences and impact sizes observed in the SATT scores, it
was noteworthy that differences were observed in the "using technological tools in education”
and "teaching how to use technological tools" factors, in favour of teachers who used multiple
technological tools and software. In other words, it can be argued that those teachers had
positive attitudes that point to the fact that using technology in mathematics education was
necessary and important; that these activities would contribute to the learning outcomes; and
that teachers should be trained on the use of technology in both teacher training programs and
in-service training. Rather than being taught the technical features of a technological tool,
teachers and preservice teachers could be provided with practical trainings on different
technological tools, which could enable students to also participate in the process during the
educational activities, as well as software such as DGS and CAS, which they could use in
mathematics education. Through these trainings, it can be ensured that mathematics teachers
perform technology applications in their lessons where their students could get actively
involved. While establishing the contents of the training programs to be conducted,
integration frameworks such as Technological Pedagogical Content Knowledge (Koehler &
Mishra, 2005), where technology, pedagogy, and content knowledge are discussed together,
can be utilized. Accordingly, new studies can be conducted on technology integration with
mathematics education for determining the specific needs of teachers on technology,
pedagogy and content knowledges.
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The findings of the study were limited to the data obtained from 57 mathematics teachers at
22 different high schools. Therefore, the data obtained from SATT were interpreted within an
in-depth perspective together with the opinions of the teachers and by avoiding
overgeneralization. Similar studies could be performed with larger sampling to obtain more
generalized results.
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