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ABSTRACT

APRESERVI CE MATHEMATI &8S TEACHERS®G
TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE
REGARDING DIFFERENT VIEWS OF-® FIGURES IN GEOMETRY

Saralarjpek
M. S., Department of Elementary Science and Mathematics Education

Supervisor: Assoc. ProDr. Mine Ik ksal Bostan
Co-Supervisor: AssadProf.Dr.Di demzAky ¢

April 2016,184 pages

This study attempted to investigadepe-servicemat hemati ¢cs teacher
Technological Pedagogical Content Knowledggardingdifferent views of 3-D
figures ingeometry. Data were colteed froma pre-service teachegnrolled inone
of the large public universities fankarawhile she wageachingdifferentviews d
3-D figures in seventhgrade level in one of the private schoolinterviews,
observationsfield notes GeoGebra filgsand lesson plansere thedata collection
tools used in the study.

Data analysis revealed ththe participand $PACK level increaseduring
school experience coursstate differentlytherewas a developmenin the pre
service teaché& TPACK level While there was just a slight increasdeahnology
integration to theurriculumand accessf students to technolodgvels therewas
asignificantrisein teaching and learningith technologylevelsof the participant
duringschoolexperiencecourse

Findings of the study show that there is a néed complementary
technology courses durirsghool experience courgeteacher education programs
because teacher candidates need necessary compeitensgg technologyike
selection and usage of appropriate technoltmgyrovide effective teaching in

mathematics clags.

Keywords: Preservice Middle School Mathematics Teacher,

Technological Pedagogical Content Knowledge, Different VielnaD Figures
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CHAPTER 1

INTRODUCTION

National Research Council (1996) says teather ishe most significant
factor whichaffects the learning of students with their teaching. The teaching
requires comprehension and reasoning, as transformation and reflection (Shulman,

1986) because teaching is an interactive act betteestudents anthe teacher.
Thereforemost people would agrebdtteachers have the most important role in

st ude nt sPeachee kmowtredga ig one of thkaracteristicsvhich affects

studenté learning (Grossman, 1990)To extend the understandingf the

knowledge of teachers, researchers needed to dividesteashd knowl edge i nt
as pedagogical knowledge (PK) and content knowledge (CK) éBall Cohen

1996; Shulman, 1986).

According to Shulmanpedagogical knowledge swhat i s known f
how t o t eac hl986,p.6). He statetleaippeddgogicalknowledge
consists bt eacher sdé deci sions on what to teac
student assessment types and their ways to deal with problems of misunderstanding.

On the other handie seegontent knowledgasthe knowledge ofthe contentof
the lessons taughtr the knowledge of subject mattdie explains that content
knowledge consists of thguestions asked and explanations offesada subject
matter

Analyzes (1986, 1987)pf Shulma® s  vslwowtkatcontent knowledge
and pedagogical knowledge teachersvere the focus of researchers up té' 21
century.Then asthe interactiorof PK and CK pedagogical content knowledge
(PCK) is defined by researchers (Badind Cohen 1996; Grossman, 1990;
Grossman,1992 Mishra and Koehler, 2006Shulman, 1986, 1987 Shulman
emphasized that content and pedagogy the indistinguishablebodes of
understanding knowledge. Then, he defipedagogicatontentknowledge (PCK)
asit he content knowledge that deal s with

of representing and formulating the subj
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(Shulman, 1986p.9. Mishra and Koehler (2006) alsiefined PCK ashe manner
in which subject matter is transformed for teachifidhey said thatthis
transformatiorhappens when the teaclmmmentates the subject matter, makes
inferencesand discovers different illustrations and representations of it to make it
easy taunderstand for students. MoreovBhulman (1986) e pr esent ed PCK fas
special kind of technical knowledge keytothe of es si on asaifedih eachi ngo
Ball, Thamesand Phelps; 2008, p.390).
Currently, teaching with technology is an important issviel-Pacific
Information and Communication Technology Centf2015) explains the
importance of technology emphasizingprmation and communication technology
(ICT) as a need of being good studerizensand workers. Theener includes
that technologys significant to be successful in academic and work careers, and
also to efficiently participate in modern technical soci@tyis society madepon
a new generation of students and their perspectivegfore ICT educéion should
not be ignored (MICT2015. In his companion papers, Prensky (2011) defines a
new generation of st ud®ggaying digiad nativesgh 6 Di gi t al
emphasizesthttoday 6s chil dren are not | earning te
born into the new technology. I1tds said in
process information different than theincestorstherefore,their views about
technologyarediff erent than their predecessadrkedifferencefrom the pasis that
today, those technologies likgpewritersstarted tdoe seen asransparen{Bruce
& Hogan, 199&s cited in Mishra & Koehler, 20D&nd they were not regarded as
technologiedy a new generation of students and their teachierstead of those,
computer software (educational games, educational programs likeeBem Cabri
(I Pl us, Geomet er 6 s -B)k 8mact hBoarR asdftyare a n d Cabr
(Activinspire, Hitachi and A-migo ClasusBoard etc.) and the Internet are seen as
technology in classroon{#ishra & Koehler, 2006)New technologie&nown by
digital native$(Prensky, 2011have altered thiechnology perspectivaf teachers
and thenature of the classroaiMishra & Koehler,2006) Thereforethe use of
these technologiaa theclassroom s | mportant for studentsoé |
MishraandKoehler (2006) considered that teachers may wise to the basic
working principles of the technology or they may use technology in their daaby i
However, using technology in their dailydisdoes not enough for them to use this

technologyeffectively into the claseooms (Report of Etwinning Conference,

2



2010) In order to provideffective technology usage in educatiosettings, they
should be aware of tiretechnology knowledgerhich will be usedin classrooms
to provide sudents with effectivéeaching If they know what they can afford to
teach, they can better reach their students while they are tedBt@pgrt of E
Twinning Conference, 2010)
Even though Shulman (1986) did not mention the word technology and

its link to content knowledge dmpedagogy knowledge, ligscussedccessibility
which i mplies technology (Mishra and Koe
traditional classrooms, teachers use many technologies to make content accessible
for students such dweadprojectorsandtypewriters(Mishra and Koehler, 2006).
With the needs othe new generationand the new nature of the classr@m
teachersé knowl edg enoretd be inestitateaih andjtipnto s n e e (
their pedagogical content knowledg&ccording to the Rgort of Etwinning
Conference, @ucationhas to change to respond to the requirements of the society.
Il tés said that future @wmgetencesneadeabalt techmoiatya k e
accountThe eports hows t hat enhancing Mmenaandher sé p
promoting educational innovation aimmportant to catctthe needs of the new
generation It says thait is important to enable all teachers to be confident with
technologies. Indeedpt pr omot e teachersd proddessi ona
tok now t eeristingeompet@ncie$or technology integration (Report of E
Twinning Conference, 2010)

Researchers started to develop framewdoksechnology integration into
teaching. Technological pedagogical content knowleddd®CK, TPACK) by
Mishra and Koehleis one of thes&ameworls, which investigates e ac her s PCK
with the integration of technologpc cor di ng t o Mi shra and K
may be inappropriate to see knowledge of technology as being isolated from the
knowl edge of pedago yighraaamdKoebler R0Q&lefined ( p. 1 0:
TPACK asthe combination opedagogicaknowledge (PK)contentknowledge
(CK) andtechnologicalknowledge (TK).Indeed, TPACK is more thanust the
combination ofPCK and technologknowledge it is the interconnection between
these three knowledgeomponentyGraham, 2011)In this study, in general,
participant 6s TP Ad@rponersvdlllbelin domsigeradon.| t hese



1.1.Purpose of the Study

Current sudies show that technology integration into classes is an
important issue(Mishra and Koehler, 2006)Preservice tedters need new
competencies in order to integrate technology into their classes effectively (Niess
et al., 200). Indeed, Niess (2005) states that-peevice teachers should be
challenged to learn fundamental concepts and skills needed to use educational
technology in their lessonShe suggests to teacher education programs to provide
numerous technology integia experience during internshigdor engagingpre-
service teachers withew educational technologies. It is also important for- pre
service teachers to have those technological skills for understanding the needs of
new generationTherefore, tiis neededad give a chance to pigervice teachers to
think, plan and implement technolotpsed classes tgee whether #se
experienceimprovetheir skills andherefore increastheir TPACKIlevel

The purpose of this study te investigatea pre-servicemiddle school
mat he mat i stechnologiealpddagogicalcontent knowledge (TPACK)
regarding different views of-B figures in gometry whileshe is doing her
intemship in the cooperating schalheruniversiy. In other words, howmiddle
schoolpreservicemathematicgeacher integratetier technological pedagogical
content knowledge intber classwhile she wagdoing herinternshipis tried to be
investigated. Moreover, the interaction between the compon&étBRACK of a
pre-service teacheexani ned usi ng Mi shra and Koehl er os
the instrument of Niess and her colleagues (2009).

1.2.My Motivation to Conduct this Study

In middle school, my interaction with the technology was little. While
doing my internship in a middle school duri@ghool Experience courdagealized
that this studenrtechnology interaction might be related to my own technological
pedagogical content knowledge asmaddle schoolpreservice mathematics
teacher. Then, | took a course named Technology in Elementary Education during
my mastereducation In this course, | have conductedsmall case studyas an
assignmenand | have learntthatpeer vi ce mat hemati cs teacher
pedagogical content knowledge is mostly at the middle level and their knowledge

might change during Schb&xperience course. Indeed, | thought that practicum

4



(Peker, 2009; OzguKoca et al.,, 2010; Dogan, 201Bal gal meé k , 2013)
reflection on someoneds owWrerexperitemcde
technological pedagogical content knowledgewey, B33; Dietz & Davis, 2009;

Niess, 2011) Moreover, planning technology activities and implementing and

reflection on them might affect their TPACK. Different than these, participant of

the current study will prepare and implement four technolwaged lessts. |

consider time spend dachnologybased activities and thinking about them might
changeaprser vi ce teacherds technol ogi cal ped
| decided to conduct the current studyso, in addition to interviews, an-tepth
investigation of a prser vi ce teachero6s | esson i mple
explanation of her TPACK change. Therefore, | decided to investigatesamiee
teacherdéds TPACK giving specific evidence

experience course.
1.3. Statement of the Research Problem

In the light of current liteature, thecentral question guiding thistudy

emerged

1 How doesapreservicemiddle schoomat h e mat isdeshndlogialc h e r 6
pedagogical content knowledge themes (curriculum and assessment
learning, teaching and access)angeduring school experience&ourse
while teaching the concept of differenews of 3D figuresin technology

based classroorfis
1.4.Definitions of Important Terms

Pre-service middle school mathematicsteacher: A pre-servicemiddle school
mathematics teacheés the teacher whds at the senior grade of tHeementary
Mathematics Educatioprogram registered t@school experience course ahaing

internshipin practice schools.

Technologybased classroom: Technologybased classroom is a classroom in

which some of the digitalechnology resourcesomputers, mobile devices like
smartphones and tablets, digital cameras, social media platforms and networks,
software aplications, the Internet, etc. areuse nhance teaching and
learning(Starr, 201). In the current study, technolieg usedoy the participant

5



during lesson implementations in the technolbgged classroomre Office tools,
GeoGebra D, virtual manipulative, anéhteractive white board.

TPACK Components TPACK componerg include content knowledge,
pedagogical knowledge, pedagogical content knowledge, technological knowledge,

technological content knowledge and technological pedagogical knowledge.

Content Knowledge (CK): Content knowledge is defineds fAsubj ect matt e
knowledge of a teacherto bearnedor t aught 6 ( Koehl er & Mi shr
Ball (1996) described content knowledge as the subject matter to Tewathis,

also, knowledge of a teacher that can be used to understand the structures of subject

matter (Shulman, 1986k the study, content knowledge refers to theqaerice

t eacher s 6 DfferentWiesvslof 3D Figures.

Pedagogical Knowledge (R): Pedagogi cal knowl edge is defi
knowl edge about the processes and practices
(Koehler &Mishra 2009, p.64)In the current study, pedagogical knowledge refers

to preservicemiddle schoomathematics e acher sd6 cl assroom manage
teaching strategies, development of lesson plans and understanding and assessing

studentsdo | earning.

Pedagogical Content Knowledge (PCK):Pedagogical content knowledge is

defined as @At he ¢ o mithetheteaching@radess,dngleding hat deal
the ways of representing and formulating the subject that make it comprehensible

to otherso ( Shul ma nfromalcembthationmf p@dagodical i s der i
knowledge and content knowledge (Shulman, 1986; 198V)this study,

pedagogical content knowledge refers How preservice teachers use their

pedagogical knowledge, while teaching the concept of Different Viewsf 3

figures. l ndeed, it refers to participant s

students wh manipulatives and GeoGebrdD3
Technological Knowledge (TK):Technological knowledge is defined as

Aét he knowledge about standard technol o
blackboard, and more advanced technologies, such as the Internet and
digital videa In the case of digital technologies, this includes knowledge of

operating systems and computer hardware, and the ability to use standard

6



sets of software tools such as word processors, spreadsheets, browsers, and
emai |l 0 (Mishra and).Koehl er, 2006, p . 1

In this study, technological knowledgeferstothe prs er vi ce t eacher so

Office tools, and smart boards in addition to their daily internet use.

Technological Pedagogical Knowledge (TPK):Technological pedagogical

knowl edge (TPK) is defined as fAthe knowl
capabilities of various technologies as they are used in teaching and learning
settings, and conversely, knowing how teaching might change as thefesing
particular technol ogi es 0 MoMispedificaly, ik Ko e hl
the current study, itreferstopseer vi ce teachersd ability t
tool (solid figures such as unit cubes and linking cubes, GeoGebra od virtua
manipulative) for a particular tasks designed by them, their strategies of using that

tool (preparing notes before implementation, practice etc.) and their ability to apply

those strategies during implementation.

Technological Content Knowledge (TCK):Technological content knowledge is
defined as Athe knowledge about the mann
reciprocally relatedo (InMhisstudydechtologicae hl er ,

pedagogi cal cont ent knowkagedofgadl knondetiger s t o

componerg defined above. More specifically, in this study, it consists of effective

use of tool s, classroom management skil/l

curriculum knowledge.

TPACK Themes: TPACK themes include curriculumnd assessment, learning,

teaching and access (Niess, 2005).

Curriculum and Assessment:lt is the knowledge of curriculum and curriculum
materials that teachers need to know to integrate technology to enhance learning. In
other words, that is the knowledge of curriculum which enhances learning and
provides opportunities for teachers to usghnhology for more and better learning.

It covers themathematis programknowledge and material knowledged usage

of teachers which will help them for their teaching. It also includes the knowledge

of technol ogy t o a s s ethewne cevers thecontestd l ear i



knowledge and technological content knowledge components of TRAGESS,
2008)

Learning: | t I s t he knowl edge of studentso r
understandings, and | earning with technol og
knowledge (with assessments), as memorization, as the acquisition of facts,

procedures, etc. that can be retained, as the abstraction of meaning and as an

I nterpretive process aimédl pt, the78ndser st ace
Purdie & Hattie, 202, p. 17). Learninthemec over s t eacher sd under st
awareness of studentsdéd | earning. Moreover,
the representations of a particular subject matter via technologyth€&nigcovers

pedagogical knowledge, pagogical content knowledge and technological

pedagogical knowledge components of TPAGHKess, 2008)

Teaching: It is an overarching conception and understanding of what it means to

teach a particular subject using technology to facilitate student leafiags the

knowledge of teaching a particular subject matter using technology to make it easy

to learn for the students. It gives importance to the number of technology usage and

the effectiveness of the usagegiméd these t e
teaching environment. Thigsheme covers content kowledge, pedagogical

knowledge, pedagogical content knowledge and technological pedagogical

knowledge components of TPAQKIliess, 2008)

Access: It is the knowledge of instructional strategies angresentations for

teaching particular topics with technology. According to Niess (2005), icalsa's

teached s knowhewgeé ooprovi de studentsd access
themecovers technology knowledge, technological pedagogical knowledije an

technological content knowledge components of TPARI€ss, 2008)

Three dimensional figure A threedimensional figurgin generalis a solid having
length, height and deptlit coverssolid cubes, polyhedrons likerisms, cones,
cylinders, sphereand a set of multilinked cub@s mathematic§Guti®rez, 1992)

In this study,threedimensional figure refer to different combinations of unit

cubes.



1.5.Significance of the Study

Ministry of National Education in Turkey is laboring and creating a big
budget for technology integration into classes (MoNE, 2011). On the other hand,
bringing technology into classes with these projects will also require teachers to
have necessary competencies for using that technology. Withoutranedd
teachers, providig these latest technologies does not satisfy the needs of
technology integration (Cakeéer & Oktay, z
using technology for teaching and learning purposes. To attain to integrate
technology into classes, it is needed t@wrhow to use technology effectively.
Effective use of technology requires identifying the needs of curriculum,
determining the best ways to achieve curriculum objectives and allowing students
to achieve those goals by using their technological skills (Mdga& Mausbach,
2008). In addition to curriculum objectives, it is important for teachers to know
skills to guide students while they are using technology to fulfill the requirements
of technology integration (Turner, 2005). Hereby teagban ensure thatudents
use technology effectively and purposefully. Thus, to understand whether
tomorrowbs tthese odeesgary com@etereies)eir technological
pedagogical content knowledge is needed to be investigatedervice teachers
will need these ew technological competenciaghile teaching Todayo6s pr e
service teacher s -sewiceseachearsuthus, toineestgatetheiiwd s i 1
technepedagogical content knowledge is important to be successful in technology
integration.

There are some gjects of Mnistry of NationalEducation (MoNE)xbout
technology integration into classes which aréwvmning, electronic exams of
OSYM (Student Selection and Placement Center), telecast, INTEL teacher and
INTEL studentsHowever,it could be said thaack of teacher knowledge about
the usage of technology classroomsnakes these projects difficult to succeed
(MoNE, 2012; Akgul, 2018; 2013h. Akgul (2013b) supports the idea that,
informally, the results of ppjects are not good because of the problem in teacher
training. He says that although project
training started at 2013 and it is too late for teachers to learn and apply what they
learn in their classe3.0 conclue, dl of these projectshow hat teachers are the

key factorsand they need training and supptotimprove their knowledgef


http://fatih.inetd.org.tr/

technology integrationOn the other hand, eacher sd6 knowl edge has
assessed in any part of the projg&kgul, 2013). Teac her 0 s,whkiadho wl ed g e
could have an important effectnahe success of FATIHAkgul, 2013a),
investigated in this study might provide a basis for teatrth@ring of Ministry of
National Education

In theliterature there arequantitative studiesonductedvith pre-service
mathematics teachers abdiueir TPACK (Chaiet al, 2010; Kafyulilo, 2010; Chai
et al, 2011; Bulut, 2012; Jang & Tsai, 2012; Bateal, 2013). Also, there are
studies aboutpre er vi ce t eac her s duringR m@dd/sathawlv el o p ment
experience courg®eker, 2009; OzguKocaet al, 2010; Dogan, 2012; Balgalmis,
2013; Yigit, 2014) However as revealed in the literature review, therelanéed
number ofqualitative studies investigatinghance in thepres er vi ce t eacher s
TPACK evels during practicur(Baran &C a n b a -Bibci, 4016, Bowers, 2011
Hixon & So, 2009Mouza & KarchmeiKlein, 2013).Even though there are some
TPACK-related studies during some courses, for instance effects of a method
couseonpreser vi ce teachersdéd TPACK (Peker, 2009;
studies about implementation of these suggestions in the field whikepriee
teachers are teaching at cooperating schools (Bar@wa&n b a -Bibicj, 20L5).
However, pacticum can be one of the best ways to acquairtspreice teachers
with the field experience and to understand-prer vi ce teachersé deve
during internship (Munsey, 2012)his study will provide an investigation of a pre
ser vi c e TRAEK duhng hed practicum. More specificallg,pre-service
teacher 6s curriculum knowl edge, assessment
abilities andherk nowl edge related to students6 acc:¢
investigatedThus, his studymight help a pre-service teacher to have important
hints to apply whasheknows theoretically.To investigate théechnepedagogical
contentknowledge during practicumightalsoprovideuswith achanceo assess
the change ipres e r v i ¢ e knbvdealge leeels anthe effectiveness othe
internship classas schoolexperiencecourse

As critically analyzed in the reviews on TPACK, (BaranC&& n ba—z o] | u

Bilici, 2015; Chaiet al, 2013) it is said that obviously there is@ed for further
studies to investigate peer vi ce teachersé TPACK whil e
different canceptsin different contextsin this study, TPACK development af

pre-service mathematics teachhnile teaching the concept of differenéws of 3
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D figures is investigated. The concepteedimensionalfiguresis important to
investigate because onetbe goals in the Turkish mathematics curriculisno
provide threedimensionalthinking to student§MoNE, 2013).1t is thought that
working on threedimensional figures helps both students and teachers to develop
spatial awareness, geometrical intuition and the abilityigoalize (Joneset al,
2006). According to Jones (2002), benefits of 3D thinking are notelitbiiit one
of them is that ilevelopsaanunderstandingf geometrical properties and theorems.
3-D figuresare one of the concepts to understand-pre r vi ce t e-acher 6s
pedagogical content knowledge related3@ thinking goal of MoNE since it
requires the useisuospatiahbility, which is composedf several different abilities
(Hegarty & Waller, 2005)Thus, conducting such a study seems significant to add
detailed information about a pser vi c e teacher 6s t heor et
knowledge on D figures.

Furthermore, researchers who conducted quantitative studies such as Baran
andC a n b a-Bibic] (015 and Bulut (2012 suggest more detailed qualitative
studies about specific areas in both mathematics and science. Therefore, it can be
said that even though there are some studies, TPACK is still needed to be
investigated further in different samples and wdifferent tgics Furthermore,
BaranandBilici( 2015) stated that fAbecause TPACK
construct, qualitative research methods dathsources such as observations and
design artifactmieed t o be used in the nedthatar cho (
quantitative methods dominate tHPACK research context in Turkeylhis
qualitativestudy will alsoprovideanin-depthexploration olapres er vi ces t eac he
technological pedagogical content knowledgea specific topic which is different
views of three dimensional figures

Preservice mathematics teachers constitute the mathematics teachers of the
future and thewill educate the students who will be the future of the country.
Learning a pre-servicet e a & lewer dd TPACK and adapting the university
mathematics education progra accordingtothepiee r vi c e knbvdedgeh er s 6
developments important forteacher educatorsho plan/develop the mathematics
education programs and for policy makensovapprove the designs of programs
Thus, the results of the study mighive clues to teacher educators and policy

makers abouhedesignof thepedagogy and technologglatedcoursege.g. about

11



effective dynamic geometry, office tools or smartboard usagehe teacher

educatiorprograms.
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CHAPTER 2

LITERATURE REVIEW

The purpose of this study is to investigatg@re-service middle school
mat hemat i s®chnoleggaipadagogicalcontent knowledge (TPACK)
regarding different views of -B figures in gometry whileshe isdoing an
internshipin the cooperating schoadf her universiy. Because this study focuses
onapres er v i c esTRAEKIevbishe @viewwill start with the theoretical
background of TPACK, and it will continue with the comparison and contrast of
the current TPACK studien the last decad@hen, it will continue with the studies
about preservice mathematics eac her s 6 us agre sofovre t he
GeoGebravirtual manipulativeand smart boards in the classrooFfisally, it will

end with the studies related telBfigures.
2.1.Theoretical Background of TPACK

In the light of reviewed literature, teacher knowledgangssentiapart d
teaching process (Badit al, 2008). Therearea number of studies investigating
teacher knowledgéBall and Cohen, 1999; Ba#t al 2008; Grossman, 1992,
Shulman, 1986).F o r exampl e, edagogical&krowlddger i she p
combination of necessary skills and strategies for classroom management and
systematization of subject matter to teach (Shulman, 1@&ntent knowledge is
a body of knowledge including subject matter which teachers teach and students
expected to learn (Grossman, 1990; Shulman, 1986; 1987).

According to Shulman (1986jeacher knowledgés composed of three
knowledgecomponerd; propositional knowledge, case knowledge and strategic
knowledge Propositional knowledgéShulman, 1986pp.11-13) is knowledge of
propositions which are short but sometimes easyto recallif there is a long list
to memorize whilecase knowledges &knowledge of specific, wellocumented,
and richly described eventShuman, 1986, p.14)n order wordsgcase knowledge

is the knowledge required for teaching a specific topic to a specific learner group.
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Lastly, strategic knowledgés the knowledge generated to extend understanding

beyond principle to the wisdom of practi(@hulman, 1986, A3)a It coversthe

teacherdéds skills needed during teaching pra
The next year, Shulmaf1987) published another study explaining seven

major categories of teacher knowleddde first category is related to general

pedagogical knowledge. It includes the principéesd strategies of classroom

management and systematization of subject matter to teach. The second category is

knowledge of learners and their characteristice. deal s wi tuvioust he | ear ne

knowledge and current knowledge and personal differenceséetlearners. The

third category is the knowledge of educational contexts. It covers a wide range of

topics; which arecollaborative working inthe classroom the goverance and

financing of school districts and the character of communities and culitres.

other (fourth) category is the knowledge of educational ends, purposes and values

and their philosophical and historical grounds. The fifth category is content

knowledge which is defined as the subject matter knowledge of the teachers. The

sixth categoy is the curriculum knowledge which is the knowledge of programs

and materialswhich helpteachersas trading tools. The final category is the

pedagogical content knowledgeke f i ned as teachersod6 special

knowledge and their own pedagagjicstrategies; and the interaction between

content and pedagogy in teachersdéd minds. S

amalgam of pedagogy and content that is uniquely province teachers, their own

special form of professional understandi ngo
By Shulman (1986), Pedagogical Content Knowledge (PCK) is defined as

Athe content knowledge that deals with the

representing and formulating the subject t

(Shulman, 1986, p.9). Hesal includel

Aan understanding of what makes the | ea
easy or difficult: the conceptions and preconceptions that students
of different ages and backgrounds bring with them to the learning

of those most frequently taught topicsarsl'eons (p. 9) O

to PCK.
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Grossman (1990) defined four main components of PCK. Those
components wergl) conception of teaching purpos€?) knowledge of students,
including studentsd understanding of sub]j
(4) knowledge of instructional strategies and representations. The difference
bet ween Shuman (1986; 1987) anahen@®reos s man
component whi ch i s 0 &fteachihgpudpgses wihith isc on c e p t
related to teaching ubj e c twhmd tet eSshéul mandés (1987) P Ck
components which are (1) knowledge of topics/concepts, (2) knowledge of
structuring and repgee nt i ng t he topics, and ( 3)
understanding of the topics, including difficulties and misconceptions

After two decades, Baknd rer colleagueq2008) reminded that PCK is
underdeveloped and still continued its survival with thedeseef current
descriptionsand clear definitionsT heysaidthat

AThroughout t he past 20 year s e res

pedagogical content knowledge to refer to a wide range of

aspects of subject matter knowledge and the teaching of subject

matter and, ideed, have used it differently acrdsand even

withind subjectareas (p.389).
They said that it needs theoretical developments and empirical teSthesefore,
they neededlarificationwhile doingtheirresearch about pigervice mathematics
teacher8 TPACK and they wrote their own definition combining the previous
resear cher o PBCKdoeniakaheir researdtéear and understadable.
The difference (1086t M&and Bl h uTl hmeanmedss and Phe
(2008) studiedss that Shulmab glefinition of knowledge is a general teacher
knowl edge whi | e coBponeit Gre sp&cifically Ideald with the
mathematics teachesccording to Ball, Thames and Phelps (2DBEK is seen

fas a concept, pedagogiocuadn content knc

representéns and conceptions/miscontieps, broadened

ideas about how knowledge might ntet to teaching,

suggesting that it is not only knowledge of content, on the one

hand, and knowledge of pedagogy, on the other hand/dma

kind of amalgam of knowedge of content and pedagogy that is

centraltotk knowl edge needed for teachingo
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It is to say, pedagogical content knowledge is a mixture of content knowledge and
pedagogical knowledge, and it includes content and pedagogy andheiso
intermixture covering the concepts like representationg/conceptions and
knowledge of teaching (Badit al, 2008).
After Shulman(1986)and Ball, Thames and Phelps (2008), researchers who
would like to investigate teachésowledge in more detail defined PCK and then
used theirown definitions to definenew framework about teacher knowledgeor
example, Cox and Graham (2009) desdilBCK as the important feature of
teaching Theyexplained the idethatPCK is a mixtureof content knowledge and
pedagogical knowledge which are used to make subject matter more
understandable by studentsloreover, Koehler and Mishra (200¢. 102)
describedPCKas At he i ntersection of content and g
simple consideration of content and pedagagy ii sol ati on fToom one an
sum up,even though researchers defined PCK different from each other, they all
agreed thaPCK has wo main components content knowledge and pedagogy
knowledge (knowledge afepresentation and knowledge of assessinemdinly
related to studentso)understandings and dif
2.2. TPACK Framework

Until the 2F'cent ur vy, technology integration toc
pack was not discussed so much. After that time, relseex started to integrate
technol ogy i nto t agescNessr(20db), Mishra and Kodtljee p a c k
(2005), Koehler and Mishra (2006) and Cox and Graham (20q#ined the need
for technology knowledge while teachiniiess (2005) defined technologl
pedagogical content knowledge (TPCK) as a technology extension of PCK. After
Niess (2005), technological pedagogical content knowledge is defined as a distinct
body of knowledge by Mishra and Koehler (2006). In 2007, Thompson and Mishra
published a paer and updated the name of the framework, from TPCK to TPACK.
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TPACK

Technology

Figure 1. Technological Pedagogical Content Knowledganktework (Graham,
2011, p. 1954)

TPACK is more than a simple totaling of technological, pedagogical and
mathematical knowledgeln Figure 1 Technological Pedagogical Content
Knowledge Framework r om Gr ahmsgives St udy

As seen in Figure Xhere are three more interaction other than TPACK
TPACK also consists of otheomponentgierived from basic threeomponents
which arecontent knowledge (CKpedagogical knowledge (Plhd technological
knowledge (TK) Namely those types are Technological Pedagogical Knowledge
(TPK), Technological Content Knowledge (TCKand PedagogicalContent
Knowledge (PCK)Thesecomponentsre dewed because of the relatis between
main componest(CK, PK, TK). For example, because of the relation between
content knowledge which is the subject matter (Shulman, 1986) and pedagogical
knowledge which is the knowledge of teaching, PCK is derived as th
combination. Similarly, the relation between CK and TK caused the derivation of
TCK. Finally, the intersection of the pedagogical knowledge and technological
knowledge igefined asTPK.
Technological Pedagogical Content Knowledge (TPCK or TPACK):
Tednological pedagogical content knowledge is the combination or connection of
aforementioned threecomponerg technological knowledge, pedagogical
knowledgeand content knowledg&@PACK is defined by Koehler and Mishra
(2009) as
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the basidor effective teaching with technology, requiring an understanding

of the representation of concepts using technologies, pedagogical

techniques that use technologies in constructive ways to teach content,

knowledge of what makes concepts difficult or easyetmrn and how

technology can help redress some of the problems that students face,

knowl edge of studentsdé prior knowl edge &
knowledge of how technologies can be used to build on existing knowledge

to develop new epistemolas or strengthen old one (p.16).
As Niess (2005, p.510) defined

TPCK €é is the integration of t he de
knowledge of subject matter with the development of

technology and of knowledge of teaching and learning.

And it is this integration of the ddrent domains that

supports teachers in teaching their subject matter with

technology.

As Niess (2005)indicated there aréour themesof TPACK that help

researchersa s s e s s teacher candi ceadtassssmem PACK; cu
learningteachingand access'hosethemesare combinations of 7 sedbmponents
of Mishra and Koehl erds TPACHKNtia&d@BEBO9) whi ch
on the intersection of the three componentsTBIACK; namely,technology,
content, and pedagogy, Niess (2005) described four diffdremteghat comprise
t e ac her sauricililrhia@dkassessment, learning, teaching and access.

To sum up, these fothhemesar e c¢cl osely rel ated to teacl
pedagogickcontent knowledgéTPACK) combining different stlsomponents of
it. They ar e expl ai ni nige intemturet & acanterdg r s 6 | eve
knowledge, technology knowledge and pedagogy knowledge in four different
themes to come up with a level showintatgackage of subgroups as the name of
TPACK.

