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OZET

'retken yapay zek© ara-larénen 2022 yeéle
a-€él maséeyla bilimsel arakteérma pratijinin g¢
tasl ak yazéme, -eviri, dill egenet iandiémbyar vbér
devredilebilir h©ol e gel miktir. Bu el extirel
yetinmeyip alanyazéndaki - at é kK arak cdzlontemnayil ar &€
ama-| ama&t akKle@&r macé sorumlul uj unun nereye
géevenilirl i Jinin hangi kokul |l arda zedel endi]
°] -¢de ger-ek bir yanét verdiji. Araxteéer man:¢
kulan el ar ak Web of Science, Scopus, PubMed, TR
ger-eklexktirilmicktir. ¢°z¢,ml eme, arace bir
soruml ul uk takéyamayan bir takl it mekani z|
katrkaktejenée ortaya koymaktadeér. Bul gul ar ,
tasarrufu ve dil denet i mi gi bi al anl arda ge
kaynaklar, i zlenmesi g¢- bir i ntiemabhremiyét- i mi |
riskleri ¢rettijini g°stermektedir. Hataleée -
en y¢ksek ge¢venilirlik riskinin en deneyi ms
asi metr.i dojurmaktadér. iKsrmnunmaalt opé taimal &ro nsc


mailto:esra.akt6321@gmail.com
mailto:ozgur.eken@inonu.edu.tr
mailto:betul.akyol@inonu.edu.tr

KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

da, beyana dayal é, deneti msi z ve yaptér éms
dejerlendiril mektedir. ¢al ékma,; beyanén asg
zek© okuryazarl éjielméenl dragle msjérze thii rmg it ki nv e |
kel teregnegn yeniden degkegneégl mesini °ner mekt edi
et ki si, onun bir ©°zellifji dej il , kull anan t

diuzeneklerinin o Granidar.

Anahtar Kelimeler: Uretken yapay 2 k ©, Ar asxint @emimalc @] u, Bi |l

ggevenilirl ek, TArakt ér ma

RESEARCHER RESPONSIBILITY AND SCIENTIFIC RELIABILITY IN THE
AGE OF GENERATIVE ARTIFICIAL INTELLIGENCE: A CRITICAL REVIEW

ABSTRACT

With the release of generative Al tools for free and general access beginning in late
2022, the dayjo-day mechanicsf scientific researchave rapidly transformed; critical steps
such as literature reviews, draft writing, translation, language checkingatmndraalysis have
become tasks that can be delegated to these tootsciitical review aimgo descibe this
transformation ang@omparatively analyze conflicting positions in the literature across three
axes: where researcher responsibility lies, uwdeat conditions the reliability of scientific
knowledge is compromised, and to what extent existing ethical regulations provide a genuine
response to these issues. The literature review for this study was conducted using the identified
keywords in the Webf Science, Scopus, PubMed, TR Dizin, and Google Scholar databases.
The analysis reveals a clear contragiMeen approaches that reg@tas a research partner
and those that view it as a mere imitation mechanism incapable of bearing responsibility. The
findings indicate that generative Al offers tangible contributions in areas such as idea
generation, time savings, and language editing; conversely, it generates fabricated sources, a
form of plagiarism that is difficult to tck, algorithmic bias, the bt& box problem, and privacy
risks. The fact that identifying erroneous output requires domain expertise creates a paradoxical
asymmetry in which the highest risk to reliability is concentrated among the least experienced
researchers. While institutionalxts agree on placing responsibility on individuals, it is
assessed that a regime based ondssdfaration, lacking oversight and enforcement, cannot

ensure reliability This study recommends standardizing declarations with minimal technical
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content, teadhg Al literacy as an independent competency, and rethinking the culture of
publication incentives based on quantity. Ultimately, the tool's impact on scientific reliability
is not an inheent property of the tool itsetfut rather a product of the oversigincentive, and

accountability mechanisms established by the communities that use it.

Keywords: Generativeartificial intelligence, Researcheesponsibility, Scientific

reliability, Researclethics.

1. GKRKEk

Kasém 2022"'"de Chat GPrTé tnkienn kyaarpuayya zae ké@ means é

tekni k bir yenilik olarak dejil, bil gi cret
tartékeéel maséna yol a-méxkteér. Aracén ¢(cretsiz
metin Uretebilen biraraygéz s ahi p ol masé, kéesa s¢rede yayge
2023) . Bu yaygénl akma akademiyi kayétséz bé
-eviri, dil denetimi ve veri analizi @i bi ar
devredilebilir ho©le gelmiktir (Dwivedi vd. ,
da dilin ¢retken yapay zek© taraféendan 1kl e
s¢re-lerin yeniden tanémlanmakéne] gerektdire

(Bozkurt, 2023).

Bu d°n¢keémeg salt bir verimlilik mesel esi
konusu ara-larén metin ¢reten dil model | er i
alténa al maz; bu moyadalrlama kapasitesindef yioksun,aknauediti a ma
g°r¢nen -éktelar ¢retmek ¢zere ejitilmik i st
tart ékma, bir ara- dejikKiminin °tesine ge-e|
temele dokunmakthér : ki m sorumludur, ¢retilen bilgiy

denetl er? Alanyazén bu sorular etraféenda bel
yar démcé ya da "ortak?" ol ar ak konuml andér a
uygul amal ar ‘Waltkad 6r2@353,0k®l Connor ve Chat G
yazarl éjen takédéejeée hesap verebilirlijin ya
zek©nén yazar ol amayacaj] éné savu;Flamgnevd., t °r ya
2023).

Bu -al ékma, anél an kutupl akmayé beti ml er

konumlarée ¢- eksende karkeéel aktérmal é ol ar ak
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Birinci eksen, arakt er mac éincsekseny milimsdl hilgininnun n
géevenilirliJinin hangi kokullarda zedelendi]
sorunl ara ne °|-¢,de ger-ek bir yanét verdiiJi
zek©, arakter maclée gowvamilluil ruljiuk e | amawrt ér ma
kull anél arak Web of Science, Scopus, Pub Med,
yéer et el mek; konuyl a dojrudan b hgi | kavram
arg¢manl ar éaakgorigngndek &liac araya getiril miktir
m¢ ol dujuna dair indirgemeci bir yargéya var
savruldujunu -°2z¢;mlemektir.
2 . I RETKEN YAPAY ZEKANI N ARAKTI RMA PRATKjKNE
K O KLLU KATKILARI

'retken yapay zek©O, geni K metin yéjéenl a
model |l erine dayanér ve verilen girdilere 1in
2023) . Bu ¢retim, anl amé kavr amadlatsa&n eékoh| e
yeni den birlextirmeye dayaneéer. Ayrém °©°neml.
ge°re¢ndegj) ¢ i -in bir ifadeyi cretir (Homol ak,

kol ayl ekl arén hem de dojurduju risklerin ort

Ara-larén somut katkelaré yadsénamaz. Fik
di | i Kngilizce ol mayan araktermacél ar i -in
kazanémlarder (Dwivedi vd. , 2023; vratdlenDi s Vv
g°rge¢l -al ekxmal ar , kull anéecélarén Kkikisell e
metinler.i czetleme ve -°z¢:;mleme kapasitesini

Hu, 2023) . Te¢rkiye °rnekl eimilnedey drigstaglsenv ebilrn
°Jrencilerin bilimsel arakterma sg¢recinde e
kull anémén entel ekt ¢el ve i Kl evsel aenged an - e
ki kman,u2Rabsanémdlkauwlélnudurm dkeoj er i , -ékteéeneéen

dojrul anmamaséna bajléedeéer. Dojrul ama adémeé

géevenilirli k a-éeéséndan bir yegkegml gl ¢j e dong¢k

3. ARAKTIRMACI SORUMLULUJUNUN KONUMU: PARTNE

Birinciek sende -°9z¢,ml enmesi gereken karketl ék,
konumuna ilikkindir. Bir yaklakém onu bir tg¢
i fadesi, Chat GPT'nin bazé yayeénl|-Walkdra2028r t ak vy

4



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

Hemkirelik ejitimi alanyazéeénénda vyayémlanan
°rnekl er, bu ejilimin yalnézca kuramsal bir
Chat GPT, 2023) . S° z Konusu uygegh arkalt &kre, saty
sayél amayacajé ve "°%9zg¢n -al éxkma"neén ne ol

(Dwivedi vd., 2023).

