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Abstract

The purpose of this research is to determine thmaaiof augmented reality technology and geometaghing
on elementary school mathematics teacher candidatésiology acceptance and to examine participaies/s

on augmented reality. The sample of the researchameposed of 40 elementary school mathematichaeac
candidates who were freshman students in the facfileducation of a university which located in tentral
Anatolian region of Turkey during the fall semest€2016-2017 academic year. Participants in thdystvere
given a training seminar on teaching geometry vignaented reality (AR). They were provided with the
opportunity to develop teaching materials for AR.the end of this process, their opinions on the afsthese
materials were taken. Both qualitative and quatitgaresearch methods were used in the research. Th
quantitative data of this study were collected ty Technology Acceptance and Use Scale for Infoomatnd
Communication Technologies and the qualitative detae collected through semi-structured intervieWwse
themes and codes related to the usefulness of ggomeaching supported by augmented reality teaghin
emerged by means of qualitative content analysis.tITest, one of the parametric tests, was usaddtyze the
quantitative data. The data obtained from the ssmitured interview forms were classified undeagegories
and 35 themes. As a result of data analyses, itfaasd that the teacher candidates' attitudes wsvéne
effectiveness geometry instruction supported byaihgmented reality technology were positive buteggmrds’
teacher candidates’ intentions to use augmentdityréachnology, it was observed that some of thiead
reservations because of technological limitatisgh as recognition of signs and freezing of thgnanted
reality environments.

Keywords. augmented reality (AR), geometry teaching, math&saeacher candidate, technology acceptance
and use

1. Introduction

Teaching techniques for memorization of geometropprties by transferring shapes onto two-dimeraion
planes do not enable students to adequately steugeometric concepts in their minds (Fujita & Jriz007).
Virtual teaching materials are useful in developiigual perceptions and logical thinking skills,ckuas
enabling students to visualize abstract concepdsvisualize them from different angles (AlgahtaniP&well,
2012; Batti(ta, 2001; Pilkin Tunc, Durmul& Akkaya, 2012). Therefore, following new direction[Jin educational
technologies and using them in teaching activiesnecessary in terms of effective teaching pseeOne of
these new technologies is Augmented Reality (ARhnelogy. Thanks to AR technology, geometry makeria
can be displayed in three dimensions. It can iotewath users and materials to create a senseumhtand
movement, and allows users to make corrections$y as@diting and making changes on these matéitiis
Sahin, 2015; Le & Kim, 2016).

In AR technology, digital objects such as picturegleos and texts superimpose the real objectshén t
environment that are scanned by a camera by thiebysedding layers upon them. That are scanneddayreera
by the user. According to Azuma (1997), AR is adkaf virtual environment. Virtual reality technoieg put the
user in a completely artificial environment. Inghartificial environment, the user cannot see #e world
around him/her. In contrast, AR allows the usesde the real world that is super imposed by or doadbwith
virtual objects. For this reason, the reality cansaid to be complete rather than completely regldry the
reality of AR. However, the concept of AR and vatueality can be confused with each other (Soniyuz814).
The goal of virtual reality is to create three-divei®nal and interactive virtual environments moddiy the real
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world. AR aims to enrich the real world with reahé and interactive virtual utilities developedtive computer
environment. In other words, while the aim of vattueality is to move to the virtual world as itageality, AR
focuses on enriching it with virtual informationoday, this technology has started to be used irda range of
fields: engineering, trade, entertainment, art, architecture, tourism, games, and education (Elford, 2013; Fritz,
Susperregui & Linaza, 2005; Somyurek, 2014; Squire & Jan, 2007).

AR is technologically handled in two main categsri&he first is optics-based technologies and duorsd is
video-based technologies. The main difference bevwhese two technologies is the place where tizagion
of the virtual world is seen. In optical systents tntegrated scene is seen in the real world fir@pectacles,
whereas in video-based systems the integrated ssesgen on the computer /tablet/mobile device (Boak,
2014).
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images