Af ter Koehl er and Mishradéds (2005) clear
components, Niess et al. (2009) published mathematics teacher standards and
created mathematics teacher TPACK development mdtleks et al (2009)

emphasized the strategies to build upprer vi ce mat hemati cs teach

18



developmentThey ai med to increase mathemati c:¢
teacher educatorso6 usage of te€dradeo!l ogy i
They asseed t hat these standards could be us
Niess (2011) also stated that their new standards might provide a framework to

assess preer vi ce mat hemati cs teachersbo TPAC
development. It could be advantageousise their framework to understand how
mathematics teacher candidates develop their TPACK knowledge. Moreover, Niess

et al.od6s (2009) TPACK model might all ow t
total development in the TPACK levels of teacher caagisl but also the
developmentf the components of TPACK (curriculuamd assessmenéearning,

teaching and accessThis study attempted to use tidiess etal . 6 s (2009)
mathematics teacher TPACK standards and developmeai¢las a framework for

measuring TPACK development @ pre-service middle schoolmathematics

teacher
2.3. Research Studieselated to TPACK

Currently teaching with technology is an important isgoeinvestigate.
Kaputand Thompsonl@94)indicates that in 25 years, it will continue its popularity
in different waysand still the need for this investigation will remain the sahwe
evaluate the effectiveness of teaching with technology, it is needed to know
teacher8 TPACK levels (Mishra & Koehler, 2009)Being aware of this, there are
some TPACKstdi es conducted all around the wor
teacher candidatesd TPACK |l evel s.

Koehler and Mishra (2005) tried to investigate TPACK perceptions of
graduate students and insttors. They tried to investigate participants TRAC
| evel s wusi ngLeaninglTceewrhsne | coaglylindidyir gitaetisaiivg n 6
study, they investigated TPACK development of the participantghraydfound
significant development in their TPACK levealaring the courseAt the end of the
study, theymentionedthat all of the components of the TPACK are affecting
participant® TPACK independentlyBesideKoehler and Mishra (2005) Ni es s 6's
(2005) study is imprtant toassespres er vi ce teachersd TPACK
Niess offered three courses to 22-pegvice science and mathematics teachers.
Courses were about technologgdagogyandmicro-teaching Assignments were

given and their classes were obserdedng these course$articipantd TPCK
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levels assessed at the end of each course and at the end of the study. As a result of
the study, it is seen a significant development at the TPCK levels of more than half
of the participantsThey recommended that téer education programs should
involve technologyintegrated courses so that teacher candidates who learn with
technology may show more attempt to use technology while teaching a specific
subject into their classes (Niess, 2005).

Furthermore, other reseams conducted studies using tHEPACK
framework of Mishra and Koehler (2005) aNtkess(2005). To illustratea mait
survey developed byArchambault and Crippen (20099 measuret e ac her s 0
perceptions of theifPACK. Those teachers were chosen from a group of teachers
who theoretically had knowledge of content, technology and pedagogyoners
of TPACK. Indeed they would like to investigate nl i ne di stance educ
knowledge levels usinthe TPACK model ofMishra and Koehler (2005) as a
framework. About 600 teachers participated in this study by filling theail
surveyswhich havdikert-type questions in it. Results of the study showed that even
though online distance educators had relatively high lexMetedagogy, content
and pedagogical contekhowledgewhen technology knowledge addedthese
knowledge compones{TCK, TPK, TPACK) they were fagdto have high levels
of knowledge. Therefore, it can be said that online distance eduidatorgledge
componert related tahetechnologyneeded to be improved.

Lee and Hollebrargl(2008) designed an educatiprogramthat combines
mathematical content, pedagogy and technotogssess prservice mathematics
t e a c knewledgé of technology integration. Theogramis called aPreparing
to Teach Mathematicwith Technology (PTMT) ProjectTheir aim was to find
methods to teach how to use appropriate technologies while teaching mathematical
concepts in classes. Accanditotheaim of the projecti_ee and Hollebrars{2008)
prepared a course for a typical classihga sizebetween 13 and 20. Participants
were observed durinilpe courses of th@rogramin three semesteend they were
videotapedduring the course§or each t heir goal, they wused
Mi shra and Koehl er 6 sconpaneraséoj thediBACKarndt i ons of
they developed an assessment tool to understargkprice mathematics teach&rs
TPACK levels. As a result of their study, it hasriduhat the mixture teaching of
mathematical content, pedagogy and technology could help teacher candidates to

improve their TPACK reasoning.
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Grahamet al (2009) developed an instrumentto assessenr vi ce t eache
TPACK before and after an intensiveofgssional development experience to
understand their TPACK confidence. They said that they piloted their instrument in
four of the seven types of the TPAGOmponentsvhich have the technology
knowledge in them, TK, TCKTPK and TPACK, to measure a smalimple of
teacherso (al most 20 participants) conf.i
gathered from the pilot study of their survey mighavide information tgrogram
coordinators to help teachedsveloptechnologyrelated knowledge confidence.

Another instrument developed in the same yeelongsto Schmidt, Baran,
Thompson and their friends (2009). While the instrunadér@éraham et al. (2009)
is developed for assessingsner vi ce teachersé TPACK,; the
et al. (2009) is devefed for assessingpeer vi ce teachersé TPACH
their survey wago investigate prs er vi c e t-assessment of theows e | f
TPACK. Namely, it was Assessment Inghent for Preservice TeacherdVhile
other instruments were related io-service teachers and their TPACK, this
instrument focused on investigating the-pre r vi ce t e alobhdditios 6 TPACI
to these instruments, after two years, Chai e{24l111) examined the construct
validity of a TPACK survey The results of the suryeshow that Singaporean
primary school prs er vi ce teachersd TPAEKICEoul d d:¢
course designed with the help of TPACK framework.
In 2012, as three scholars Larkin, JamieBooctor and Finger conducted
a study aiming to overcome someolplems that teacher educators faced while
helpingpres er vi ce mat he mat devebopntertiastehdeoffacd TP ACK
to-face courses, they prepared @iline courseusing the content of the existing
course emphasizing that they are integrating informatod communication
technology into their courses. They taught mathematical concegs amline
setting to improve prservice teachers TPACK. The results of their study showed
that online teaching is effective to develop -pesvice mathematics teach&rs
TPACK levels.In addition to these, some TPACK studies were conducted in
Turkey. In the following section studies that are conducted in Turkey will be

mentioned.
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2.3.1. Research Studies in Turkey

In the previous studies in Turkey, it is tended to design courses and measure
preservice teacher sod TPAGGWe questiom@zgurur veys Wi
Koca et al (2010) used the TPACK Framework to examine hae-service
mathematicie ac her s 6 M&EIAGIKg aenmateod course. They planned
activities, each of which was about one of the-soimponents of the TPACK
Framework.To illustrate, some of theactivities were preparing lesson plans,
creating mathematical activitiessing technology, and sohgnmathematical
problems. Participants were observed during the method course, their assignments
were collected and thewere asked tdill a survey designed to examine their
TPACK levels. According to the data collected, the conclusion of the study r@veale
that technology integrated course is effective for development of TPACK and
understandingpres er vi c e ma t h e peaspectvenf theie ik er s 6
teaching

In addition tathesgeacourse designed to understand TPACK development
of the preservicemathematics teachers bel@tg Ozmantar, Akkoc, Bingolbali,
Demir, and Ergene (2010). Basically, they planngaagramto understand pre
service mathematics teachersd different us
technology integrated course of matiaics. Their study revealed that teaching
with technology may help prgervice mathematics teachers develop their
knowledge of multiple representationshich might causen increasein their
TPACK.

Bulut (2012) developednanstrument, namelperceived’PACK regarding
Geometryto investigatepre-service elementarymathematicste ac her s6 TPACK
regardinggeometry.Seven hundred and eighgye-service mathematics teachers of
seven public wuniversities attended to the
descriptive information useavhile determiningtheir levels of TPACK. The
MANOVA results of the study showed thpte-serviceelementarymathematics
teachers have significantly different knowledge of TK, TPK, and TPACK with
respect to gender. Males hadhigher level in these sulbomponents of TPACK
than femal es. However, for bot h mal esd6 an
geometry were found gher than moderate. Another result of this quantitative study

i's that teacher candidates taught t hemsel v
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content and the least powerful knowledge as technology knowledge. At the end of
his study, Bulut (2012) suggest more qualitative studiesn specific areas in
mathematics to investigate the reasfumghe results of his study in detail.
Under the TPACK Framework, Yigit (2014) reviewed 12 studies
conducted between 2005 a@612 using the keywords about TPACK and-pre
service teachers and eliminating the theoretical studies. In the review, it is said that
some researchers try to investigate-prer vi ce mat hemati cs t ea
development during a course or a lesson that is aimed to improve their TPACK
levels. Y i ] (R04) concludedrom studiesshe reviewed(Larkin, Jamieson
Proctor, and Finger, 201Ree & Hollebrands, 2008; Ozgtifoca et al., 2010hat
designing courses might supportygree r vi ce teachersd knowl ed
integration and help assessihgir TPACK The results of this review show that a
lesson or a technology integrated course is significantly effefdivpre-service
mat hematics teachersodo devel opment of TPA
Even though studies mentioned above do not include the use of dynamic
geomdry, some othetechnologyrelatedstudies may include the usage of dynamic

geometry. The following sectisummarize a list of those studies.
2.4. Dynamic GeometryUsage in Mathematics Education

TPACK consists of three components which are technologgtentand
pedagogy. Dynamic geometry is a technology in the center of this TPACK study.
In this section, studi es ad&d interactivdhe t eac
mathematics learning environmemere reviewed.

The term dynamic in mathematics refarghe ideas of motion and change.
Dynamicgeometry is a term coined in response to the new software packages such
as Sketchpad and Calwhich use motion and change in digital settihiswas
found that dynamic geometry software has an effect on teasgitigggOldknow
& Tetlow, 2008). Specifically NCT M6 s Principles and Stan
Mathematics (2000)ndicatet h at teachersdé usage of I nt
geometry software an enhance sStulidseshothatasingdyreamiai ng .
geometry software i s learninga(Hollebrandss20@/d ent s 6

GeoGebra i®ne ofthe most commodynamicgeometry software used thelast

! Definitions of dynamic and dynamic geetry is retrieved from
http://mtl.math.uiuc.edu/node/16
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decadePreservice teachers stad totake elective GeoGebra courses and fresh
teachers have started to use GeoGebra in their classes. With the help of smart boards
and tablets, students hastartedo follow the steps of the teachevhile they were
usingGeoGebrgdMoNE, 2011) This software enables teachers to create, drug and
move the figures virtuallwith its three representation mengsphicsalgebraand
spreadshedtHohenwarter and Hohenwarter, 3)0These threenenusare related
to each otherand they are vitalo srow multiple representations to students for
providing effective learning (Hohenwarter and Hohenwarter,808tudies wee
conductedto investigate theeffective usage of thedynamic geometrysoftware
programs in mathematics teaching

To illustrate, Ak k aya et RBdt thiss t(.aa00sBHa)ldn0 and )
Kwan R018)studies were aboueffective usage oflynamic geometry
softwareon st udent s oflearmnd shapeIha authos, Alkaya et al.
(2011) and Shadaan and Kwan Eu (20&8jcluded that GeoGebra is an effective
tool for teachers and students to achieve goals of constructivist lgafiiey
(Akkaya et al, 2011;Shadaan and Kwan Eu, 20¥8commended teachers to use
dynamic geometry software GeoGebra in mathematics educ&tienauthors of
the studes also suggested a replication of their study to see whether the afsage
GeoGebras really effective for students to learn mathematical conc#\ksle
most of the researchers preferred to use GeoG8httista (2002) used Shape
Ma k eMigoWWorld Software which enables students to move the vertices of a
parallelogram on the screen. The author concluded that this software helped
students to improve their geometrical thinking skiBattista (2002kclaimed that
students activelyearred the mathematical conceptsith the help of interactive
software

Furthermore, Balgalmis (2013) investigatedore-service elementary
mathematicie ac her s 6 d e v e lirgpometrg dndigelbra imherAaS«
study. Her participants were three student teachers élementary mathematics
educationprogramof the education facultiesParticipants were prepared three
technologybasedessons using trgeometrysoftware GeoGebra. Participantsree
interviewed before and after of the each lesson, and their TPACK levels determined
accordingly.The data which collected through interviews, obatons,videotaped
classesand documents weranalyed using the rubric ofLyublinskaya and

Tournaki (2011) The results ofBalgalmis (2013)study show that preservice
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teachersdéd TPACK is devel opilttegrievtsooftheng t h e
study revealed that pigervice teachers are feeling more confident while using
technology after some experience the classroom which affects to the
improvement in their techrpedagogical content knowledgBalgalmis (2013)
suggested more qualitative studies in more specific areas in matheémdiszover
theTPACK developmentf preservice teachers, tw indicate their TPACK levels

Different than Balgalmis (2013), Dogan (2012) did not choose a specific
areaof the mathematics education. He preferred to investigate views of primary
school mathematics teachers altbetusageof computer in mathematics education
usingperceived TPACKsurvey. Survey was applied tmore than three hundred
and fifty pre-service teacherd he results of theusvey showed that prospective
teacher8views abouthe usageof computer in mathematics classre generally
positive. Therefore, it can be said that prospective teattaespositive views
about using computers in mathematics class. However, they are not feeling
confident about their ability to use computersletbeéaching mathematics. That is,
they are not sure about their technological pedagogical knowledge.

Martinovic and Karadag (2@1 20R) investigatedlynamic and interactive
mathematics learning environmentsuch as Cabri, GeoGebra, Geometer
Sketchpad, &hom and the likein the case of teaching the limit concepheir
study supported the idea that software like Cabri and GeoGebra provides many
opportunities for preervice teachers in their future teachidg Karad@g a n d
A k tmegn (2013 indicateddynamic and interactive learning environmehks
Cabri and GeoGebraight provide interactivity and dynamism for learndrisese
technologiescould helpteacher candidateés enhance theianderstanding of the
student sé6 | ear niofingahematdal dodcepidheyaksmpointdde d g e
out that there ignore than one tedological tool to represent mathematical
conceps, and teachersd job i s t ahelearnmg t he e
process easier fahe students.

While they are dealingith the limit concept in their case study, Shivelya
and Yerrick (2014) examinedpseeer vi ce sci ence teacherso i
teaching with techology in their casstudy. They asserted tha@trevious learning
experience and teaching placemendgpport the idea that there is insufficient
preparation for effective technology usagberefore, morepracticesin real

learning and teaching settings are ned@milvelya and Yerrick, 2014pre service
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teachers should be aware of the usage of effeotislenblogical tools for their
cl asses either by wat cphactmng themhdaringthe t eac her s 6
internship The authorsclaimed that watching goractcing the use of technology
in |l earning settings might calkpwelgee t eacher
Koehler and Mishra(2011) indicates thatvith the help of factors like culture,
demographics, grade levels, individual teachers, and sepecific factors, we
could be ensure that each learning and teaching sitiagomique and so there is
not just one single combination of technologgdagogyand content which is
applicableto every teaching setting Therefore, qualitative studies needed to
investigate different cases in different situatiGeehlerand Mishra2011).
In addition, Erbas and Yenmez (2011) tried to ugded the effects of
using dynamic geometry soTotreachrtheirgoah st udent
authors prepared an experimental research design with two groups. While one of
the groups taught witdynamic geometry software, other group taught with direct
teaching. As a result of their study, they found thatperimental group was
significantly high achievement scores. In this way, they supported the idea that
using dynamic geometrgoftware prognas has an important positive effect on
studentsd achievement in mathematics.
Moreover H2 h k i © and le enp p 2(20h2) investigated preervice
mat hematics teachers6 assessments of their
they were using GeoGebra in their classes. Their study revealepré¢ssrvice
mathematics teachers have difficulty to use software progem&G€Eba while trial
and showingsolutions.H2 h ki ° ni e mi (2002) sudgestieg Fsenhice
mathematicsteacherstake courses related to effective technology use in
classrooms. The authors of the study also proposed thattearbing or teaching
experiene during internship may help pservice teacherso improve their
technological pedagogical content knowleddgehey thought that dynamic
geometry usage of peer vi ce mat hematics teachers aff
H2hki°niemi 2002d Lepp2aho
2.5. Studies on 3D Figures

As explained earlielTPACK includestechnology, conterdnd pedagogy
and the main technolags focused in the studgredynamic geometry and virtual

learning environmentd here are different studies conducted to understsayle
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servicet e a c imdersmra@ingof-® f i gures, and studentsod s
of 3-D figures. In this section, those studies were summarized.
Ural (2011) created a scale of information in order to determine pedagogical
content knowledge ithreedimensionabbjects. Thenheinvestigated pre&ervice
mat hemati cs t e ac h e(tersgth, wath,ihgigat)}His @amwastod i me n s |
determine 2, 39 4"-grademat hemat i ¢ s e crnteriaaof dineemsiors t ud e n' t
In the study, familiar objects were given to the participants and they were asked to
determine dimensions of tho8® objects. The results of his study indicatbdt
pre-service teachers used the criteria of arelame,the numberof axes, length
width-heightandplane pace position. The findings of
none of the participants could establish correct and/or consistent critettiacier
dimensionabbjects.
Bozkurt and Koc (2012) conducted a study to itigese first-year pre-
service el ementary mat he mathreedimensional c her s 6
figures regarding the prism concept. They have found that teacher candidates have
difficulty to understand prisms. They included that thosesprgice mathematics
teachers do not have sufficient knowledge to use mathatatiguage and so tiie
are notgood enough to defirthreedimensionafigures(Bozkurt and Koc, 2012)
Al t &Kyolnéy,al € dl@lz @ r c € (204 4) idvesKgatpdpraservice
el ementary mathematics teacher sthreepedagogi
dimensionalobjects withoutadding technologyhemeof TPACK. The results of
their study supported the idea tlpme-service mathematics teachers feel partially
sufficient regarding the conceptthreedimensionabbjects. Moreover, during the
study, it was investigated that thosather candidates have misconceptions on
prism, pyramid and cone and they are not aware of some types of cqnegand]
liket runcated cone and dtal,204)at ed pyramid (A
Another researchelated to 3D figures i€ a k ma k , Konlsbésk ogl u
(2014) recognition of geometric shapes. Thaied to understand pigervice
el ementary mat hemati cs t e athrbegimengionai ont ent
objects taking drawingdefining, exemplifying, recognizing and spatial thinking
sub-conceptsof 3D figuresinto considerationAs a resultthey found that pre
service mathematics teachers have difficulties to define and recognize geometric

shapes at their content thireedimensionabbjects. They claimed that pservice
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teachers are giving geral descriptions and visual answers rather than clear
definitions of 3D figures (Cakmadt al, 2014).

Gokkurt, Sahin, Soylu and Dogan (2015) examineekprgice mathematics
teachersdé pedagogi cal content knowl edge r €
subject of geometric shapes. Their aim was to understand participantsaRiG
threedimensionafigures as content. The findings of their study showed that pre
service teachers have difficulty to find st
Moreove, solutions suggested by pservice teachers to eliminate those
mi sconceptions are also not sufficient enou
of the concept geometrical shapes like prisms, cylinders, and undetermined 3D
figures made up on unit cab(Gokkurtet al, 2015)

2.6.Summary for the Literature R eview

Over the last decade, technology has an important role while teaching
geometrical concepts in mathemat{@ahamet al, 2009; Koehler and Mishra,
2009. Tablets, computers and smart boards with Geometry software such as
GeoGebra and Ge o existtalmosbirs evebytlassroontfCerBti d
Pargman & Milrad, 2016; Johns@t al, 2014) The i mportant point s
knowledge of using new techngipin their classe@algalmis, 2013, Dogan, 2012,
Bulut, 2012; Shivelya and Yerrick, 2014Therefore, researchers started to try to
find effective ways to use technology in classrodinis, 2007; Richards, 2005;
Richards, 2006; Wang & Woo, 200Do teahers have enough kntedge to teach
with technology is still a question needed to be answered.
There are some studiefocus on presg vi c e teacherséo Kknow
componerg (Bulut, 2012Gokkurt, Sahin, Soylu & Doga2015. However, they
were mostly quantitative studies and their data colleateshe time. Because of
this, there is no implicationf the process of the piervice teachers knowledge
change. Therefore, there is a needMiercurrentrendstudy in whichthe data were
not collectedat one time Thus, the finding of this study will add important
implications about a preer vi ce teacherés technol ogical
knowledge development.
Even though there are studies about effectiveness of using Gemmes 6
SketchPad (Bennet, 1999; Dt o p r a k - GeoGebPaO(Rakay et .al2010;
Akkaya et al, 2011)while teaching 2D figuresandusing Cabri (Eryj ti 2010;
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Simsek and Yucekaya, 201dnd alsowvhile teaching3-D figures the focus of tfs

study is not only about dynamic geometry toak they did beforéut also about

investigating TPACK change while teachitigreedimensionalfigures. In this

study a preser vice teacher 6s c uthreedimemdionam Kk no wl
figures, the instructional strategi@sed in classroonpedagogy knowledgeand

the technologiesheused during the teaching procetechnology knowledgeand

their combination technological pedagogical content knowledgénvestigated

under Niess et al. (20D 6 s f o u(curritculone amd sssessment, learning,

teaching and access)

Currently, there are rapid i-sapiceovement
teachers wil/l be tomorrowbs teachers an
improvements to be successful in their jop$EC, 2006). There are some
technology courses taken by gmervice teachers while they are undergraduate
students(HEC, 2006). here are also quantitative studies about-gem¥ice
teachersdé development of TPACK; and thei
mentioned above. However, quantitative studies are not enough for explaining
situationsand processds learning settings while teachers are teaching a concept.

As they are mentioned above, there are also some qualitative studies and reviews
(Balgalmis,2013, Baran & a n b a -Bilici, 2016) and theyre suggesting more

qualitatve studies in different cases singealitative studies explore naturally

occurring phenomenon without an experimental invention (Yin, 2003) and focus on

the particularcase not the general (Willig, 2008)hus, there is a need for the

current qualitative study to investigatea-pre r vi ce t eacher s TPACK

process.

Other than theseinvestigatinga pres er v i c es tdclemaogibak r 6
pedagogical content knowledgell help teacher educators about the preparation
of undergraduate and training programs. It also contributes to the literature on the
technology integration of preervice teachers in real classroom contekdssum
up, there is a gap itie literaturein connectiorwith research focusing on the pre
service teachers6é process of TPACK deve
teaching othreedimensionafigures.The resultof such a work would contribute
to the literature in order to observe the developnwnd pres er vi ces t eache

technological pedagogical content knowledge.
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CHAPTER 3

METHODOLOGY

In this chapterthe methodof inquiry will be explainedin detail The
methodology chapter of this study hase subtitles, namelyresearch desigihe
context of the study, participants, data collection, data analysis, role of the
researcher, trustworthiness and credibility, quality and ethical issues, and lastly the

limitationsand assumptionaf the study.
3.1.Research Design

The current study is a case studycase study is am-depthstudy of a
particular situatiomnda method used to narrow down a very broad field of research
into one easily researchable topic (Shuttleworth, 2008pnstitutesian approach
to thestudy of single entities, which may involve the use of a wide range of diverse
methods of data collection arahalyes (Willig, 2008, p.74).Creswell (2009)
stated that aase studynvolves an ugclose, indepth, and detailed examination of
thenaturalcase as well as its related contextual conditioDse of the benefits of
using case study is that it can be pragmatic in approach exploring the context and
generating data to inductively reveal understanding about how something is
occurring in generallThere is nananipulationor interruption instead, thenatural
environment is observednother benefit of case study design is that different than
quantitative methodsin case studies the context is important. It is suggested that
the context of the castudies should be written clearly and in detail (Denscombe,
2003).

A descriptive case studgttempts to explain unique nature of the case
Because the current study attempts to understand the capeesfervice teacher
in the practicum without makingng manipulation,the descriptive casewas
selected as the design of #tady.Case studies focus on a specific concept to reach
an indepth exploration of the specific cases (Yin, 20@3)the current study had

The study involves the observationagire-service teachawrhile she waseaching
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the concept ofdifferent views of 3D figures. Using descriptive case study
techniques allowshe researcheto study on the implementation process itself.
Thereforethe researchdras a chanceo observahe paticipantduring practicum

and tatriangulatethe observation notes with thigerviews. Furthermore, the design

seeks to develop a deep understanding of the chang@neservicet eac her 0s
TPACK during practicum and it ia theoreticaltarget in the research. deepens

the understanding of the phenomenorder investigation during thgracticum

(case ofapres er v i c es TRAEK ahdngedudng the practicuin Because

TPACK change is an ongoing process, the design might helpepiee teachers

to reflect on their own practice and highlightithg details.

3.2.Context of the Study

In this qualitative case studye purposeof research is to investigate how
a preservice middle school mathematics teacheutilizes her technological
pedagogical content knowledge real learning settings and holmer TPACK
changs duringtheinternship

The context of the study is Elementary Mathematics Educatiogram
of the Middle East Technical Universiandthe collaborativemiddle schools of
this program.The education language in the Middle East Technical University
(METU) is English.Student$hadto pass one of these exa(SLTS, TOEFL, and
METU Proficiency Test)to start theirfour-year education at the Elementary
Mathematics Education (EME) program of the Education Faculty. The program has
nine mathematics courses, seven mathematics and science teaching courses, three
technology courses, five pedagogy related courses, and also six elective courses.
These three teciology courses are IS 100, CEIT 100, and ELE 329. IS 100
(Introduction to Information Tdmologies and Applications) & must course that
students have to take in the first yedrtloeir undergraduate educatighETU
General Catalogue, 2D4). The IS 100 curse aimsto introducethe basic
information technology concepts (expected to be used during their undergraduate
studies in their respective disciplines, as well as during their professional lives) and,
applications toall METU students and makall students both computer and
information literate(Graduate School of Informatics, 2018&)EIT100 is a must
course aims to teach Office tools and their applications. While students have the

option of passing the exam and not taking the colarsks 10Q all stugents have
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to take the other courses in classrooms. Lastly, ELE 329 is the course related to
Al nstructional Technol ogy and Materi al De:
sessionstheory and laboratory classes. In the theory course, students learn the
theories ad relevant information that they can use in their projects. In the
laboratory session, thegytan PowerPoinprojects andexcel projects, and they are
getting used taisng some programs like GIMRhose can be useful in their daily
life (METU GeneralCatdogue, 2A4).

In addition to these technology courses, students might also support their
technology usage by preparingvierPoint and kcel presentations in the pedagogy
and mathematics teaching courses like ELE 341 (Methods of Teaching
Mathematics 1), ath ELE 342 (Methods of Teaching Mathematics I1). Other than
their own department, they also habe optionto choose their elective courses
from one of the technology or technology related courses from the departments of
the Computer Education andstructionalTechnology (CEIT)andthe Secondary
Science and Mathematics Education (SSMEticipant of the current studly a
pre-service mathematics teacheino enrolk in this EME programandchoseELE
430 (Exploring Geometry with dynamic Geometry Apations) as an elective
course ELE 430 course aims to introduce GeoGebra software program to students.
At the middle and at the end of the courstidents were required to prepare
GeoGebra projects in order to use either elementary or secondary ntathema
education. The students enrolled in the course generally prepared projects those can
be useful in their future job (METGeneralCatalogue, 204).

3.3. Participants

This part of the study starts with the sampling procedure and general
information about pdicipants. It continues with the detailed information about the
participantof the pilot andhemain studyone by one.

According to Frankel and Wallen (2006), choosing a certain group of people
who are available for study according to the needs of the study is a purposeful
sampling. Furthermore, according to Creswell (2007) and Patton (2002), to get
more information abouhe research question, it is important to select participants
purposefully. In descriptive case studies, it is needed to describe the case without
any manipulation. It was important for the current study to find a middle school in

which students were famak with the technology usage in the mathematics
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classroom. Thereforghe participantwasselected from prservicemiddle school
teachers whaveredoing theinternship in the cooperating schools whose teachers
and studentwere familiar with technologyMoreover, the participant of the study
was selected from prgervice teachers who took elective technology courses so it
was assumedhat the participant hasheoretical knowledge of technology
integration.Thus,the researcher preferred to use purpossduaipling method in
this study.

The pseudonym namef the participanf the pilot study was Elif, and
participant of the main study was Deniihe following parts of the studgive
detailed information about Elif and Deniz.

3.3.1. Elif- Pilot Study

Elif wasthe participant of the pilot studZumulative GPA of Elif is 3.07
out of 4.00. Her grade of ELE 329 (Instructional Technology and Material
Development) is BA and grade of ELE 43xploring Geometry with Dynamic
GeometryApplicationsGeoGebra)s AA. Shewas in one of the public schools in
Ankara, during her firsterm internship.She also passed IS 100 course
successfullyShe tloughtthat she ha enough technological knowledge that she
could use any kind of technology in her classrooms if shelkhdn@to use. She
added that even though she has enough knowledge to use technology herself, she is
not totally sure whether sheoald use in the teaching settimgffectively. In the
pre-interview, she said shboped not to face with any problem abtethnology
while teachingWhile she was doing her internship, she was preparing for the KPSS
Exam of OSYM to bea recruitto a publicmiddle school. Moreover, she was
tutoring tomiddle school students in héreetimes

All procedures of the main stuaypplied inpilot study to get experience and
to see the direction of the TPAGHangef any. Elif prepared lesson plars the
main participant would dd.esson plans of Elif (pilot) have 7 parts; grade level,
learning and sulearning areas, duration, materials, learning objectives, teaching
methods, and sequencing of the lesson (before phase of the lesson [be sure task is
understood, establish task exiaions], during phase of the lesson, and after phase
of the lesson)She alsoattended to the interviews before and after her lesson
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implementations, her lessons were observed, and her implementations were
recorded.

The pilot study has helped thesearchrto review and improve interview
questions. It also helped thesearcherto improve the observation protocol.
Moreover, the researcher has got the experience of using interviews and observation
before the main study. itydondecothemainstudyt ed t o r e
The pilot study also provided some evident¢éhe TPACK change during school

experience course.

3.3.2. Deniz

Denizwas themain participantin the study.Cumulative GPA of Deniz is
3.58 out of 4.00. Her grade of ELE 329 (Instructiohachnology and Material
Development) is BA and grade of ELE 43xploring Geometry with Dynamic
GeometryApplicationsGeoGebra)s AA. She was in one of the public schools in
Ankara, during her firsterm internshipln her opinion, she could use Office Tools
such aPowerPointand Office Word effectively because of her experience during
the courses she took in her academic life. However, she added that becaus# she use
Excel very seldom, she needs more experi@mcexcelto use it in her classroam
She also considered the usage of virtnahipulativeand dynamic and interactive
software in her cl as s e sShetwas tutonrny aonfaue st udent
studentdrom the grades-B during her university educatioBhe wa planning to
work in a privatemiddle schoolafter graduation. Furthermorgheapplied tothe

graduatgprogram in the same program.

3.4.Data Collection Tools

The datawerecollected in the Spring Semester of the academic year of
2014 2015with two pre-service teacher They weretaught all objectivesf the
different views of threglimensional figures to one seventh grade c¢laswhich
there areabouttwenty-five students They preferred to teach this topic in the
curriculum, which is the next topic at that time, in order not to affect teaching and
learning plans of the schottley weredoingther internship.