Buna karkéel ek, al anyazéndaki baskéen edit
mesel esi dej il , bir héesap verglillarr]| iBE r maned
i-erijin dojrulujundan ve bg¢tenl ¢jénden sor
Ustlenmeyi gerektirir; bu ise yapay zeka sistemlerine etkin bicimde atfedilemeyen, insana 6zgi

bir yakimluluktar (Flanaginvd.,2&@; Thorp, 2023). Hukuk ve ara

yeéereéeteéelen bir -%z¢ml eme, mevcut yapay zek©
bakéméndan arama motorl aréndan il er.| ol sal ar
bakéméndanmdht©d ©u ad amayi nde kal dékl arée ve bu
sonucuna var méexter (Lee, 2023) . Ul usl arar as
ol -¢tl eri de bu -izgidedir: yazarl ek, I Kin
kapasitesin kart kokar (Il nternational Committee of

Bu konum, kur umsal d¢zeyde dikkat -ekici

kurulukl aré ve b¢yéek yayénceéllars,t ed resmteknery ey &

kull anéménén ise a-éeéklanmasé gerektijinde bi
2023; Dwivedi vd., 2023). Yayénceé y°nergeler
t¢em yayeéncél arén ar aciémdyea zraead dseatytma yi én i k ovkeu | yseé
i-erijin t¢gm sorumlulujunu insan yazara yg¢klI
2026). B°ylece birinci eksende ortaya -eékan

Ancak bu uzl ak@akénbReéngdil €£r desel e al eénacaj é ¢

almak i -in yeterl:i bir kokul olukturmamakt ad

4. BKLKMSEL G! VENKLKRLKJKN ZEDELENMESK: RKSK

Kkinci eksen, soruml ul uk i nsanda topl @
mekanizmb ar | a zedel endi Jini sorgul ar . Bu mekani
Ar aceéen, ger-ekte wvar ol mayan ancak bi-i msel
alanyazénda "hal g¢¢gsinasyon” ol arak adémddeéer él
-arpeceé bi-imde belgelenmik; aracén dojru g°
cretebildiji g°sterilmiktir (Al kaissi ve McF

5
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Ol - ¢l megkKt ¢r Chat GPT' ye harzeéfrd raa nesl laanr éanr adka jéri
d°n¢gk bir -al ekxmada, sajlanan dijital nesne
-alekmadéjé ya da bambakka makal elere ait (
karkeéel éeéjénén bul unmadeéeQ(23)s.apTéebnbme kit-eéer i(kAtbha]jl
bir bakka inceleme de yapay zek© tarafeéndan

hat al & ateéf bul undujunu ortaya koymuktur ( B

crettiji metniméry ;deejyrswellu k ugarrd retliegié saj |l ama

Kkinci risk, izl enmesi gé - bir i nti hal b
metinler cretebil mesi, kaynajé belirsiz bir
insan Uretimi ile makine Gretimi- er i i ayért etmenin giderek g
ve Hu, 2023) . i -¢é¢nce riosk, algoritmi k ©°nyar
czerinde ejitildijinden, mevcut °nyargél ar e
°rnejiat ciinbkalyéepl aré s¢rdegren -éekteéel ar cret
D°rde¢ncecye ri sk, kara kutu sorunudur: Ssi stemir
anl akéel maz ol maseé, -éktéenéen doj r ulndendmbirs €neé ¢
engel olukturur (Chan ve Hu, 2023; Dwi vedi v
kull anécé girdilerinin Si stemin gel i ktirilr
korunmaséna ilikkin kaygel2@8)é beraberinde ge

Bu risklerin °tesinde, derl emenin ©°zgg¢n
-ekmek gerekir. Hat al @& ya da uydur ma -ékteéeyé
gerektirir Var ol mayan bir refadraamrya&re ney d am
-al ekmayan bir tanemlayeécéyé fark etmek i-1in
referansl arén ge¢venilirlijini dejerl endiren
araktermacéneéen baj é msiélzmitkari a ma(s/AtyH al utray iuvd.e
paradoksal bir sonu- dojurur: dojrul ama yet
geveni b irl ik riski, hat ay é ayeéert et me don
araktéermacél arda yoj umd axcecal etRsiszliink ,d ayj a&p adym
ara-|larénén da -°zmediji, hatta derinlektire
Kngilizce ol mayan yazarl ar én metinlerini o]
gesterilmikt23) .(LB%@wnlgecved . t, elk2i k deneti m meK:
gereksinen kesimleri koruyamamakt a, Ki mi du

bérakmakt adér .
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5. ETKK D} ZENLEMELERKN YANI T KAPASKTESK: BE
SINIRLARI

Uciincii eksen, kurumsdlg, zenl emel erin bu risklere ne ©

sorgular. Y¢zeyde g¢-1 ¢ bir wuvuzlake vardeér. Y
vV e °nde gel en yayéncel ar ; cretken yapay Z ¢
a-émaad@ gerektijinde ve nihai sorumlul uj un

(Committee on Publication Ethics, 2023; International Committee of Medical Journal Editors,

2023; Zielinski vd., 2023). Onde gelen bir dergi grubunun editoryal ilkeleri db@ap! €7 &€ b r
arakter ma betenl ¢ ¢ Kokul u sayar ak kul |l an
istemektedir (Nature, 2023).

Bu uzlaké gerekl: ol makla birlikte yeterl
olarak beyana dayanmasétdancc&ha&m g%hkegiml &l bi
bildirimin dojrulujunu bajémséz olarak teyi
bajl ayacak bir mekanizma -ojunlukla yoktur.
°nceki b°l ¢ mde, g°sutsaurril lud ivjei yé¢aznelré tespit ar a
2023) . Buna, politikal arén yayéncédan yayeén
ortak bir -er-evenin yokluju, hem yazarl ar &
birtabo yaratér (Dwivedi vd., 2023). Yayénce y°
ifka gerekliliklerinin neyin, nerede a-¢€ékl an
koymaktadeér (Chigwada ve Ngul ubesor2uOn2i6ul.uj D
insanda toplamayé bakarsa da, beyana dayal é,

fiilen teyit edemedil].i dejerlendiril mektedir

6. ¥NERKLER: DENETKM, YETKKNLKK VE TEKVKK D!
KURULMASI

Cozumlemeden iceksendeb bi ri ni t amaml ayan ©°neril er
standartl|l aktéer él maséedér . "Yapay zek© kul I a
dojrul amaya el veri kl: dej il dir; bunun vyerine
aracxkternmdaa avdee mge °| - ¢ de bakvurul dujunun bel
yapeéel andér él masé, denet i mi ol anakl & kel ar . I
yetkinlik ol ar ak °Jretil mesidir. Ar aceén k
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yonet ebi | mek; -ékteye elexktirel bi-imde deje
tanéma becerilerini gerektirir (Bozkurt, 20z

deneyi msi z arakteéermacél ara er kedilenkasimeaiyideéer &1 |

hafifletebilir; nitekim °jrencilerin bilin-I
gerej i g°rgg¢l araktermalarda da vurgul anmakt
I - ¢NC¢ésSé, nicelije dayaden yaygrwean édtlemnkevsiikdik¢ | t)
bakéna °d¢ll endiren bir si st em, hezl & ancak
risklerini b¢egyeter; °dg¢ | °l -¢tlerinin nicel.@
kull anéméné yapésal ol arak dest ekl
7. SONUC

Bu elexktirel der | eme, cretken yapay zek©
eksende -°9z¢mlemik ve alanyazeéndaki t e mel k.

aracé bir ortak sayan yakl| akarklladar| anekrawn i Zanmrau

g°ren yaklakémlareén karketl akteée] é&; ancak kur
konusunda g¢-1 ¢ Dbir uzl akénén oluktuju g°r
atfedilse dahi uydurma kaynaklar, izlenmesi gu¢ atih, al gor i t mi k ©°nyar ge
ve mahremiyet risklerinin g¢venilirlifgi zed
gerektirmesi nedeni yl e en y ¢ ksek ri skin el

paradoksal asi met ndueksende &g, mevdutetkmiizenlierneterin gerekli,

fakat yetersiz kal deéej é; beyana dayal e, denet
edemedi J i dejerlendirilmicktir.