Figure 1. Conceptual diagram of a video-based AdResy (Azuma, 1997

Educational samples of AR technology in Turkey afeen encountered in studies in the fields of ptwysi
geography, biology, and archeology (Koyuncu & Bnosta2007). However, when the related literature is
examined, it can be noticed that mathematics ceuase among the most difficult courses for studeand that
students fear mathematics and have mathematics anxiety (Basar, Unal & Yalcin, 2002; Dede & Argun, 2004;
Onal, 2013; Onal, 2016). The low mathematical averages in PISA exams, conducted d@busarevels of
education in Turkey as well as in the OECD memloemntries, are important indicators of Turkish stidélow
success rates in mathematics. This is why it ieebed that various measures must be taken for mibeetive
teaching and learning of mathematics, which carcdmesidered as the basis of many sciences. The fuse o
information and communication technologies enaldeslents to see different representation formshef t
concepts and relationships indicated in the seagnsizhool mathematics curriculum, and enables siigd
discover mathematical relationships. "With the helpthese technologies, it is necessary to preplaee
environments for the students to develop theirlslslch as problem solving, communication, reagptin
modeling” (MNE, 2013, p.1). Generally speaking, gnam designers and teachers, especially mathematics
teachers, have an important role in the preparatbrsuch environments. In the updated mathematics
curriculum, five basic learning areas have beemtified: (1) Numbers and Operations, (2) Algebra) (
Geometry and Measurement, (4) Data Processing®nidassibility (MNE, 2013). The extent of theseriag
areas by class level is shown in Table 1:
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Table 1. Mathematics Curriculum Learning Areas

CLASSLEVELS
LEARNING AREAS 5 6 2 8
NUMBERS AND TRANSACTIONS X X X X
ALGEBRA - X X X
GEOMETRY AND MEASUREMENT X X X X
DATA PROCESSING X X X X
POSSIBILITY - - - X

As seen in Table 1, one of the learning areas ekatts across all levels of the mathematics curiouis
Geometry and Measurement. It can be said thatcpdatly students who have problems visualizing ¢hre
dimensional objects, which is one of the subjeftgemmetry in mathematics, spend a long time apdeence
difficulty in trying to figure out how geometric apes look from different angles while turning arduhe
shapes in their mind. The use of a variety of cetecmaterials can be considered to overcome tloklgm
because the development of individuals’ minds pedsdrom concrete to abstract, so what they se@eartive
concretely can be learned more easily. It is a-watiwn fact it is for this reason that teachingo@sed on
concrete constructs as much as possible. Nowadayi®us solutions are sought in this situation ey
through the information technologies, which hasali@ped rapidly in recent years because it is knthah some
objects prepared by means of information technoluye a more flexible structure than their realnterparts.
Students can change the shape and size of thetokfgle working with objects on the computer. After
organizing these objects in different sizes, thap be stored on the computer and students cantrépea
movements made on these objects when necessasycdmihelp students to create dynamic forms. Maimg$
that cannot be done with concrete models can be dsimg computer software. Students can automigtidedw
symmetrical shapes on the computer or create nevements on these shapes (Yolcu & Kurtulus, 2018 T
geometry subjects taught in the secondary schothenaatics course in Turkey are predominantly alpbane
geometry teaching. In general, it is possible tp that the teaching of three-dimensional space géymis
taught on two-dimensional plane geometry. It isteulifficult to picture the space planes. This wonich
forms the basis of geometry, also plays an importate in the teaching of three-dimensional geogetr
However, either the two-dimensional drawings madepaper of three-dimensional shapes are not precide
thus lead to visual misperceptions or, even if they drawn precisely, it is not possible to seestigpes from
different angles due to the static nature of tharenment. It has been revealed by several stuti@sstudents
the space geometry course based on plane geomxgiyience difficulty in understanding the relaticaraong
geometric objects and that they arrive at misimtgiions caused by varying perceptions (Baki, K&se
Karakus, 2008). For this reason, these problem$eawnlved by using AR technology in the field dtieation.

The materials created by modeling geometric coisceping AR technology help students understandeguiac
more easily by visualizing abstract expressionsus]students’ participation in and motivation todsithe
lessons increase, and their ability to commentantepts and to solve problems develops (lbili &iBaR015).
Most of the research done in this area is carrigcdby researchers who are well informed aboutélariologies
used; they primarily focus on the cognitive and affective effects of virtual and physical materials (Lee & Chen,
2014). However, there is insufficient research omvheachers can use these materials effectivelgt wiey
should consider when choosing materials, what #htitudes are and how they can use these matdfmighis
reason, software or teaching materials developeHisnarea without sufficient academic preliminargrk can
prevent effective and qualified teaching softwarenf emerging. In addition, these materials neecbdo
integrated into mathematics curricula with spedifiacher activities (Ibili & Sahin, 2015).