Researcher met with the participants of the pilot and main stadigs
informed them about the aim of the study. The only thing kineyv about the study

is thatthey are requiretb plan four technologpased classes and implement thos
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in the cooperating school ofdi university whilethey wereobserved and video
recaded.Pre and post interviews with the pilot participant and observations of her
implementationsvereto get experiencasanovice researcher
Two weeks before the main studlyeresearchewent to classes in which

data will be collected, met with steidts and mathematics teactserd observed the
classes about twaveeks. Lesson plans prepared by participant up to the third
meeting. Pranterview was Bld at the beginning of the studyfter each
implementation in class, the researcher met with the participant to learn more
detailed information about her experience and TPACK level. Post interviews were
conductedafter each implementatiomhe kstinterviewwas teld at the end of the
study. The last meeting with the participant for membbkecking to get informant
feedback as respondent validation. While coding and getting themes, it helped to
validate the datarinally, two raters (researcher artetsecondaten decided on
the particp ant 6 s leVel® Md@:fendently and then they met to compare their
findings and decide oRPACK levels

Table lon the next pagshowsthe summary ofdata collection procedures

of this study.
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Table 1 Data Collection Procedures of the Study

Data Collection Procedures Implications

Pilot study - Meeting with the participant
- Conducting pre and post interviews

- Observingd-hour lesson implementations

Meetingwith - Getting to know each other

the main participant - Informing about the aim of the study
- Signng of Informed Consent Forms
- Plamingfor the next meeting

Meeting - Observngthe natural learning setting
with students

Meeting - Checking lesson plans

with the marticipant - Conducting the -interview
Video-recording - Video-recording offour implementations
& Observation - Taking feld notes during observation

- Conducting pstinterviewsafter each lesson

Last meeting - Conducting pstinterview at the end of the stuc
with the participant: - Memberchecking to get informant feedback
Meeting with - Determiningthe TPACK levels

the secondater

The data of the studyvere collected through the different resources

interview, observationandlesson plan
3.4.1. Interviews

An interview is an interactional relationship, both informant and
interviewer are engaged in (Kvale, 1996)nt er v i e wsto dnderstandt e n t
informants on their own terms and how they make meaning of their own lives,
experiences, and cognitive processes (Brenner, 200€)e current study,esni
structured interviews/ereused to identifyapre-service teaché& TPACK in more
detail. Thereweretwo types ofinterviews with the preervice teacheiThe first

interviewwas semtstructured and conducted prior to the beginning of classroom
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observations to investigatiee pre-servicet e a ¢ hPACKIevel at the beginning

of the study.lt focussed on the different components of TPACK. There were
guestions covering aeven cmponents of TPACK (CK, PK, TK, PCK, TCK,
TPK and TPCK).During the interview, 4-5 questims dealing with each of the
componerg of TPACK asked to investigate particip@nfTPACK. Also, the
participant talked abouther plan for the classroom implementations while
answering the questiong.able 2 shows some example questiofirem pre
interviews aboutall component®f technologicapedagogical content knowledge.
The @mbinationof these components creates TPACK themes a$\[j2005). As

it was explained in definitions of the important terms, the combination of the
contentknowledge and technological content knowledge components of TPACK
creates curriculum and assessmdéiméme the combination of pedagogical
knowledge, pedagogical content knowledge and technological pedagogical
knowledge components of TPACK creates learning dimension, the combination of
content knowledge, pedagogical knowledge, technology knowledge, pedagogical
content knowledge and technological pedagogical knowledge components of
TPACK creates teaching dimension, and, finally, the combination of technology
knowledge, technological pedagogickhowledge and technological content
knowledge components of TPACKeates accegbeme Table 2shows example

questions for TPACK components.

37



Table 2 Example Questions for TPACEomponents

TPACK Example Question
Component
CK What arethe objectives of the concept different vie

of 3D figures at the middle school mathemati

curriculum?(mathematical content knowledge

PK Howdo youplantoe val uat e/ asses
levels during the courses? How do you organize Y

lesson plans for students at different learning leve

TK What clallenges do you face while learning a
applying new technologies (hardware, software)

encounter? How do you cope with these challeng

PCK What could bethe misconcepbins of students in th
concept dferentviews of 3Dfigures? What methoo
do you plan to use for eliminaing these

misconceptions which studentsght encounter?

TCK Which technologies (dynamic software, applicatio
virtual manipulative) do you plan to use wh
teachingdifferent views of 3Dfigures? Why do yol

think these technobies are effective?

TPK How do you decide on the technology which ma|
your teaching method more effective? How adeq
do you see yourself in the selection of t

technology? Why?

TPACK What are the benefits of ugj technologypnthe topic

of different views of 3D figures, in your teachin

experience and student

The second intervietypewas again semstructured and conducted at the
end of theparticipanésteachingexperiencéo investigatehe change in thEPACK
level at theend of the studyBefore each post interview, the participant watched

her related experiencéAfter watching her own experience,the preservice
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mathematics teachevas asked to commeénon her own implementationsher
teachingand st ud e nShewasaskee to cammengahe reasoningnd
thinking of her behaviorsand her feelingsin their technologybasedclassroors.
Furthermore, quotes frorherprei nt er vi ews were read and
perceptions about whethgieachievedhergoak for teating the concept anger
usage of technology were askégppendix F and Appendix G

All interviews were facdo-face and serrstructured and they were
conducted consistent with the particig@niesson program. Interviews were
conducted in the Faculty of Educatiam which the participantwas studying.
Extended wait time was observed and guiding questions and hints were avoided
during interviews Questions were repeated when necesgdtynterviews were
audiorecorded and then transcribed for analysis. The durafiamerviews were

about 90 minutes

3.4.2. Observation

Observation is a research method in which the researcher directly observes
and interpretbehaviorgatherthan relying on what people say theg.dt is often
used as a methoaf case study research and allows the exploration of naturally
occurring phenomen@in, 2014). The aim of the observatiomsthe current study
is going into indepthanalyes of the TPACK dimensionsof the participant to
investigate how effective they are used in the cla3$esparticipantwasobserved
during the practicum artgeractions were recorded as field observation n@hs.
taught all objectives of the different views eD3figures to the same clagesson
plans were used ahecklist during observationMoreover, as Creswell (2007)
suggested observation protocol with two parts (descriptive and reflective) were
used. In the descriptive part, notes relatediealassroon environment, preervice
teacherdés purpose of technology wusage, r
to technology were noted. In the reflective part, reflective field notes were taken
related to researcher 6s rhadobyeandthishbens on p
TPACK change. Then, the observation protocol piloted in the same setting and
necessary improvementgere done After the revision the final version of the
observation protocol was formefgurthermore, there was another observer during

the lesson implementations for validity and reliability purposes.
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3.4.3. Documentation

In addition to interviews and observati@pre-service teachewasasked
to prepare 4our lesson plans, and activity sheets to teach the codifigpent
views of 3D figures ingeometry primarily with GeoGebral3. Participant of the
study also prepared GeoGebra activigesl chose online mathematics software
pagesthat could beuseful to teach the concept affdrent views of 3D figures.

Par t i sdesspraptans and activity sheets were based on the Turkish Elementary
Mathematics Program. Two objectives of the same concept choseamn bypdshe
preparedessonplansand activitiesaccordingly.

Lesson plans of Denimclude 8 parts, grade level, leang and sub
learning areas, duration, materials, learning objectives, teaching methods, pre
requisite knowledge, and sequencing of the lesson (starting, middle and ending). In
addition, Deniz wanted to add prequisite knowledge of the students to hesdes
plan template.

Participant of the study also requirpceparingactivity sheetso support
their GeoGebra activitiesShe included descriptive informationf activity and
guestionsgplannedto be solvedusing GeoGebra file. During the implementation,
the participant has distributed activity sheetsto the students and students are
expected to answer them to the given isometric or squared p&pergreservice
teacbaenmdwer sheet s, studentsd answer s,
GeoGebra fes were collected as docume(ppendixB, AppendixC, Appendix
D and Appendix E
3.5.Data Analyses

Data were analyzed using qualitative methods. Data sources of the current
study were interview transcriptiongdeotaperecordings of the implementations,
observation field notes and documents compiled ftbm participant. In this
section, data analysis of the current stud clarified.

The first data source of the current study \&asnterview. In order to
analyeinterview data, open coding was used. Interviews were transcribed and read
several times. Then, they were translated into Englisportant sentences were
identified to be usedor further explanationCoding and sorting were used to

analyze the data dekted through interviews. The data organized according to four
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themeswhich weae curriculumand assessmeréarningteachingand acces$re-
ser vi c escomments tiverovin implementations (interview transcriptions)
were read and actions of the participant supportdtebgwn wordings.

Videotapesas the second data soursere watched numerous times and
participans actions in each classroom implementation were notdekn,
par t i @dignaimthedideotape recordingsted bytheresearchercompared
with the descriptors in the Niess et al. (90®nsathematics teacher TPACK
standards andlevelopment model rubricThis rubric was used to evaluate
par t isperfor@amdedin classroom implementations. The same procedure was
done independently by twaters The secondaterwas the mathematics teacher of
the cooperating schoblvingPhD. in the same program with the researclits
also rated the classroom implementations of the participant.

The third data source of the current study was documentation. Lesson plans,
activity sheetsand GeoGebra filesere the documents used in document analysis.
Partsofthep ar t i desspnalans wese explained in the data collection section.
Lesson plans, activitgheetsand GeoGebra files used to triangulate data gathered
from interviews fothep a r t i seackpcasstodm experience. They were used as
checkliss to determine how mucbf the goals achieved by the participant. These
data were also used to prepare pésterview questions. Content analysis
procedures were used to provide evidence with TPACK dimensions.

As it was mentioned in the literature review aitalye data, Niess et al.
(20©) 6s TPACK devel opment model ( TPACK Fr
words, TPACK Levels Rubric of Niess was used for the data analysis of the current
study (see AppendixA). Recognizing, accepting, adapting, exploring and
advancing wee five levels of that can be used to assi@spre-service mathematics
teachBPAGK. The model 6s usage of descript
levels helped the researcher to decide on the levels of the participant in different
lesson implementains. The data collected from interviews, documentation and
observation were compared with the descriptors and examples, and then, the level
of the participant was decidethis framework allowdthe researcher to identify
t he di mensi ons owetige achoeding t@ fauc themmess(curridalam
and assessment, learning, teaching and access) and descriptors related to those

themes. The Tablgbelow shows these four themes and related descriptors.
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Table 3. Descriptors for Major Themes in the Mathemafieacher TPACK
Development ModeNiess, 2008)

Theme

Curriculum and

Assessment

Learning

Teaching

Access

Descriptors
Curriculum, the treatment of the subject matter
Assessment, assessing t

Focus on subject matter (i.e., learning of mathema
topics)
Demonstration of conceptions of how students lea

(i .e., devel opment of ¢

Focus on subject matter (i.e., learning of mathema
topics)

Instructional approaches

Classroom environment

Professional development

Usage (whether or not students are allowed to use
technology)

Barriers (how teachers address barriers to technol
integration)

Availability (how technology makes higher levels a
more mathematics available for investigation for

greater numbers afiore and more diverse students

According to the aim of the studiyie participant of the study prepared 4

hour leson plans to teach the conceptatent views of 3D figures ingeometry.

It is aimed to understand the difference, if any, in the TPACK levelpiaservice

mathematics teacher during the implementation of these 4 hours lessons and to

investigate the development @pre-servicemiddle schoolmathematicteachets

TPACK during the practicum.
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3.6. Trustworthiness of the Study

There are many frameworks to evaludte trustworthinesof qualitative
data (Guba, 1981, Lincoln & Guba, 1985 redibility, transferability,
confirmability, anddependabilityare main indicators of trustworthiness for a
qualitative study{Guba, 198). Writing down the strategies to establish extensive
understanding is important for case studigesxter & Jack, 2008) he strategiesf
this studyfor establishing these indicatoexplained below in detail.

Credibility: Credibility is the internal validity of qualitative studies. It involves the
answerto the question, how credible or believable the results of the qualitative
research ar€Trochim 2006) While interpreting theasults theresearcheshould
obviate the biases. Treeare numerous ways establishinghe credibility of the
data To deal with credibility peer examinatioprolonged involvement ofhe
participantmember checks, and triangulation techniques weeel in this study

The first strategyused in the study waseer evaluation. The researcher
worked with two associate professors to discuss the analysis of the study. Interview
transcripts anglideorecordingavere evaluatewith the associate professoitiey
listenedto the opinions and thevaluations of the researcher. The second strategy
used to ensure credibilitwas prolongd involvement of the participantThe
participant of the current study had been doing their internship in the schools for
threemonths.She wadamiliar with the students and the teaching environment in
the classroom. Before the current stuslye taughind covered different topics in
the same school. Theshe commented orher own teaching andhe wrote
reflections in a shool experience courseThe third strategy used for credibility
was membechecks.Memberchecking is aothertechnique for establishing the
internal validity of an accountin case studiesThi s i s ( Merriam, 19¢
and tentative interpretations battkthe people from whom they were derived and
asking them i f results are plausible cont
Cohen and Crabtee (2006) pointed out #tladata interpretationsand conclusions
are being tested with the participahttte study from whom the data were gathered.
It is though that the participants are the padgersof the credibility of the results
(Trochim 2006).Memberchecking used in this study to get informant feedback as
respondent validationafter writing transcriptions of the interviews while

interpreting datalastly, triangulation techniques used to incraaseredibility of
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the dataAccording to Merrian(1998) one of the six strategies to enhance internal
validity is called as triangulation. In the ceint study, two types of triangulation
were used. During the investigations (classroom implementations of the
participant), therevasalso another researcher for observation in order to decrease
researcherds intrinsic bias. This specific
triangulation. In addition to investigator triangulation, as Patton (2002) suggested
data triangulation sttagies were also used in this studp. answer the research
questions, multiplesource of data were reviewed. Interviews, videerordings,

field notes and documentation (lesson plan and activity sheets) were used to decide
on preservice teaché& TPACK levels in different implementations.
Interpretations were madiem multiple different sources.

Transferability : Transferability is the external validity of qualitative studiks.
involves the answep the questionto what extend the results of the dyucan be
generalized Trochim, 2006). First of all, the aim of thigualitativestudy is nota
generalizatiorof results. On the other hand, miger checkbuckswere used for
transferability. Theyare important in qualitative studies to improve transféitgbi

and to prove an opportunity to summarize and assess findings of the data collected.
Furthermore, detailed information about the cont@xdl the assumptions were
explainedso that one can compare this study with other stuB@sause it is known

that the qualitative researcher can improve transferabyitgoing a tieroughjob

of describing the context and the assumptions that were central to the research
context and the assumptions that were central to the req@aodhim, 2009. If

other researchers would like to transfer the results of this study to a different
context, it is their responsibility to make tluelgmentof how sensible the transfer

is.

Confirmability: Confirmability is the objectivity of qualitative studiel$ involves

the answeto the questionhow objectively the study findirsgvere supported by
data(Merriam, 1998) It is terdedto assume that each researcher brings a unique
perspective to the study, in qualitative researchmfi@oability is importantin
gualitative studies to enhance objectivity and to minimize research€r bakim,
2006) The role of the researcher for this study is explained in detddcrease the
effect of researcher biashe aim is to make readers agree with the conclusiion

the study. There should not be any contradiction or uncertainty about the findings
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of the study. For this purposgpre-service teach&r TPACK levels decided based
on the TPACK levels rubric, namelMlathematicsTeacher TPACKStandards and

DevelopmenModel,developed by Niesand her colleagues in 2009.

Dependability: Dependability ighe reliability of qualitative studie#f.involves the

answerto the question how researchers can repeat the study, in other words,

whether we would obtain the same results if we could observe the same thing twice.

It aims to minimize errors in data collection and datal/zes of the study and it
helps researchers to replicate the studipr this purpose, data collection and
implemenation methods explained in detail for the current study. Interview dates
and lesson implementation dates were recomdédh e r esear cher so
Demographic information of the participant, daily observation notes and informal
conversations withhe participant were recordéadthe journal. Furthermore, lesson
implementations wereideotapedand videoswere watched numerous times to
evaluatethe TPACK level of the participartbjectively Interviews were audio

taped and they were transcribed byrésearcher.
3.7.Quality and Ethical Issues

The esearcheappliedto the Research Center fokpplied Ethicsat the
Middle East Technical Universitjo obtain required permissiorfter getting
permission from the universitythe researcheapplied to Turkish Ministry of
National Education ethical committee to obtain permission for the research in one
of the private schosin Ankara.According to both of the committeekgte are no
known risks of this study on the participant by mentatlploysically.After the all
necessary permissions, the researcher started to collect data.

Some procedurewere preparedh the study to protect rights of informants.
Informed consent formsvhich were prepared to inform subjects of the study, were
signedby the participantand the researchérhe marticipantvoluntarily attencédto
the study knowing thaanytime she could quit the study. & this purpose the
document(Informed Consent Formsee Appendix Kwas usedThe participant
wasguaranteed abotieranonymity At the end of the study, the pseudonym name
of the participant wasisedfor anonymity which was guaranteed at the beginning
of the study (Creswell, 2007). The information gathered via interviews and
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observations was used only for the reskgurposes and data they provided kept
as confidential.

3.7.1. Researcher Role

According to Merriam (1998), it is important to give information about
researcher s r ol ehe researapdriadltobé @ebfedtive@bogt udi es .
the usage of technology in classes to minimize researcheifhmsesearcher met
with students and attended their coursésrting from two weekdefore the
observationsbeganso that students would not be affected from the researcher
during the observatioandvideorecording The camera wad ¢he back side of the
students, againso thatstudentswere not affectecand behave as usualhe
researcher introduced herself and explained the aim of the study to the students. She
also exphinedthat thedata will not be collected from students, and students will
not be evaluated at any part of the study.

Furthermore, usage of e s e a parsbralridéas on dynamic geometry
integrationin classrooms was avoided whdata collection and datanalysisAll
of thelessonimplementationsvere videerecordedandall interviewswereaudic
recordedo minimizeresearcher biast is important to say thdahe researcher was
in continuouscontact with the participant during the study. Simservedthe
participantand took field notes during classroom implementation of the participant
as nonparticipant observer. She also conduci@rviews with the participant
before and after the classroom implementations. Finally, it could be said that
informal discussions prior to and following an observation were helhed

researchet 0 under st abellefspra fe¢lings i pant 0s

3.8.Limitations and Assumptionsof the Study

3.8.1. Limitations of the Study

According to Frankel and Walle(2006) using nomrandom sampling
method limits the generalizability of researtlowever, the aim of the case studies
is not to generalize but to explain the case in more detail than thetgtramti
studies. The participaif this descriptive casgtudy sele@d from the senior pre
service teachers of the elementary mathematics education program in one of the
large public universitie in Ankara and purposeful sampling method is used to

choose the sample according to the needs of the study. This study requires
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classrooms those havihe technology of smartboards and related software
packages of smart boards, Interaetess andicensed GeoGebra . For this
purpose the participantoing an internshipin one of themiddle schools having
required technology aschosenTherefore, the data is limitegith this school.

There was not any interaction between participamd researcher. The
researcher tried to be objective throughout the stidgn though it is tried to be
objective, it might possible to see researcher bias because the researcher was
coordinator and facilitator of the studyloreover, he technologyvaslimited with
dynamic geometryGeoGebraandvirtual manipulatives Office tools and smart
boardwereused as assistive devices to use GeoGebra and virtual manipulatives
The content was limitedith the different views of 3D figuras the ®verth grade.
Furthermored-hour lesson implementatienvere observed for the studso time
could be seen aslimitation. The participant did not have enough time to practice
more.Lastly, the participantf the study wasimited to a pre-servicemathematics
teacherTherefore, it is suggested to replicate the study in different contexts with
more participants.

The content was limitewith the different views of 3D figuraa the seventh
grade.lt might be said that the concept could be seen as more appropriate to use
various technologies than some other concepts in mathematics. ifThsisa

limitation anda replication of this study with different contents might be suggested.

3.8.2. Assumptions of theStudy

It i s assumed that Koehl e with&iesd etMi s hr a¢
al . 6s Mat he mildadel 2G09)iS explandt@yfrasnswork/modelfor
TPACK change thereforethis study will useheir subcomponents of TPACK to
better analyzgheprese r vi ¢ e s TPAGKc Ihige alsd assumed that private
schools have better facilities about technology having smart boards and computer
in each class than public schadrhis is the reason for choosing one of the private
schools in Ankara. Lastly, it iassumed thathe participant of the studys not
affected from the researcher during both dlassroom implementation$

observationsand in interviews.
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CHAPTER 4

FINDINGS OF THE STUDY

4.1.Pre-service Teache@s Implementations

In this sectionfindings of the case of Denits presentedEach lesson
implementation of Deniz explained according to four themes of Niess et al. (2009).
At the end of the chapteiindings of the study were summariz&he taught the
concept different views dhreedimensionafigures to aseventhgradeclass with
twenty-three students.Change in the TPACK level of Deniz during thendur
implementation process is explained using themesf TPACK (curriculum and

assessment, learning, teaching and acoesBtail.
4.1.1. 18lessm implementation of Deniz:

Curriculum and Assessment

In this lessoneven though she taught the objecstadents will be able to
draw two-dimensionalviews ofthreedimensionalfigures, she did not expitly
stated objectivef the lesson for her*limplementatiorto the classDenizused a
powerpoint presentation at the beginning of the class to encourage students to
discover different views 08-D figures which she prepared before coming to the
classroom. Then, she used office word, to conveferdiht views to the -D
dimension by asking questions to the students. As she mentioned in the interview,
she was feeling confident while she was using office tools in her implementation.
The reasoffior this confidence with her words is that as she usickabols in her
undergraduate courses, she was experienced to use Bremz. added in the

interview that

| am using technological tools in my courses carefully because |
am not a digital native who was born into the technology.

However, | do not feel havea lack of knowledge about using
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technology in my classrooms. | think that some middle school

students are learning better with technology. In one of my

projects, | realized that even some university students are learning

better with the help of tecliogy. In my opinion, the effect of

using technology on studentso | earnin
than the effect of using technol ogy

universities.

To illustrate, in her first lesson implementation, she ube@gmartboardo stow
word-document she prepared for classroom implementatidconcrete materials

to teach the concepht the postinterview after B'implementationshe said that
she found it useful to usenit cubesor students to understand the 3D figufese
integrate technology into concrete material like showing virtual manipulatives

using office word documentShe added that

At the beginning, | was planning to use GeoGebra, however, at

the class | realized that students liked the concrete madadial

smart board interaction € I wantakdt uudoens s é
constructionswith unit cubes After all, students showed their
answers, bsed office document to show tberrectanswer and
then,continued to the next questioWhen | thinkaboutwhether

weused technology in c&s effectively, we really did. Givingnit

cubesand showing prepared office word document related to
guestionsnade all students work on the problem and all students

constructed the figures which | wanted at that time.

Therefore, heperformance was consistent with ttiérd level which is
adapting level for the curriculum descriptor, which is one of two descriptors of the
curriculum and assessment theme. Inabaptingl e v e | of the Niessbo
expectd from preservice teachers tonderstandhe benefits of the technologies
as tools for teaching and leaing the mathematics curriculurim her case, Deniz
explains that she is aware of the benefits of using office tools and interactive white
board in theclass.

The second descriptor is about assessment. In her first implementation, she

asked students to solve problems orsthartboardto see whether they understand
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the problems. She helped them to draw figures by asking guiding questions. Her
guestionswere in a sequential order, from the easiest to the hardest. She also
prepared her questions in a way that students could answer them using unit cubes.
She allowed students to use unit cubes while drawing figures to their p@bers.
showed all of theansvers on the smart board&he did not feel any hesitance to
show answeref the questions on smart board usoffce tools as technologs
while students were answering the questions (by drawing figures to their papers)
which will be graded by her afterdltlassroom session. Hence, as the framework
indicates, her performance was consistent with the adapting level for the assessment
descriptor.
Learning:

In the rubric of Niesst al. (2009)there were two descriptors in this theme.
The first descriptor is about mathematics learnimghe first class, Deniz preferred
to use Office tools RowerPoint Presentation and Office Word) in her
implementation. She useBowerPointPresentationh er s e | f to take stu
attention to the lesson at the beginning of the lesson. Then, she asked students to
solve questions prepared by her in the Offuced document. Students came to the
smartboard and they solved the questions by drawing the anewesOfficeword
document.The only tool she used in her first implementation is the office tools,
specificallyPowerRint presentation an@ffice word document. It can be said that
she started making students explore the topicDffures in mathemats using
onetechnology.Through the first classroom implementatidime performanceof
Deniz was consistent with the adapting level. As Ni¢at (2009)indicates, in the
adaptinglevel, pres e r v i c e bdgiasat@ dxmores exp@riment and practice
integrating technologies as mathematics learning tools. For exarsjpldents
explore some ma#imatics topics using technolaggp.21).

The second descriptor is abotlte corception o f studentso6 think
During implementation, she ask&m students to answer the questions on the
smart board. To assess student thinking, she used activity sheets having the same
guestions which she showed on the smartboa
answers on the activity sheets. She reminded studentadtmty sheets of the
students will be collected at the end of the class and she collected them to assess
student sd PAxNidssetr amn§26009)stated, in theadaptinglevel of

learning theme, pre e r v i Cc e bdgie develogng appripriatathematical
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thinking skills when technology is used as a tool for learning. To illustrate, although

students use technology for most topics, assessing student thinking remains mostly
technologyfreed (p.21). Deniz used technology while teaching; howewbe

assessment was pageased and technology freEhereforeDe ni z6s per f or ma
forthsconcepti on of dedcripw efrthie deérning themedas n g
consistent with the adapting level.

Teaching:

There were four descriptors in the theméeaiching mathematics learning,
instruction, environment and professional developmBsaching theme imainly
related to instructional strategies used in the technology enhanced classroom and
the professional development of the-gezvice teacher$heperformanceof Deniz
was consistent with the aating level. As Niessetal. (2009)statel, in theadapting
level of teaching themefipre-service teachers use technology to enhance or
reinforce mathematics ideas that students have learned prevangithey mimic
the simplest professional development activities with the technologies but attempts
to adaptlessons or hi s/ her ma(p.2R2eAsd is mentsoned,Istes s e s 0
used only office tools in her first classroom impletagion. After startig with a
Powerint presentation, she continued with the questions which are prepared by
her inOffice word documentAt theinterview, she saidhati Act ual 'y | pl an
use GeoGebra in the first implementation. However, during class, | thought that
using unit cubes are more appropriate than using dynamic geometry because |
thoughtstudens! i ke concrete manipulative. 0 As s
to use one more technolo@g addition to office toolpower point and office word)
to continue herlassroomShe taught that using concrete matearad using office
tools -power point and office wordwere enough engaging for them to learn
necessary learning objectiveéss the example in the adapting level of the Nietss
al.b s r (@099) shei c onodd to learn and explore ideas for teaching and
learning mathematics usiranly one type of technologyp.22).

Furthermore, een if she asked help for students to solve problems on the
smartboard her implementation was mainly teacher directed in order not to lose
the control of the classroom. In tpeeinterview before heiimplemenation, she

commented on this. She said that:
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If I were their real mathematics teacher, instead of s@rece
mathematicgeacher doingnternshipin their schogll would feel
that | could control the classroamore easilyl am feeling scared
to lose the control of the classroom the most, Elamuld handle
this problem.
She #0 added that:
However, after grashtionwhi | e bei ng cltheesds own teact
will also be cases which | may lid#ficulty to teach. For example,
there might be hyperactive student&ced with such a case during
my practicumlastterma n d | realized that cl assodos 1
teacher was ignoring ttoses t u d enisketsad@orsin order to
continue his teaching.
According to Niesst al. (2009) finstructional strategies with technologies are
primarily deductive, teachedirected in order @ maintain control of the how the
activity progressds, in the adaptinglevel (p.22) That is, the preservice teacher
has the control of technology to provide effective classroom management.
Therefore D e n iperidrenance for this descriptor is consistesth the adapting

levelin her first implementatian

Access:

There were three descriptors in the theme of acdessier descriptor,
availability descriptorandusagedescriptor.

Barrier descriptor is mainly related to how teachers address barriers to
technology integratiorDeniz thought that linking cubearethe most appropriate
tool for her particular tasks designed by her for the first @ass implementation
Students constructed the figures using linking cuBhs. prepared activities using
office tools and showed those usithg interactivewhiteboardt o t ake student s
attention to the tools she distributés Niessetal. (2009)s t a tCentepts dire
taught differentlysince technology provides access to connections formerly out of
r e a dnhtlte adapting levebf barrier descriptor of the adapting legl.24)
Therefore, lis is an evidence for her being in adapting level.

Availability in the rubric meanfiow technology helps students reach
higher levels and provides more mathemadiesilable.Denizassessed t udent s 0

learning by giving one by one immediate feedback to their constructions saying
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either correct oplease, try again. She ask&ddents to put their hands up and to

show their constructions for each questi®he engaged students to activattend

to the classroom activitieds Niess mentioned, in tradaptingevel of the rubric

(2009) coiicepts learned with technologge not assessed with technolagyp.24)

i n Denizoés classroom i mplementation.
Usage desgtor coverswhether or not teacher allowed students to use

technology in the classroomeniz usedhetechnologyof Powermint presentation

herself to introduce the concegit3-D figures After exploring the main points of

the concept with thetudentsshe allowed students to answer the questions on the

smartboard-using the technology In other words, lse preferred to teach the

concept herself at the beginning the classroom, then sheaghamceo students

to answer the questions using teehnology.Therefore, her implementation was

consistent with the adapting levBliessindicated in adapting level that peervice

t e a c peemit studénts to use technology in specifically designed units. Access to

and use of technology is availabef e x pl or at i dp24)dbstackew t opi

differently, preservice teachers allow students to use technology in some parts of

the lesson, e.g. at the beginnogat the end.
4.1.2. 2" ]esson implementation of Deniz:

Curriculum and Assessment

In her lesson plan, Deniz explained curriculum objectives of her second
implementation astudents will be able to dratwo-dimensionalviews of given

threedimensionafigures.

In the second lesson implementatioghe used GeoGebras a
technological tobforlearningt o enhance studentsd | earnin
views of threedimensionalfigures She construcéd 3D figures which she had
prepareda planerepresentation of them usir@ffice word document.Then, she
rotated the figures which slo®nstructed in GeoGebra during the class to make
students visualize and to enhance their 3D thinkimghe posinterview after 2'°
implementationshe explainetier opinions about using GeoGebra hataim with

these words:
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GeoGebra was really useful this class. | drew the figures, and |
rotate the figures which | drew. GeoGebra gave me a chance to
rotate my drawings. Therefore, | hacchancet o hel p student s

investigation othreedimensionafigures by rotating them.

In addition tothe plane representation of solids which wen the paper and

simultaneously on the smartboard, Depieferred to use 3D illustrations of a

dynamic geometry software to reach the goal of Turkish Mathematics Curriculum

which she wrote to her lesson pldimereforeDeni z6s per f ormance for <c
descriptor was <consistent with the explori
descriptor increased from adapting levekekploringthelevel. Niesset al. (2009)

declares that prservice teacher@investigate the use of topics in own curriculum

for including technology as a tool for learning; seeks ideas and strategies for
implementing technology in a more integral radle the development of the

mathematics that students are learrin@.2021), in the exploring level ofthe

curriculum descriptor of curriculum and assessment th&me is Deniz clearly

stated curriculum objectives and integrated technology (GeoGebra and Office tools)

to teach drawings dfiventhreedimensionaf i g uwo@iménsonalviews

In her classroom implementation, she asked students tothelpmblem
on thesmartboardo assess their learning. Similar to her first implementation, she
asked students to draw figures to their pajjacsivity sheets distributed by her)
which will be graded by herShe chose differeniveb sourcesto use in her
implementation. Before coming to the second implementation, she transierred
SBS(standardized exam for middle school studemi)stion fom MoNE website
to the Office vord. Sheattached the question asemhancement to her lesson plan

Specifically,she wrote to her less@ian that she foun@dn SBS question
from the official website of Ministry of National Educatiofhe followingis the
SBS question which she integratedhar class.
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/gn .\.Sag

Which one of the following is the right view of the figure above?

A) B)

Figure 2. Implementation Photo 1

She asked this question at the Taus,d of th
Deni z6s performance f consisterd with the exganing des cr
l evel in the second | esson i mplementatio
increased from adapting level to exploriegel. In exploringlevel of assessment

descriptor in Niesstal. (20099 rubric, it is said thapre-service teachersctively

investigatethe use of different types of technolodpased assessment items and

guestions (e.g., technology activeactive, neutral or passivgp.20-21). In this

casethe preservice teachausal some questions from differemtebsitesand add

them to their natural classroom settings.

Learning:

Through the second classroom implementatideniz preferred to use
Office word and GeoGebra in her implementation. She used Qfficd to show

questions to students. She also distributed activity sheets \whighthe same
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guestions with the word document. Sxglained the questions andtheheasked

students to solve questions prepared by hehesmartboard.

Figure 3. Implementation Photo 2

Students came to the smartboard and they solved the questions by drawing the

answers to the Office&yord document.