Bu ¢- eksen birlikte okundujunda Gnrétnay a
bili msel géevenilirlije etkisi, araceéen bir .

dojrul amayé °nceleyen bir tekvik yapésénén v
bulunduju bir toplulukta g¢wmeerkilleirrilni Jyio kd eug tu
ara- ge¢venilirligi akéndéeran bir etkene d°ng
toplulukl arén kurduju denetim, tekvik ve sor
tartékmaneén odaj eden ¢ole lomuocewejeyem kunumskl eva diiltigal

-er-eveye kaymal éeder . Gel ecek araktér mal ar én
yapay zek© okuryazarl éjé& m¢dahalelerinin gg¢

sénamasé, doamuteraremanéma kat ke sajlayacakter
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FI TNESS YAPAN KADI NLARI N ROMANTKK KLKKKKLI
KI SKAN¢LI K VE YAKINLIJIN M/ ZAKERESK: SPOR Y
BAJLAMI NDA B! T! NLEKTKRKCK BKR KAVRAMSAL
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OZET

Kadéenl arén d¢gzenl i fitness ve diren- antrenm
ol maséna rkag tmelng meému - i ft d¢zeyindeki i kk
aydenl at él maméxkt eéer . Mevcut alanyazeéen i Kki u -

romanti k partnerlerinin yakadéjé stres dene
motivasyonuvedb eden i maj é. Aradaki bokl uk, yani Ci C
kadénl arén spor yapmayan partnerleriyle g¢nd
el e al énmamBk rhakalad ,an@rbokl!l uj u doebzdrsiz mak a
psi kol ojisi, sosyal/ evri msel psi kol oj i il e
kanétl aréAbaktatmanhénikiterate¢gr taramaseé, be
Web of Science, Scopus, PubMed, TR Dizin Googl e Schol ar ver.i
ger - ekl ekteirrielvmi, Kk tkiard.énén fitness ujrakeénen
olarak girdijini ve ¢- ekseninde m¢gzakere ge
zamanén romant i késakam-llae kr e(ktaebjeitki e€n bedeni n
ortaménén uyandérdéjée ek dejerisakpggéevar®®ldenwn
12
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bajl él ek dengesinin yeni den Kkurul maseé) . B¢
dejerl enidi (cheyadikk) bak etme ve seéner y°net
doyumunu hem de egzersizin s¢grdereéelebil il
onermeler sunar. Makale, diyadik gunlik (daily diary), boylamsal ve niteliksel desealgrad €

bir arakterma g¢ndemiyle ve hem -iftlere h

-ékarémlaréyla son bulur.

Anahtar Kelimeler: Kad én Fitness Kat él emeé, Romanti k

Késkan-1 ek, Beden Kmaj e, Boki Zaman M¢zakeres

NEGOTIATING TIME, JEALOUSY, AND INTIMACY IN THE ROMANTIC

RELATIONSHIPS OF FITNESS-ENGAGED WOMEN: AN INTEGRATIVE

CONCEPTUAL FRAMEWORK IN THE CONTEXT OF NON -EXERCISING
PARTNERS

ABSTRACT

Al t hough womenoés parti ci pat i oamingihas increaged!| ar f
significantly over the past decade, the relational implications of this participation at the couple

level remain largely unexplored. The existing literature has focused on two extremes: on the

one hand, the stress experiences of eliteh | et es® romantic partners,
motivation and body image at the ingival level. The gap in betweeramely, how
recreational women who engage in serious fitness activities navigate their daily relpionshi

with nonexercising panersremains a theoretically unexplored area. This article aims to fill

this gap by integrating evidence fronrelationship science, exercise psychology,
social/evolutionary psychology, and feminist body studies. The literature review for this study

was coducted using the identified keywords in the Web of Science, Scopus, PubMed, TR

Di zi n, and Google Scholar databases. The fr.
effectively enters the dual system as a third actor and requires negotiation alengxdse

time (the competition between time allocated to training and the romantic sphere), jealousy
(anxiety about loss of equality triggered by the changing body and the genger gym
environment), and intimacy (reestablishing bodyagm, sexual selsteem, and balancing
autonomy and attachment). The integrative model posits that these axes shape both relationship
satisfaction andexercise sustainability througbognitive evaluation, dyadic coping, and
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boundary managemeptocessesand presents testalpropositions. The article concludes with
a research agenda based on dyathily diaries, longitudinabnd qualitative designs, and

practical implications for both couples and the fitness industry.

Keywords:Womendés Fitness Par tonships,yatlic Goping, J&Rlousya nt i ¢
Body Kmage, Exercise Kdentity

1. GKRKK

Fitness, son yeéllarda kadénl arén ge¢ndeli k ya
pratije dP°n¢gKmegKt ¢r. Sal on ¢yelkialdleerl iamd eakria s
yaygénl akmaseé, yalnézca bir sajl ék davraneéek:
topl umsal cinsiyet normlarénén yeniden m¢zak

2025; Deininger vd., 2025). Bununla birlikte, egzersizdr an ék &€ bokl ukt a ger
yetikkin i-in fiziksel aktivite, bir romant.
ekonomisi igine gomualudur (Berli vd., 2018; Dobson vd., 2022). Egzersizin ¢ift sistemiyle i¢

i -e ge-en butoesass&katlddeéeme@nfen il i kkisel sonu
Mevcut bil gi biri ki mi bu soruya dojrudan yan
ve b¢yek °1 -¢de birbirine dej meyen k¢gmede ge
odaklare r : Kent , Mc Kenna vV e Mel | al i eu (2025) ,
partnerlerinin deneyimini Aip cambazl éjéo me
korumak, fedak©o©rl éklarée y°netmek ve aektr enma

orunda kal d éné g°sterir. Bu -al eékmadaki d

—

z e
kendisinin sporcu ol madéjée asimetrik bir baj
k v
f e

al er: Vuckovic ve Duric (22024),i kfkiit deusr su nmuanta
arkl el aktéjéneée ortaya koyar; Snani ve ar kac
6zsaygé ve evliilik doyumu araséndaki bajéent e
birlikte, il ixkkkhbiyri yoorjduanyl duckd ad ebjiirkekyesrel ol ar ak

surecini agmaz.

Bu i ki k¢me arasénda kavr amsal bir bokluk va
°neml i bir par-asé hoOline getirmik ddzenienl ar é
egzersiz yapmayan partnerleriyle i kkil e
kuramsall aktéeréel maméxkt eér . Oysa tam da bu ye
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ger-eklijidir: bir tarafeéen bedeniinrm, ugzaarka

bajl anmaseé, dijer tarafén bu d°n¢kegmegn deéeker

e
dol durmayé ve fEpbnegapmagpan bpadéner o diyade
a

biri mi ol rak °neren b¢teéeinkEermmarl amaktadiavr
¢ter-evenin merkez’ sezgi si kKudur : Ciddi bir
ger¢é¢nmez ¢-¢nceg bir taraf ol arak girer. Ant i
beden, ek dejeri (mateéegshdahone) é&l gehaméhkéeven
bu bedenl e kurulan yeni I i se cinsel V €
birbirinden bajémséez dejildir; -iftin bunlar
hem de kadéngnebpgkmesimni sgrdmanl é& ol arak be
Makal enin katkéeseée ¢- d¢gzeydedir. Kur ams al d ¢
bil i mi, egzersiz psikolojisi, evrimsel/ sosya
cercevede bir araya getiri. Ol gus al d¢zeyde, i hmal edi | mi kK
Y°nt emsel d¢zeyde i se, Il eride sénanabil ece

gundemi Uretir.