Teachers' use of a new technology can be desciib#te framework of the Technology Acceptance Model
Davis (1989) and Davis, Bogazzi and Warshaw (198Bired the Technology Acceptance Model (TAM) to
determine what influenced users' adoption of Infstion and Communication Technologies (ICT). TAM is
actually an application of the Critical Behavioretiny, developed by Fishbein and Ajzen (1975), tolar an
individual's willingness and positive behavior fretface of a particular situation. TAM, which isedsin many
studies on acceptance of different technologies, heen regarded as a powerful model in explainisey u
behavior and ICT usage (Davis, 1989; Legris, Ingham & Collerette, 2003, King & He, 2006; Ursavas, Sahin &
Mcllroy, 2014). This research has been dealt withiw the framework of TAM.

In the present research, researchers gave a seonmmgometry teaching with AR technology, and thpact of
this seminar on participants' acceptance and uggf@imation and communication technologies wasaded.
In the related research, the importance of examittie effect of geometry teaching seminar conduciedAR
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on the acceptance and use of ICT or attitude tasvgethmetry, is emphasized. This is because itlievieel that
teacher candidates who are in their pre-serviéeitigaperiod will be influenced by the adoption amk of new
technologies such as AR, which will, in turn, affdlweir teaching practices in their future classnsoFor this
reason, the purpose of this research in genetal determine the effect of augmented reality tetdoo and
geometry teaching on secondary school mathemag@shér candidates’ acceptance of technology and to
examine the participants' views on augmented yedlit this end, the following questions have beeswaered:

1. Is there a meaningful difference between thetgseand post-test scores reflecting the techryodmgeptance
opinions of participants before and after the saman geometry teaching via AR technology?

2. What are the opinions of prospective teacheagarding geometry teaching via AR technology?

2. Method
1.1 Research Design

This research was conducted using a mixed reseaethod. According to Creswell and Clark (2011), eaix
methods are defined as a research method devefopedllecting, analyzing and correlating both dii@tive
and qualitative data in a single study or multiptady sequences to understand the research prohles.
possible to say that the results obtained from thixethods research are richer, more comprehensivenare
reliable than the results obtained solely from djt@tive or qualitative research, and it is a gopdion to carry
out mixed methodological research as it has theepaf bringing different perspectives to the resbaas it
utilizes both methods, quantitative and qualitafi@eeswell, 2012). The research method of the ptestedy is
based on the Explanatory Sequential Design. Inaegtbry hybrid method studies, initially quantiatidata and
subsequently qualitative data are collected toa@Rrphe quantitative data.

In the quantitative part of the present studynglsi group pretest-posttest model was used to réveahanges

in the views of secondary school mathematics teacdwedidates regarding the use of ICT and ICT Atarege.
The main purpose of this model was to make measmenvia the Technology Acceptance and Use Scale fo
ICT before and after the seminars on AR and geamirstruction by enabling the use of the AR tecbgyl
which was an independent variable for the targetigtof the research.

In the qualitative part of the research, the "pmeenoclogy"” research method was employed in ordegveal in
more detail the participants’ views regarding thee wof AR technology in the teaching of geometry.
Phenomenology focuses on phenomena, the patterwhiofi we are aware of but do not have in-depth and
detailed understanding of. In the world we live plhenomena can emerge in various forms such agsgven
experiences, perceptions, orientations, concepts,séuations (Yildirim & Simsek, 2013). After tteeale and
the semi-structured interviews were administerbd,ibterpretations of the findings obtained by gsiarious
quantitative and qualitative data analysis techesquvere made. In the interpretation of qualitateved
quantitative data, attention has been paid to esiphand prioritize the relationships between #wmults that
supported each other.

1.2 Participants

The research was carried out in the fall semesteth® 2016-2017 academic year in the Department of
Mathematics and Science Education of the Facultizdifcation at a state university in the central tAlian
region with Freshman students in the primary matteas teacher education program. A total of 40 heac
candidates, of whom 29 were females (72.5%) andel® males (27.5%), participated in the study.