Figure 4. Implementation Photo 3

Furthermore, Ise practicedntegratingGeoGebrdo her classroom implementation.
She constructed all the figures on the word document using GeoGhkbnahotos,
below, show some of the GeoGebra constructions of Deniz from her second lesson

implementation.
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Figure 5. Implementation Photo 4

Thus, in the second classroom implementatitime performanceof Deniz was
consi stent with the adapting | evel. Den
adopting level infirst learning descriptor of the learning theme, which is about
mathematics learningThat is, shewas at the same level with her previous
implementationin the adaptinglevel, preservice teacherstart to explore, try to
integrate new technologigatot hei r mat hematics <cl asses
learning.

Throughout her practice, shhequested fronseventhgrade students to
draw the answers of the problems usingsmartb o a r d . She controll e
answers on the activity sheetsetvaluateheirthinking. She reminded students that
she will gatheactivity sheets of thra at thelast moment of the lessoBhe collected
the sheetsto evaluate st u d etmnkirg6and to investigate the points
misunderstood Therefore, when we think of the second descriptor in the adapting
level, which is aboutheconceptioro f st udentsdé thinking, Den
this descriptive was consistent with the adapting level. Nitesls (2009)maintain
that, in theadaptindevel, preservice teacherstart developing some mathematical
strategies to integrate technologyartheir classes. For example, even though
students are allowed to use technology in some parts of the class, they are not

assessed by technology at the end.
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Teaching:

Teaching theme is mainly related tastructional strategies used (as
explained abo®), which belongs to théechndogical pedagogical knowledge
(TPK) of the preservice teachersin detail it is related tqppres er vi ce t eacher s
ability to choose an appropriate tool foarticular taskslesigned by them, their
strategies of using that tool (preparing notes before implementation, practice etc.)
and their ability to apply those strategies during implementatWdmle Deniz
preferred to use only Office tools as a digital technology in ingtr dlassroom
experienceshe used botlOffice tools and GeoGebran the second classroom
implementation.She did notuseconcrete materials which she used in her first
implementationShe said in thpostinterviewafter 29 implementatiorthat

| was planning to use linking cubes during the second classroom
implementationfor students to make their own constructiohs
prepared my plan accordingly. However, after my first class, |
realized that students may play with the cubes instead of using them
as learning tools. | assessed their learning looking at their
construction with the linking cubes. | saw that their answers are
generally correct. Then, at the second implementation, | directly

passed to the seadtechnology which is GeoGebra.

Deniz pointed out that GeoGebra isnore complex than theoncrete materials.

Thereforeusing data from observation protocol, it could be saiddhatneeded to

check studentsdéd |l earning | evels before the
GeoGebra through her secondstas.Specifically, for example, she showed Figure

6, below, and then the figuseasconstructedy herusing GeoGebra. At the end,

students were asked to draw the figure from different directigtisand without

thecubeA.
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Figure 6. Example Drawing Question 1

The dialogue between Deniz and students:

Deniz:What happens to the views if we remove the cube A?

Student A:The view from up will not change.

Deniz:What about the view frorthe front?

Students B: Looks like two cubes will be seen.

[Majority of the students discussed the question, there were many voices.]

Deni z: Let me draw this wusing GeoGebr a.

seconds.] Do you think t issimiarithgomre?® youbdve

Student C: Yes, they are the sarfigeniz used rotation tool of GeoGebra and

showed different views of Figre 6to students. Then, she removed the cube A.]

Deniz: Did the view from front change after removing A? [She rotated the figure

and showed the front view.]
Students: Yes.

Deniz: What about the view from up? [She rotated figure and showed the upper

view.]

Students: No.

Deniz: What happened to view from right?
Students: Remained as the same.

Deniz: From left?
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Students: Same again.

In her classroom implementation, she used GeoGebra iastauctional
tool after trying concrete material in her first implementation. She also used
questioning [e.g. see the dialogue above] as an instructional strategy and asked the
answer®ft he questions to the cl| aisdasstoom i ncr ease
activites. Th u s , Deni z»06s | evel for teaching descr
level to exploringlevel. The performanceof Deniz was consistent with the
exploring level. As Nisset al. (2009)stated, inexploringlevel of the teaching
theme, Apre-service teachersx@lore various instructional strategigs engage

studentsint hi nki ng about(p23lhe mat hemati cso
Access:

Access theme is mainly relateddad udent sé and teacher sbd ac
technology The first descripr of the access theme in the rubric of Niesalet
(2009) 6s e xipthat presengce teachemfipermit students to use
technology for exploring specific mathematical tepifp.24) As also indicated in
the studentsd | earning theme, stthedent s wer

smartboard.

Figure 7. Implementation Photo 5

During implementation, Denizvas more confident to manage the classroom than

the previousimplementatios. She had no hesitaticd allow students tadraw
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figureson the smartboardHowever, she did not let students use GeoGebra during
the course;instead she used GeoGebra herseMiter implementation, in the

interview, she said that

Studentdid not surprise to use GeoGebra. They knew the name
of the softwareand they used it befaréaowever,the important
thing is thatthey did not atten'doe a part oSuchan activitylike

| designedbefore. They really wanted to learn how Huoftware

is working and askd me to teach themn class and duringhe
break They enjoyed exploring the topic with GeoGebra as |
predicted before.

In the interview about the second implemtationof her, Deniz also mentioned that

Colors are important to takestd ent sé attenti on. Ther
planned to useolorful cubes in GeoGebra. However, | realized

that for eachcolor, | need/have to create a button during the

classroom implementation, which will take about two minofes

the course in each stephereforejn the next classes, | planned

to use virtual manipulative, which will allow me to chargéors

of the cubes with just one algebra tool. | will be a click far from

the othercolorsof cubes if | use virtual manipulative.

As she indicaté, shewasfamiliar withsomechallenges of the technology
she usedn the mathematicglassroomShe wasaware of the importance of the
appropriate technology selectiofhus, her performance was consistent with the
exploring level for the descriptor beloin the barriedescriptor of the exploring
level, preservice teachers are expectedfitecognize challenges for teaching
mathematics with technologies, but explores strategies and ideas to minimize the

impact of those challeng&g¢Niess etal., 2009, p.24)
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4.1.3. 39 lesson implementation of Deniz:

Curriculum and Assessment:

In her third lesson plan, she wrote curriculum objectivetadents should
be able to construct-B objects when different views of them are gikeithe third

class, Deniz summarized the objees of he second class by saying that:

At the previous class, wearred how to draw 3D figures from
different directions, from up, right and front. In this class, we will

learn how to construct 3D figures, whose 2D drawings are given.

Then,shedistributed activity sheets to the students. She asked questions to make
students draw the figure needed in activity shebtsillustrate,she opened the

following question on the board and students tried to solve the question by drawing

figures. uUP LEFT FRONT

Figure 8. Example Drawing Questio?

While students were dealing with the question, she opened the question on the
smartboard, then, she helped students investigate the topic using technology. She
drew the answer dhe question on the smhadard to be sure that all students have

the same figure drawn.
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Figure 9. Implementation Photo 6

Moreover,she chose differemtebsourcego use in her implementati@as she did
in the second implementatiom her lesson plarshe wrote that she used web
sources while preparing questiamsthe activity sheetShe showed answetisthe

guestions using GeoGebra and showed one question usirgpuwede.

Figure 10.Implementation Photo 7

In the post interview after@implemenation she said that:

Technology helped me to teach this concept providing visunls

assess studentso6 knolhingthigiethepr ovi di ng ¢
best way to teach different views thfreedimensionalfigures. |

could not show the viesvfrom right or left etc., and the concept

would remain as abstract fstudentsf | would not use technology.
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Moreover, with the help of these technologies in math class, | spend

my extra time to assess studentsdé | earni

Shealsochange the type of her questignaccording to the needs of the subject
matter.Instead of giving D figures and asking their2 views, she gave different
views of 3D figures and asked them to construdd 3gures.

Thus, the performanceof De n i forocurriculum and assessment
descriptos remained as being in explorifeyvel.

Learning:

Ni ess stated that, assessing studentso t
at the adapting level of the learning therewever,in the exploring level of the
learning theme, preavices teachers manage technol@mhanced activities
towards directing student engagement anddigdiction in learning mathematics.

Deniz started to her third class by inviting all students to solve the problem
written on the smartboard. She added that 0
who think that they can solve the problem, even though you do not want to come to
thesmartbar d to solve the problem. o aburing the
students constructed all 3D figures with the linking culf@s instructional
technology) Sh e want ed t o digures dwrihgl the sldssom e nt s 6
implementation About this, in the posinterview afterthe third implementation,
she said that:

| invited all students to solve problems on $heartboard | wanted

to see all of the studentsd hands aftert

watching my video, | realized that | succeeded. Most of tliests

wanted to come to themartboardand they solved questions

correctly. | also checked studentsd answ

come to solve the question dme board their answers were also

correct At the end, | was sure that all studentslerstood the

concept and they could solve problems about it.

Then,even, it is not required ithe curriculum some of thestudentame
to the smartboard to draw the figure which they construsteel the photograph
below)
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Figure 11.Implementan Photo 8

It could be seen from the examptéat Denizencouragé the students ta higher

level thinking which is an evidenceof her teachingperformancé s bei ng
exploringlevel Thereforefor the learning themehe performance of Deniz in the
third lesson implementation was increased from adapting level to the exploring

level, and it was consistent with thepéoring level.
Teaching:

Deniz started to the third lesson with asking a question about what she taught

at the previous clas$he queson was the following:
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Figure 12 Example Drawing Question 3
TeacherWho wants to answer the question on the smartboard?
Student: | can do.it
Teacher: Anyone else?

Sherepeatedlyasked this questionntil she made almost all students raise their
hands. Then, e of the students came to the smartboard and answefedttpart

of the question.She chose 3 more students to answiker parts of the question
After studens énswes, she checked and summarized the ansefethe question.

Also, in the post interview after8implementation, Deniz said that:

To assess studentsodé previous knowl edge,

students, AWmahedpdeyboubealass?0 It is
to say this | t hi nk, t mprevbusi s a gi r | wh
class. I included that 6One of your frie
you to explain whatwe didt t he previous <c¢class in det

summarized the aim of the previous course and | included that girl

to my class with the help of this kind afsessment. Also, maybe,
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it was my lucky day but she was really talented and after her
friendsd explanations, she sol ved

which is abouthepreviouscourse.

It canbeseen herethdde ni z assessed st uausingt 6s
technology.Furthermoreshe continued to use Office tools and GeoGelsrahe

did in the second classroom implementatibairing theinterview, she said that

When | needed to choose between concrete manipulatives and
digital technologies, likegeometry software and office word, |
preferred to choose digital technologies in my classes. Using those
are making me happy because not everyone knows how to use them
effectively. Not all teachers knowow to integrate technology into
their classesl think knowing this improved my teaching skills.
This knowledge makes a difference among teachers; enrsh

students can see this difference by using technology.

Therefore, snilar to her second lesson implementatitivg performanceof Deniz
was consistent wth the exploring levebecause shantegrated more than one

technology into her mathematics classroom effectively
Access:

Deni z 6 s actessvthteeine decoeased from exploring level to adapting
levelin her third lesson implementatioBven though she asked students to answer
the questions on themartboardin her second lesson implementatiaonher third
lesson implementation, she was the one who was answering most of the guestion

on the smart boaras she did in her first classmm implementation.

She asked some students to solve some problems using techlicdog)ye
did in her first lesson implementatioklowever, there was a limited number of
students who came to the smartboard to solve the problems. It can be seen here that
she was trying taocess o teehgotogys theliatherrhéng,Ghe

control of technology in the class was still in her hands.
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4.1.4. 4" lesson implementation of Deniz:

Curriculum and Assessment:

This implementation was the last one which will be obser8&é. wrote
the same curriculum objective with her third lesson plan to hethfétesson plan.
Curriculum objective wastudents should be able to construdd bjects when
different views of tha are givenTheperformance of Deniemained asxploring
levelin her last lesson implementation. As she did in her previous class, she started
class by asking what studegarredin the previous class. Throughout the course,
she wanted studentstosawer all of the questions and she
to the smartboardShe also said in class that students should carefully draw the
figuresontheir activity sheets because those can be used as an assessment tool by
their own mathematicteacheliif it is neededFurthermore, she found interesting
colorful virtual manipulative as a wedpurce to use in her implementation, similar
to her second and third implementationisvés also mentioned imer lesson plan
thatshe willuseone of thevirtual manpulativesf or assessing student s
in her last implementatioi he followings are example questicarsd photosvhich

she solved at her @ioth class using virtual manipulative.
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Figure 13.Implementation Photo 9

Learning:

In the last lesson implementatioDeniz used questioning method as a
|l earning strategy (as she mentioned in
engagementTo her improvd lesson plan, she wrote that students caalsily
understand the processhiteachewuses virtual manipulativend she will usene
Oi ' umi nat i o nlselpsstadents.amdrthg eachmmstructhcubes and
gives their front, right and top views

(http://iluminations.nctm.org/Activity.aspx?id=4182

She was able to evaluate the technol oc¢

in the interviewshetold that:
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While drawing figures using virtual manipulative, | asked
students to help me. | also asked¢bborthat they wanted me to
draw. | heard many differentcolor options. From this, |
understood that they were really listening what | am tal&bat

| appled all thecolorsthey want, one by one. Students found
themselvesn the technology activity. | think, they felt like | am

in this activity so | have to complete my missions by drawing
figures to my activity sheet. Therefore, the virtual manipulative
helped their learningThe virtual manipulativealso has asther
advantage. After constructing figure in the
il luminations.nctm.org, it gives the fi
up, and right, with just one click. On the other hand, it does not
have the option to rotate theoriginal constructed figure as
GeoGebra does. Finally, | think that this virtual manipulative is

well-designed for students to understand 3D figures.

In otherwordss he said that her wusage of virtual m
engagerant. Thus, the performanceof Deniz for the learning theme remained as

exploringlevel. As it was mentioned above, accogito Niess, teacher candidate
managetechnologyenhanced activities towards directing student engagement and

selt-direction in learmg mathematics in the exploring level of the learning theme.

In this level, a preserviceteaches plans, implements, and reflects on teaching and

learning with concern for guiding students in understanding as Deniz did.

Teaching:
Deniz performance fod" lesson implementation was consistent with the

advancing level. Her performance impeovfrom exploringlevel to advancing

level. She accurately translated mathematical concepts and processes into forms

understandable by studenty choosing appropriate@ordings and questiorand

she was aware of her teaching skillbis could be supported by exampleke first

example will be related to her question tgpel difficulty. She asked more difficult

guestions which require higher order thinkiiige imporant point here is that she

managed the classroom effectively and maint
The second example is from the intervidw.the post interview after

lesson implementation, she watched some parts of her lédsemnwatching short
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videos of her classroom i mplementation,

performance?0 question, she said
| did a really good job. | may not be able to do the same if | try
again it now. Because had tried the technology before I
implemenédit in the class. | had known all the information about
the software and the buttorss | could see from the video, | had
not faced with any problem while using technology in this class.

She added that
At the last classroom implementation, | had enough confidence to
feel like | am the teacher of this class. Students were really
obeying my rules in class and they were respecting me. | think
this topic (3D figures) is the topic | can trust my teaching the
most. | am also thinking that | can teach the other concepts in
similar way anyhow, this topic is the one which | can teach in the
best way. And, | am really feeling that | am good at my job. | did
it.

t hat

The quote above shows that the-pegvice teaches at the advancing level and

she is aware of her teaching ability whiclactuallyat the advancing levélVe can

triangulate her words with the observation datén class, be used different

technologieffectively, after GeoGebra and nationaéb sourcey Mo NE 6-s

web

t

site), she tried NCTM I ltaeamenbhanoadostud:

learning She prepared an activity during which she can use the virtual

manipulative. She showednswers of all of the questions using this virtual

manipulaive and al so hel ped st wWawngiby askilgonst r uc

questions and guiding themThe next photo is from herfourth class

implementation. In the photo, she is helping students to constiddigBires.
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Figure 14. Implementation Photo 10
The photcs are froman example question from her last implementation wtsch
solved using virtual manipulativeln this question, she constructedttaee
dimensionalfigure usi n g NCT MO s il lustration. Then,
students to draw the figure tioeir own isometric papers.

Figure 15. Implementation Photoll
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Access:

Deni z»06s perf or maremnanedfas adaminglevelsShe t h e me
integrated various technologies to her last lesson implementation to improve
student s 6 .DiffedeatthanGeoaebiaargl Office tools, she preferred
to use a virtual manipulative which is an online veelirce to construct 3D figures.

In the pre-interviewbefore4™ classroom implementation, she said that:

The lastterm we were supposed to go to a primary school and
observe the mathematics teacher of that school. While observing
| realized that teachers are not asking students to solve problems.
| am trying my best to givex chanceto students to answer
guestiors whle | am solving those questions the smartboard
and | will do the same in my last lesson implementation

In the post interview afterYimplementation she said that:
As | planned, | asked all questions to students. | even asked while
adding a cube to the top of another cube using virtual
manipulative. Students also chosalors and | respected their
color selections. burpreedthat one of the students chose black
asa colorwhile answeringhe question but | still listenedto that
student and chose black to show the answwethe question.
During my 4" implementation, | realized that students were
actively participatingvith their correct answert the questions.

This meanghey understand the conceahd | taught them, so |

did a good job
Similar to what she said in interview:) 8 asked studentsd help
guestions using the virtual manipulative. Students clhok®sand places of the
cubes.She waitd to get all the answers from students. Students directed her to
construct the correct answer on the smartbo&scan example she said this in the

class:

Deni z: Now, | 61 | use a virtual mani pul at
together. It is in Engsh but | know your English is really good. What you need to

do is choosing aolourand then, placing the cubes wherever you want.
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[Shestarted taonstructhe figure that students already h#eadifferent viewspy

usingvirtual manipulative
Deniz : Letdos check our figure in papers. How
Students: 3 more. [Deniz added three more cubes, there needs to be one more cube.]

Deniz: We are turning back to our figure the papers, something missing?
[Students are approving thitheir hands and some of them have already drawn the

figure themselves.] One more cube should be placed next to the upper cube, right?
Students: Yes.

Deniz: | placed it there. Is there any problem in any face of the construction?
Student A: No.

Studen B: It is easy.

Student C: |l 6ve finished.

] ¥

Figure 16. Implementation Photo 12

After getting all answers from students, sipgeferred to draw figures using
technology herself. This means she involved students to the technology usage
processby getting verbal answers from thgrhowever, the control of the

technology remained with hersdih. other words, the control of technology was in
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her handsThatis,s he al ways <contr ol leghédrsheuseddent s 6
technology or shéelped stdent® u svheg she felt it was necessary to help.
Theseshow that she tries tdapt technology to her class; however, she could give

more control to students.hlis, her performance of access theme is in adapting

level.

4.2.Summary of Findings

Similar to the pilot studyDenhhedgpart
TPACK level during the practicum increased in almost all subcomponents of the
TPACK. Thefiguresbelow show the development in TPACK level of Deniz during

theimplementatiorprocess.

Deniz's TPACK Development Bar Chart

m Curriculum
m Learning
m Teaching

m Access

Lesson 1 Lesson 2 Lesson 3 Lesson 4

Figure17.Deni z6s TPACK devel opment bar
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Figure 18. Denizd s TPACK devel opment | ine grapg

It could be seen from the figures that her curriculum knowledge increased
from adapting level to explorinigvel. Participant of the study, Deniz, defindgbt
objectives of her classes in detail after second lesson implementation. Moreover,
starting from her second | esson i mpl ement a
using GeoGebra and virtual manipulative. She asked questions and answered those
using techology. Moreover, she invited students to solve some mathematics
problems using technology. Therefore, her curriculum and assessment knowledge
wereincreased fronthe third level tothe fourth level. It has also realized in the
implementations that when students are allowed to use technology, they are more
willing to participate classroom activities. Higher the level in curriculum and
assessment knowledge, higher the amount of participatithre students.

Similarly, her knowledge in learning theme improved from adapting level
to exploringlevel. Learning theme of Niess (2005) includes the representations of
a particular subject matter via technology.
problems related to studentsd | earning, .
finding a way to handle those using technolo@grticipant of the current study
taught the concept different views thifreedimensionalfigures and she tried to
assess stbent s 6 Kk n o thé quebstipeingnoethodn She also encouraged

students to participate activities with her words and using technology (i.e. inviting
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students to solve problems using GeoGebrahensmart board, and showing
answers of the questions ugivirtual manipulatives).

The biggest improvement was in her teaching knowledge. In the teaching
knowledge, her performance was in adapting level at the first lesson
implementation It increased two levels and at last implementati@r teaching
knowledgewas in advancing levelhe participant of this study used Office tools
(PowerPointaind Office Word) in her first classroom implementation. In the second
and third lesson implementations, she used GeoGebra in addition to Office tools,
and, therefore, h&snowledge level in teaching theme increased from level three to
level four. In her last lesson implementation, she used virtual manipulative in
addition to the technologies she used beflaeover, she used different types of
guestions requiring higheraer thinking and she managed technology enhanced
activities maintaining student engagemdiitis made her knowledge reach to the
level five.

When we looked at the access theme, there is a slight inane¢hsesecond
class. However, at thend her performancef accesgshemeremained the same
with her first implementatorEven t hough she tried to inc
technology in her second implementation, she mostly herself continued to use
technology inthe third and the last implenentations as she did in her first

implementation.
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CHAPTER 5

DISCUSSION AND CONCLUSION

This section includes a brief explanation of research purpose and findings,

implications of the study for educational practicasd suggestions for future
studies

The goal of this study igo investigatea pre-service middle school
mat hemati cs t e a cddagogiak contest kbwiedge oegardng | p
different views of 3D figures whileshe isdoing intemshipin the cooperating
schoolof her univesity. For this purpose, participant s
in different teaching experiences. To reach this goal,-agmece teacher observed
during four lesson implementatignsterviewed about her lessoridoreover her
lessons were investigated to determine the change in TPACK &maslrdingto
four themes: curriculurand assessmenéarning teachingand accesd he results
of the study showed thahdre is an improvement ithree componentsf the
par t i CITPACHK,currioutumand assessmerteaching, and learningnd one
component namely access component remained at the same level

5.1. Discussion of Findings

The findings of the current studyave showed thatpres er vi ce teacher 06
technologicapedagogical knowledge is improving (in three themes) during school
implementations. The results of the study are consistent with the results of the
previous studiese(g.Ba |l g al meéeBka,| gZ2ad InBa)go sdyRtbaltBeje is an
increase in prserviceteachers TPACK levels durinigepracticum The themes in
whi ch participant 6s knowl edge | evel has [
assessment , |l earning and teaching. The on
knowledgehasremained at the same levelisabsut udent sé6 access to te
After pilot study, it is expected to see an increase in the access level; on the other
hand, the findings showed that there iIis no

to technology during implementations. The rea$or this might be related to
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participantodés beginning | dlvebswbtchlIl i st
(2009). State differently, e participant already had medium level of knowledge
regarding the student s 6 pantsvauddavedlowere c hn o |
level of TPACK, itmightbe easier to see the increase in the access level.

Curriculum and assessment theme incluthesknowledge of curriculum
and curriculum materials that teachers need to know to integrate technology to
enhancd ear ni ng. It also covers the knowl ed:
learning (Niess etal., 20l Ther e i s an increase in the
level of curriculum and assessment theme. One of the reasons for this improvement
might be her cleadescription of the goals of her clas¢edwards & Kidd, 2001
since the participant descrigehe goals of her class starting from her second
implementation. The other reason for this increaggt be the usage of technology
(Ageel, 2011)Shedidnou s e t echnol ogy to assess stude
cl ass. On the other hand, after her sec:
learning using technology.he reasons for this might belated tothe change in
her confidenceon teaching Some sudies €.g.Bal g al| meé&lacksona all 3
2013 show that preservice teachers feel more confident after some pradiess,
the changes in the description of the objectives, usage of technology, and the
confidence level might be the reasdias the increase in the curriculum and
assessment knowledge.

Learning theme covers t heptioksponkingedge of
to understandand learning with technologRarticipant of the current study taught
the concept different views tireedimensionafigures. There was a clear increase
i n part i cyiofpuaderst@ndinga kuidleintt sé | ear ni ng. She
difference between the answers of definded and rightanded studentdeft-
handed students thought front view from thé-kefnd side of the isometric paper
while righthanded students thought frenew from the righthand side of the
isometric paperTheremight be some reasons for the increase. Firstly, she started
assessing studentso6 knowtilgtbtheneedsofimg s peci
classroom, e.g. questioning metharad shdearredst udent s6 opi ni ons
topic(Niess et al., 2009Thus, usindhequestioningnet hod and | ear ni ng
views might help her increase her knowledgs @f u d e n t sAnothemeasom i n g
for this increase mightb e t he | mprovement i n t he p a

management skill§Jacksonet al, 2013).She invited students to participate in
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classroom activitieswithout any hesitation during her implementations.
Sometimesstudents used interactivéhiteboard®r she asked questions to students
and she wrote their answers to the bo@itdsmighth el p her wunder stand s
misconceptions and difficulties they fag®keland 2002)which might also cause
the increase in her TPACI€velin the learning theme.

Teaching theme is related tealizing theimportance ofthe number of
technology ued and the effectiveness of the usage of these technologies for
student sdé Iheiargnienngv iirno mmmedreta.c | t-matterso cover s
knowl edge including teachersdé questions dur
approaches, classroom environmenhe and teacl
participant 6s t e incréasedAgthepbeginfingrsimaghtbee wa s
unconfident because of being teacher candidate not a teafctier class She,
hersel f, stated -sehviaetteadhdr dheyamay rigtehtonym a pr e
wor ds 0. thes&entliropiementation, shenight be more confidentand
thereforethe reason for the increaseghtbe related to her confiden¢#acksoret
al., 2013).This might affect the score of her professional development and might
increase her level. Another reason can be that she startese more than one
technologies in her classes. might be concluded that more practice with the
students helps teacher candidates to try various technologies in the implementations
and givesa chanceto evaluate their effectiveness in their own clasbe other
words, the increase in the teaching performance might be related to the increase in
the number of technologies used in class.

The | ast t heme which wil/ be mentioned
technology. According to Niess (2005), it is ofiehe important jobs of the teachers
to know how to provide studeragcess to the technology. Niess (2005) points out
that it is important for teachers to acces:¢
technology i1 s not e noudgnksneddio constructultie nt sd | e a:
own knowledgdor deepand permaneriearningby discovering at leastspecific
parts of the concepts using technolo@therton, 2013).When we compare
par t i cdiffggemtnclassreom implementations,could be seerthat she has
difficulty to provide technology access to the students. Even she tried at the second
class, at her last classroom implementation, she again preferred to use technology
herself. Therefore, her access knowledgmained at the same leviebm the

beginning to the end of her implementations. It might be important to learn how
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teachers and teacher candidates address the barriers to technology usage of their
studentsThe reason of teacher candi dighteds hayv
be relaéd to their lack of knowledger lack of practice abouthe usageof
technology in real classroom settings.

Munsey (2012) states that practicum is one of the best ways for teachers to
gain field experience and to improve their knowledge of teaching.rfgadf this
study show that there is an improvement in the technological pedagogical
knowledge of the participant. Thimight supporthe idea that school experience
courses might have a positive influence for teacher candidates to improve their
teaching practices by increasing their TPACK levgising thema chance to
practice their theoretical knowledge, improving their classroomagement skills
and confidence, and giving chance to try different technologies in real classroom
contexts

Mor eover, some studies (Balgal mex, 20
2009) show that the interviews after each implementation might provide
opportnityfor t hi nki ng and r eXpdrienceindeednNiessn par t i
(2011) asserted that reflection process before and after each implementation might
I mprove participantsod TPACK falkngadout Thus,
her practice dafer each | mpl ementati on might caus
technological pedagogical content knowledgentgking her thinking abouther
own experiencelt might also be thought as metacognition, which includes the
knowledge about oneself as a learauad the factors that might impact performance
(Schneider & Lockl, 2002; Schneider, 2008). As a part of this study, the participant
watched her implementation videos and commented on them. Therefore, thinking
about implementation process and reflegtinit during postinterviewsafter each

lesson implementation might help the participamtrove her TPACK.

5.2. Implicationsand Recommendations for Further Research

There might be some implicatiored the current studyor the teacher
educatorsthe policy makersand researchers who deal with TPACKerefore,

some implications for these stakeholders are provided in this section.

First of all, if all themes (curriculum and assessment, learning, teaching and

access) are thought as one whole which i :
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improved during her internship. Therefore, the study might suggest the increase in
the number ofdsson hours of school experience clasBais. might provide a better
preparatiorto senior grade teacher candidates for their future job.

Furthermore, the results may encourage policy makers to give support to
teacher educators for adopting educatiorultgcprograms of the universities.
Because the results of the current study might give important information for
teacher educators. The results may encourage teacher educators to adopt the
practice accordinglyEven though there are TPA@i€lated courses some of the
educational faculties in Turkey (HEC, 2006), people need to know their implication
in schools in connection with these courses. Theretdseeadvised to improve the
content of the existing technology courses in education faculties aindltoe
some practical activities to those courses to practice in cooperating schools.

In addition to theset would be important to emphasize that teachers and
teacher candidates need some more training to provide technology access to greater
number ofstudents.lt might be suggested to the Turkish Ministry of National
Education to prepareaining and workshops about effective usage of technology
and technology practices. To state differently, it should not be forgotten that
students are using technojog everyaspecof their life; thereforgteachers might
be trained about giving chanceto use technology also in educational settings, in
classrooms.

The results of the current study showed that dutirginternship pre
service teachero6s access knowledge remai nec
That meansthe teacher candidate was not allowing students enough to use
technology during implementation§herefore, studies about teaclandidate 6
competeng of technology usage, ways of using technology to increase stdents
participationa nd t e a c h e access&mwledgeaghteos @commended.
Future studies related to this issoeght be needed drause those knowledge
themeshelp teacher candidates in their teaching.

Another suggestiomight be a longitudinal study. This study allowdte
researcheto observe fouhour lesson implementations.léngitudiral study more
than 4 hours mighgive more detailed information aboptes er vi ce t eacher s
technological pedagogical content knowledgemigiht be said that such a study
might also provide researchers with the opportunity to comprebetedcher

candidateds understanding ofapesavicencept i n
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teacherds under st andi n gthreetlimeasiocalfigurese pt di f
was tried to be investigated as a part of curriculum and teaching themes.
Furthermore, the same studyight be replicated with more participants.
Another suggestion is thasing technology during internship might not be the only
way to achieve the same pattern of resultdhgostudy might be replicated in
different contextsi.e. at different grades in middtegh schools, while teaching
different conceptand using other methodbhis mightincrease the understanding
of similarities and differences between different contexts amght help
researchersome up with a grounded theory at the dvidreover, the @ame study
might be conducted with iservice teachers from different majors.
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APPENDICES
APPENDIX A. RUBRIC ADAPTED FROM NIESS ET AL. (2009)

CURRICULUM & ASSESSMENT

C: Curriculum descriptor A: Assessment descriptor Ex: Example

Recognizing (1)

C: Acknowledges thahathematical ideas displayed with the technologashbe

useful for making sense of topics addressed irctineculum.

Ex: Creates graphs of multiple linear functions using graphing calculators to

provide a visual representatiofivarying slopes. Considers these visuals as

making sense of the ideatbie slopebut is unsure of how this might help students

leam the basic concept.

A: Resists idea of technology use in assessment indicating that technology
interferes with determining studentsod un:
Ex: Does not allow calculator/smart board/ GeoGebra or online interactive

dynamic softwaresewh en assessing studentsd under st

equations.

Accepting (2)

C: Expresses desiteut demonstratedifficulty in identifying topics imwn
curriculumfor including technology as a tool for learning.

Ex: Attends and participates mahematicsdynamic geometry systemorkshop
(took Geo@bra course}o identify curricular ideas for incorporating the
technologies as learning tools. Mimics the incorporation of a dynamic geometry
system idea from the workshop to display measuring the sum of the angles of a
triangle that upon multiple changes of thertigke suggests that the sum of the
angles of any triangle is 180 degrees.

A: Acknowledges that it might be appropriate to allow technology use as part of
assessment but hadimited view of its use (i.e., use of technology on a section of
an exam).

Ex: Attends and participates in a mathematics assessment professional
devel opment to consider ideas for assess.i

systems of linear functions using the calculator as a tool. Mimics the assessment
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idea to explain the use of thalculator for solving systems of linear functions by
using the trace function to identify the intersectiOften retests technology
questions with paper and pencil questions to be sure that the concept was learned

the oO60rightoé way.