2. ¢CERCGEVENKN NKTELKJK VE KAPSAMI

Bu -al éeékma bir kavr ams gih anipigk verinitetenemekte, mevdut d e r |
kanéetlaré yeni bir kuramsal yapeéda °rg¢tl eme
bir kuram dejil, sénanmaya a-€k bir ©°neriler
vd., 2025; Okyere vd., 2025; Snan v d . , 2024; Vuckovic & Duri
edi | mi k; ardendan il i kki bil i mi, egzersiz p
beden -al é&kmal aréndan akran dejerlendirmesin
birimi, hetebp s e k s ¢ e | bir bajlamda d¢zenl i ve yojun

egzersiz yapmayan erkek partnerden olukan di
-er-evenin exKcinsel -iftlere, her kUkirel t ar af

bajl amlara wuyarl anmasé, il eri arakteéermal ar én

3. KURAMSAL ZEMKN

¢ter-eve bek kur amsal eksen ¢zerinde y¢kselir
ortak dili sajlar.

Kkl emsel stres Lazans deperrloé kanamden (1984) i K
stres, KkiKkKi il e -evre araseéndaki s¢rekl i ve
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ol up ol madéjénée belirleyen, onun bizzat kend
ve arka@ k | ar é (2025) b u -er-eveyi Ssporcu part
takviminin kimi partner i-in tehdit, Ki mi i -
Bu mantéek, fitness yapan kadéeneén iparitnerziama-
partner taraféendan dAilikkiden -alénan zaman
zamano ol arak da dejerlendirilebilir.

Diyadi k Bakeaemmanden (2005) diyadi k bak et me
dej il , ortlt ak abki el e, aé €nmaséné gerektirir. St
bak etme genellikle ortaklaka kurulur. Kent

odaklI e, ortak diyadik, destekl eyici ieiyadik

buffering) gi bi stratejilerin i kKl edi Jini s
czmemek i -in endikeleri sakl amak, késa vadec
ékenteye artérabilir (Coyne &akbmirakerenindd 99 1) .

tam kal binde yer aler.

Ozerklik-baj | €1 é kOzblehigelsé me kur amé (Deci & Ryan,
yetkinlik ve ilikkili ol ma temel gereksini ml

-oju zaman &kémrmlkdk karidsényda bir denge kur ma

arkadaxkl|l aré (2020), bok zamanén partnerl e ve
farkl é&l akmaséeo ile i1l ikkil.@ ol dujunu ve -1ift
gostemi kKt i r . Fitness, kadéen i-in g¢-1¢ bir ©°ze
kazanémén ilikkideki bajl el ék gereksinimiyle
Nesnelekti Fmedkuc&seén ve Roberts (1997), k a
g°zl e, dejerlendirilecek bir nesne ol arak g°
°ne s¢rer. Salon, bu s¢recin yojunl akteée] é bi
salonda #Aher Zaman sergil eni ymgk ioll ena p erufyar
bakéméndan s¢rekli yargéelandékl aréné hissett
kendi bedeniyle ilikkisini hem de partnerin
gereklidir.

Ek dejeri veEvamsels ®dyal tpugimaol oji de késkan-1¢€
tehdit alténda ol duju algéséna verilen ve exk
harekete ge-iren bir tepki ol arak kavramsall
icinde -ekicilik bakéméendan exkitsizlijJin exi e
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daha -ekici bir partnere sahip bireyler daha
vd. , 2017) . Bu, fitness diyadgnke¢ i hi tdrog 3 u,da
algel anan ek dejerini y¢kseltebilir ve byl e

4. BKRKNCK EKSEN: ZAMANIN M! ZAKERESK

4. 1. Egzersizin zaman talebi ve kimlikI|l ekmes

Fitness, kendine ©°zg¢ bienmamaar ,e kloamoém Isé k

—
(@)
©

arl anma birlikte de¢gkegnegl deg] ¢nde, ci ddi bi
ojurur . Bu zaman talebi, egzersizin kikini
el irginlexir. Eg-zeer sdiazv rkainnél ki€ ni sgeer-elkelnidii j i &
gzersize bajémleléek belirtilerinin de haber
2012) , egzersiz kimlif§i il e bajeémleéel ék ara
ttiJgzal i kl e Ay apmak zorundayeémo bi -1 mindeé
irleyici oldujunu g°stermiktir. V2tkov§ v
e i-e yanseéeteéelmék d¢zenleme il e béxtlérk.t eBue
ul gul ar, kadénén fitness ujrakénén yalnézca
ak i1 ddiasé ho©line gelebilecejini glesterir;

erilim hatteéné ol ukturur.

© - o < T O —~~ o® T un
(¢

4 . 2. Romanti keksa&l anén daral m

Kent vV e arkadaxkl ar éneéen (2024) Aromanti k al

uygul anabilir. ¢tal ékmadaki partnerl er, antr e
yemekl eri, gezi , hafta sonu ka- gmeaklidri&)o kKés
alarak kendilijJindenliiji yok ettijJini dil e
bakél déj énda, kadénén d¢gzenl i antrenman saat

ama esnek ol mayan bir yape eolaarkakl akd ragyinmline n

sporu b°l mel eme (compartmentalizing) strate]
ve zihinsel mekguliyetten aréendérma -abaseé,
olabilir.

4. 3. Bok zveemakm dkéinléinmifuyum sajlamao ejil i mi

KIi kKKki bil i mi, bok zamanén nasél ge-iril diiji
bel gel emektedi r. Smith ve arkadaklaré (1988)
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evlilik sékdnmrdtug suéhwl a ei Ilbiuk kiilliik ki ni n kadénl ar
kat g¢-1 ¢ ol dujunu bul muktur. Benzer bi-i mde
ge-irilen bok zamanén il i kKKki kal i tesinein ol un
i se olumsuz yordadéjeéenée g°stermiktir. Bu bul
zaman partnersiz ge-irilen Dbireysel bir etk
takeéeyabilir; ancak ri ok,u eatalksiéd | i-jeirn etverd &rdd ¢ n
Burada toplumsal cinsiyetli bir °r¢gnteg devr e
romanti k il i kkilerde b ok zamanl aréené sékl él
sajlayarak yaptehandédeae] dmo&k weaemapal ar éna y°°n
ortaya koymuxktur. Bu °re¢nt ¢, fitness yapan

°zerklik ve yetkinlik kaynajé olan antrenma
nor mati fsémalakdiarangzakere y¢ré¢tmek zorunda k
g°sterdiji gibi, bu dengeyi kurabilen, yani

zaman doyumunun ilikkiye verdiji zarar tampo
4. 4. ¢cat exkwedgmrein i -eri]i

Zaman m¢zakeresi her zaman a-ék -atékmaya d
-atéekmanén konusudur. Meyer ve arkadaxkl areée
zamano gi bi konul arén -bfakl @ékilmargéelardsEadgel
bi-imde zaman y°neti mi -ateéekmal arénén ikl ev
ol dujunu bul muktur. Hogan ve arkadaxkl are (2
doyumu dekerdegj éenen Kamaranak s ge-yiarkiéelnl é] é

arterdejéené g°stermiktir. Bu bul gul ar birl i
geriliminin sonucunu belirleyenin gerilimin
ol duju anl akel er .