1.3 The Implementation Process
1.1.1 Implementation of pre-tests and providingdagormation about AR

At this stage, the Technology Acceptance and UsdeSior ICT, developed by Ursavas et al. (2014)s wa
applied. Later, various videos about how AR appilices were watched, in which sectors they are asetlhow
they can be used in education, in the training @sscAn environment in which the content of thesoil being
watched could be debated was created, and thedzdediwere asked how they could use the AR techpadio
their own fields. A written record was made of tlieas that appeared to be unique. Subsequently, the
participants were asked to do a literature surveyteaching geometry via AR technology, which thegrav
expected to complete in one week, and the firghitrg seminar was finalized, thus increasing sttslen
awareness in the subject their motivation towaedsring about this technology was prepared.
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1.1.2 Teaching the learning outcomes related tongéy and measurement using AR technology

The literature surveys done by the participantsteathing geometry via AR technology paved the way f
further discussion in the second training semiSaibsequently, a four-hour (2 hours theoretical 2rftburs
application) training seminar on AR technology didgeometry teaching was given by a specialist fthen
department of Computer and Instructional Techn@edgiducation. (Figure 2).

Figure 2. Information about ARGE3D software

After this training, students were separated into groups and they were asked to prepare AR-suggbort
geometry teaching materials based on the teachijegctives of the MNE secondary school mathematics
curriculum. AR-enhanced geometry teaching matevielee prepared for the use of AR technology in getoyn
teaching. To develop materials, the demo versioBuWfdAR PRO 2.0 software, developed by The Human
Interface Technology Laboratory New Zealand (HI'béZ), was used. This software can create marksedba
and image-based marker AR environment without teednfor advanced software or hardware knowledge.
Instructor lecturer step-by-step describes whalesits should do with the help of the image theyfgon the
computer monitor.

The teacher candidates reflected the 3D imagebt@®edmputer screens they used (Figure 3) by ublaglata
matrix data they prepared as described by theuictstr.
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Figure 3. Development of a sample application BtHLDAR PRO 2.0
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1.1.3 Implementation of target group measuremenis tat the end of laboratory training

At this stage, the Technology Acceptance and UsdeSior ICT, developed by Ursavas et al. (2014)s wa
reapplied as a post-test 4 weeks after the prettestediately after this process, the participagphions were
obtained with the help of semi-structured intervitanms on the use of AR technology in geometry héag,
prepared by the researchers. After the teacheridated’ views were collected quantitatively via #wle and
their opinions regarding AR technology were eliditpalitatively so that they could be interpretegether, the
next stage of organizing, analyzing and reportihtha gathered data was passed on to.

1.4 Data Analysis

First of all, the pre- and post-test data obtaifiech the teacher candidates were entered into B&SJackage
program and the necessary analysis regarding teaemglidates’ opinions was made. In the analysishef
quantitative data, the dependent groups t-Tests waried out by checking the assumptions to fimidvedhether
there was a meaningful difference between the gse-and post-test ICT mean scores of the Technology
Acceptance and Use Scale. The dependent grougei@ar@ssumptions of the t-Test, where the poinedifice
distributions are normal and the data are at legstlly spaced data types (Field, 2009). In thiglstthe
differences between the pre and post-test scoreadh dimension of the scale were calculated. Tenal
distribution in the analyses was investigated byamseof the Kolmogorov-Smirnov test. It was seen tha
normality assumption was satisfied in all the asa$y(p > .05).

In the analysis of the qualitative data, the congeralysis was used. In the process of contenysisalhe four
stages, defined by Yildirim and Simsek (2013), wapplied. These are coding the data, identifyirgrtés,
arranging the codes and themes, and identifyingiatedpreting findings. In order to increase thkatslity of
the qualitative data analysis, two researchersvicsked independently to determine codes and teeara then
came together and discussed the codes and thesebpodes. The codes and the themes were giverfitiadi
shape by arriving at a common consensus.

3. Findings
A comparison of the participants' pre-test and st scores on the Technology Acceptance and Uale $or
ICT is presented in Table 2:

Table 2. The t-Test results of the participants-f@st and post-test total scores

M ean Scores N X Ss sd t p
Pre-test 121.45 14.58

40 39 5.759 .00%
Post-test 139.85 15.77
**:0.01

When the teacher candidates’ total scores on thbritdogy Acceptance and Use Scale for ICT were eoeth
between the pre-test (X = 121.45, ss = 14.58) astHest scores (X = 139.85, ss = 15.7()F 5.759, p <.01),
a significance difference in favor of post-test viasnd (Table 2). Based on this outcome, it carcdwecluded
that the geometry training seminar realized via Wd® a positive impact on the teacher candidategance
and use of technology for ICT. The findings obtdingy analyzing the data collected from the intamge
conducted with the participants in order to in\gesté this situation were tabulated as the questiaested to
them and the responses taken from them.