Adapting (3)

C: Understands some benefits of incorporating appropriate technolcagesols

for teaching and learning the mathematics curriculum.

Ex: Targets key topics students investigate with technol@gyelops lessons to
demonstrate mathematics concepts with technologwetidties for students to

use technology to verify or reinforce those concepts. After students have learned
to create graphs of specific linear functions, students are challenged to use the
spreadsheet to verify the graphical representation of the drgdanes.

A: Understands that ihetechnologyis allowed during assessments that different
guestions/items must pesed(i.e., conceptual vs. procedural
understandings).from difficult to easy (to construct using GeoGebra)

Ex: Allows use ofacalculatorin an assessment but designs the assessment to
focus on gathering studentsd conceptual und

linear functions in addition to their procedural understanding.

Exploring (4)

C: Investigates the use of topicsawn curriculum forincluding technology as a
tool for learningseeks ideas and strategies for implementing technology in a
more integral rolan the developmemdf the mathematics that students are
learning.

Ex: Adaptsown previous mathematics lesgorinclude technology.

Ex: Develops own ideas about using technology to enhance current curriculum;
thus, begins altering prexisting activities ocreating new activities for current
curriculum.

A: Actively investigates use dfifferent types of technolodpased assessment
items and question(®.g., technology active, inactive, neutral or passive).
GeoGebra, linking cubes

Ex: Designs assessmentbere students are expected to show their understanding
of mathematical ideas usig appropriate technology that extends beyond paper

and pencil type questions.
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Advancing (5)

C: Understands that sustained innovation in modifying own currictdum

efficiently and effectively incorporate technolagya teaching and learning tool is

essetial.

Ex: Developsnnovative ways to use technology to develop mathematical thinking

(power point extra interactive activity) in students such as using virtual algebra

tiles) to extend ideas of handheld manipulatives to focus on variables in algebraic
expressions.

Ex: Modifies andadvanceurriculum to take advantage of technolagya tool

for teaching and learning such as using CAS to explore more complex algebraic
expressions.

A: Refl ects on and adapts assessuahent pr at
understandings of the subject matter in ways that defudinge of technology.

EXx: Devel ops innovative assessments to cC:

mathematics embedded in the particular technology.
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LEARNING

M: Mathematics learningescriptor C: Conception of student thinking descriptor

Ex: Mathematics example

Recognizing (1)

M: Views mathematics as being learned in specific ways that technology
often gets in the way of learning.

Ex: Mathematical exploration with technology rayedeen.

C: More apt to accept the technology as a teachingatimtrthan a learning tool.
Ex: Technology is usednly outside of normal classroom activitiesich as
checking homework, calculating large numbers, etc.

Accepting (2)

M: Has concerns abowt t u d e n t sbeingadivdrtedriron leaming of
appropriate mathematics to a focus on the technology in the activities.

Ex: Limits student technology ugearticularly during the introduction and
development of key topics.

C: Isconcerned that student® not develop appropriate mathematical thinking
skills when the technology is usasla verification tool for exploring the
mathematics.

Ex: Activities that use technology are almost always redone without technology to
be certain students really learrtbé particular concept.

Adapting (3)

M: Begins toexplore, experiment and practice integrating technologies as
mathematics learning tools.

Ex: Students explore some mathematics topics using techriblGgpGebra

C: Begins developing appropriate matheméaticeking skills when technology

is used as a tool for learning.

Ex: Although students use technology for most topics, assessing student thinking

remains mostly technology fréeonly activity sheets checked
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Exploring (4)

M: Uses technologies as toolsfaxilitate the learning of specific topics in the
mathematics curriculum.

Ex: Students exploneumerous topics using technology, sometimes ranging
outside the topic at hand.

C: Plans, implements, and reflects on teaching and learning with concern for
guiding students in understanding.

Ex: Technologyactivitiesare implemented and evaluated with respestudent
learning of mathematicand student attitudes toward mathematics.

Ex: Manages technologgnhanced activities towards directing student
engagenent and selflirection in learning mathemasd st udent s6 wi |

learn

Advancing b)

M: Plans, implements, and reflects on teaching and learning with concern and
personal conviction for student thinking and understanding of the mathematics to
be enhaoed througtiheintegrationof the various technologies.

Ex: Students explore mathematics topics, integrating various technologies in
attempts to better understand mathematical concepts.

C: Technologyintegrationis integral (atherthan in addition) tahe development

of the mathematics students are learning.

Ex: Engages students ligh-level thinking activitiegsuch as projedbased and
problemsolvinganddecisionmakingactivities) for learning mathematics using
the technology as a learning tool.

Ex: Technology is used to develagvanced levels of understandioiy

mathematical concepts.
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TEACHING

M: Mathematics learning descriptor I: Instructional descriptor E: Environment
descriptorPD: Professional development descripkt: Mathematics example

Recognizing (1)

M: Concerned that theeed to teach about the technology will take away time
from teaching mathematics.

Ex: Students use technology on their own and little or no instruction with
technology is present.

I: Does not use technology develop mathematical concepts.

Ex: Technology, if used in class, is used for menial or rote activities.

E: Uses technology to reinforce concepts taught without technology.

Ex: Focus on linear functions where students practice creating graphs by hand to
exdore different functions. After students have demonstrated competgthce
linear functions, summarize the knowledge, with a spreadsheet example or a
graphing calculator example.

PD: Considers attending local professional development to learn more about
technologies.

Ex: Attendslocal workshops that focus on gaining skills with the technoltbgy;

contextof the learning activities is mathematics.

Accepting (2)

M: Usestechnology activities atthe end ofunftspr fdays of f , o
peripheral ® classroom instruction.

Ex: Technologyenhanced activities are not used for topics that require more
advanced technology skills.

I: Merely mimics the simplest professional development mathematics curricular
ideas for incorporating the technologies.

Ex: Introduces the Pythagorean Theorem algorithmicedbgher use of dynamic
geometry to verify the Pythagorean Theorstagdents find solutions to example
problems using paper and pencil.

E: Tightly manages and orchestrates instruction using technology.

Ex: Technology is directed, in a tightly sequenced,-bieptep processSkill-

based, nomexploratory technology use.
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PD: Recognizes the need to participate in technology related PD.
Ex: Seeks outechnologyrelated professional developmewirkshops tht are

directed at developing the technology in the learning of mathematics.

Adapting (3)

M: Uses technology to enhance or reinforce mathematics tlaastudents have
learned previously.

Ex: Students use technology to reinfopreviously teachetaughtconcepts.

I: Mimics the simplest professional development activities with the technologies
but attempts to adapt lessons for his/her mathematics classes.

Ex: Technologybased lessons are incorporated thatasei | or ed t o studen
needs.

E: Instructionaktrategies with technologies are primarily deductigacher

directed in order to maintain controlf the how the activity progresses.

Ex: Begins to adapt instructional approachesaliatv students opportunities to
explore with technologgspart of lesons.

PD: Continues to learn and explore ideas for teaching and learning mathematics
using only one type of technology (such as spreadsheets).

Ex: Shares ideas from professional developmetit other mathematics teachers

in the building.

Exploring (4)

M: Engages students mgh-level thinking activitiegsuch as projedbased and
problemsolvinganddecisionmakingactivities) for learning mathematics using
the technology as a learning tool

Ex: Teachers share classroamsted, technologased lessonsdeas, and
successes with peers.

I: Engages students explorations of mathematics with technolaglyere he
teacher is irtherole of a guideratherthanthedirectorof the exploration.

Ex: Students use technolotgyexplore new concepts as teache serves mostly
as a guide.

E: Exploresvarious instructionaktrategies (including both deductive and
inductive strategies) with technologies to engage students in thinking about the
mathematics.

Ex: The teacher incorporates a variety of technologiesuorerous topics.
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PD: Seeks out and works with others who are engaged in incorporating
technology in mathematics.
Ex: Organizes teachers of similar mathematics and grade level in investigating the

mathematics curriculum to integrate appropriate technologies

Advancing (5)

M: Active, consistent acceptance of technologies as tools for learning and
teaching mathematics in ways tlaaturately translate mathematical concepts

and processes into forms understandable by students.

Ex: Teacher is seen as a resourceavel ideas for helping students learn
mathematics with technology.

I: Adapts from a breadth of instructional strategies (including both deductive and
inductive strategies) with technologies to engage students in thinking about the
mathematic® construction and reconstruction of figures with technology and
ask for directions, higher level questions

Ex: The teacher helps students méuently from one tool to another while
demonstrating a focus on and a joy of deeply understanding mathemapical to

.0 between GeoGebra, virtual manipulative, office tools different thandvord
power point

E: Manages technologgnhanced activities in ways thagintainstudent
engagement and salirection in learningmathematics.

Ex: The teacher forms and refortearning groups where individual and group
learning is valued and encouraged.

PD: Seeks ongoing PD to continue to learn to incorporate emerging technologies.
Continues to learn and explore ideas for teaching and learning mathematics with
multiple technologes to enhance access to mathematics.

Ex: Engages teachers in the district in evaluating and revising the mathematics
curriculum to more seamlessly integrate technology throughout the grades,
adjusting the curriculurto a 21stcenturymathematics curricuha with

appropriate technologies.
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ACCESS

U: Usage descriptor B: Barrier descriptor A: Availability descriptor Ex:
Mathematics example

Recognizing (1)

UPermits students to use technology o6onl
Ex: Mathematical exploratn with technology tools is challenged by beliefs about

how students need to learn mathematics.

B: Resists consideration of changes in content taafghbugh it becomes

accessible to more students through technology.

Ex: Student access to technologyiishi t ed t o 6éafterd they hawv
concepts using paper and pencil procedures and only for rote activities.

A:Notices that authentic problems are mor
number sdé6 and may be more easily solved i
Ex: Assigns some mathematics problems using school and community data but

saves then for fextra credito work if St

Accepting (2)

U: Students use technology in limited weysing regular instructional periods.
Ex: Studengctivities with technology are limited to brief tightly controlled
situations.

B: Worries about access and management issiisrespect to incorporating
technology in the classroom.

Ex: Students can only use technology in isolated situations einmmotant
learning situations.

A: Calculators/GeoGebra and smart board permgreaternumber of examples
to be explored by students.

Ex: Studenuses calculators to investigate patterns and functions.

Adapting (3)

U: Permits students to use technologgpecifically designed units.

Ex: Access to and use of technology is available for exploration of new.topics

B: Uses technology as a tool to enhance mathematics lessons in order to provide
students a new way to approach mathematics.

Ex: Concepts learned thitechnology areot assessed with technology.
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A: Concepts are taught differenttynce technology provides access to
connections formerly out of reach.
Ex: Students use dynamic geometry software to investigate and make connections

between trigonometry fictions.

Exploring (4)

U: Permitsstudents to use technolofpr exploring specific mathematical topics.
Ex: Access to and use of technology is available and encouraged for mathematics
exploration during most class times.

B: Recognizes challenges for teamhmathematics with technologies, but
explores strategies and ideas to minimize the impact of those challenges.

Ex: Technology is used extensively in assessments. Seeks out ways to obtain
technology for classroom use and begins creating methods for legyno
management issues.

A: Through the use of technologggy topics are explored, applied, and assessed
incorporating multiple representations of the concepts and their connections.
Ex: Simultaneous equations are developed from an authentic situatieed aod

interpreted using graphs, tables, symbols and data.

Advancing (5)

U: Permit students to use technology in every aspect of mathematics class.

Ex: Technology is seen as an opportunity to challenge notions of what
mathematics students can master.

B: Recognizes challenges in teaching with technology and resolves the challenges
through extended planning and preparation for maximizing the use of available
resources and tools.

Ex: Technology is used to expand the mathematics concepts that can be accessed
by students.

A: Students are taught and permitted to expiooee complex mathematics topics

or mathematical connections as part of their normal learning experience.

Ex: Using the Internet to find interesting mathematical prob)esnglents

investigate the role that technologies can play in finding solutions to the problem.
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APPENDIX B. SAPMLE LESSON PLAN

DERSPLANI

Senéf Seviyesi|7. sénef
S¢r e 80 dakika
¥ renme Al ané:|Geometri
Alt ¥Jrenme AIl|Cisimlerin Farkleé Y°nler
Kazaném A Ders sonunda, °jJjrenci

y°nl erden i ki boyutlu
Materyaller: A Aktivite Kojede

A GeoGbra progr ameée
¥7retme Y°nten A SoruSorma

A Beyin Férteénaseé

A Kekfederek ¥jrenme
¥n Bilgiler A Birimk ¢pl eri tanér ve °©°z7
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B a kK | a(fhOgdakika)

A

¥Jretmen konunun girik késméné g¢nl ¢k ha
°Jrencileri sorgulamaya y°nlendirerek ya
¥Jretmen ©°jJrencilyearpeel mexki mi k ¢ xleekride ng?® st

boyutlu bir cismin farkIl é y°nlerden g°r

bunu, sénéftan ¢ - °Jrenci se-erek °jrel
birinin solundan, dijerinin ise °n¢gnden
taht aya -1 zmelerini isteyerek de yapabil:i
l'stten geré¢negm io-i0on, bi nal ar én .steéende
czerinden ge-en bir u-ak °rnekleri wveril
Ayréca °jJretmen, bu kekill eri ger-ek ha
°rnejini verebilir.

¥Jrent,mebu ol ukturduju kKkekilde bir ke¢gpeén

bir k¢p ekl eyer ek ci-seldanr®nn dge’sit 4 retng) | enraisréil n

Gel i

deji keceji hakkéenda °jJrencileri d¢gkéinmey
¥ retmen, sénéefa etkinlik koOojétlareéné da
i K60 dakika)

¥ ret men, aktivite koOojedéndaki il k sor
°Jrencil ere S¢re taneér . Bu sérada T r ¢
ger¢é¢negmlerinin °jJrencilerin gez¢gnde daha
sorudaki Kek|lKt GrewrGeahle aaddifam dog rug r .
¥Jrencilerin bul dukl ar é cevapl ar e s°vyl

t men tahtada yaneéetl ar é ol uktururker

(]
—_—) )
—
® X @® DO <

di kkate al ér .)
Dah sonra °jJrenciler i kinci soru g¢zeri.l
sonra °jJjretmen, birka- °jJrenciden nasél
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°Jrenci
a-éekl ar .

A Séradak
birka-

A ¥]retme

Bi t(10dakika)

A ¥]retme
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A ¥Jretme

A ¥]retme

] ret men,

GeoGebr a
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e g°rsel bir Kekil de g°ster
or ul a(r¥ljar edd emveanm iesdielrisre i1 | k i
u i -in zaman verir ve sonr a:
sterse birim k¢gpleri kul |l an:
°Jrencil ere stwrarr der ste nel er
sénavlarda -ékmék sorul ardé
erste anl atélanlareée °jJrencil
bir sonraki derste neler yaj
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APPENDIX C. SAMPLE ACTIVITY S HEET 1
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APPENDIX D. SAMPLE ACTIVITY SHEET 2
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APPENDIXE.PARTI CI PANT 06 S ANINISOVMERRIC PAPER

1ZOMETRIK KAGIT

Komsu noktalarin birbirine esit uzaklikta olacak sekilde dizildigi noktali kégittir. Eskenar iiggen, diizgiin altigen, eskenar
dértgen cizimlerinde ve iig boyutlu gizimlerde kolaylik saglar. Tzometrik kdgit; iig boyutlu cisimlerin cizimleri, geometrik
cisimler, oriintii ve siislemeler, hacim Glgme, cokgenler, dortgenler gibi bircok konuda kullanilabilmektedir.
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APPENDIX F. PRE-INTERVIEW QUESTIONS

Teknoloji Bilgisi (TK)

1. Bil gi sayareén temel donaném par-al ar ¢

i Kl evl er.i sizce nelerdir?

2. Temel bil gi sayar yazeéel éml-mailevb.g ( Exce

bil gi sayaréeénéza nasel kurup nasél kal deéer |
-G¢gnl ¢k hayaténézda hangi ama-1|arl a, ne s
-Kull anéek a-éséndan kendini zi ne kadar ye

3. Yeni karkeél aktéjenez teknolojileri (d
ne te¢r zorlukl azdnrl kkhrgxell akeas@héekz&k 8u- é k

Teknolojik Alan Bilgisi (TCK)

4 Cisimlerin Far kIl e Y°nl erden G°°r ¢n¢ ml
teknolojileri takip ediyor musunuz? Taki
veriniz.

5. CisimleridenFa&Gklgene Mt ek ér Konusundaki

(Geometerds Sketchpad) farkle teknolojil

teknolojilere °rnek veriniz.
6 . Cisimlerin Far kIl é Y°nl erden GOr ¢ny
kull anacajénlerdiekPoNegéehebunteteknol oj il er

Alan Bilgisi (CK)

7. Ortaokul Mat emati k Programéodndaki Ci
konusunu el e al al ém. Bu konudaki kazanéeml
8 . Cisimlerienn F@&°rkeg re¢ nvCenrliebrndi -izerken n.

Takip ettijiniz ademlar nelerdir?
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9. Farkl é Y°nlerden G°r¢negmleri Verilen Bir
ademl ar nelerdir? A-éklayeénéez.

Pedagojik Alan Bilgisi (PCK)

10. Cisimlerdaen F&@&?Ykfppm¢gnmnWl°enrlierkonusunda ©°Jre
yanéel gélaré nelerdir? ¥Jrencilerin karkeél atk
i -in hangi y°ntemler.i kull anérsénez?

11. Far k1l é °J renme d¢zeyindeki °fTrenciler

Gore¢é¢negmlemu &mhatér ken nelere di kkat eder si

12. Cisimlerin Farklé Y°nlerden G°r¢negmler

temsillerden yararlanabilirsiniz?

13. ¥Jrencilerin Cisimlerin Farkleée Y°nlerd
i -in kul | anae&ajneanseézl ksaey-nearkslianri z ? Hangi k ées

bulundurursunuz?

Teknolojik Pedagojik Bilgi (TPK)

14. ¥Jretim y°nteminizin etkild@ ol maseéeneé
verirsiniz? Bu teknolojilerin se-?2tminde ke
Neden?

15. Bir konuyu Geogebr a, Geometer6s Sketch
Materyall eri kull anarak °jJretirken, bil gi s a
ne yapar sénéz? Nas él -%zersiniz? Si zin I -

Nedenlerimlen bahsedebilir misiniz?
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Pedagojik Bilgi (PK)

16. Ders anl atérken °jJrencilerin °]Jrenme

—

Dejerlendirdijiniz °jJrenme d¢gzeylerine g

kol ay mé? Neden? Neden dejil ?

17. Derste anl atteéjénéz konularé g¢é¢nl ¢k
18. Sizce ders anl atérken sénéf y°neti mi
Teknolojik Pedagojik Alan Bilgisi (TPACK)

19. Cisimlerin Far kIl & nWnl°grrdeenrc i G°err¢ m¢ mla
yanél gel aréné gidermek i-in hangi teknol
20. Cisimlerin Farklé Y°nlerden G°r ¢néml
(Yazéel émlar, wuygul amal ar, sanal mani pg¢l af

pl anl @éyor sunuozl?2o0jNendienn ebtuk itleik nol duj unu dg¢K

21. Cisimlerin Farkleée Y°nlerden G°r ¢ng¢ ml

teknolojinin konuyu °jJrenmeye ve °Jret me?

=]
(]
A

Kapa
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APPENDIX G. POST-INTERVIEW QUESTIONS 1

1.

] retim ywtrktidmi milmMmaséné sajlayacak tekn

AR°nceden onunl a alakalée yapél mex Keyl e
kull anarak °nceden neler yapéelabil mik?
benim istedijim seviyeye ul akkkdrmRamék me?
dersinde ge-mel i kep yani soméncenat er ya
sénéfén t epkiSleemrcieniamazl|éamye INedew?k abi | di n

Ge- mel i kepl erd kull anmanén et ki si nasél
Pr e i ntePowemwd dcPao i it her Zzaman kul |l ané)
(hazéerl adém) sunum falan yaparken. Power
Bence bilmedijim biré ¢ok az kKey vardeér
fazla kullandéejém i-in kendiKmRii nceter| i

kull andéjén teknod offPowéfi Pei At at eafPadel

., SsStten -1 zi |l mi kK bir °rnek var ama s ade
kul |l anmak i stemiyor um. P zer iMrdreejJd ¢ Kénec
kull anden-Pmiéert PoeweWord kull andén. ¥nce,

izleyelim.Senceamacna ul akdédéwdi mb°ywi & d¢e¢kengyor su
Teknolojileri uygularken zorluklarlk ar Kk é | afldisé edmda ,yapacaj ém
amaca y°nelik (tepkim dejickir). Yani , e]

i -1 n hbeirrhapnrgoigr am ya da bieijf euyguleamai gnel |

gi bi daha di kkatli ol mak i -in bir bil el
arakteéereéer ém, forum siteleri ger -ekten -
demi ktin. Senéfta Dbierkinsoil oij-iiDeksted a nain d°&jnr. e r
smartboar d ke | an&i ml e igili bir sorunl
temassézl ek yapte. Bunu n&gélkyeliz.g] ¢ n

Neden b°yle yaptén sence?

Derste GeoGebra kull anérken leu bir soru
nasél -%2z2d¢] ¢n¢Kzh eetygemidieny.oel enusyapt éj éne
s°zlerinle ifade eder misin? Bu «kxekil de
Konuyu anl atér ken NnGeoGebr a vV e Virtual
czerinden buldujun interaktif uygul ama)
demi ktin. kKuK il saindie n . de Hangi sinin daha €
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de¢kenegyorsun? Ne dGoGelméd y éa -iektl eadi Jméns éqi?!

kull anabil din mi? ASénéfta arkadaxkl!l ar
bile etkilenmikti ki bunun beoawclkl @&r a
demi Kahmin ettijin gibi oldu mu?

. Virtual manipulatv e 6nt e(rknett en bul dujun wuygul ar

et ki n kull anabil din mi ? Boyl e d¢Keén
rekl amlarén ©°jJrencil eri etkil enmesini
bu reklamlara ul akabiliyorlar ama (r ek
sajl amak i st emexnt ian .€ kkwlsléa mdm@kasmn mani p

var méydé? Onu se-erken nelere dikkat
.ABiIr konweyu a Gka G retirkem, rbifgisayarfaj teknik

sorunlarlak ar Kk €l akt éj eénézda ne yaparseén? Na

bir akamal ék bir kKeyse, yaptéjém bir
Ama yaptéjem bir hata dejil se, bil gi :
mes¢ a bil gi sayar aniden kapandé. O pr oc
gitmeye -alékérém. o demiktin. Geri al
Neden onu kullanmayé se-tin?

. "GeoGebra kullanérken sékéntée ol acaje

-%zebml edgjkignh¢gyBjream ymemezsem de back

bakvurabil$omut omaatnedray.a | gi bi . o6 demik
Ol duysa naseéel -°2zd¢n? Somut materyal |
.Bir cadde ve caddedeki binalardan yol e

vazge-tijinden bahsetmi Peirste¥maoné¢ atee

konuyu g¢nl ¢k hayatl a naseél il i kKkil enj

100.Ci simlerin farkle y°nl e¥meal igklre; nlgimz ie

arkadakl arémezenrdaayapmak . olCdsjmunb°n

zaman bize bakacak. Ci s mi il k ele al é
Kekil de. ¥nden bakacajéméz kKekil de el
sol unu, arkaséene gerekirse ki ger ek mi
(el e alacajéz), o kKkekilde. En °nemli ¢s
saj dan geré¢negm denil di kten sonr a &S

d°n¢kken ¢ste bakarl ar ve burada hat ay
sonra ¢(ste bakmal el aaj dama gr Omedne,n (g

g°r¢negm dedi kten sonra tekrar °nden g°@
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i steyi p sonrasénda ¢stten g°r¢é¢gnegmg¢g sor ma
ederi m. oSdreéfitkd icha bu noktayeée °zellikle
deneyiminén bahseder misin?

11.K1I k g°r ¢kKmede bir A ke¢pé i karetl eyece]j

dej i Ki min ne ol dujunu soracaj éne s°yl e

dej i Kmez, yoksa deji kir. Bunu kavrat may ¢
beni anl arl ar .deBralkd ¢ aj. €zSearnt éakn.lcad él ar
y°ntem etkili oldu mu?

12.K1 k g°r ¢Kmede N¥]retmen ol ar ak tanéekt é

stajyerl ere al exeéek ol duju i -1n séeneéf y
bahsetDerkst iannl at ér ken s &musdndayn@gibet i mi ni S
zorlukl arl ¥i keaaowe!l agtemwel i m. Bunl arl a n

Neden b°yle yapteén?
13.Ci simlerin Farkl é& Y°nlerden G°r¢gnegmlerii

kavram yanél geéseé o diladarak bakmazsakawae!l i k|l e ©° 7]

yaneéel ggxeérma Kki ?Panideal avrgp®ks ahhadl@n veri |l i yor
arkadan ve soldag °r ¢ nt ¢ verilip soru sorulsa ka
Bununla il gil:i kull anmayé planl adéjém bi
0 denS&néafnt.a nage&ll ak &vrodmkytar?elOnl ar é -°z
yaptén? Kavram yanélgélaréné -°zmek i -1in
14 Far k| e °7 renme d¢zeyindeki °Jrencil ere,

G°o°r ¢ne¢gml eranlkaotnéurskuennru nel ere di kkat ettin

-Kaynak se-iimi,ndkorkweyw ve kull anacajém t
dée¢Kener ¢ m, demi Kti n. Der si hazérl ar ken
Neden bunlaré kull anmak istedin?

I5¥J rencilerin kar e, K¢p, geometride ¢ - b

bil gileri ol mheemi gerekt ¥jirenbePgrierger

sahip oldujunu anlamak i-in neler yapteen
16.i¥jJrenciler ejer izometri k koO©jetta -1izi
°J rpestoinra veril en Jgiéemo ng Myl eaiidaxdiirnec e

APo®Rer nt kul I anatbiid.i r i¥m.roce n dielmer i n °n

°Jrenmek i-in teknolojiden naseél yar ar | a
17¥]J rencinin sahip olduju bilgi ¢zerine ye
nas el kull andén? ¥Jrencinin yeni edind
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teknolojiyi PoweP®li nkulylaamddaénEeoGebr adde

kull anabilirim, demi Kt i n. Bunl aré kul |
18.Grup -al éxkmasé yapteéeérabilirim ama heé:z
yavak °jJrenen °jJjrenciler ayné grupta d

Grup- al ékxmasé yapteéelar mé? Neden yapt él
19.iBen sénéefta en -ok g°zleme dikkat ed
°Jretmen ol dujumda il k dikkat edece].i
ilgili? Bu konuyla ilgili ne derece, neleyapabiliyor? ®rulara cevap

verebiliyormu® ¢nk¢ zor sorul ara cevap verebi
benim i -inDexr sdeamlkatienrrken ©°jrencil eri

dejerlendirdin?

20.Ci si ml er i n Far kIl & Y°nl erden GOor ¢ényg¢
kulandéej énéz teknolojiler Ge-meld] Kepl e
Smart Board ol du. Bu teknolojilerin ©°]
kat kel aréné tek tek a-éklar mésén?

- Kullandején teknolojilerin konuyu yap
kat kéir8é ne

- Kull andején teknolojilerin profesyone
ol an katkeéelaré nelerdir?
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APPENDIX H. POST-INTERVIEW QUESTIONS 2

1L¥]r
ver
daj
k a
s e
kul

ulakabildin mi? Neden? Geameéli okgpPlRer.

2.Der
of f
ger
kul

3.Tek

_OZ

etim y°nteminin etkili ol maséné sajl

A O

irken °jJrebakégoromdur bguhari ni - ok

(o]

étabiliyor, -ok kolay da topl anmaseén

mayacak ama bir yandan da oyun havas

0 M

meye -aba harcéyorum. o demiktin. Ge-

l anmayé.t éémacieh estetnéf én tepkil erini .

=~

si anl atérken Office Tool 6l aréndan Wo
ice Ara-|laréné kul |l aypyetriém. Kul |l anék a
cyorum. 0 demi ktin. Office Wordobébu tahn

l anabildin miU? Sence neden b°yle old

nol ojil eri uygul arken zorluklarl a kar

meye -al ékéeyorum. kuradan mé, buradan

amkt érmal ar yapél méksa, videolar wvarsa,

Derstesmatboar d kull anérken -izimle i11lgili bi

nas

4. Kon

el -°%2zd¢jeneg kAt e | lgdenmb8yh® Kapeégn

uyu anl at ér ken efinGeyoaG eabl raan avcea ] NG Méedn . 0O

demi Kt i n. Kkisinden de yararlanabil din n

Geo

Gebradyeée i suleldangammi lgdibn mitXiA- &kl ar m

5. Bir konuyu GeoGebra kullanarakk € | | € t ahtada °jJrenirken

sor
- al
dur
- al

nel

6.Kon

unl arl a kar kmdraxltiemié milaz ma d&n f@ae-iakt i
Kéyoru Ya kull anmaktan vazge-iyoru

2] m

ums a, hani , vakt. -ok fazla harcat mad
é m demi Kt i n. Sénéefta b°yl e bi
e

o]
r yaptéejRali j zhedgen i yl e yapmék ol a

uyu ge¢nl ¢k hayatla ilikkilendirebil me
soru sormak ol dujunu s°ylemiktin. 0C
okull arda? ¢izdijiniz resdamlerde bina

e

i kK yapélabilir. o demiktin. ¥nce hater
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izl eyelim. Derste anl attéjén konuyu g,
Sence etkili oldu mu? Neden?

7.ACi simlerin far kInéi y-%nzleerrkdeenn bgazresnn ¢znol re

demi ktin. Sénéftaki sorul arén tamameén:
-%zméekl er . Bunun bir etkisi var mé?

- ¥Jrencilere -izim yaparken yardeéem et mi
karkéel aktéjenda neler yapteéejeéné izl eyce
olsang el yaparsén?

8.KI k g°r¢kmede fisénéf y°netimi yetenekl
g%z temasé kurup °jJrenciyi incitmeden
ol amayabiliri Motivasyon d¢gke¢gnce de
yerden sonr a. ademkeni senbérg°aeti mi n

konusunda ne i bi zorl ukl arl a karkéel at

O Q ©& N

Videoyu izleyelim. Bunlarla nasél bak:

9.Ci simlerin Farkle Y°nlerden G°r¢negml el
yanellagr éné tam ol arak bil miyorum. G¢nl
boyutlu resimlerle karkeée karkéyal ar . ¢
oluktururken -izerken, daha dojrusu

yakayabilirler. Biri arkaibirlefnde ol

demi ktin. ¥nce videomuzu izleyelim. B¢

c
)

tepkin ne ol d Bunun dékénda sénéfta

Onl are -°zmek i-in neler yapteén? Kavr :

-}
o]
(7]
(o]

teknol ojiden yarar |l andeén?

10.h ¥rffenci l er karenin dikd°rtgenin °zel |
ciddi anlamda séekéenté yakeyorlar. O vy,
-izecejim. 0 ya da AHayér, ben onu kar
olabilir. o demiktinkarmBRr&Il &aktbhenm rka¥rkKanr

naséel -%zerdin?

l11l.Farkl e °Jrenme d¢zeyindeki ©°Jrenciler
Gore¢e¢negml eri konusunu anl ateérken nel er

nerede g°r¢yorsunuz, sorusuyla bakl ay:¢
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Buna g°re de (akéké) belirleyerek, en bas

gidebilirim. o0 demiktin. ¥ncelikle baxklan
Kekiilrdebabk!| angé- yaptén mé? Neden?

- AKull andéejém kaynakl|l arén ©°jJrencilerin se
Dahasnraséndaysa ilgilerini -ekecek (ol ma
demi ktin. Dersi anlatérken kull andéjeéen k
bahsettijin gibi il gl -ekici ve renkli n

- Kk kazanémén alt bakl ékl aderendan birinde
gerénegmlerinin ili-akkéewndli s merrsti ¢ i esrt iemii

simetrik ol masé gibi).o diye bir not wvar

yaptén? Etkildi ol du mu?