5. KWNIKCK EKSEN: KISKANG¢LIJI N M ZAKERESK

5. 1. Dejiken beden ve ex dejeri dengesinin Kk
Fitnessén en g°r¢neégr sonucu, bedenin d°ng¢Kme
algel arené harekete ge-irebilir . subBordyahs el S
I -i ndeki -ekicilik eKitsizIlijJinin e Ki el de
arkadaxkl aré (2017), kendi sinden daha -ekici

tutma taktii]i kul | andé] édne éd °dset] eernmdiak t ifri.t nRw
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ek dejerini yékselttegrlbiirkl ka danm,t npar tkreenrdii n cee
al gél-éyeosrksaan - 1 ek ve el de tutma davraneéexkl!l ar ér
(2024) beden goriniminiiz-s ay gé ve doyum ¢zerindeki g¢ -1 ¢
bedensel den¢gkemen 110 kKki sel olarak n°tr bir
5.2. Salon: karma cinsiyetl:] bir Asergi o0 mek
Késkan-1 ek mekanizmasénénynmnjuoaplaumealanni kelnic
-ojunlukla karma cinsiyetli, bedenin g°re¢ner
ortamlardér . Cowley ve arkadaxklare (2025), k
alan icin mucadele etme ve erkekr den gel en i stenmeyen yoru
deneyi mlerini bel gel emi Kkt ir. Podnregeamen bre ar k
CrossFit ortaméneén kadéenl ar én beden I maj én
bi-imendirdijigapm@&gaperr maktineri spgfPz¢gnden
erkeklerle ayné mek©neée payl aktej] e, bedenl er
sosyal alan ol arak algélanabilir. Bu al ge, K

d ¢ K ¢ 1 besléyebilir.

5. 3. Kadéenén kendi kéeskan-1é&]Jé& ve g°r¢gnegk ar
Késkan-1é&k tek y°nl ¢ dejildir. Arnocky ve ar
g°ré¢ne¢gk karkel akteérmalare il e eki jJelndertawtéme
ettijini; Arnocky ve arkadaxklare (2023) 1ise
artérma -abalaréné (kozmetik girikimler, ris
fitness, -0 ft y°onl ¢ Oénénkgewvegmér cart @8inma ys
olabilir; °te yandan salon ortaméndaki sosya
kaygeéelaré y¢kseltebilir. Degiuli ve arkadacxl
y ¢ k1l eyiacyié c(ék & skeotnlt r o | edi ci) dej i |, fayda s a
davranéklaréyla da ilikkili oldujunu g°sterm
ol abileceji gibi, bajlanmayeé pekiktiren davr
5. 4. Karanl ék yan: kontrol, caydéerma ve iliK«k
Késkan-1é&jén elde tutmaya d°n¢kmesi, kontro
il i kKkisel sg¢re-1eri i nceleyen Novak ve arkad
doyumuyla,e gz er si z konusundaki anl akmazl ékl ar én
psi kolojik sékéenteyla i11likkil:i ol dujunu bul n
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da daha fazla fiziksel aktiviteyl g éinlai K kialrie
eder . Eksel destek 11l e eksel kontrol ¢n fi1 zi k
destekler: destek aktiviteyi artéreéerken, kon
Bu s¢recin en u- uclbag@ceéei kionmkiroeé!l ylkor lad év e
(2025) , Kenyadda ul usal temsi | gésceéene sahip

egzersizaes&laédggérraean odaal wghkebekll ednmjmendu k bir

Yazarlar bunu, egzersizbaz é kadénl ar i -in bir bak et me
bi-imnde yoruml ar. Bu bulgu, -er-eveye krit
alane ol abil eceji gi bi, kontrol edicéybar il

Nfkadeén neden antrenmana gidiyor?0o9 sorusunu

okunamaz.

6. ! ¢! NC! EKSEN: YAKINLIJIN M!ZAKERESK
6. 1. Beden I majagmneéym qgimndeal yoi

Yakénl ek ekseninin omurgasénéyurbhedeas&mhgléi

ol ukturur . Snani ve arkadakl arée (2024), yet
saygeéeyeée g¢-1 ¢ bi-imdsaygé&senht daj iewvil i Vekcdoy
model |l emi kKt ir. Beden g°r¢ndaolgayiné eetl kil $ knidmy
ol mas e, bedenle kurulan olumlu ilikkinin yat
Fitness, beden imajéné iyilektirme potansiy
besl eyebilir. Deéi n(2Q25b) ,vef iatrnkeasdsak ¥ ap an k a
g¢e¢deéel erinin zamanla °zerkli k ve 1yl ol uk ter
glclenme (empowerment) ve-6ze v ¢ i duygul aréné destekl edi]in

6.2. Bir paradoks: fiziksel aktivitieni n dojrudan ol umsuz et ki si
Buna karkeén, ayneée -al exkmadaki bir bul gu wuy
gereé¢negmenegn evliili k doyumu ¢zerindeki dol ayl

doyumu ¢zerindeki doflupdan €QaREhrneEelpaorbame:

paradoks, -er-evenin merkez” sezgisini ampir
girer. Beden imajé ¢zerinden yakeénl éjé besl e
enerji ckerdademunui korl ayabil ir. Bu, fitnes
ne de Ank°t¢o oldujunu; etkisinin, hangi kana

ol dujunu g°sterir.
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6. 3. Birlikte hareket et meni nr thnaerloda yséocréu ngue C ¢
KIi kKKki bil i mi, birlikte egzersiz yapmanén ¢
SacketFox ve arkadakl areée (2021), partnerl e bir
séraséndaki ol umlu duygwlmm@ume narmhtetméjden g ¢mulg
arkadaxkl aré (2018), -iftlerin etkinlikIlere o
a-ékladejéné g°stermicktir. Bu makal enin oda
birlikte egzersiz yapmansaé d € r . Barnett ve arkadaxkl areée (2

aktivitenin asl énda nadir oldujunu ve egzer:

se¢rder el dej éngé; ayreca kadenl ar én et kinlik
erkekler nki nden (ki ki sel meydan okuma) farkl él a
Abirlikte egzersizino bajlayécé potansiyel:|
devre dekeée kaleér; bu da yakeéenl é&] élinfadb,ainsdd a k an .
doyum) m¢gzakere edil mesini zorunlu kélar.

6. 4. AHi ssediyate&nlvek °demkd g ik

Kent ve arkadakl are (2025), partnerl erin de
(feeling felt) duygusunun,gnyanmnii sarlt ankeal deéejyée
vurgular. Fitness diyadénda yakeénl é]jén m¢zak

fitness ujrakénén partner taraféndan bir te
ol arak tanénmasén Wwzleakkna ské niél em¢ynakkéenn | keég léa r .
(2020) g°steakiénli élR zebeehigierklie mel ek urzaménén (De
ilikkili ol ma gereksinimi burada birlexir: K

bu ujkérkl ¢jaé tehdit etmek yerine besleyebili
7. B} T, NLEKTKRKCK ¢ERC¢CEVE: #AM| ZAKERE EDKLEN
MODEL K

. - eksen birbirinden bajémséz iklemez; ortak

fitness yapan kagémayan egrénerzidn yadexnkiasel

akamal é& bir s¢re- olarak kavramsall akteéerer.
Q) Gir di : i -¢é¢nceg taKkadeéemenmn zfeiltin&kdserufrakénén vy
kimlikIlekme derecesi (Lu wvd., 2012, Murray
(Cowl ey vd. , 2025), diyada giren fig-¢ncyeg tar
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(2) De ] e rHerik gartremdeb:u  gi r di yi I KI emsel ol ar ak
Fol kman, 1984) : tehdit mi (zaman Kkaybeé, r ak
(sajl éek, -ekicilik, iyi oluk)? Dejerlendir me
2017)anmaajlr ¢nt ¢l erinden ve ilikkinin °nceki
(3) Muzakere stratejileri: Dej er |l endi r meye bajl e ol arak -1ift
sokar: destekl eyici diyadi k bak etme ve egz
sporu b°l meleme ve sénér y°neti mi (Kent vd.

koruywcu tamponlama (Coyne & Smith, 1991) ve uy
vd., 2013; Okyere vd., 2025).