At the end of the training given to the teacherdidates, the initial aim was to determine whethd® A
technology was found easy to use by the teachatidates, so the following questions were posechémt
"How did you find teaching AR with geometry? Caruyase the AR software? Please indicate what diffesu
you have experienced during the learning procdswe"categories, themes, and codes formed froneponses
of the candidates are presented in Table 3:
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Table 3. Categories, themes, and codes relateglotmetry teaching with the given AR

Categories Themes Teacher Candidates Codes
It takes time to learn. T14,T33 2
Camera image is difficult. T7,T11, T14, T22, T283, T35, 7
Its usage a little complicated T1,T2,T3,T5, T6, T8, T10, T14, T15, T16, T19, 15
o g P ' T30, T31, T32, T38
Difficulties in Usage
T3, T5, T6, T10, T14, T16, T17, T19, T20, T21,
I had difficulty learning. T23, T24, T25, T27, T28, T30, T31, T32, T33, 23
T34, T36, T37, T38
The_ three-dimensional modeling is T1,T5, T9, T12, T13, T19 6
easily done.
Concrete activities are easily done. T1, T5, T4, T2, T13, T24, T25, T39, T40 10
. . T2, T4, T7, T11, T12, T13, T17, T18, T23, T26,
Practicality It is easy to use. T29. T34, T37, T40 14
T1,T2,T3,T6, T8, T9, T10, T25, T31, T32, T33,
It was easy to learn. T35, T36, T39. T40 15
]'cuﬁumréh'”k'”g about using itin the T15, T16, T19, T26, T28, T29, T30 7
. . It is a good practice. T1, T3, T4, T9, T11, T145TT19 8
A“'t“ds Stg;":rds S |tis a fun practice. T4, T8, T16, T17, T19, T287T 7
It offers instructional convenience. T1, T3, T4,T82, T15, T19, T28, T29, T39 10
The training provided was useful T1, 72, 13, T4, T5, 6, T7, T8, T11, T12, T15, 16
9p ) T16, T17,T18, T20, T21,
3 Categories 13 Themes 146

According to the coding of the responses obtaimethfthe question about how they found the AR geomet
training given to the participants, 13 differenéties were reached under three categories. Theodategf the
themes were named by the researchers as DiffisulidJsage, Practicality, and Attitude towardsUtsage.
Approximately half of the teacher candidates (2B/dtated that they experienced difficulty in leaithe
augmented reality technology. However, 8 of the3aeacher candidates (T3, T6, T10, T25, T31, T33,T
T36) indicated that the process was easy once & learnt. This was valid for the other three pnedse
teachers (T1, T2, T8) who had found it complicaiedise at first. In general, it can be deduced 1fiapf the
teacher candidates participating in the proces$dceasily use the system and 15 of them could dafter
learning how to use it. The fact that more tharf bathe teacher candidates expressed that augtheeddity
technology can be used by teachers in geometnhitgpic While some teacher candidates reported to be
experiencing problems in taking pictures with tlenera during the process, only two teacher careidstated
that it took a long time to learn this applicatidxpproximately half of the teacher candidates (09 T1, T3,
T4, T8, T9, T11, T12, T14, T15, T16, T17, T19, TAR6, T28, T29, T30, T37, T39) were found to have t
intention to use augmented reality technology iongetry teaching. 9 teacher candidates (T1, T2,T84,T11,
T12, T15, T16, T17) were among the group (n=16) whmught this training seminar was helpful. Thistfa
indicates that teachers and teacher candidateddsbeugiven the opportunity to integrate these aimdilar
technologies into instructional environments.

Some of the participants’ views regarding the categf Difficulties in the Usage of AR technologgrt be
exemplified as follows:

T14: “The training process was not easy for me bsed did not know the software. | had some diffies in
the learning process. | specifically had probles®ding the data matrix that we printed out and mgemore
than one program.”

T11: “The training provided was very efficient. Thechnique was different from the classical leagnin
techniques. It will be very effective in making st geometry and mathematics knowledge more etecit's
easy to use once one listens carefully to whakjgained. As far as | can tell, the only difficultrat can be
encountered is that the camera cannot recognizadnkers.”

T19: “It's a good practice and an application thetkes it easier for children to learn. | experiehddficulty

while doing the operations, but it was fun. I'ddilto use this practice in the future during my dessto the
students if, hopefully, | will become a teachemwts a really good practice from the aspect of loylself and
children.”