12¥]J rencilerin gerekli ©°n bilgilere sahip
yaptén? AKlIk °nce ufak bir -izim yapteéer a
bir tane k¢p veririm mesel a. Bunu -1i2zin
Kekil de yapeéel abil i dmhaYadaoha aceunm a¢; i gne ar
konul arak (sorulabilir). Hani sajéna koy
olurdu?0d6 bunlaré sorarém, demiktin. Bunu
Neden?

13¥7J rencilerin ©°n bilgileriniandérne?nmek i -
A¢tok uzun ol mayacak «kekilde iki boyutlu
onlarla ilgili sorular sorabilirim.o den

14¥]Jrencinin sahip olduju bilggi sczerine ye
teknolojiyi ¥faea@lci hulnl greadén2di ndi i bil ¢
i-in teknolojiyi naseéel kull andéen?

15 Zor |l anérl arsa grupemiakttkmas8éyapt ar ea ai

-al ékma ol muk izleyelim. Sénéfta naseéel b

-al ékmayé ©°nerdin?
16.Dersanl|l at érken °jJrencilerin °jJrenmelerini

17.Ci simlerin Farkl é Y°nlerden G°r¢negmleri

kull andéjéneéez teknolojiler Ge-meld] Kepl e
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Smart Board ol du. Bu t ek reonlesineoldner i n  ©°]

kat kél aréné a-¢eékl ar méseéen?

18Kul Il andéj én teknolojilerin konuyu yap

ve sana ol an katkeéelaré nelerdir?
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APPENDIX I. TRANSCRIPT OF THE PILOT PRE -INTERVIEW

Pilot Pre-Interview

K p
Elif :
Kp
b a
Elif :
K p
Elif :
Kp
ne
Elif :
- e
Kp
Elif :
p a
K p
Elif :
K U
K p
Bi
bi
Elif :

Kp
s é
Elif :
b a
t a
Po

f a

eMerhaba.

Merhaba.

ekki:mdi , yi r mi bek sorumuz var. Bazél areéene
Kl ayal ém.

Tamam.

e k: (1) Bilgisayareén temel donaném par - al
En nefret ettijim parté [ G¢l me sesi]

ek: Ana kart, b eyl d reakdée jBeunnél abriélni ynoer inkues un ?
Il K yarar mesel a?

Kkte bilgi depolama, ikte onlarén daha Kke&e
Kit /i programlareée i-eriyorlar zaten i-1er
eAn:l adém.

Bunl ar bilgisayarén genel anl amda - al €K ma
rtl ardan kKeyl er é

eXy:reca dijerleriyle ilgild@i bir kKeyler s°
O da -°z¢negrl ¢ ¢ falan filan etkiliyordu
an.

eok yok g¢zel, ekl eyecejin bi) keyé Yoks:s
| gi sayar yazeéel éml ar éné ( Ex cmealller) Power P o
| gi sayarwemanasasléelk &kludoeéeracajéné biliyor mu
keyl er, hani Aindiro dedijinde zaten gel.
|l eyerek gidiyorum. AKal déro dedijimde de.
maml éyor um,

eTlamam. Pekig ¢ nl ¢k hayet &dmdal @rEné ya da mai l

kl ékl a kullanéyorsun?

Maill erime (bakmam) duruma g°re dejikebil
kabiliyorum cevap bekl er ken. Ya da i Kt e,
ne (mail ) gelemilweradlney are fi «lian .d Ritjeg k- e bak
wer Poisuaumr hbakahar kengdalia k- ek zy & ed & kis

l an °yl e.
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Kpekamam, ama-1| ar éenéKuda afn%kl eamiéks emlddawnn .k
kadar yeter | Officgtod g Yy ar éne? ben Kkull anabil |

mesela ve neden?

Elif: Kul l anabilirim yani yeterlilik a-éeésén
yapabiliyorum onl ar é&n ne okladrug éusnéun a ,A niian ehr
ne yapéyorduk?o fal an, bir bek daki kas

yapéyor duk, ybourrdaudka?n Sreek ysaépkeé kul | anmadej én

il k a-téjéemda da sonrasénda akeéyor.

KpeBel gel er i arkivlemek i -in hangi y°nten
bunlardan?
Elf:Takeyécélaré kullanéyorum genel de i kKte

Kpelkak @€yor sun?

Elf:Yané mda dol anéyor onlar. [ G¢l me sesi|

KpeYani wusb bellek gibi, ekstra bir key nm
Elif:Aynen zipliyorum ya da rarl éeéyorum dosy.
akamaseénda, masag¢steg °yl e bana a-é€ék hal d

KpeAXxnl adém.

Elif : Bul bulabilirsen.

Kpeku:!l | andéj én belgeleri arkivlemek i-in

da bitird3) Kemxiu kar.kél akt éj én teknol oj il
uygul arken ne tg¢r zorlukl arla karkel akeéer
Elif:Bi re swey hani ABunu ne i-in kullanéyoru
nerel erde daha farkl é kull anabiliriz?

gerekiyorsa onu bul mak zorundayém yani,

naseél g°stereyi m ebyeen ?- a¥lnéckeé ykoernudm.m k Przard a n
Ya da onunla il gili ejer arakteéermal ar !
tanétémlar, YouTubedota falan videol ar va
ol uktururuz, Keklinde. Bum| aé kamadaéajyeom utk
dur ums a, daha b u konuda yeterl. bul un
bakvuruyor um. Ya da en son kKeye gidiyoru
falan var GeoGebradda. Orayée a-ép kendi

ben de diyarpna Bitomdgsyaya, bir o dosyaya (gidiyorum), kendim kurup

ol ukturuyor um.
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KpeXapeéel anl ardan (GOakeéyjorstuinmyahmntemi nin etk

sajJlayacak teknolojilere nasel karar verirs
Elif:Yal néz teknolojilesenkbhéenrduereumoukea 8anoah
il gilendirbgee. sépekfarda t eknobiroj i ciddi
projeksiyon makinesindem bar et ya da sénéftaki -ocukl ar
i baret kalabiliyor, ne yaaé&hk nkuin.a Ibéé&,é ykoar ruan,
il gilerini -ok kolay da dajeétabiliyor, -ok
onl ar én, hani oyuna ka- mayacak ama bir y
°Jrenecekl eri Keylierm skee-ymeyyaep €kyaorr aurmg H épéa& ma
ses] -aba harcéeyorum i Kt e.

Kpekeki bunl arén se-iminde KkendVvamii ne kada
dojru teknol ojiyi kull anéyorum ben diyebil:
Elif: Sekénté yani -ok fazl a, Kuan °Jretme axka
observer konbmuwydaywen hani buna net bir Key
kull anér ken de kendi hat al arémé fark edi vy

ol uktururken bambakka bir Key d¢gkKegnegyor um,

°Jrencilerden gel enurtagg@kid¢ezrel § azned iirye . m HKNani
deji ki kli k yapmal éyém ya da bunu hi- kull an
school teachingdélere bakaraké

Kpetkok da o zaman, bazé durumlarda yeterl:

Elf:Evet aynené

Kp eFke ki neden b°yle d¢gk¢egnegyorsun?

Elif: Neden b°yle d¢kegngyorum? ku an °jJrencil e
zat en, hem classroom hem time management
konul ara da hakim dejiliz -¢nke abikziem 1 k1 ed
bakéyoruz yeninin ¢zerinden gitmeye -al éxkeé
eskiler ve akeéllée defter dedi kIl er i Keyde h
kKeyler var. O y¢zden hani bazen elimde patl
KpeReki,( 4. 1) se-tijjimettneek ny rotja rhiemri °nasél de
GeoGebra kullanmaya karar verdim ya da virtual manipulative kullanmaya karar

ver di m, ney.i etkiliyor séneéefta?

Elf:Neyi etkiliyor? Taskeé. Yani bu sefer tasl
bunu naseél kull anacajéneé bi |l médudlnadak i ona g¢g°
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zaman ayeérmak | azém. Her ©°Jrencinin her

manipulatveyad Geo Gebr adyé kull anamayabiliyor
hani ABu ne?06 falan diye bakeép bir s¢re s
ayarl amak gerekebiliyor, hani ger ekl i b e
Il eti ki mi kaybjertandiimi nank olpamais émé®°® - ok r a
Zamanl|l amada sgé&raltdéde yaaxadorReyopl anl amaya - ¢
Kpekl anl amayé artteréeyor yani... Ekleyece
Elf:Hayér. ku an onu Key yapamadém, onu to

K p (%) Bir konuyu GeoGebra,Ge omet er 6 s g3kat cpir oRjada ml ar é
da online materyalleri kullanarak bi | gi sayarda °jJrenirken t

karkéel aktéjénda ne yapéyorsun?

Elif: Kkt e bu benim sorum. [g¢l me sesi|]

Kpelker st esi n Ge o meada Géo&ebra kaeda ontine matedyal y

kull anéyorsun ve bir sorun -ékté karkéna.
Elif:Ya onu -ok hani, -ok fazl-aalmdka@&ay omimbobl
kull anmaktan vazge-iyorum ya da -°9zebil ec
harcat madadegsgel meye -al ékéyorum. School
ol ay var de. Ben GeoGebr a kull anacakt ém,
GeoGebra tahtada varde. Altélara girdif]j

karkésénda. O seBadiamdi jeashdh®mda gedrdi o d
oradan falan hani -evreden yardém al éyor
sonr aki partas@ag&argyardmaha ekei f bir «kek
KpeAinl|l adéem. sPakin,l ar & - °bzimre kk esye nntcie? kol ay

Elif:Yani zaman al éyor

KpeZkxkaman al éyor é

Elif:Bi r de °jJrencileri o an kaybedebiliyor
Kpeani kol ay dejil mi?
Elif:Yani o yeterlilijine bajl e.

K p eFeki, sen yeterli misin sence?

Elf: Késmené Fazla ego tavan ol du ama [g¢lr
[ g¢l me sesi|]

Kpek6) Gerektijinde 9$aaiidning classmratads, n ot al

yokl ama al mak vya da seénayv notl aréneée a- é€

faydal anéel abilir?
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Elif: Na s e | faydal anél abi Fkniort?e Sneakrlti bnodaer dbdel yaar zd aa

sayfa -éeékabiliyor. Onlar zaten ¢(zerine yazo
yapabiliyorsun. Ejer onlaré belge eée fl ash
°Jrencrnéletr e maiil yoluyla da iletebilirsin.
al énarak dajeéetelan keyler kullaneéelabilir. [
KpeXxnl adém yani onl ar orada yazélé oluyor,

tercih ediyorsun.

Elif: Aynen, daj at dliabiolfjiur maa |l d adr esi kul | andEé
direkt ekstra bir -abaya gerek kal madan g®°n
Kpekedagoji k Ké&<gma Dge st ipk,anénézé hazeéerl ark
e der s sonusuv&.o

Elif: KI k °nce m¢fredata nygkazahéeml ardanadakewn

ardéndan séneéfeéen dur umu. Hani bir g%zl em
°Jrencilerinizse -ok sékénté ol muyor. Kimin
verecejini biliyorsun. Ya da hamnmnhn -ocuja s
gerekiyor, kur maman gerekiyor bunl aré taht
bakl ayép akéka g°re séraséyla hangilerini |
kadar girmelivyi m, diye kontrol edip séneéef

bul undur up ude-rtéi jdiam bsusna g°r e ayarl ayéep haz:

KpeAknl| adém. Biraz(@dejrisndinn aga a kpenk i®j r enme d

nasél dejerlendiriyorsun, yani °jrencilerin
Elif: Ver di k1 er i tepkil ere gepki eermiyya.jBurie bi | i yor ,
anl adéeneéz me , anl amadénéz me ? Hani direkt
sormaktansa, hani AfnArkadakén ne anl att e, a
hani , inSence bu b°yle mi?06 diye sorular so
kontrol edip hepsinin kateéel éméné sajlayabil
Kp eTka ma m. Ders planéné peki o °Jrencileri g

musunyan{ 8. 1. ) ders planénée farkl é °jJrenme d¢z

d¢zenliyorsun?

Elif: Yani en aldtarranhaemn hetpsi ke kapsayacak
hazérl éyor um. Hazérl amaya -al éeéxkéyorum daha
en fAne bileyimo °Jrenme g¢-1 ¢]J ¢ -ekeninin c
Ya da hani il eri de¢egzeyde m@&lingn skaijd iamiam deaze@r
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il eride ol an, hani ne bil eyi m, kol ay ge
anl améyorum gerek yok dinlemeye falan KEe

g°re gitmektense hepsine ortak bir kKey b

KpeAnl a®@etmak bir kKey derken ortak ne, sor
Elif:Ortak bir kKey derken hani soru konu ya
KpeMat er yal | er i ona g°re d¢zenliyorsun?
Elif: Yani hepsi d¢zenl enebi |l ir.

KpekKamam (9) Der st e anl attejénhajktanbharrtas gl
ili kkilendirebilirsin?

Elif: KI k °nce onlarén genel de etrafénda ol
gerd¢gnegz meg? B°yle bir kKeyler var mé? Ne»
onl ardaki bil givyi -ékaromrya kaneyxarea loa
gidilebilir

K p eTlamam. Peki(l0))s ence ders anl atérken sénéf y©°
me ?

Elif:Hayérrrré

KpeNeden dejil ?

Elif:¥7J renciler zaten stajyer oldujum i-in |
gitsin. o faDag¢mddondalbkatt¢y de ge-e -éka

classroom management skillerimiz tam anl
eye contact kuras an kur , ne, nas el s°yl ersen s°y
sénéfta, i kKkte, olumsuz bir duruma neden o
takméyor zaten. Kl k bakta bir uyaré yape

sajl ayamayabitiydMosuwasBankdgm¢e¢nce de ber
bir yerden sonra. Senin i-in -ok mu ol uml

Kpe8&mnin g°r¢klerin(2hepmiDier eei mni at acaj

biliyorsun Cisimlerin Farkl & Y°nmgl er den
teknol ojivyi kull anarak anl atmayeé planl ey
Elif:1 ee, GeoGebradédan ve NCTMéden yararl an
KpeRekineden bu teknolojinin etkili oldujur
Elif: 1 e e, onu karkedan g°r mel eri bakka. Y a
verimesi ndense (bunu tercih ederi m). Bir di
onl arén kekfetmesi yani karkélarénda g°rm
bakeék a-eseée kazandérabiliyor. Birinin 0
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bakabiliyor. Ya da kendi I -l erinde, hani Akurasé K¢
Kkt e, sen neden °yle d¢kegngyorsun?o0 gi bi k e
KpeRamamdér (12PekCisimlerin Far k1l & Y°nl erd
konusund&k i  y eni ¢ - b oyakip édiyormusdnh ol oj i | er i

Elf:GeoGebradonén ¢- boyutlusangeéeen d°nemin [
Kpe2k0:14 -Elilmplgi bi hatéerl éyor um.

Elf:Evet, o d°nem onu ind¥ylde.m, onu biraz kur
Kpetkéehé, bakka bir °rnek verebilir misin? V

Elif:ku an Sketch Padoédednr if @dbam & dEan &ragpm yya H ,a

Ona hi - bul akmadém.

KpeiAn:l agfemboyut | ul arker iGediGedlB8)&isimierintCuak .

Far kIl é Y°nl erden Gor¢neml erii konusunda kK u
ol mayan, Geometerds Sketch Paxhstdebdin bi , farkl
misin?

Elif:ku ané Bir s¢r¢g kKey g°rdegk de hateéerl améy

vardé,olomktudal abiliyor ger-i. ' - boyutl u |
dej i | sanérém onl ar . Yani ccret i fal an, de
dej il ).

KpeAnl adem, Sketch Pad dedin sanérém az °nc

Elif:Sketch Pad demi krtmimkt iam, °enwetk,i aoanda waekt u
KpelkamamdE4) Ortaokul Mat emati k Programéodnd:

Y°nl erden G°re¢gnegmlerii konusunu el e al al ém.
Elif:Yedi nci sénéfta ge-iyor konu ©°ncelikle. I
y°nl erden goeré¢negmlerini -izecekl er) . K1l k
goeré¢negmlerini -izecekl er . Ardéndan i ki nci
verilenleriewdauaakluamaymkj erali kte ol uktururl a
Keydi . Kkte hani onda da tekrar ~-izime ge-
yani silik olabilir, silik bir kxekil de.

Kpekamamdeéer (1 39)mmCi si ml erin Farkl é& Y°nl erde

- i rkem sen kendin nelere dikkat edersini r ci sim veril di ve o0on
gerekiyor, takip edecejin adéemlardan bahsed
Elif: Onu -i zerken nereden bakteéjéma bakéeyorum
sajdan mée, soldan me, cstten mi? Tepe ¢st a
Koek: Evet.
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Elif:1 e &, hani |, é mm, sonu-ta birinin °nde o
tepeden ya da aldtat a°nn dbeank el adkéeg |édhé&djaé nydaa or
Sajdan soldan bakéldejenda ayné «kKekl. i vV e
°n, arka kKkeklinde bakarak =-izebiliyorum.
[g¢]l me sesi|

Kpeleki, (15. 1) Far k1l é Y°nl erden Go°r ¢n¢mle

ol uktururken takip edecejin adémlar nel el

Elif:¢i zim verildijinde de ©°ncelikle kKekl e
diyeyim g°r¢negmegneg (el e al éyorum) . Hepsir
Bunu °nce bir kaf amda Kkur maya -al exkeéeyo
ol ukturmaya -gl dbrnagdraumnacimripeden bakt e’
olabiliyor. Yani °nden baktéjemda alte b
gerekebiliyor. O y¢é¢zden hepsini ol ukturu
Kurada olabilir mi, po°gteéemdan| wekiol loen ue
bakéyor um. kur adan goréneégmengén, bur adan
uymadé] éna bakeéep dejikiklik yapabiliyorul
Kpekamam, ekl eyecejin bir «keyé

Elif:Hayér

Kpeoksa ge-iyorum. (B@Cisimlekn Farlkd re sYa ynfl aemédzean.
Gor¢negmler i konusunda °Jrencilerin dij el
°Jrencilerin karkeéelaktéklarée bu kavram y;
kull anérsén?

Elif:Kavram yanél gél aréné tam ol ar aitse bi | mi y«
Key diyebilirim. | e é, cismin diyelim iKki
arkada kKeklinde d¢gk¢gn. Bunu ayné yerde ye
d°rt tane émm ol abiliyor.

KpeAXxnl adém.
Elif: Ta mam, sen anl admd@mukdnuu.abKdtegoblmlrarya
-ékaramayabiliyorlar farkleée yerlere koyal

KpeBkakka bir yere koymasé sence kavram ya

Elif: Kavram yanél gése dejil onu °yl e al geéel é
direkt dejenuen8onemem o kKekilden kaynak
Oradaki ge°r¢nt¢den (kaynakl & da ol abilir
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Kpeki:zi mden ya da g°r¢nt¢gden kaynakl e ol ab

konuyu anl ater ken, bu kavram yaneél géséné
anlamy abi |l ir dedijin bir kKkey var me?

Elif: Yo, géenl ¢k yakaml aréenda zaten kar kel aké
resim erle karké karkeyalar. Sadece bunl are
dojrusu yerini belirlemede sékéntée yakayabi
da mé arka?da yazeaefiBir satér ©°ne mi -ekey
diye (soru) olukabilir.

Kp ekkk:i boyutluya -evirirken séekéenteé yakayab
Elf:Hé heée, sékénté yakayabilirler.

KpeAn:l afddgm) Farkl e °Jrenme d¢zenyiFrade&kldié °Jr et

Y°nl erden G°or¢é¢negmleri KonusunuwBamri at ér ken n
Kngilizcedsi arranging el ements of content
contentodoin i-indeki par-alaré farkle ©°jJren

nel er yaparseén?

Elif:Nel er yaparém? En basitten baklayarak gi
(karkélakéyorlar). nG¢gnl ¢k yakamda nerede g
bir cevap al maye bekliyorum. Buna g°re de
kar makéjoamp!| e&si bkr yapéya dojru gidilebili:/
boyutluya d¢kerérken bunu. Daha sonrasénda
basitten bakl anar ak en kompl ekse dojru gi
°nerebilirim hani birbirleriyleé

K p ePeer work?

Elif: Aynen. Birbirlerinin KUunu da koyal ém b
ger¢yorum falan hani kendil eri i -l erinde t
yakét akran °jJreticilifiji de daha et kil k on

KpeTamand &(r1.8) A Ci si ml erin Farkl & Y°nlerden G°

hazérl ek olarak Dbilinmesi gereken bilgiler
sahip oldujunu naseél anl arseén

Elif: Kk i boyutlu kxkekiller bence °nemli. Sonu-
al yalba I i r , di kd°rtgen diye inat da edebil.
°©zel bir formu oldujunu kabul et mekte ci ddi
AHayeéer, ben onu dikd°rtgen -izecejim.o0o ya
tarzéndabhbilri rkey ée&l, -izim yapabiliyorlar m
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Daha da «keyi, hani , onu yanseétabilirler

yézeéeneg -1 zdi ama ABen bunun arkasénda da
da gidebilirtl ai oilmamageé beyekti]ini bil
boyutluya d¢gkegr ¢gr ken.

KpeAknl| adém. | é é, bir sonPekiijreocuyargea-é&
bilgilere sahip olup ol madéjéné naseéel anl
Elif:KI Kk °nce ufak bir -i1izim yapteérarak da ¢
veririm mesel a. Bunu -izin yandan, saj da
Ya da onun ¢steéne, daha sonrasénda bir t
Hani s @y$a@® ma olukdu? Soluna koysam ne olur@uhu bunu prior

knowledge olarak bilmesi gerekmiyor.

Kpek: Dersi anlatérken bunu yapéyorsun. .
Elif: Aynen.

Kpekak!| angé- ne olur, hani, prior knowled
Elif: Ya naseél ? Goyvyad ¢hamet biaer dik I koku
resimlerde binalaré nasel -iziyordunuz?:¢

[ g¢l me sesi] ajl atéyorum.
Kp e ®n dokuza geldik.( 1 9) Cisimlerin Far k1l é YOonl e
konusunu °jJretirken hangi -oklu temsill el

Elf:Bu bek tane metot dersinde °Jrendi] i mi

diyorum.

KpeModel | eme yani k¢plererkukbadhacakaé&s gn
Elif: Ge - mel i ke¢epl eri k ul | aknual cl aajnéant al @ Ty 6 ddeenmr
zaten. Kkte g°rsel ol ar ak, bel ki kendi |l el
Kpekkl:l erinde olukturabilirleré

Elif: Yeterli mi?

KpeRRamam, y(i2rOmi é Mjerramci Ci si ml erin Far k|l
Gore¢e¢negml eri Konusunu °JT renmesi i -1in k ul
se-ersin? Hangi késtaslarée g°z °n¢nde bul
Elif: ¥nceli kl e bunlarén seviyelerine uygun

Sonu-ta orayvya kewmplveks pb(devam edemem).
konuyu ©°jreniyor ve hani, il k defa deme
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gere¢yor . Hani |l °nk diye kal masén °yle tahta

(gerekl i) . Daha sonr(ad amd &y s a Bii lraqizl areinrkil i- @&
Kpelkamam ejl enceli yani -ocukl arén il gisini
Elf:Evet aynen ve basamak basamak, basitten
kar makeék(tdanj rbomwsoltaebilir).

Kpekenim anl adeéej ém, 0 azsaémma nv asre:n i °nj r¢e-n cti ann en
-ekecek, basitten karmakeja gidecek ve ééeéee

Elif : Seviyelerine uygun...

Kpekl:k s°yledijin, onl ar én (Blgosimerensi ne uyguil
farkl é& y°nlerden g°r¢negmleri konusunda ©°Jr
gidermek i -in hangi teknolojiyi Kull anér sén
Elif:} - boyutlu teknolojilerden yararl anér ém )
(et kil hale getiririm) hani. Ell erinde han

ama) sonu-ta teknwrlogndaes oydtarlaalbalziél idru,r t
-evirdi k ama ¢ - boyutl u aktif ol duju bir t
olabilir).

K p eBvet. (devam et)

Elf:Ama yine de dahaolhalvialdiar u-Binl diirn&ewyerip

sajl aabi |l ir.

Kek: Dokunarak kendil eri °Jreniyorl ar. | e e,

konuyu, (2 2) Cisimlerin Farkl é& Y°nlerden G°r¢n.
°Jrenme d¢zeyindeki °Jrencilere anl atérken
gi bi dej i KiBkteknddd er kol uaPéyor sun éée -eviriy

mani pul ative veriyorum, dedin. Farkle °jJren

~

Elif:Mesel a daha d¢kek °Jrenme d¢gzeyindeki °]
yecksek d¢egzeydeki ©°jJrenci yyea pGemaGe.b r@n kru lil -ainré

hani ona GeoGebra vereyim ona manipulative vereyim, diye demem de, hani

hepsine her Keyi verip en azéndan i -inde
dejiktirebilirim. Ya birine hani i ki tane Kk
i stste ol ur . Bir tane de sajeénda, solunda, a

Kp elké&é, ekl eyecejin bir (Kz23%) §iokisml driijrerk are

Y°nl erden Ger¢negmleri o konusuna hazérl ek

138



bil gilerden barhcsee.t m¥ K r iek c ialzer i n bu bil g

ol madéejéné teknol oj i yardémeéeyl a nasél anl
Elif: Onl ar én ol ukturup anl atmaséné i stesem
soruyu.

Kpe¥Xani , elinde bir teknol oj i var . ¥Jrer
bil miyor mu, bunu °Il - memiz gerekiyor.

Elif: Teknol oj i vyi bilip bilmediijini mi ?
KpeXk:konunun prior knowledgedéenée bilip bi

Elf:¥ncesinde prior knowledgeb6éna ait éeé wu
K p eNe gibi?
Elif: Ne gi bi ? KKki boyutlu cisimler falan g

Kekil de.
Kpelkzzun ol mayacak «kekilde i ki boyutlu cis
Elf:key, hani d°ndg¢r¢yoruz ya, il k etapta

g°r¢yorsunuz HojadaBi Arkagyégadi yor ol abi |
(sorular sorabilirim).

KpeAXnl adém i ki boyutlusunu g°sterip sonra
bunu teknol oj@4¥ljea eynap ey ar ssuarmh.i p ol duj u bi

bir bil gi eckelkeime i Ivgei | &mni pekiktir mek [
kull anérsén?

Elif: é

KpeYani , o teknolojiyi nasél kull anérsén,
Elif: Kkt e °nden g°stermikti m. Bu sefer hafi

giden késmé ol dujewniur ¢gi°jrigmde Bar Kayafa@i de
késmé ol dujunu g°r¢r . Ya da tepeden bakt
ayné ol dujunu hani dejikme (ol madéjéné g°©°
verip vermedijJini -°9zeminydarandorwy-ltea.y aprel:
Kpekamamdér . Ve son 269r wCmuwszianl ge li chi kF.ar k| ¢
GoPre¢negml eri konusunu anl ateéer ken kul | an:

°Jrenmeye ve yapeélandérmaceée yakl akémla ©°]

Elif: tocukl arén ¢ - boyutlu g°r¢kegneg sajl éy
sonu-ta, bizim o tahtaya -izdijJimiz yamu
-izimlerle (g°r¢yor). Ya da hani renkl i

i -1 ne Kkgatréekblialriéynoér s un. I mm, bir de daha f
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czerinden. Bazen ne bileyim bir oyunla exl e

da b°yle oluyordu. Aa orasé da °yleymik. o f
daha kenarnéwylaxaemkléedktirip de bil gi ol ukturn
gel mesi sajlanabiliyor

Kpelkaemamdér, ekl eyecejin bir kKey var meée?
Elif:Hayeéer , tekekke¢gr ederi m.

Kp elké, sorul arén sonuna gel di k. Ben de t ek
transcribpeetmm gerekiyor. Tek tek, hani kel i me ke
Elif:Bi I i yorum. [ g¢l me sesi]

KpeXe-irdi kten sonra ejer takéldéjéem bir ke

Elif:G° nder bana onu.

KpeXar demceé ol ursun. Tekekk¢gr ederim

Elif: Benim de kafamda toparly amadéj ém yerl er var -¢nkg ot
yapamadem (anl atacajém der si pl anl ayamadeéem
g°zden ge-iririm d°nerim sana.

Kpelkamamder .
Elif:¢ok saj ol , g°r¢kerégz, kendine iyl bak.
Kpelkekrar tekekke¢r eder i m.
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APPENDIX J. TRANSCRIPT OF THE PILOT POST -INTERVIEW

Postinterview with Elif

KpeBersin planladéjén gibi ge-ti mi?

Eliff Der si m plga mliadéj-&m . En son g¢n, Cuma
aktiviteyi yeti ktiremedi m. O da birinci
-izimlere de yer wverdijimiz i-in °Jrenci

kayéettan kaynakliéezesnedu kd @mi mdbdm,y e hani ,

-al ekt em. O y¢é¢zden biraz zamanl amada s ék
kal mékté i kinci saatte. O da baya bir kart
uzadeée. Axagné iykuik ad @&k ioknan éfra&lma no r haayrac. a nDdaéh as e
ol abilir. Dijer Kekil de, I ki nci aktivi
tamaml adejéemézda ders bitmickt.i zaten. Or
Pl anl adéjéem gibi ge-ti, °Jrensél bkuikadat ¢

net beklemiyordum.

K p eTlamam.
Elift D¢ zgéen -izenler de vardée, -izemeyenl er
da ol du. Ama kKekill eri ol ukturma konusun

KpeAXxnl adém.
Elif: Bi r tane, birer tane&sgi itkdrmic-ié deBwi dtha e

yaptéjéemeéez soruydu.)

Kpeker s planénda dejikiklik yapmak zorund
Elif: Der s planénda dejikikli k yapmak zorund
d¢kéenegyor dum., Ama o da dersin akéekéna g
olduju i-in -0k da sékénté olmaz diye g

(Kl eride) Ejer uygulayacajém sénéfa g°re

bel ki dejiktirebilirim.

KpeAXnl adém. KIk dersinle Dbirmolaraknserak i der s
bir dejikiklik oldu mu?

Elif: Yani il k etapta ben de sénefa karkeée a
akamaseée (seéeneéf y°neti mi), derse il gili
zamaneée iyi kul |l anma, °Themesdureda nzdarelp&knd

hi ssetti m. Her ne kadar (uygulama) °©°ncesi

da total de. Ama sonrasénda i kinci saatte
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bir de dezavantajeée varde, vyvemekteéeén sgmeayd

et kinliji yapmakt an. K¢plerle oynamaya ge-t
daha ©°nlem ol arak gitsem de °jJrencilerin b
il gilerine dair. Kkinci g¢nde ise daha akt.i

Kpetkée heéé
Elift: Daha kontroll ¢ydyg. ¥Jrencilere il k etapt
oyuna kaymamal aréné biraz daha kol ayl aktérd

gi bi) bir dajéelem s°z konusuydu ama onu

dée¢kéenegyor maml anldé, tAama il k saatl e son saat
baya fark vardée kendi mde diyebilirim.

K p eNe gibi bir fark?

Eliff Bu s°yl edi klerim vardée. Kkt e, al ekxkmekt ém
bire bir -aléxkmaya (gielet kkim)kuymayabga- i
bir s°ylemden °teye ge-ip. ¥yl eé
Kpellamam.[l]¥]J ret i m y°nteminin etkilie ol maséne
Akar ar verirken °Jrencilerin durumuna b ak
dajetabiliyor, sekékesbhplavdabitloipy@ammaOyuna |

bir yandan da oyun havaséndayken °jJrenecekl
demi ktin.

El i f: Kyi s°%yl emi«ki m.

Kpekynen bunu Ge-ymMeedmi kkgm.yani somut mat er )
tercih ettinn ¥ n c e tepkie@nnzieyelkrmmi?

Elif: Kzl eyelim. Az -ok hateéerl éeyorum ama yani
farkl & oluyor. [Video izleniyor]

Kpel[kEl i f k¢ plkgp!l eraij et eekyloiry. dr 1l ar ku an.

Elif:Evet, b¢yeék bir heykeecyan Il ao gboe kylae ddial eory uorclaa
KIl' k etapta sayeéeyla verdi m, sonra yetmedi i
ol du. O kontrolg¢ sajl ayamadém, orada baya b

K p eHerkese 8 tane mi verdin?