(4) tceBu esaratejiler i ki sonucu ekzamanl| e
s¢rdereéelebi b irliji. Modedjim zamah ayideé amgzak
ol masedeéer ; iy y°netilen ©bir m¢zakere her
m¢zakere ya ilikkiyi ya da kadénén °zerk ujr
Bu mimari temelinde, seémndamabilir alté °ner me

i Ol:Kadénén egzersiz kimlijinin g¢ce¢g ve zar

-ateéekma ol aséleje artar; ancak bu ilikkiy
araceéel ek eder (Kent vd., 2025; Lu vd., 201
i O2:Di yad i -i ndeekkiicialligké leakniatnsi-z |1 i Ji be¢yedek-
tutma davranékl aré artar; bu etki, partner

(Oltmanns vd., 2017).

i O3 Egzersiz tekviki i KK doyumunu ol uml
kontrol ise olumsuz yordar (Khan vd., 2013; Novak vd., 2023).

i O4Fitnessén ili«kki doyumu ¢zerindeki et ki
czerinden olumlu (dol ayl &), zaman/ ener j i

ekKzamanl évd,R0R&.r (Snani

i O5: Kadénén ©°zerk fitness ujrakénén partne

Ozerkliky a k énl ék dengesini kol ayl akt ér éer v e h
s¢rdereglebilirl i Jini artéereéer (De0)i & Ryan,
i O6:KI i kKki sel korku ve kontrol ¢n yé¢ksek ol du
bir bak etme/ ka-€ék alané ikl evi gerebilir
sajl ékl é& bir ilikkinin g°stergesi ol arak c
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8.ARAKTI RMA G! NDE MK
¥nerilen -er-eve, dojasée gereji sénanmayeé be

ilerlemesi icin somut bir giindem sunar.

KI'k °nceli k, diyadi k desenlerdiParHemrk adé R e

Baj € mMaed elki (API M) ile -°z¢;mlenmesi, AKi min
yordadéejénéeo ayert et meyi sajl ar. Kkinci 0
antrenman g¢nlerinde zaman, duygul aném ve d
nitckimhem Ber | i ve ar kadaFkolxarvee (a2rOkla8d)a kh eam €S & c2k0
géCényg gestermi ktir. I - ¢ncg¢ ol ar ak, boyl a
ki mlikIl ekmenin i kK y°r¢ngesini Zaman -

ar kademl gr28024) °rnek aldéjé yorumlayeéecé feno

spor yapmayan part ner i-ki buk makalede karanisa rolarad ¢ ny a

°ng°r ¢idnogjkrtu¢dran a-ée€ja -éeékarabilir.

¥l -¢m d¢egzeyinde, egzeresliézl ek i mloikj ib,o yeugtzl eur skiézs k
envanteri, -0 ft bok zaman doyumu, bseanylgi€] i n
ara-|larénén bir arada kull anél masé ©°nerilir.

sénanmal édéar:k allkaykd rag ewn-eélnt § 2ARBK) k &Salbajal aménd
yé¢ksek gelirli Batélé °rnekl eml érddelkii 0dibrag ra

k¢l tegrel ol arak nasel kokull andéj] éné g°stere

9. UYGULAMAYA Y¥NELKK ¢l KARI MLAR

Ciftlericin.¢ er - eve, zaman gerilimi s°z konusu ol du
belirleyicinin m¢gzakere Dbi -1 mi ol dujunu vurg
il eti kim, antrenman programéneén ©°ngtlirks laelbanlé
koruma, wuygulanabilir stratejilerdir. Birl ik
ortak nitelikIl:i zaman ve duygusal I fade gi bi
Uygul amac&ihaer st zndanéekmanl ar ébivre i-liifktkit edrea)
ol arak el e almaktan yarar g°°rg¢r. Egzersiz t
ayeéert edil melidir (Khan vd., 201 3; Novak vd.
kat €l eémeneén ki mi zamarer geskkiodalbi eként e rken
ol mal eder (Okyere vd., 2025).

23



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

Fitness sektoriiicin'Sal onl ar én karma cinsiyetli f@Asergio
ve ge¢venli k kaygelarée ¢retmektedir (Cowl ey
kalt ¢ r |l er i tasarl amak, yalnézca kadénén deney
keskan-1é&k m¢zakeresinin kokullarene da ivyil

10. SINIRLILIKLAR

Bu -al ékma kavr amsal bir °neridir; sunul an
onemel er hi potez d¢zeyindedir. ¢ter -eve, kavr a
(kadén spor yapan, erkek yapmayan) bir diyad
da egzersiz yapteje diyadl ar a avegefnaerlklleéen etba g

gesteril memicktir. Dayanél an kanét tabané aj ¢
gel mekt e, bu da k¢l ter el t emsi | a-éséndan bi
-al ekmanén hi-Dbiril elmé miukd,an- ému- edviey,adl@i tiinkciek
ol arak i nka edilmiktir. Bu dur um, hem °ner.
gereken varsayeéemsal nitelijini birlikte orta
11. SONUC

Fitness yapan kadeéenl arénkkspdecerriyamnmaysaanl tp abriti

davranéké ne de elit sporcu ilikkilerinin kg
ol an, i hmal edi | mi K bir ol gudur . Bzamama k a |l e
keskan- | é&ksurendir pidekeérnel éokl duj unu ve fitness ujr .
bir tar af olarak girdijini °ne s¢gren beteéenl
°ner mesi sadedir ama sonu-laré geni«kKktir: Fit
et ki ninidjiisn nden dej il , -iftin onu nasél dej
gel dijinden ve m¢zakerenin nasél yeéereetel deg ¢
il KKk i -inde tanénmaseé, hem o il i kKkenpni hem
diyadi k ve boyl amsal desenl erl e sénanmasé,
s¢rdegreéelebilirlijine kayda dejer bir katkeée s
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OZET

Bu -al ékma, kadénl arda Pilates egzersizler|
il i kkin g¢ncel araktéerma bulgularénée bir ar
ama-|l amaktader . Y°nt em: PubMed/ MEDLI NE, Sco
Cochrane Library ve PEDro w2026 tyédlalndragree K
Kekil de taranméexkt ér . Hakeml i rastgel e dene
istatistiksel sentezler i1l e alanén kl asi k &

m¢dahal esinin kadeéen °rnekl eminde larygan andéj

-al ekxmalara ©°ncelik verilmixktir. Bul gul ar : r
kas kuvveti vemenkKerafséené) daydepéekl| el ej éneée,
anl aml é& bi-imde gel i kt inlardaivjcut kililesi, vificut kitle mdeksii | o | u
ve vicut yaj oranené azalttéejéné g°ster mekt
tamamlayécé olarak wuygulanan Pil ates, stres
gebeli kte 1 s e edydjeum sgjrresssenné ve | umbopel vi k

kat ke sajlamakspeerfi kkribali kajno&@sénda ajreée v
azaltel masénda orta d¢gzeyde kanét -bedemcutt u

egzersizleriak si yet e, depresif belirtiler ve uyku [k
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yakam Kkalitesini artermaktadeér. Sonu- : Pi |l &
erikilebilir ve -0k boyutlu yararllkierkicgka] | ay a
°rnekl eml er, kesa m¢gdahale s¢greleri, k°r dej
kanéetl arén kesinlijini sénérl andérmaktader .
protokoll ¢ randomi ze kondé&roll ¢ -al eékmal ara ¢
Anahtar Kelimeler: Pi | at e s ; kadéen sajl éejé,; fiziksel u )

anksiyete; sistematik derleme.
ABSTRACT

Objective: This study aims to provide a comprehensive evaluation of recent research
findings regarding the effects of Pilates exercises on physical and psychological health
outcomes among women. Methods: PubMed/MEDLINE, Scopus, Web of Science,
SPORTDiscusthe Cochrane Library and PEDro were searched, prioritising the period 2021
2026. Peereviewed randomised controlled trials, systematic reviews and-anatgses,
together with seminal studies, were included, with priority given to studies in whicHatesPi
intervention was delivered to women or which reportedsgecific outcomes. Results: Current
evidence indicates that Pilates significantly improves muscular strength and endurance, core
endurance, flexibility and dynamic balance in women, and redocdy weight, body mass
index and body fat percentage in overweight and obese women. As an alternative or adjunct to
pelvic floor muscle training, Pilates improves stress urinary incontinence symptoms; during
pregnancy it reduces labour pain, shortengdalduration and decreases lumbopelvic pain,
thereby contributing to quality of life. There is moderatrlity evidence for reductions in pain
and functional disability in chronic nespecific low back pain. Psychologically, Pilates and
mind-body exerciseeduce anxiety, depressive symptoms and sleep disturbance, and enhance
life satisfaction and quality of life. Conclusion: Pilates is a-lory-risk, accessible and
multidimensional exercise approach for women's health. However, small samples, short
intervention durations, lack of blinding and heterogeneous protocols limit the certainty of the

evidence. Larger, longg¢erm, standardised randomised controlled trials are needed.