Some of the participants’ views regarding the cate@f Practicality of AR technology can be exerfiptl as
follows:

T12: “The elementary school students’ ability tankin three dimensions with this system will dengel
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Lessons will be more understandable and productivee a more successful generation of students will b
created. Students will not have difficulty in classThese will accelerate the development of stsden

T36: “The training was conducted with understandaibid simple language. We can easily do it ourseive.
That it has several phases make it a bit challgndiat it's repeated several times, it becomes teady.”

T40: “Considering the present conditions, this edion is a very successful system because todeyest in
technology is growing at an incredible speed, esfigamong the new generation. | understood thagis easy
to learn. I think it will be very effective in malg difficult lessons more comprehensible. In theriéng process,
as long as the lecturer is good, it will be undsdtwithout experiencing a big problem. | learnasdily.”

In the category of Attitudes toward its Usage catggsome of the participants' opinions can be etiied as
follows:

T3: “I liked the training that was given. | beliewbat it will facilitate my future life. | experie®d some
difficulty when using the software for the firsirie, but as | learned, | actually understood witatuld do.”

T15: “I did not have difficulty in the learning press. It was easy to use. | think it would be neffigient in
lessons that involve shapes, such as mathematicgenmetry, because it enables us to visualizehhpes in
our minds more easily.”

T17: “The training was good. | could use it easifter | got used to it. The difficulties were adtyaue to lack
of knowledge. | think it was fun.”

At the end of the training given to the prospectivachers, the second question that was pose@no was as
follows: "What are your positive thoughts on geaméeaching supported by AR materials in secondahpol

mathematics courses? (In terms of teacher andr#futleThe categories, themes, and codes genefiatedthe

responses obtained from candidates are preseniedia 4:

Table 4. Positive thoughts on geometry teachingstipd by AR materials

Categories Themes Teacher Candidates Codes
Enables active learning. T23, T25 2
Provides the advantage of visual learning. T15, 25 3
Enables quick learning. T10, T12, T13, T16, T253T3 6
Learning Provides lasting learning outcomes. T17,T22, T2, T32, T37 6
. T13, T16, T17, T23, T24, T25, T26,
Makes learning fun. T32 T35. T40 10
Enables geometry to be convenient for T1, T3, T4, T5, 76, T7, T9, T10, T15,
9 y T20, T25, T26, T28, T31, T35, T36, 17
students.
T39
Saves time. T13,T29 2
) T11, T12, T20, T21, T22, T23, T27,
Teaching Makes abstract concepts concrete. T36. T37 9
. . T1, T2, T5, T6, T9, T10, T14, Ti5,
Facilitates the teaching of geometry. T20, T32, T35, 136 12
Enhances imagination. T18, T25, T27, T30, T34, TR3E) 7
o . T4, T5, T8, T11, T12, T13, T14, T16,
Contribution to  Increases the interest of the learner. T4 9
Cognitive and  paijitates visualization in the mind of the T3, T5, T6, T7, T8, T13, T14, T18, 13
Affective learner. T20, T24, T28, T32, T38
Activities T12, T15, T16, T17, T18, T19, T23,
Enables three-dimensional thinking. T24, T26, T28, T29, T30, T31, T32, 17
T36, T37, T38
Can be used in other lessons. T25, T32, T37 3
Usefulness
Is useful as material. T9, T14, 722, T32 4
4 Categories 15 Themes 120
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As a result of the encodings of the responsesmddadrom the participants who have the positivenigpis about
geometry teaching supported with the given AR nmalter 15 different themes were reached under four
categories. The categories of the themes were ndyélde researchers as Learning, Teaching, Cotiwitbtio
Cognitive and Affective Activities, and Usefulne§®acher candidates expressed that the AR matevexis
especially helpful in the process of learning amdching and that this process was fun. It was dcthie
prospective teachers that they would also helpestisdin the development of spatial thinking skiied that
they could also be used in different courses.

Some of the participants' views regarding the liegrnategory can be illustrated as follows:

T23: “I think this application is advantageous. &nts can see the objects more easily by seeing ith&D. It
can make the lessons more fun and make the studenésactive.”

T33: “In terms of students, | think that geometrill e of great help in understanding three-dimenal
shapes.”

T36: “It will be easier and more convenient fordguats to think in 3D. The geometry lesson will ooder be a
nightmare.”

Some of the participants' views regarding the temcbategory can be illustrated as follows:

T1: “lI think it will provide a lot of convenienceis the field of geometry. When we show somethinghe
students, we can easily show it with this applamatinstead of going to the great efforts to malshapes with
boxes.”