Elif: KI Kk etapta sekinraaapdaefl@dmn pPabri sde (
kull anmal are gereken bir yapé vardé ol ukt
-izerken. O y¢zden (daha fazla k¢gp) al mal ar

kal keyor.] Ben daj étsaydam dcdalyae yil yai velra lpi. |l i
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Kpeki:r yandan (al mayan °jJrencilere) k¢pl e
°Jrencileri) bok bérakméyor sun. [ Vi deoda
Elif: ¢¢nk¢g (bérakérsam) birbirleriylpe konuki

var. Renkleri dejikelim mi?06 falan fil an
da sessizlifjgi sajl ayéep, °n¢négzdekine odal
Kpekki:mdi bu bakl angé- késméydé ve [Sonrak
il k kKekl i o Il uakrt ukr¢npal year | bea. k | Haedpés i ujrakeyor
Elif: KI gi | er i Keklin (daha ©°nce dajétteje

hemen odakl andé, bir de ell erinde materys:
gibi geldi.

Kpetkaha ©°nce kull anmaméxklar sanérém ge- me

Eliff Bujra Hoca [sénéefén matemati k ©°jJret men

°nce hi- kullanéel maméx. Sadece k¢t egphane
Hani, o kekli g°rd¢klerinde #Astyampenexd canc ¢
ben onl|l akkcey acm& s @alr én é bil emedil er). onl e

sanéyorl ardé ama ayérmal aré gerektijini,
zorunda kal déem.

KpeXkj:renci yapt é, g°sterdi, sonra ar kadakck
devam ediyor.

Elif:O0O sérada sanérém (k¢p sayésénda) eksik
Ben onu g°rmemi kim o sérada, -ocuk (hazéi
Kpekkg:pl erl e asl énda -ok fazla key yapteél a

ilgili eklemeki st edi jin bir Key var meSencd8unl ar é

amacéna ulakabildin mi?
Eliff Ul akt eém hatta amacémé akteée da. [g¢l me
Kpelkl:akt ej éné naseél anl aden? (Neden?)

Elif: Ul akt éjemé anladéjémda KkKeydi ,eslasl énda

p—

1

Onl are (i kinci ve sonr aki sorul agpdak.i y a

ol ukturmaya baxkl éyorl ar onu (yapeéel ar é
S

D
D

-%zZmeye -al ékérken, yani il k soruyu n
i stemelerinin nedeni de buydu asl énda bir
O -ocuk hi-Dbir kekilde derse katél made.

Kpeke: devam etti . Yani asl énda aktiviteyi

Eliftf: A ynen, tamaml adeée.
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KpeAkma senin hézénda yapmadeée.

Elf: Ben sédefér ¢yelerini de bekl emek zorunde
derse -ekemedim, neden bil miyorum. Ama act.
KpeXke- mel i kepl eri kull anmanén et ki si naséel
Elif: Et ki si , ge°rsel ol arak @mpltear isnadeay dve <Selo:
d°nd¢rd¢gkten sonra bulundujum noktayé kayl
bil mi yorum sl ayder 6l arda séférl amadeée bir tg¢
bir keyler yapéyordu. Onl ara odaklandéem ar:
biryer den sonra GeoGebraodoyé kapatteéem, hani k u
Ell erinde olukundan dol ayeé, hani , °nl erindeé
daha kol ayde. l'stten bakabiliyorl arde. Har
referans ahdékkearéendamtderini yapabildiler.
ol masé ve her Dbirinin g°rmesi, mesel a bizir
biraz daha -apraz ol arak bakté ona. Bu y¢zec
g°rebildi. GeeGekhrboda dWwaptekiger-i de, di]
benim kull anma hatamdan dol ay et ki sini kayt
et ti bir kekil de.

Kpe[RlDer si anl aterken Office Tool 6l aréndan \
Of fice Ara-larénée kull anér ém. Kul |l anék a- ¢

demi ®ince Wordou tahmin ett][Séncemedgni bi et ki l
b°yl e] ol du?

Elif: Etkilik ul | anmak der ken sadece zaten sorul aré
Ve -izimin bir keésméne, kar el i k©j etteée sancée
orada kullaneéeldéejé i-in hem -izimleri daha
ol du -oculeldaméen.yi @ da . | € é, et ki | i mi ydi bi
g°r¢é¢p hem sorunun altéenda bir i zometri k KkOj

é
bulundujunu g°r¢p [ Sorularén ol duju Word do
glre
d¢zel tti hemen. Yani , Kekil vermi Ktim saneée

de yapan Afjrentkl &mcel duzdH&Aer ama ha

i mk©nl aré ol du. Bu y¢zden i yiydi

K p e[B]:Teknolojileri uygularken zorluklarlak ar Kk € | a Rtn&jeé nkdean,d i fim

-%zmeyeruml|l é kk@duyramadan me , bur adan me ? Y a d
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arakteéermal ar yapél méksa, videol ar- varsa,
board kullanérken -izimle ilgil:@i bir SO
hatéerl éyor musun?

Eliff: Bunu - “"zZerylagpn ém, hatérl améyorum da.
Kpekkzl eyel i m.

Eliff: Kzl esek i vyi ol ur . [ Video izl eniyor. ] E
olaye falan -ékeéyor. ¢ift tékléyorum. Sal
-ift tekleyoruma KHeépheepldaeyamieini mr abddké
eveté ¢ift (téeklamayé) algél éeyor ama z am:
Kpe®: zaman akéllé tahtanén yavak al gél a
ol ukturmuk ol du. [ Neden b°yle yaptén sen:
Elf: GeoGebradda da asl énda sl ayder o6l arl a
desteje geldi. Hocam kKkurayé (mé kull ansak
Keklindeé Orada da onlarla birlikte bira
Aktiviteensin, yteama&kmm anmasé | azémé Sonunda
gé¢n zaten toparlayamadém son saati. Kkin
karkéel aktém. Daha sonra haydi elinizdekil

ettim, vakit kaybé ol masén diye.

Kpekepl er sence bir teknol oji mi ydi ? Yani
mi?

Elif: Bi r yerde bérakteéem. Kepl er mani pul at i
sayéyorsak, kullandéem, bil emeyecejim.
Kpeken teknoloji ol arak siam éiy-oirn.musun onu
Eliff Teknol oji olarak g°rm¢gyorum ben onl ar é
Kpelkamam, peki, k¢gplerin dékénda bir de s
Bunu teknoloji olarak sayarsak etkili kul
Elif: Ef fective bir Kekil de dej il lerindke Ama h
g°rmel erini, -izimin hemen algélayabil iy

diyebilirim bu anlamda.
KpeAXxnl adém.
KpeKl:Konuyu anl atérken fAGeoGebra ve NCTN

demi Kti n. Kkisinden de yararlanabil din mi
Elif. Sadece Gaée br adéyé kul |l andeéem. NCTMéjar | i nki
onda sékentée yakarsam onu kull anér ém, de
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yine sékénté yakadeém, NCTMOdekinde sékeéente

yerl ektirmel eri t &M ydlearba k odlumaudd .a Kéanr &fétl aa
kull anmamayé tercih etti m.
Kpekkg:pl erin nesi ol made tam ol arak?

Eliftf Nasél diyeyim? Tam anl améyl-B60dkreaeam¢ yor du.
kadar d°n¢gyor ama 180 derece dP°nm¢gyordu. Ya

sékénté varde.

Kpelkam d°nmemesi senin i-in ne gibi bir seék
Elif: ¥ rencininl a@ almarané aégneddan g°rememesi ydi. F
AHocam arkaséné da -izecek miyiz?d gibisino
i ki boyutlu ol arak g°rmelerini engelliyordu
KpeXk:y¢zden kull anmamayé tercih ettin.

Elif: Aynen. [ Nedéph ©Ohuyl a-ékd améktém zaten.
KpekGeoGebrpyé i stedijin gibi etkin kullanabil

bahsetmi ktin. Eklemek istedijin bir kKey var
et ki | kull anden me?

Elif: Et ki | i éeée Klk edaerddii-iAtkktioktetkrdendbir
GeoGebra kullanméektém sanérém il k g¢n. Bir

yerl ektirmede o slayderoél ardan kaynakl|l anan

oturtamamam, d°n¢nce yer imde nk adydolea ymee ms € koé n |
var deée. KkKi nci (géenke¢g) derste ise kendim ha
Hangil erini kull anacajémé yazmécktém. Byl e
yaptém d°nd¢grmeyi falan filan. Ondan sonr as
Kp e Kani ben daha fazl a hazeéerl ek yapt €] emda,
hazéerl adéjeéemda, daha et kil kull anabil di m,
Elif: KI k g¢n de hazérdé ama keyler dejildi, ha
oynatacajém hazér dejildi .slhhydierd@nwymnyn astas
ayne Keyl veriyor du bana. O y¢é¢zden -0k é

-evirdijimde o orijin noktaseéné kaybettijin
Kpekke:yl e bir bakal é&m, GeoGebradéye nasél kull
ke&klbakep GeoGebradda nereye hangi k¢pe koy

Elif: He heeé Asl énda bur ada °Jrencilerinder
yararl anabilirdi m. Ayné zamanda onl arén da
hangilerinin kull ainjéil déij -€inre iglirsnel arasnéndast
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Of ficebte olukturul muk yapeée) git gel yapt
tutuyordu g°sterirken.

KpeAknl adeéem.

Elf: Saj da koyacajéma solda koymuk ol acakt é

ol may aycaankit,& ,0 y¢ zden.

KpekVideo izleniyor.|] ¥nce kendin dened
GeoGebra ve Smart Dboarddéu birlikte kull a
bu derste elini kull anéyor sun.

Elif: Bu i kinci saatim mi ? Hoveat fiakrienycii askaas
(°Jretmenler odasénda) bérakméxk. Al maya |
Kpekenin i-in bir fark olukturdu mu?

Eliff Hayér, vyani, dokunmadan kaynakl anan so

falané Onlaré da zaten kapatarak devam el

K p e[k]:Bir konuyu GeoGebra kullanaraka k el | € tahtada °jJreni
sorunlarla karkél akt eé] eémda A- ok fazl a m
ge-i Kt-ialmekyéeyor um. Ya kull anmaktan vazge-
dur ums a, hani , vaktitesokmdetazlige!l mayeat md
demi ktin. Senéfta b°yle bir duruml a kar
izl eyelim. [Video izleniyor.] kekl:/ - i zm

Elif: Bartu m¢dahale eder (ediyor).

Kpekkviet , °Jrenci yayvdepmal édi, ybPysaengapr? ¢in

Elift: Der ste de hocam kKunu yapayém, K°yle -e
KpeTkeknol oj i il e yetikmik °Jrencileré

Eliff Bu -ocuk yurt dékéndan gel mi k. Avustur
bir sene, (uzun bir) s¢reé Bir ya da i ki

(Kzl erken °jJrencinin yanl ékx yapteéjéneé a-
szl ¢gy¢é¢m.

Kek:( Kstedijin yapéyé) Olukturan biri var ,

Elif: Or ada (GeoGebradda) olukturamayénca, bz
K i yapan (ol ukturan) biri varsa onu el:i
organl aréeméz| adebrmdants;dkegamjrencilerin
bakl amékté bir yandan da. Kki - ki ki or

arka tarafta arkaséné d°n¢gp birbiriyl e Kk
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robotum ol du diye komwkanmléarbivarkdeék.i | Blre g aa
d°nd¢rmem gerekiyordu.

KpeAknl adeéem.

Elif: Or aya ge-ince birka- tanesi (derse) geri
ignore ettim bir s¢gre sonra. Senin elde ede
K p eTeknolojiileilgil, GeoG&dr adyé kul |l anmaya -al éktén. Ye
-ekince, bu kimdilik b°yle kal sén, el i mi zdeé
neden b°yle yapmék olabilirsin? Amacén tam

Elift Neden? ¢¢,nky¢ zaman é nergadavakt kaybétmesin,b i r . ¥7r ¢

yani onu orada olukturacakl ardé bel ki, evet
20 daki ka sonra olacakteée, bel ki 2 dakika so
il gi daj él eéyor du. Hem °©°7J rud maiikl e&re kil -i i rg°a anell
ve buna g°re -izmeleriydi. Oluxkturma benim
Il -in onu o kKekilde ge-tim.

Kpekkg:pl e devam edeyim, dedin.

Elff Evet . Ol ukturul muku varde elimizde, her i
Amaboyut ol arak ell erinde daha k¢-¢k bir ke
g°rd¢kl erinde daha bg¢ye¢k, birimlerd:i K°yl e,
g°rme i htimali varde. Ben hafif -evirdi]i md
g°recekti. °Arkandak i-in sekéenteée olabilirdi
kendileri) olukturduklareé i-in orada yapabi
Kpekésmen yeterliyim, hatta kendi mi yeter |

izl edi kten sonra Ku an ne d¢gKegnegyorsun?

Elif: ku an ne no?;, kBgngmneorr,u hi - d¢gkegnmedi m.

Kpeke:n artéek yeterliyim mi di yorsun? HOI © Kk
Eliff: HOl © késmen diyor um, -¢nk¢e her ge-en gt
hi-Dbir zaman tam ol mayacak. O y¢zden benir
kal acak.zd&dmamib°yl e Professional demeyece] i
demeyecejim, -¢nkeg her attéejénéz adéemén bir
KpeRi r sonr aki soruyal Ke-nalyium.g ¢All tg&kn cheaysad
il i kkilendirebil mek i-isorn $daxkmak yalpdwjayr
syl emiGR tridrg J ¢ niig z bi nayé nasél -1 zerdi k [
resimlerde binalarée naseéel .-0i zdieynoirkdtuinnu.z ?¥ordcae
hatéerl amak i-in dersteki yaptéklarene izl ey
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Elif: KI k anda ben ®$amuasdmudd uiml Kk sorudan sor
Ama bekledijim cevaplaré verdi -ocukl ar
Kpekénl ¢k hayatta ¢- boyutlularée nerede g

cevaplar geliyor.

Elif: O cevaplar gelince ben ade ak ya&l di& ma ma
a- ekAklse@amdan ge-iyordu, bu tarz bir soru
Kekilde biz ¢- boyutluyuz, diye bir cevaj

Kpekgk ¢nd¢gj ¢nden daha farkl é& sorular sord

Elif: By ada da asl énda i1istedijim cevapl areée &
Kekil de gelikini bekl emi yordum a-ék-asé.
kroki mi dedi biri?

Kpekkr-oki , dedi, evet. Derse girerken sord
Elif: A} - boyutl u «kxeki/l deyince akléenéza ne

ol anéd ¢ocuklar s¢per yaeé

K p eCevaplar seni tatmin etti mi?

Elftf Evet, kafa sall éyor cevap vermek i-1in.
Kpetker kesi sénéfa katmaya -al @ékéyorsun.
Elif: iCevap vermeye&eghegywossuenwmz klu sorum ha
vermeyenler diye etiketlemikim direkt.
Kpeker sl erinin giriklerinde b°yl ] sorul atl
Der st e anl attejeén Konuyu genl ¢k hayatl

c¢emlelerinle anl atér méseéen?

Eliff Nas é | ili kkilendirdim? ¢evrelerindeki
bekl edim konuya. Ama a-ék-asé bidum ¢- boy
(teredd¢gt etti m). Hani , bunu d¢keéenebi |irl
°tesinde cevaplar gelince kKkakérdem. Konu
Hani , mi mar ~de kull anéyoruz, krokil erde
génl kKlanyal aréndan °rnekl erdi . Yani geéenl

binayé g°rd¢klerinde etraflarénda bir K ¢

bakteéelar mé bil miyorum,. Bir de hani, gor
konu, (etkil)olduonlar - i n b°yl ece.

KpeAkn!| adlem®rneji vermedim bir de dedi n. (
de?

Elift: Bi na °rneji é
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Kpeiki:nal ardan bakka bir «kxeydi sanki

Elift: Hat er | améyor um.

KpeReki géenl ¢k hayattan ©°rnekl er sordun v
Mimar “~de kull anél ér, krokide kull anél ér, pl e

[Sence etkili oldu mu? Nedenkikili oldu demenin sebebi nedir?

Elif: Kk i binayeé yan yana g°rd¢klerinde biri

gord¢klerinde aynéggewiekd ceegy miTke peidlien s ade«
ol arak g°recekler. Tepe g°re¢negmlerinin al an
i ki bina ol arak y¢ksekl i kl eri de bel ki ayneé

fazla yardémcée ol acakté onl ar a.

KpeHK7] iCisiml er i n far kl é y°nl erden go°r¢é¢negmle

zor |l anéydbaminkt i n. Séneftaki sorul aréen taman
-%zmegkl er . Sen bir ©°rnek g°sterdikten sonr
cemlenin bir etkisi var meé?

Eliff Bundd eddd9y im c¢mlenin et ki si y ok . Zaten °

cevaplareée falan -ékarméekteéem. O an elimde ol
Il -in onu sékéntée yakamadém -izerken. Ama °]
el de edemedi kléemrdiami oard laamank -a-zémsesi gerekiy
kel mam gerekiyordu. O ye¢zden onl arée daha
zorl anékemén da etkisi ol madeé.

Kpeknl|l adém. Biraz da °rnekl eri izl eyelim o

Hemen yar dém iissttarnyioyoro.naBiyrardém edi yor sun,
Elif: ¢i zebil enler -izdi. Senéfta bexkxten fazl a
séralarda ya da arkalé ©°nl ¢. Bir s¢re sonr e
kurayé yapabdbhdne Imileykmekelkhi ol uktururke
da birbirlerinden m¢dahale ettiler, Ao or acf
gi bi . Burada benim yardém etmemin nedeni -

i zometri Kk kayéttaolbarraks éikkeint @i rviasm d& 1, matlaam é

noktal aré -1zerken ama tek birim ¢zerinder
Ol abildijince onl ar a yardém et meye -al ekt
ge-iyorl arde. ¢t¢enke en azéndainkihakdgp t @asntaml s
., ste nasél duruyor bunu g°rs¢nl er el l erinc
ol sa bunu g°rs¢nler, diye ben -izmeye -al éxk
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Kpekeki , Key seni nasel hi ssettirdi ? Bit
Ahayeéer o dedi ,bibtitri kbeislneeo fideokit,anbu dur umda
Eliff Bu durumda °©°jJrencinin éé ya ¢- boyut
sékéntéelé, bazen ben de hani arkadaki é ¥
gerekiyor onda ben dleusgkZaher lyaméyarkdgn
benden dolayé da -ok fazla key yapmadém
diyerek cevaplayabilirim bunu.

Kpelkamam. Burada da yine bir °Jrenci var,
ediyorsun, éé tagmpoltmaamaén amyimpeyserdedi n,
bir °jJrenci yHiahsaanvearré no.r ada ¥

Elif: ¥ykén¢gn arkasénda Kpek dejil, neydi k € z
KpeXani asl enda zorl anéyorum demene r aj me
onl ara yardem etameayan -ealedktil&ddi n mi sence?
Elif: Bir s¢re sonra Key noktalaré baz al mad
ge°rse¢nl oer -izerek naseél ol ukuyor buna
demi ki mdir hatta yanl ék hateérl améyor sam,
KpeBaz al mayeéen.

Elif: Baz al mayeéen.

Kpekénéfa s°yledin bunu.

Elif: Ha n i sadece k¢pe olukturabilin, yan ya
¢St ¢ste nasel gidebiliyor bunu g°r¢n. H
czerinde (-izmelerihanmabdarz2omedei k|l kO] &
KpeAknl adem, bir videomuz daha vardé, ona
Eliff Bur ada sanérém °jJrenciler -izemedi k), d
ol duju i-in bir k¢gpe -1 zdirttim °nce. So
bakkasénén yaneéna ekl emesi ni i stedi m.

gel memesini ihyamrnduHK,k ariché ndan, yanénda b
ondan devam et mesi gerekiyor -izim akamas:

diye oraya (yanéna) da eklettirerek deval

Keyl eri yan yana @ld&mlaarh&a.ni Omu rermbgel lod me
bunu g°rs¢nler diye o kekilde yapteérdém.
KpeXan yana nasél oluyor, bir de ééé ilk
tane kekil var , °J renci °nce yan yana -
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vinéna. Daha sonrasénda onu sildi k. Ondan so
yapma amacén neydi ?

Eliff Bunu yapma amacém adém adém gitmelerivydi

ademl ar il kesine bajlé olarak adeédm adéem gi
zorl anacakl aré ©bir Kekil di sanéréem Ku an s
onunl a bakl|l amak yerine k¢- ¢k bir gi rik y
bakl adéjémda ben bunu yapmadéjéeme fark etti
-alektem bhi-rerngie. atdamada nasél -iziliyor, i
i Kte bunl ar ¢ St . steyken (nasel -1 ziliyor)
el l erinde bunu -izemeyince moralleri bozul
nas el gi di Ki ni glPirrs ¢ind eeme t rbii kk  kd@] éedt¢ zvgasrnk e n
Kekl in -éktejene g°rebilsinler, kafal ar énc
araseéendaki Il i kkinin nasél ol dujunu, I Ki s |
yansédéejéné g°rebil smnler, diye Db°yle bir vy
KpeXnl adém, bir yandan bir °jJrenciye yardém
°fJrenciye senin yaptéején naseéel gidiyor, diy
ediyor mu , diye soruyorsun. Yani ayne and

- al e Kk mé bwsdeneyiminden badseder misin bana?

Elif: [ G¢l ¢yor.] O -ok zordu. Daha ©°ncesinde bi

°fJrenciye ben soru sormuktum. Bu ders (-al é
(st aj der si ni anl at er kre.n)¥jvreemmc i®° jlrema i kyd s tdg
sonrasénda I kKte ©°Jrenciyi derse kat maya - al

onu yakamamak adéna hem ona m¢gdahale ediyor

hem dijerlerinin sessi z kal maséné i ster ki
kaymamasénén adéna fAhaydi siz de -izmeye ¢
ge-mi kK tecr ¢beler diyebilirim bir sonraki a
Kpelkaeha ©°nceki anlattéején derslerindené

Elift: Aynen heéhe

KpeBku:r ada yararl and@&n. °Deemimmegapamk éréyar dEé
et mi kKsin, neler yaptéelar, dedi k. Sence nec
edebildin mi?

Elif: Naseéel ?

KpeXkma ben asl énda -okta fazla éeéé ben de -

ama séenefta rahatl eék-liazi°mlrernicnil eyamt ¢gmaneEaa
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°Jrenciler de senden °yle bir istekte bul

durumla tahmin ettijin durum arasénda ne

Eliff: Bu kadar hani hepsinin ishneyeoekilfewxzd]jai
ol acajéné d¢kéegnmemi Kt i m. Hani éé «kKeklin
-izebilirken dijer taraftan ¢- boyut!l u z
ol aye beni zorl ayan bir konu. HOI © éé «ce

k©f Benhakendim zorl|l andém. Kl 'k etapta €é& bl
adém ol ar ak adl andérérsam bunu, daha k o

avantajéné yakadém a-éek-aseé.

Kpetké& hé. kimdi ol sa ne yaparsén?
Elif: ki mdi ol sa yideém ayecls&hée yamar € é el |
kull andér ér méydém? Ya da d¢gz bir al an

A4 k©jede a- ya da defterlerinizde karel.]
diyebilirdim.

Kp elka ma m. [ 9] KI'k g°r¢kmede fAiséenéf y°net
i-in ne kadar g°z temasé kurup °jJrenciyi
olamayabilirizMot i vasyon d¢ké¢nce de ben doe kopuy
demi kDieirns. aenmnl as én & f y°neti mini saj |l amak
zorluklarla karkeéel aktén?

Eliff: Ne gi bi zorlukl arl a karkél aktem? ¥Jrert
el l erinde olukué | éé yaptéektan sonra eve
boyutlucisim er ol ukturdul ar .

Kpekviet ol ukturdul ar.

Elf: Ama o sérada €é€é& bir sonraki adémlareée s.
o sérada olukturmaya -al ékxanlar varde. ‘
Herkesin ayné «kekl:/ -@klt &@r meé k &dli dyée. dBw a\
sonraki soruya ge-tiler ya da ellerindeki
birlektirerek 1 kKte, €é naseél diyeyim kél

Kpeké&keéel del ar .
Elif: Aynen é&é

Kpekki:mdi ol sa ne yapardén?
Elif: ki md i ol sa ne yapardéem?
KpeYkani hezl e yapan °Jrenciler oldujunu f
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Elif: Tekr ar gittijimde onlarén da seviyesine

ol uktururdum yani hani ayréssar (kamuvegaekinl
derdi m) , naseél diyeyim birinin ¢- katl & b
derde¢gnceyé verirdi m, far kl é yerl erden

bekleyebilirdim

KpeXorul aré dejiktirebilirdim, diyorsun.

Elif: Aynen

Kpekunl a wmas€éktan? Derste naseél baka -ékte
ge-ti k yine k¢p kullanacakl! ar . [ Video izl en
Elift: Bur ada kurallaré belirterek gittijJimde b

katéeléem daha fazl aydeyarkeaijnicn atekissiyiyyiendibi |

ama il k g¢ne g°re yi nRurkadea | lkeur alolka rdeanhéaz ef a
°nce.

KpeHké he

Elif: KI Kk g¢n acemilijin etkisiyle ben onl ar én
Kpekké he

Elif: Kki nci g¢n birazdydmmha tecr¢be(l i ydi m),
Kpelkecr ¢benin etkisiyle °jJjrencilere kuralla
sénéfta yapacakl aréne a-ékl adeéen. Buge¢nke pl
eé dJelmgf y°netimini sajlamak konu&funda ne gi
Eli: Ne gi bi zorluklarla karkeélaktém éé °jJren

bir yerden sonra koptular onlarée katamadém.
KpeHé he

Elift: K¢pl erl e i kte zeka k¢egpéekugapmaya -al ékan -
Kpekké he
Elift: O -ocuju katakmadamunééa yamanséekeéenté yaka

ayar|l ayamadém.

KpeHké he

Elif: KI k derste il k saatim i-in s°ylemek gerek
ne yaptek, bu ders il k ders ol maséna r aj men
yeti kmadiz,i lorraad emé k¢pl eri getiirigng¢mekl! i nd

il k saat dolu dolu ge-ti
KpeHké he
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Eliff: Kki nci saate bérakméektéem a-ék-ase, bug
i ki nci saatte aktivitenin étéamaml&magac i sor L
-al ekerken sen beni uyar méektén hatta ¢-
Orada tamam toparl ayacajém diyorum (kenc
zorl anénca o éiraz daha wuzadé ve
KpeXkaman al dé

Elif: Ayneno nd an s o topadagaénaddnebittis i

Kpekkar kel akt éjén zorluklaré bu kekil de a-
Elift: A ynen bunl ardeé

KpeRekibunl arl a nagsiéklt eb adkead i -né kkiré'nu | bi deksat

°Jrenciyi der si me -ekemedi m, i Ki nci der
- eékkial mek i -1 n?

Elif: Kki nci derste onlara s°z hakké tanémaye
K i deyip ya °n¢gne dPn¢gyordu ya arkaséndal
-ajerdem tahtaya. Haydi, gel birlikte -
Tamam, birlikte -izelim nase¢él -iziyorduk
alta ye¢ksekliJini nasel -izeri z? Bu keki
zaten -ocuk aa -1 zilebiliyormuk, ol du. O
bilmiyorum.

KpeAnl adée@m,° jyraemnci yi tahtaya kal dér mayeée s
Elif: Hé h e

Kpekapamayanl|l aré da tahtaya kal dér mayé

Elif: Aynen

K p eMe onlarla da ilgilenmeyi tercih ettin

Elif:¢¢nk¢ tahta °n¢gnde yaptekl ar éhiydra kendi |
Sérada bire bir ilgilendijimde fAnevet Dbir
tahtaya -ékép yaptéjenda daha bel ki dij e
i -in Aaa -izdi, bak -izebiliyormuyki, afer.]
i -1in bir sonr aki soruya yapabiliyorum |
yapaméyorum bende bu kapasite yokun ©°tesi
KpeAkn!| adeém, bu y¢zdeflGies ibmhaeritrerkEamhkled t )

Gor¢negmloer i k onus unydan & |] tpse bilacak Bilreigorum. Ak av r ¢
G¢egnl ¢k yakamlarénda her yerde ¢ - boyutl
bunl arén yerini hani ol uktururken -izerk:
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yakayaBiFrirlaeka biri °nd-ei zoelbainl iirkdierk op ¢ eymd

¥nce videomuzu izleyelim. Bakal ém °Jrencil
ve °nde ol ané yan yana koymukl ar mé?

Eliff Koymukl ar meée? [Video izlenivyor.]
KpeXaptém diyor, sonra tahtaya kal déréyorsu

Eliff Bu soruyuumatea]Jdgn ve soldan g°r¢gném,

gor¢é¢negmleri ayné olduju i-in -ocuklar bire
ger¢negm farkl eydé. Onu dikkate al madeél ar ve
yana duracak, bu «keakmalnd e ggee--meisyionrllearr & ygiet tdi
dedi m, yapanlar vardé aralarda dol akérken
bunl arén ge- mesi gerekivyor, birbirine «kKekI
ge- mesi ge-miyor bunlar, diye tepkileri var

Kpe¥kj:rencisae bakar
Elif: Hé h é

Kpekan yana ol malée diyor ve sen de ona Afdar

diyorsun,ondanenr a onun yapmaséneé istiyorsun.

Elif: Hé h e

KpeNkeden b°yle Dbir y°ntem izledin?

Eliff: Yakétl|l arénén yapéyor ol ma ya&hen dnadan i benim
s°yl ¢yorsam, tamam o -ocuk anl amayacak bel k
c;st¢ne oturmuyor ol acak. Yakété ha éeéée akran
daha anl atabiliyor, onun dilinden konukabi |
P sterdi m. Hani o birlekecek diyor ona, k el
sajdan €& ©°nden g°r¢négm ayneé, ya sajdan g°|
baktéejénda el de edemi yor . Arkadakéeneén yap
g°r¢é¢negm¢g bunun  fkeerkklled ed eoheakc afia WWwa - ocuj u

-al ekt ém.
KpeXxonrasénda da bir de GeoGebradéda bakal ém
Elif: Hé h é

Kpeke: GeoGebradda oléukturmuksun bu «kekl:

Elift: Ya el l erindeki o yan yana ge- dmek onl ar d
daha net bir kKkekilde g°rebildiler onu. | e é
bu soru i-in kKey kullanélabilirdi birim kg
b°yl ece hani onlar birbirine bitdi ge-mek zo
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KpeAnladém

Elif: Ama dijer kKekillerde sékénté yakayacak
i -in onlar devrilecekti, (d¢kecekti ) -ar
sékénteée yakamaseéenlar, diye bu kKkekilde at|

KpeGeoGebraododasékante ywakamadan direkt s |
kerede Kekli -l zmi Ksin K i I ¢ bakl ar dak
ol ukturdun burada, bunu neye bajl éyorsun-
Eliff Bunu neye bajléyorum? Biraz daha orada
ben demgfmi kti m a-ék-aseée. Hani arkadaki h

i se tahtaya birebir bakmanén ya direkt Kk

bir de éé k°yle s°yleyeyim, onu yani «kKekl
evetcoumnlc ol umn 2, evet evet Kuradan oynaya
kodl ayarak gittijim i-in de biraz daha k¢
KpeXnl adém, yani ©°nceden kafamda asl énda
Elif: Evet.

KpeXkj:r enci Ah©l © anl amadém, beea dedigi azi?
yardém ediyorsun ona, kepl eri birl exktir
a-ékl amaya -aléekéyorsun ona, sen a-¢€eklIl ar|

Elif: Ay kkenynat éyor orayé [ G¢l ¢gyor o]
Kpeken (yanéna)ade dince o da anl
Elif: Bi re bir konuktujumuzda °jrencilerle ¢

genele hitap ederkenden daha rahat anl ay

il gileniyoro deyip biraz daha -aba harccée
di | i ndeemcieni°j rkendi kull andéjeée ifadelerle
yapamadeéejée ya da bildijinden yola -ékara

avantajlée hale getiriyor.

KpekKynen °yle éeéé kavram yanélgél arénda
( kothnwk) asl énda. ¥Jrencilerle birebir g
gesteriyorsun Akranl arwndlaar éya+r d2me kal i
teknolojiden nasél yararlandén?