Keywords: Pilates; women's health; physical fithess; pelvic floor; qualityifef anxiety;

systematic review.
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1. GKRKKk

20. Y¢zyeéeléen baxklarénda Joseph Pilates tar
egzersizi; merkezleme (goweer kez/ Apower houseo), konsantr
akécel ek ve nefnmtamamlbyanalkelerdizeene kurulodun Yontemi, gévde

ve ekstremitelerin ¢cok boyutlu ve ilerleyici hareketlerini, merkezi-ikkslet sisteminin

stabilizasyonu temelinde kontroll ¢ bi-imde
(yer) tzerinde hemadl Ref or mer , Cadill ac gibi czell ekt i
omurganeén n°tr al pozisyonda korunmasé ve hai

2019; Vergili, 2012).

Pil at es, son yeéllarda yalnézeai biraynei zaa
yoga, t ai chi ve (i hemdg n o-bodly)néghedsiziiolarakeda b i r
kavramsall aktéereéel maktader . Bu egzersizlerin

kontrol ¢yle begtenlektiolkopegkkhemstfemlyel ofgz&r h
olukturabil mesidir (Xu vd.qgr t280 2ii; d dveatklhif ,u dd 4 K
riskil:i vV e b¢e¢yek °I1 -¢de eki pman gerektirmey
d¢zeyl er i nd e kiebilibhbir seggndk daline getirmektedir (Pergira vd., 2022).

Kadeénl ar , gerek katél éeémce profild@ gerekse
gereksinimler. a-eéséendan Pilates |literatg¢rgr
yaygén,l akmds gl skellaetkasi st e mi sorunl ar e, V ¢ C L
pel vik taban disfonksiyonlarée, gebelik ve po
d°nemi ndeki hor monal ve psi kososyal dej i ki ml

dojum s¢recinden menopoza uzanan yakam d°ngy¢
ve psikoloji k sajléjene destekleyebilecek, g
il gi artmaktader (Gonzaga vd., 2024; Li wvd.,

Pilates egzersielr i ni n kadéenl arda v¢cut Kompozisyon

sajl ek ¢zerindeki et kil erini inceleyen Tg¢r ki
Ma- kal e, 2021; Vergi | i, 2012; ¢celi k & Yeéel de
-alaakvemetmnal i zl er hézla artmaktader. Ancak
°rnekl eml i ve heterojen protokoll ¢ -al éexkmal
a-éséndan dajénék bi-imde raporl aamaktad#ceéerb.i
-er-evede toplayan, el exktirel bir dejerl end
géencel bir senteze ihtiya- duyul maktadeér.
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Bu derl emenin amaceé, kadéenl arda Pilates ec
endurans, esneklik,edn g e , veegceout kompozisyonu, pel vi k teé
gebeli k s¢reci) ve (ii) psikolojik sajleéek (a
doyumu ve ruh sajl eéejeé) czerindeki ett&kmdarin
dejerl endir mek; -al exmal ar én met odol oj i k g ¢
bokl ukl aréné belirleyerek spor bilimleri ve
2. YONTEM
2. 1. Derl eme Tipi ve Yakl akéeme

Bu -aléexkma, a&iistlkeelaé¢ei kndem ayar arl anan bir
ol arak tasarl anméxkter. Ama - , geni kK ve heter
b¢et ¢ncgl bi-imde sentezl emek -amdliz) yefine, mévau ; ni c
sistematik derlme/metaa nal i z | er il e birincil randomi ze
kavr amsal bakl ekl ar altéenda b¢tenlektirildil]j
2.2. Veri Tabanlaré ve Arama Stratejisi

Literategr taramaseé; Pub Me d/ ke BRORNMESCUS, Sc 0 p U
Cochrane Library ve PEDro ve&exzo2a ayaynd ma raérnadlag ]
al énarak ger-eklextirilmiktir. Alanén temel.
kl asi k -aléeékmal ara da Ilya&jl ameér it aamamli @ ma kAr an
akajedaki anaht ar kel i mel er Ve bunl ar én B ¢
kombi nasyonl arée kull anél mekter:

APi |l at es o, Arefor mer PbbdyeexerimatoPi hawb eng
Amuscl eostiéhgkhbilityod, Afbal anceo, Abody ¢
i ncontinenceo, Apregnancyo, Al ow back paino
Awebleli ngdo, Arandomi zed contr ol laendaltyrsiiaslood., s

2.3.Dahil Etme ve Hari¢ Tutma Olgditleri

Danhil etme olcatleri: ( i ) hakeml. i dergil erde yayéemlanmécxk
eki pman temel | i) m¢dahal esinin bir saj |l ék
kadenl ardan ol ukmals& wsceeryw- Icdarméen yreda peo rdluayrama s &
-al ékma, sistemaan&l deart asmer emygmaa menael i K ve

T¢rk-e dilinde yayémlanmék ol mak.
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Hari¢c tutma olcutleri: (i ) tam metnine ul akeélm getessian - al
tanémlanmék ya da hakem deneti minden ge- memi

te¢erlerinin etkisini Pilatesodoten ayeéert edil em
2.4. Secim Sireci

Tarama sonucunda el de egiédyyinndckeayiénd alr e romiku
°l -¢tlerini karkél ayanlarén tam metinleri de
e dijital nesne tanémlayeéeceéelaré (DOIl) dojru
gévencre. adl aleenkamaall aérnyme’krtnee k|l em °zel | i1 k
modal ite), karkélaktérma grubu, sonu

é
kK,
daki bakl ékl ar alténda sentezlenmiktir.

(o]

Kaj
3. BULGULAR

3. 1. Fizi ksel Sajl ek | zerindeki Etkiler
3.1.1. Kas Kuvveti ve Endurans

Pilates protokollerinin govdme r kez (cor e) b°l gesini hedef |
enduranseéndaki gel i kmel er i a-éklayan baxl éca
sistematik derleme ve mesmalizde, Pilates tdahalelerinin kas kuvveti, mobilite ve

fonksiyonel kapasitede anlamlé kazanémlar sa

katkeda bulunduju raporl anméxkter (Pereira vd

bir randomize kontrolli celk mada, Ref or mer ve Cadillac il e
g°vde kas enduranséné ve eklem esnekIlifJini

takviyesinden bajémséz olarak ortaya -ékte]é€
veolez kadénl arda 8 haftaléek Reformer Pil ates
ve McGil |l dayaneékl el ék test skorl arénée anl a
Kéerméezeéegil, 2025) . T¢r ki yedode sdemize kanteoltit k a d é 1
-alékmada da Pilates ve buna ekl enen progr es
enduranséné artérdéjée; gevkeme ve solunum bi

daha belirgin olduju s@ptanméexktér (¢elik & Y

3.1.2. Esneklik

Esnekl i k, Pilatesdin en tutarl é& bi-imde ge
Ejitimli kadénloesdti pterdejerlendirilen ekle
anlamlée bi-imde arduzij evdgloste2o2bmi kSiedanKar
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-al ekxmal arda da Pilates ve gevkeme egzersizl
bu gel i ki mi g¢-lendirdifjgi bildirilmiktir (¢Ce
Pil atesbd]n geshektirmede et kil i ol duj unu an
czerindeki etkilerinin daha séneéerl é ol abi
dejerlendirildijinde (Asl an, 2019) , esnekl i’

ol duju ig.°yl eneb

3.1.3. Denge ve Postiral Kontrol

Pilatesdin n°tral omurga pozisyonu, g°vde
dinami k denge ve postg¢ral kontrol czerinde c
yurdtilen metanal i z, iPnanmitke sdbéemged ve aerobi k dayan:¢
anlamlée gelikmeler sajladéejéné ve d¢gkme ri sk

Sedanter kanedregnd ar dat iYyl e ©°I1 -¢l en dinami k de

gel i kotliynum sve gevkeme tekniklerinin ekl enm
gesterilmiktir (¢elik & Yéldéez, 2026) . Bu bu
fonksiyonel bajémsézl éje ve d¢gkme ©°nl emeyi
etmektedir.