T20: “Since | assume that | will have difficulty xplaining to the students three-dimensional dbjeden |
am a teacher, | think that this program will makeasier for the teacher to ensure that studerderatand
because it's really hard to explain these shapesdwing them. When we first learned it, we alsd Qé#ficulty

in perceiving it. So it is a very good application.

T29: “I think that using these materials in secagdahool mathematics lessons will enable teactretansfer
knowledge and skills efficiently while developinmdents' three dimensional thinking skills. In abdhi, | think
they can manage time more effectively.”

Some of the participants’ views as regards thegoayeof contribution to cognitive and affective iaittes can
be illustrated as follows:

T18: “The presence of geometry teaching supporjedugmented reality materials enhances the imagmaf
students. It is difficult for students to visualitee shapes they see in 3D, but they can visudlizehapes more
easily [with this application].”

T24: “It's a great application for students to @kze shapes. It makes learning both enjoyableeasy. 1t can
attract children’s interest.”

T32: “First of all, since the students in the eletagy school are very fond of games on the compaitehe

Internet, this activity will attract them. Then sinseeing and studying these shapes in math lessthmsake

them feel like they are playing games, it will eleathem to like and enjoy the lesson. Since seslirages in 3D
will reinforce their presence in long-term mematyyill also increase their success in the cout&achers will
not have to worry about keeping and preservingsmuraterials.”

T34: “It's a nice software for students, especifdiiystudents with a low level of imagination.”
Some of the participants’ views on the usefulnedsgory can be illustrated as follows:

T9: “It's a technology that the teacher can uséetch a shape throughout the whole year to entldierss to
easily comprehend and clearly see all the sideslatals.”

T26: “Such an application is specifically approfeifor elementary school students. | think manyetus will
be pleased when they are introduced to this apjdital would consider this type of learning fun.h@h
applying the AR software, | felt like | was playimgth a toy. | wish we had had it in my time peri@ementary
school years] too.”

T37: “Especially in geometry lessons it is veryfidiilt for students to think in three dimensions: Bsing AR
materials, we are making abstract concepts conorebee minds of students. This makes it easiesfodents to
understand and love the lessons. | think it candeel in different lessons too.”

At the end of the training given to the prospect®a&chers, the third question posed to them wasat\&lite your
negative thoughts about geometry teaching suppbstédR materials in secondary school mathematicssas?
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(In terms of teacher and student) ". The categotiesnes, and codes formed from the responseseldtfiom
the candidates are presented in Table 5.

Table 5. Negative opinions regarding geometry temcbupported by AR materials

Categories Themes Teacher Candidates Codes
It can adversely affect other courses. T8, T21 2
The teacher needs a lot of time. T2,T6, T7 3
It cannot be measured with an exam. T2,T18,T25, T 4
Difficulties in |t is difficult to use on slow computers. T4, TZ@2, T39 4
Implementation Students can deviate from the purposel1l, T12, T18, T21, T30, T35, 8
of its usage. T36, T39
It is difficult to learn. T17,T19, T20, T21, 72931, 8
T37,T39
The teacher’s learning process is time-T6, T7, T9, T10, T14, T16, T21, 13
consuming. T22,T24,T25, T26, T27, T37
Health Problem Eye health T3, T9, T28, T32, T35 5
2 Categories 7 Themes 47

Seven different themes were reached under two caésgas a result of the encodings of the partitga
answers obtained from their negative opinions algmatmetry teaching supported by the AR materialemi
The categories of the themes were named by thendsas as Difficulties in Implementation and Healt
Problems. Compared with the other categories agmahdls, it was seen that the teacher candidatesotlicbjmort
many negative opinions about the AR materials. Wust important problem reported was its being time-
consuming for the teacher to learn. At this pothg importance of the training to be given to pexdjye
teachers at the graduate level emerges once again.

Teacher candidates' negative views of AR technotiagybe exemplified as follows.
T4: “l think the only negativity would derive fromslow computer.”

T6: “The disadvantages of teaching geometry with Rerials are the loss of time loss in terms athers
who do not know how to use this software. If theymmot use it correctly, they can suffer variousililes
because it looks like it will take some time to geéd to it.”

T7: “It is actually a program that will make it éasfor students to perceive [the shapes], buéit disrupt the
flow and speed of the course.”

T9: “For those who do not know how to use a comptitere may be some difficulty at first. It canderoblem
for those with visual impairments. One hundred petsuccess may not be achieved by everybody.”