Elif: GeoGebradyé kull andém zaten ders boyun
yak a d € m, ben burada -evirebiliyordum..
KpeHké he
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Elif: B°yl ece °Jrenciler direkt ©°nden, sajdan
czerine odakl anméexkt éem, g°rebiliyorl ardeé ol u
Kpelkamam, sénéfta bir kavram yanél gésé daha
Elif: Bundan bahset mi ktim

Kpeke:n di yorsun ki sajdan ve soldan g°r¢negm
di yor ki ayneéese

Elif:[ Vi deoya g¢l ¢yor] Aynésé demelerinin nede
sérada, ik tane ¢staleuwar? nemluin dajjidla lya Y
(ayné diyorl ar).

K p eSonra biri simetrik diyor arkadan

Eliftf Hé heée, Hasandé.sanérém o onu diyen
Kpekvet, biri bul du ama dijerleri hol © k
kekfetmesini sajl ébulsunlarun ku an bekliyorsun,

Elif: Zaman verdi k-e ve karkeéelarénda duruyorke

olabilir, burasée b°yle olabilir.

Kpekr:tak ©°zelliklerini bul uyorl ar -ocukl ar

Elift: Hé hé, biraz daha y¢klenip cevaba y°nl eno
diyerek.

Kpelé he, kekfetmel erini sajl amaya -al éexkey
s°yl emiyorsun yani °jJrenciler kendil eri bul
Elift Bu kadar kull anabil ecej i mi d¢e¢kKeéenmemi Kt iom.
Kpewke: sonra bir sonraki soruya ge-iyor (sun)
Elif:Anl adéel ar -¢nk¢ orada. ama ben toparl|l amadEé
KpeAknl adekl aréné naseél anladéen peki ?

Eliff: Cevapl aré normall ekmi kti, yani onun evet
°tesine ge-tiler, yani €é nNnNevet lIsarmetri k bu
Keklinde falan diye

Kpeki:metri k kel i mesi gel di., katl ayénca ¢st

Elif: Yanséma gel di

Kpekanséma dedil er

Elift: H&é hé, ondan sonra dedim ol du bunl ar ge- e
Kpeknl adéekl aréné fark et tyiampp.émigdiidigee o devam
ésrarl aé

Elif: ¥ y&k m¢ ?
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Kpekkar kl @ bir soréuda, farkleée bir -ocuk
Elift: Fati h saneér éemé

Kpek®:yl e bir «kxekil ol maz, diyor

Elift Bi r yandan k¢p datfénépi bkrdgansdanek i l
bir sonrakine ge(-dmeejsétnd yar uwm yke¢ plaeréiy)l .a
KpelRi:yor K i hocam bu «kekil ol ukmuyor, al
ol uktur dum, o da cevap veriyor g°ster Dbe
yapmak ister misin?

Elift: O sérada ben k¢pl ermg dlal) &ltd égtéemedi-mnv é

soruya ke¢epl er her kese ul akmadéj é i -1in

ujrakmaséné bekledim, o sérada .ol uk di] el
Kpeké he

Elift: Her kes yapabiliyorsa yapsagne,z yzaapaemé y oHe
GeoGebr adda g°steriyorum hem tahtaya bi
ol ukturuyor iIiKte orada tekrar éée, bu y¢z
oldu.

K p eTlamam

Elift: Ardéndan birbirleriyle ha&kiséeyni "We ygar o
Afg°Pster bakaléemo i fadesine de bir Key Vyaj
kepl eri dajéettejéem i-in orayla da 11 gil
g°rmel er i Fyiydi . En azéndan biri yapabi

-ocuk bajéera bajéra olukuyor diyoro (diy:t

KpeXkl:u K uydiyormu K

Eliff: Ol ukuyorsa ben biraz daha ujrakayém, b

KpeAkn|l adém

Elif: G°rd¢l er, al g.el adélar en azeéndan

Kpe&an bir Key daha vanm, byamtdak | akroénntérzo | d

L stten g°r¢egnegm tekrar °ne -evirdijimizd

ger¢negmder .

Elif: Evet

Kpe&kocukl ar ésrarla diyorlar ki ¢sten do

gesteriyorsun.

Elif: Hé h é

Kpeksitten wokoaksalhddlaam mé b, difeasaoyugorsenun hal a
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Elif: ¢¢nk¢ Key bir tanesi mesela °n¢ tutarak ¢

O sérada sajéné -iziy&kradakher ka&lkdé deo (e kieln
Doj al ol ar aksibmert rk &y nkae kb ilrl er ol ukabiliyord
ayné noktadan gidip ayné «kekl: ol ukt ur mal
bakéyorsunuz, sajdan mé bakéyorsunuz, «kekl:|

KpeNe:reden bakmasé gerekiyor yani?

Eliff Ya dej i kebidiirrekasl|keunrdadan bakacaksén diy
Kekil hani °n¢ baz al éeyor, tepesi bu «kekl:
bakmal aré tercihi mdi

Kpeknden yukaréya bakmal aré gerekiyordu sen
Eliff: HE hé aynen

Kpekar kl ¢ y°nl ebden méakghhbheaddadi n?

Elif: Buna y°nlendirdim, yapmamam gereken bir
ama hani onlaré da kabul ederdim. Hocam ben
bir ifade gelseydi belki.

KpeYani sénavda sor samgblerns,n ¢bneen bsaakjtdéamm déesstet e
-izse sajdan bakmaya g°°re.

Elt: H& hé kabul ederim

K p eKabul ederim diyorsun, tamam.

Elff Bana nedenini a-éeékladéjée s¢grece sorun yok
Kpetkenk ¢ s ajAdkalné nbdaak théi.r kavram yanél gésé var
karenin, di kd°rtgenin °zel bir formu ol dujunu

ol dujunu s°yl emiktin.

Elif: Hé h é

Kpeke ben dikd°rtgen -izecejim, diye ésrar
-izecejim, diye ésrar edebilirler demixktin.
Elif: Evet, bu tarz brdur uml a kar kél akmadém bu beni mu
[ G¢gl ¢yor . ], g¢ézel di

Kpekkk:i ni kol ayl akt érde.

Elif: Aynen

KpePekib°yl e bir key ol saydé naseéeél -%zerdin?
Eliff Nas él -%zerdi m? Ell erinde zaten birim
GeoGebrabdan g°steriyorum, bunl ar yani Geof
bunl ar é kepl eri yan yana bir birlektirmey
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bokl ujunuz ol sun. &kar dda ebibri ntaanye nbiyraalaé
Kekl inde. Hani kar e mi bunl ar, di kd°rtgel
Kpe&orul arl a onlarée dREarkhldgr 27 dgmme ddyae
°Jrencilere cisimlerin farkI|l e eyrfelereer den
di kkat ettin? Heéezl é& ve yavak °Jrenen °7Jr
Elif: Nel er yaptém, asléndjrleeazlné dijyreemern ey a&
¥yke¢yé,denykbhahseder sek. Hani biraz daha b

o sara¢nk¢ ésrarl a ben Nt epeden bako di

gor¢é¢nt gyé, sajdan baktéejénda s¢reklii yan
katl & bir binadan girmeye -aleéexktém, ¢- ka
-eviriyor, ltdaumaanmab uo nduan och ani sajdan g°r ¢
gor¢é¢nt¢egseg ol dujunu kabul et mekte sékeéenteé
KpeHké he

Elif: Bel ki de o sérada benim il gi mi -ekmek
verdi sonrasénda. Sanér ém °jirzea mc idyee yvae tcerr
-izdi

KpeAXxnl adém.

Elift: Benim de m¢dahalem vardé galiba orada
sékéntese ol made. kekil de biraz zor b

beklemiyorduné

K p eYlani?

Elif: Zor |l anérl ar Hiyexkdkklbdd¢] ¢m

K p eBvet

Elif:1 eeé onufAjrencihanie tek tek ilgilendim

KpeXkj:rencil erl e birebir iBlungnialilgdikaney i terci
anl atéerken basitten kar.makéja gidecejim |
Elif: Di r ekt kar ma kankltaarn vbaarkd éa daénjaéém
Kpekakal eém sénéfta neler ol muk? Kolayla b
Elif: Zor u bu. [ G¢l ¢yor . ]

KpeBi:r i hayér zor bu ddypror, ©°b¢r¢ hayér -
Elif: ¢¢nk¢ bu kKkekilde Key vardé éé sajdan g
saje °n g°r¢é¢nt gl oeri ayneyde. Tepeden bakt
daha net g°recekl erdi

Kpekké he
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Elift: Ama bunu g°rmekte zorlandéklareée i1i-in ve
d¢kéencesinde ol dukl aré 1 -riknen odiyj¢ezrde-no ki kal
diye al gél ade.

KpeAnl adem, yani algé k¢gplerle materyall e a
Elift: Heé hé aynen

Kp eTka ma m. Basitten karmakéja gidiKki bir de
Elif ¢i zi mde zorl andeéekl ar & iy-a mé nbau ngae Igsei-nt i s the
gel sin buradan gitmeye -al éxktém.

KpeRir ka- tane daha ekleyecejiz deyince ge

d¢kéengyorsun?

Elif: Onunl a il gilié O bir k¢p ¢zerinden gel di
diye soruyorum burada. ¢ zden o at el de. Hani , ben o sor
ettijim i-in -ocuk geri adem atte. Tamam,
edecejiz, Keklinde (bir cevap verdim). En

-iziyor? ¢ocujun Kevdkri.ni Sedne bkiérrimyalnea kb agkelrae,k
. st¢ne ekler altéena ekler. Hani, dijer ©°jre
g°rmek istedijim i-in her bir adémda bakka
da korkutmamak adéna senklkktindeeyleeamaerl ai
KpeHké heée. Kal kté tahtaya -izdi

Elif: Heé h é, - ziKi -ok «keydi , hani altegenden
Genel de hep kareden giderler akajé dojru -
ama -ocuk altaeagemdenOrlagdma oll kktet apta ne ol
-al ekt em. Nasél olukacak bu k¢p, diye ben d
Kpekmi n ol amadén, -izebilecek mi acaba, diy
Elftf: HEé hée aynen, -ocujun yanénda bekl ememin
gerekiya mu -izerken di yeydi , sonra da arkay
ol uyor muk buradan da diye.

Kpek:-izdi kten sonra rahatl adeéen.

Eliff Daha sonr adan ddha a@jnezhkkeki l de 11 k etapta
gi t meye -al ekt e, ondam® ysloenra@i tnog enall er dy andagr
g¢zel bir °rnekti devamé i-in. Farkl & bir ©°
KpeAknl adeém. ¢ocuklar zorluk -ekiyorl ar, sen

gesteririamammadiyyaprasnul+teérsée adaa yaar mak kal dér a

onlardan birinia ht aya al éyorsun ve tahtada devam ed
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Elif: ¥y 1| e
Kpetki:zi ml erde, &€& ne diyorduk, hezl éelar v
gittin hézlelardan bir tanesini de taht a)
yapteéen?

Elift: O anda hannidi derl eizen Dbitirenlerin

gerekiyordu -¢nk¢ béraktéejénéz boklukt a
yandan tahtada devam edin, bir yandan bui
da o °jJrencil erliargaeryiedteink tgierlneen|l-earbianm nvar d
KpeHkepsi ayne -1 zgGeyrel ¢uk aykaskeanrhda rdea ryeed e g
sorusuyla baklayép cevap al mayé bekliyor
basitten en karmakéja dojru gidebilirim,
Elif: Hé h é

Kpelkéé bakl angécenda asl énda k¢plerle il
-izdirmeyi tercih etmiktin, yani g¢é¢nl ¢k oy
bir -izim yapalém yerine, k¢p -izelim de

Elif: Onu ilk soruda verdiler ilk derste miydaht é r | améy or um.
Kpekl:k derste hé heé

Elif: Or ada verdi kl er i i -in yeniden onu tekr
K p eTlamam
Elif: ¢¢nk¢ tekrar ettik-e bunal éeyorl ar. Zat

bunl aré tekrar tekrar gydicgykrept e K blakil mgy

(dedim). Konuyu da kavradélar zaten ne, 1
O y¢zden haydi k¢ple devam edelim, orada
ettim.

Kpekamam.Kul | andéj ém kaynakl|l ar én o°jnrasreci ni |
gerekl i, daha sonrasénda ise ilgilerini
ol abilirler diye bahsetmi kKtin. Der si anl
Daha °nce bahis ettijin gibi il gi -ekici
Elif: | € é Ge o Ge mesiagnksiednyarh renksiz tdexken hepsi lacivertti. Bir
tanesinde ise renkli binalar vardé, Dbur ac
i kinci sokaktayéez. Bunda zaten o sokakl é

sokajéen aynéigdr amtl ayd@&lwer,diijkt e bunun si

Kpe¥nden ve arkadan g°re¢gnt el erin simetrik
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Elif: H&é h é, bir yerden sonra zaten onu Key yap
ge-el i m. Al t bakl eéjénénereéeesale adynébakelel ié
duruyorl ardée.

KpeAkn |l adém

Elif: Ar kadan © nadrekna,s @ idriijneirni nin °n¢ ol uyordu.
K p eBvet

Elfi: Bunu é&é burada sékmamak adéna tamam Ki mdi

mor renkl.i bi na gelmi nvarhkék ndei yvdml g@re mbled L
katl & meyde, ¢ - katl é& méyde, Il Kte d°rt kayl
KpeBi:nal arén renkleriyle, binalarén katl ar é
Eliff: Aynen °yl e, tahtada - irmrklrkredi rdme yag r-ealaé te

hatta k©]jétlaréeénda falan da renklendirenler
KpeBoyadél ar

Elif: Evet , daha fazl a hani Ki mdi yeki l e -t ¢,
birbirlerine de bir yandan s°yl ¢¢yorl ar ber
Kekéjnd y¢gzden de hani birbirlerine ayné z

varde orada.

KpeAknl adém, bir sonraki ders ol maséna r aj me
-ocukl arén daha fazla ilgisini -ektin ve il
Elif: Evet . Kl 'k derste keydi, biraz, GeoGebrabér
onl aré, burada daha renkl: bir yapéyla kar k
var, -izmeye gerek yok, oluxkxtural é@&ma daha -
Yanidata f azl a il gilerini -ekti, kolaydé dej il
Kpewe: yapabil dil er ,Asuljé&nadka €biarra ze nb aahzséentdtaink. &
soru var : KIl k kazanémén al t bakl ekl ar énd
ili kkilendiril mesi I sTreantr ¢ lyamiin °qi, meatrrkiak o
s°yl emek gerekir diyordun, €é derste bunun

syl edin ama tam olarak ne yapméktén ve bu

fark ettiler mi yani sa] vencilerfalkettde? r ¢ nt ¢ ne¢n
mi?
Elif: Bir s¢re sonra s°ylediler zaten biri yans

bunl ar ayné dese de bir s¢re sonra evet bu

sonrasénda o i kinci etkimd ijJé mdeylbeé diajl iameg
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bi

rinin °n taraféenén dijerinin arkasé ol c

de kendileri zaten dile getirdi.

Kp
Elif:
K p
Elif:
b a
na
go
K p
Elif:
k a
K p
ne
-
k¢
SO
y a
Elif:
ik
b i
t a
Kp
Elif:
Kp
Elif:
K p

eYkani a.nl adel ar

Yani

ekn:l adéekl aréné da s°yledikleri s°zlerde
He h&i B°yle birine hani soruyu sordu
Kkasé parmak kaldereéeyordu, sen ne diyo
s él ayne? Falan filan hani kendi C ¢ m
rmek 1 stedi maama Hegwi pabBeak&an °Jrenci |
ekké: he

Onl ar i -in de (kK°yle d¢gkegndyegm) hani ,

pasitede ise, ayné Keyi ayne c¢ml eyl Kt
efemam¥j renci l erin gereglol Madb] Egéyaenban
l er yapt én? -iButneurnviiewdnd a |sk® yplreedi k1 er i ni
Zim yaptérép, yapterarak da hani ol up

p veririm, bir tane k¢gp veririmm mesel
nrasénda ¢st¢ne sonrasénda yanéna ke¢p
pmaya férsatéen ol du mu?

Bunu bu kKekilde yapmadém ama il k etkir
i nci soru arasénda bir k¢pekki fandenmae.

r -  taraftan kKu an k¢gpen nereye yerl exkti

dedi.

Elif:
Kp
Elif:
Kp
ge
Elif:

raftan g°re¢ntéegse¢e deji kiyordu.

ekké: he

Bunu bu kekil de -°zmeye hani an.. eé&ée..
eAn:l at may?a - al ékt én

Ortaya -ékarmaya -al ékteéem

e¥j:reherden biri ©°zellikl e mi byl e yap
[ Gel ¢yor . ]

ekknna nasél bir tepki verdiijini haterl éy
Onu hatérl améyorum

elkéé dedin ki: Evet czelli kle yapteém,

| ecek. Yani asléenda °jJrenciye de basit:
Vay be [ Gururla g¢l ¢yor ]
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Kpelké&:é °jJrencilerin bu ©°n bilgileriyle ilgi

Elif: K¢ pl erl e oynadéek (di yorOl am)u, oyun ol ar ak

Kpekker kes ne yaptejenée biliyor, ne yaptejeén
Ké¢peén, sajdan, sol dan, csten greéenegmlerini
Elif: ok 1 vyi dejil mi ? [ Gururla g¢l ¢yor . ]

KpeXani senin ne yapteéj]eénée asmollaméhkl airs,t t-emc L

-izdi k, diyor. Dijeri de evet °yle yapt ék,
derse b°yle bir girik yapmékseéen, €é °n bil
bakl ayacajém ben diye?

Eliff O akamaya naseél gel Yhagpmibi éd&di F erzelmil?i yKxrt

i Kl ediJimizin farkeéendalar mé? Bunu anl amak

ediciydi.

KpeXapt ékl ar.éné anl attél ar

Eli: Bi ri direkt tanémée verdi falan [G¢l ¢gyor o]
Kpekké he

Elift: O y¢zden g¢zel ol du bence

KpeKe buwidmil er alabil mek i-in teknolojioc
ol abilirdi, sen demi ktin Kki -0k uzun ol may
g°sterebilirim ve onlarla ilgil:@i sorul ar s
mu?

Elift Bunu yapmadeém
Kp eHkeéeé h
Elif: Di ye hatérl éyorum. Ama onun da (nedeni)

en azéndan dersin bakénda sékmayayém bunu Yy

ben kekl: g°®sterecej i m, el l erindeki k ©] et t e
bir syocampue-,ta ol ukturuldu, éé& bu y¢zden de ha
KpeBuna ger ek duymadeéem, di yor sun. Peki,

karkeél aktéjeéenda buna gerek duyup duymayacaj
Elif: KI k ébakt a

K p eBvet

Elif: KI k bakt adabenekeéimr glatt en konuya. Daha son
sonr a, hani -ocukl ar a ner ede ge°r¢yoruz,
ge°r¢é¢yoruz, nasél karkél akéeyorsunuz gi bi sor
Kpekké he
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Elif: Or ada da ger akllierc éehvaanpgl.arCn dwaearr sonr a d
duymadém, Dbilmiyorum ya da zamané akeéekeée
Kpekem ogerekl: i cevaplaré al deéején i -1 n,

g°stermeye gerek duymadén me?

Elift: Heé hé aynen

Kpevloksa ya zamaném yetmezse diye béraktén
Eliff Zamaném yetmezse diye bir kaygem vyokt
sonraki ders devam edecektik.

KpeHké he

Elift: O yg¢zden cevapl are verdi kIl er i i -in,,

gitmenin bira n | a mdiyergko k

K p elkyerek?

Elif: Di yerek vazge-tim.

Kpekamam?®jdne@®cinin sahip olduju bilgi ¢ Z
i -1 n, yani bil di kIl er i Keyler wvar, yeni K
kull andéen?

Elif: Var mé Gyildego? . ]

KpelkVi deo izl eniyor.] Hemen on d°rd¢gncge
-izmeyl biliyorlar, pek -oJu -izdi ama

-ajérdén Ku an.

Elif: Evet. Ell erindeki izometrik k©] étta
-imieyordum. Yani ben de -izemedim oraya,
ve -ocuk ben -izemiyorum duygusuna (kape
birlikte -izelim, arkadaxkl|l aré da hani ne
Kekl i ndekdaraahrtaaky ay apet ér mayé d¢kendge m, bel
-izemeseydi k°tg¢ bir sonu- olabilirdi am
Kpekkviet , birlikte yapténez

Elif: Bu i1k Ké¢peén sanéerém bir Képé (alt écg
-ojunlujunu ben -izmikim zaten.

Kek:Peki, ©°Jrencidydtamaday apamadeém,

Elif: Hé h e

KpeXi:ne yanl ék yapt ém, diyenler var. O vy

uygun g°r m¢gKsg¢én.
Elift: Aynen heé& he
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Kpeki: bu kekil daha °nce -izil mik

Elif: Aynen

KpeYan i bil gigma°teé&nmrklerei yorl ar

Eliff Bunu oturtamayanlar vardée. Ya illa ki o K
ol acak ve bunlar birlikte g°r¢l ecek dedi kI ¢
onu tekrar -izme i1 htiyacé hissettim.
KpeXy:né «kekliizdbintr ydaanhha b-enim i -in seéekéenteée ol
-izdim yeter ki ©°jJrensinler (diyorsun).

Elift: Heé hé. aynen

K p eTlamam

Elif: Yani bir ka- kez daha -izebilirdim yani,

bir tanesini - a] er dim karelkare gigneek yenine. Bldntoé genden
-ocuk mesela altégen ¢zerine gi.diyordu, onu
KpeBi:r yandan da °jrencilere feedback veriy
Elif: Heé h e, -izgnloek Oy &#dé&ée -°gnrlp -izenler vard:
Kpetkée: hé, tamhttgyeaenkdl ke o k©]j éde kull andej é
bir «kekil -izdi, ki tane kareyi, eé i ki t
Kekil den daha b¢gyek bir kekil ortaya -eéekte,
mi o kKekilde?

Elif: Olabi | i r |, -¢nke¢e keki l b¢yeéedek-e hani birbi
g°r¢yorlar ayretlarén, bu y¢zden de hani t a
Kekilde aktarabilirim, biraz daha k¢-¢ltere
K p eTlamam

Elifi ¢ ¢ nk @grkemn kKeyi ge°rd¢m, kO] étl arda ciddi

k¢-¢k -izmeye -al ékanlar daha -izemeyenl erd
Kpezor | andél ar

Elif: Hé he

Kpetkée he éé asl énda bunlar (bu iEjiersoru) bi
-ocukl ar z-orzliamdeéer Igarruspa - al ékmasé yaptérél ab
Elif: Hé he

Kpekxénéfta nasél bir -aléxkma ol muk bir izl e
Elif: Séenéfta hani ben demedi m ama bel ki ekl em
arkadakéndan yardéem al abi liilresriinn ed ebdaikj ikmir ahda
-0z bur adan ekl eyebilirsin fal an Kekl inde
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yardémlakarak -alékabilirsiniz -ocuklar,

sevindim.

KpeXani asl enda denilebilir di ydnr dun am
Demi ksin, iyi ol mMmuk mu sence?

Elif: Ky i ol muk -¢nke¢g birinin gerde¢]eé¢ a-edan
KpeHkée he

Elift: Ya o o noktayé sunduju zaman hani bak

daha kolay oluyor f al an, rengpuahahirsopraki - oc uK

ademda daha kolay -izim yapabiliyor.
KpeXi:ne akran °jJrenmesi, diyorsun

Elif: Heé h é, -¢nke¢ ben dedijimde yine bir ho
-izeyim, deyip hani onu bir sonraki KekIl
KpeAal adém

Elif. Ama o °jrenciye dijer °Jrenci onun m
yaptérabiliyordu.

KpeAknl adem yani °T renci yine °jJrencinin
diyorsun.

Elif: Heé h é

Kpekédéer s anl ater ken °Jremeti ldeerjienr | @®hdé mn .
¥Jrenip °Jrenmedi kl erini nasél anl adén?
Elif: Bakal & m.

KpeBakal & m. [ Video izl eniyor.|] Her kes (ya
Elif: HEé h é, tek tek gezmek hani bir ©°Jrenc
yapéyorduejéeypPprencatder oluyordu onl ara
havada g°reyi m, buna g°re kim yapamameék,
ge-eyim yanl aréna, gerekirse birebir yap:
Kpetkal eemanda bakka biedendkeekmaye dcdekaml

kal dér mexl!l ar , bununla il gil: ne d¢Keéegngégyol
Elift: Onl ar zaten hani ya yardem istediler b
Kpeok, «kekillerini doj.ru yapép havaya ka
Elif: He e

KpeBeni m el i mde kKekiHemanm 6 he&mdrk ame xsikidd]je
Elif: Doj ruydu
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Kpekviet ama -ocuk -al éxkmaya devam ediyor Dbi
Kekil de elinde sana b@eterayblgvkei sea dZK¢é¢wm
Eliff tocuk aktif hem oradan hem oradan (yapeéeyoc
Kpetkoocuk aktif, (diyorsun).

Elif: [ G¢l ¢yor . ]

Kpelkaeha hézl é& °jJrenip devam eden bir °Jrenc
Elif: Ol abi lir hani éé 11k sorudan il k soruyu
hocam ben onu bozdum diyenlen yapdgor Gamam,

hat érl éyorum ben onu hemen yapéyorum diyen

bunu. Ej er hani o kekl: tekrar hatéerl éyor
anénda, zaten ol muktur yani. ¢izimini de ©°n
Kpelkié ukt urduju kKkekli ayné zamanda -izmesin
Elif: Hé h e, bu y¢zden bir sonraki adéma ge-iy

da tamaml é&yor onu.

KpeAknl adem yani ol ukmuk bir «kekil var ve b

herkehana g°stersin diyorsun; heng¢gz -1 zmemiK

ol abildiji gibi asl énda.

Elif: Geri den gelen de olabilir, il k etapta Kek

Kpekké he

Elif: Bu sérada birbirlerini ede |beeckelketyiinp, ahyannéi a

anda gidecekti t¢m sénéef bu y¢gzden de rahat

avantajlée olacakté. Her °jrenci ne yapabildi
Elif: BuAhmeg [ Vi deo bakl ade. ]

Kp eTamam. A meit Dlieyel im o zaman. [Bir s¢re sonr
Elif: Evet.

Kpe¥ki:renci kal kté GeoGebradéda yapmak i-in. 3

Kekl i i kinci séradan baklayarak verdi. Dol a

Elf: Daha sohamaédf8adk zaten onl a. ¢¢enkeg col

sonraki séradan bakladéjeée i-in bir séra eks

Kpe¥Xj:r enci uj rakéyor ama bir te¢rl ¢ yanéna g

Elif: Evet, deneyereki patdkeopkeek) !l greirl éxtirdi

-%zemedi . Daha sonrasénda kKkey yapték zaten.

KpeAXxr:kadaké yardéma gel di
Elif: H&é he
170



Kpetkocuk ne yaptéjéené anl ayamadeée. Sen ded

Elif: ¢¢nk¢ 11 k etapta ben de amihawtéadedi y.
bakéyor um. Bir yandan da columnl aré i nce
yé¢zden o sérada buna yapmamékseén. Hat ér |
al dén.

Kpekkaktan bir daha yapal ém, demi ksin ve
daé

Elif: KI k etapta ©°nden, °n ve saj arkaya d
arkadakini g°remiyor um, diye bir tepkisi
O kekilde (-evirince) tamaml adeé.

KpeBi:ri olukturuyor, sen yardém ediyorsun
otururken arkadakl aré onu al kékl éyor. Bul
Eliff: Ver mi k1| er gazé. [ Ge¢l ¢yor ] Ya, °Jrenci

bakar dém. Benkkogrs éeatandeamiokniam tseakreér ém. [ Vi d

¢¢enke kal kan her °Jrenciye bir kekil de t
K p eTamam.

Elif: At adékl ar é m, ol du, ol made, hat ér |l améy
Kekil di . Her krelsamd & ki aitrtua kelnu wtour ul dukt a
sanér ém, h©l © zorl andé. Bunu dile getir
Burada ol madée bu, falan kKeklinde. Ama ém
bazéel aré sl ayder 6lamléamaxcheijéd ik-uild,ana&d dyeqy

al kék gel di
KpeAknl adeéem.

Eliff: Ne g¢zel yorumluyorum byl e.
Kpei:r sonraki sorumuza ge-elim mi?
Elif: Hé h e

Kpe&i:si mlerin Farkleée Y°nlerden G°r¢negmler

teknol ojilpdrerge-Ohdliicek Ara-1ar e, GeoGebr a

Elif: Aynen.

Kpekku teknolojilerin °jJrencilerin konuyu
a-éklar méséen? Ge-meli k¢pler nasél bir |
Elif: Ge- mel i ke¢epl er el l eKigplder igfrogeld mel ni ok
dol ayé mutl aka ge-ecek, dedi kIl er i yer |
kull anél déjene da (°jJrendiler). Hani , [
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ettikler. Ayné zamanda bunl aré rdenm ar kadan

alttan, istten goer¢é¢negmlerini kendil er i de
bireysel hezlaré ile kendilerine g°re ayarl
Kpekké he

Elif: ¢i zmel eri ni de kol aylaktérdé bir yandan.

ol ukturma sérasénda ayaja kalkeép SSstten b

g°rmel eri a-éséndan iyi ol du.

K p eBvet.

Elif: Of fice Ara-|larédéna gel i nekddeydilathaer i nde k ©
tahtadan bakteéeklarénda renkli bir g°re¢nt gyl
bir sayfada -izmek yerine alténa -izebiliyc
izometri k koO]jétlardan -izme imk@meé bul dul a
ol dujunu g°rebildiler.

K p eTlamam.

Elif: GeoGebradédya gelince -evirebildik, daha b,
sénéf g°rebildi. Yani yanéndaki ne yapmeéck,
dedi |l er ama daha kendkiélkaekiélrlmear ifnéir shaitréb ibrull

yeniden olukturma férsaté ol uxkturdu.

K p eTamam.

Elif: Smar t Boarddéda ise renkli ol anl arda yine
bakka ne yaptek?

Kpelker sl erinin hemen hemen hepsimde °jJrenc
board kullandél ar . ¥Jrencilerin tahtaya Kk
dersine olan katkésé ne ol du?

Elif: ¥ rencil erin daha aktif bir kekilde kat el

kull anmal areée istenmiyorée Kahlanmaéameyost de
ve tahtaya kal kmal aré da onlar i -in b¢gyeék
falan «kxeklinde. Kl gil erini -ekti ve orada
kull anéyor ol mak, Kekli karel iakya@dd eda or ad:

sonrasénda sénéftan al kék aléeyor ol mak tah

onlara.
Kpekkul | andéjén teknolojilerin yapeélandér mac
ne oldu? ¥jrencilerin aktif ol duj u, °Jret

anl atteén.
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Elif: Asl enda birlikte g°rd¢k gi bi bir Key

direktif vermem yerine. Ya da kKk°yle yapey
°Jrenciler kendil eri dile getirdi, yar deée
-izdi ya da bir kKkekilde -izdirdi. ¥jrenc
° 7T rendi bir yerde, her ne kadar seénérl é& |

KpeXkj:ret men ol arak sana ne katkésé ol du,
kat ka@du?2ar & ol

Elift Kk sadece bende dejildi, karkéndakine ¢
Kekillendirdim (dersimi). Seneftaki y°ne
ben dijerleriyle i1lgilenme férsaté bul du
nayardémce olabilirim, onu nasél y°nlendi
meé gidiyor, bunu ona kérmadan naseél s°vyl
Hani, kendi gelikimim a-éséndan da bunu C
naseélemntéengrfea edebi |l irim kKeklinde ve séneéf
kull anabilirim, nereye kadar kull anmal éy:¢
i kte hem ell erindeki materyall e hem de t
g°rmemi sajl ade.

KkePeki ayné anda ikisini yapabildin mi?

Elif: KI k °nce ellerinde olukturdular. Ardeéen
etmelerini sajladé, benim de ayné zamand:
ya da °jJrencilegraklel l ekindeaypgrapaseénda
°Jrencilerin ellerinde g°r¢p orada m¢gdah:
Kpelkamam. Tekekk¢r ediyor um.

Eli: Ben tekekkg¢r ederi m.

Kpekkk:l eyecejin herhangi bir key var meée?
Elif: Yo, yok.
Kpekaman ayérdéj.en i-in -ok saj ol
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APPENDIX K. INFORMED CONSENT FORM
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