T21: “It can be a little time-consuming and wheadiers do not constantly lecture on the computerstudents
can take this opportunity to disrupt the lesson.”

4. Discussion, Conclusion, and Implications

This research led to the conclusion that applied tAéhnology-enhanced computer laboratory trainiregew
effective and efficient for the participants’ actame and use of technology. Teacher candidatexistaat they
had difficulty learning AR applications, but theyere easy to use once learnt. It is quite natunakfem to
experience difficulty at first because the techggl®s new to them and they have yet to completeneessary
training in information technologies. Moreover, tfaet that the process is found to be easy aftertraining
reveals how easy it is to learn and use AR teclyyol@Vhile teacher candidates also expressed tieaAR
applications were nice and fun applications thatlifate teachers’ job, there were also teachedicktes who
stressed that they intended to use the applicatiothe future. This suggests that AR education #&sad
applications have a very positive effect on teact@ndidates. Gonzalez (2015) states that AR-enlkance
geometry instruction makes lessons fun and tramsfothe lesson into a pleasant learning environnbgnt
preventing boredom. It was derived from qualitatigsearch data that a significant portion of th@ents find
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AR-enhanced teaching fun. Lin et al. (2016) hawtest that teachers' learning process and learrmtigitees
may be difficult due to lack of technological kn@dbe, but can overcome this difficulty by using greams
such as Aurasma.

Teacher candidates stated that AR application iig @envenient in teaching geometry for both studeartd
teachers and it helps to think in three dimensibfwmvever, they stressed that it will take time feachers to
learn and adapt to this technology. Effective indse training will be needed at this point for the-job
teachers. On the other hand, teacher candidatdin pre-service training should undergo trainovwg such
applications in their undergraduate programs suehCamputer, Special Teaching Methods and Teaching
Technologies and Material Design. It is believeat uch technology-enhanced training given dutiregtéacher
training process can directly affect the qualitytld training of the candidate teachers who willalssigned to
different regions in Turkey to carry out their thamy profession. For this reason, the impact of thpe of
research is widespread. In addition, it is posstiolereplicate this research, which is limited te ttarget
undergraduate students of education departmentgnadiziate program, with the students and facultynbres
of other faculties by focusing on different aspedftslifferent topics. It is believed that the givAR technology
training will lead to a sound implementation of tfeehnology in academic units, courses and, if seEaw,
throughout the university. In this way, studentd éaculty members from different faculties can Ineauraged
to develop their techno-pedagogical qualifications.

As a result of the present research, it was fobhad the teacher candidates had higher post-testsstioan the
pre-test scores when the total scores of the Tédognpd\cceptance and Use Scale for ICT were compard
this difference was found to be statistically sfigaint. Based on this finding, it can be concludeat an AR-
enhanced geometry training seminar positively #dféeacher candidates’ acceptance and use of tecjynim
terms of ICT. Interviews were also held with pap#nts to gain in-depth information. The interviéimdings
were classified under 9 categories and 35 theméstah According to the results obtained, it wasemvorthy
that positive opinions were more prevalent thanribgative opinions about the use of the AR techmpola the
teaching of geometry by the candidate teachers. Chen and Chang (2015) have found that individuaik
low academic achievement in solid geometry havegheh level of positive attitudes towards the ubedas of
the AR system than individuals with high academiccess. For this reason, that it was not possiblthé
present study to examine the individuals’ attituttegards AR in terms of different variables cancoasidered
as a limitation. Wu, Lee and Chang (2013) point that AR offers new learning opportunities but also
introduces new challenges for educators. Similalythe current study, that some of the teacher icdates
believed that AR would impose additional workloadhe teachers emerged as a limitation of AR teldyyo

As Pajares (1992) emphasizes, teachers' idertitiddelief systems influence teaching. On the dthed, the
vision of the Turkish education system of was egpee by the Ministry of Education (2013) as togrdge the
education system with advanced technologies, tpatipvith innovations, to continuously evaluate avdluate
them, to provide student-centered and project-bagedation using information technology. In thispect, the
role of teacher and teacher candidates is of gngadrtance, especially as they are practitionerteciinology
integration in classroom learning and teachingvéids. The primary aim is to shift these applioas to the
university environments. Thus, it is believed thatareness of AR technology, which is one of thetropsto-
date technologies, and using it in one’s own figldl shed light on the studies conducted specifical other
departments of our university and in all educafamulties in the country. Quintero et al. (2015)nped out that
in terms of integrating class activities into teathing process, AR should be used meaningfully.
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