3.1.4. Vicut Kompozisyonu

Fazla kilolu veya obez yetikkinlerde yg¢r ¢
kat @&l émceée) -anaelrieznd eb,i rPineattaes 6i n v¢gcut aj érl é

vecut ya] yeéezdeaszalttaoalaml@ebi-ewmdesi ve yaj e
deji ki klik olukturmadeéejé bildirilmixktir. Aj] €
bireyl eri i -eren -alékmalarda ve daha uzun
2021))Fazl a kil olu ve obez kadénlara °zg¢ 8 haf
-al ekmasénda, deney grubunda v¢gcut kompozi sy
(G°kalp & Kérmézegil, 2025) . T¢r krmgr @ilatdse y ¢ r ¢
programlarénén kadéenlarda g°jJ ¢s, bel, kar én,
BKK dejerlerini azaltteje raporl anméexkteér (Ac

bajl e fizyol oj ik Ve p s ncklolir oderierke, antyopomeétrékr é d

parametreler, glukoz ve | ipid metabolizmaseé
-ekmiK; ancak ekipman temel i m¢dahal el erion
vurgul amekter (Batrakoulis, 2022).

315 . Pelvk Taban Fonksiyonlaré ve | riner Knkonti

33



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

Pelvik taban sajl éje, kadéna ©°zg¢ bir ar ack
daha fazla yer bul maktadeér. Post menopozal k
kontroll ¢ -allewimadtagb agr nkddé& kentraksi yonunu
il e pelvik taban kasé ejitiminin (PTKE) stre
sajl adej é; her ik y°ntemin de ped testi, g
Pyith ewi i gosterilmiktir (Gonzaga vd., 2024)
il e Pelvik Taban Kas Egzersizlerinin karkel :
grupta da inkontinans «kKiddetielwe etdkil milk- e kr
Pil ates, Pelvik Taban Kas Egzersizlerini -exk
i-in g¢venli ve wuygulanabilir bir alternatif
kadéenl arda yoga, KrPaisl aEgezse rvsei zFeelrviinki T akbaarnk € | a k
pil ot -alékmada ¢- m¢gdahalenin de i nkontinan
| ehi ne bir cstenl ¢k gzl endi ] bildiril mixckt
inkontinansayonelik farmakolojik olmayan tedavileri inceleyen sistematik bir derleme ise,
PTKEGnin temel tedavi ol maye se¢rderde] éng;
birlexkxtirildijinde merkez kuvvetini weciéenkon

yakl akémlar ol dujunu °ne s¢rmegktegr (Chen vd.
3.1. 6. Kroni k Ajré (Bel Ajréseé ve Fibromiyal

Kronkk nons pesi fi k bel ajreéese, kadéenl arda sék ¢
klinik alanlardan biridirkma@re ddkKWOB rharsdami z
sistematik derleme ve metan al i z d e, Pilatesdin aj rMorrixki ddet
°]l -ekleriyle dejerlendirilen fonksiyonel yet
czerindeki i yilérklmenoindujswe rdapar [saennrmékt ér ()
spesifik bel ajrele bireylerde Pilates il e ¢
i -eren bir randomize kontroll ¢, -al ékmada, Pi
i liilkik yakam kalitesinde ¢stenl ¢k g°ster mi K;
a-éeédan belirgin d¢zeyde ol madéejé, yakam kal.
i lgi i bir fark s¢rdejé¢ vur gultaknméeme lea ni(zThoa

i ncel eyen bir aracel ek (medi ati on) anal i zi
azal mal ar én; ajre K

i ddet i vV e fiziksel f onk
gesteril mixktir,; bu bulguol Bjl et bsdbiemehl 21 k 8¢
i karet etmektedir (Wood vd., 2023) . Lomber

Pil at es uygul amaseéneén ajre ve fonksiyonel
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dayanéekl el é]jénébazreée ylhhaepumt lkadédné&si nihexktirdi]

2022) . ¢ojunlukla kadeénlardan olukan fi br omi
kontroll ¢ -al ékmada, Ref or mer Pil ates ve ev
ajre,i boyompyal durum ve yakam kalitesi czeri

(Caglayan vd., 2023).
3.1.7. Gebelik ve Dojum S¢reci

Gebel i k, kadéna °zg¢ fiziksel gereksini mle
kadenl!i28. debelikhéftasndan i ti baren sekiz hafta uyg:l

dojum ajréeseée «kiddetini, eylemin aktif faze
memnuni yetini arterdej é, ayreca toplam eyl e
- al é«k ntaedrai Igriisktir ( Ghandali wvd., 2021). Nulll
dojuma hazeéerl ék ejitiminin; gebelik ve erken
inkontinans kKiddetini azalttéepgumgebahiékteak
ve eylem s¢gresini kesalttejé raporl anméxt éer
kat el emcé) kapsayan g¢ n candlizde, gebelikdeiPdategnnegldmi k  d e
s¢é¢resini kesaltteée] é ARy esrkiodaijnaunéinyil.ekdakidka i
(VAS) azaltteje; buna karkeéel eék BKK, vegceout a
ol ukturmadeéjé bildirilmixktir (Li vd. , 2025)

sistematik derlemede ise Ril@ s uygul amasénén algélanan yacxk
fiziksel hareket !l il i7]i iyilexktirdiiji, | umbo
anksiyete ve depresyon d¢zeyl edTéllerivd, @Q2K.¢ r d ¢ ]
Gebeliktear € ve yakam kal it eananlii zd edee,r | Reinldaitreesni rb i
ajréséené rutin antenat al bakéma veya egzersi
ili kkin orta d¢zeyde kanét sunmykénwe bhedrihramg
(Ferraz vd., 2023).

3. 2. Psi kolojik Sajleéek | zerindeki Et kil er
3.2.1. Anksiyete ve Depresyon

Pilatesin psikolojik etkileri, °czellikle
bi -imde araktwpeés maknhapezal Peadénl arda 11 r a
(1005 katel eémceé) i -er emnhilri zdies t éPmd tait ke sda r Ide
beden egzersizlerinin anksiyeteyi (SMD = 10,

anl aml é& bittiemdke aza éca kemi k miner al yoj unl
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iyilekme sajladéjé bildirilmiktir (Xu vd., 2
Ref or mer Pilates randomize kontroll ¢ -al @kma
anksiyete °|l-ek puanlaréné anlamlé bi-imde a
Te¢r ki yebodd ey alk8 ar as é kadéenl arda y¢r ¢t-ak en bi
programénén grup i - kar kel akte@emalnd radrd €a rbk
dekerde] ¢ et ki b¢e¢yekl ¢kl erinin y¢gksek ol duj
Bununla birlikte, ayné -alékmada gruplar ar a
anlamlée fark bul unmamakléan&k&- ¢fkarklinelkd lelmavey |
(Saniojlu & Ma-kaleée, 2021).

3.2.2. Stres ve Uyku Kalitesi

Solunum kontrolg¢ ve dikkat odakl e yapése

dé¢zenl enmesii a-éséndan da de7 erdleénkdmay d mke&kp s
sistematik derleme ve metan al i z d e ; Pil at es, y 0g a ;bedgni gong
egzersizlerinin uyku bozuklujunu (SMD = 10,
bi-i mde azaltte]eée ortaya k @enreu biCimde, pdriMa k h f 1
/| post menopozal -bkaeeanl agdar szizthiemi ni n uy ku
gsterilmiktir (Xu vd., 2024). Bu bul gul ar,

ol arak kull anél abilecejuyymhgynddeki Shaj of ll @n &

3.2. 3. Yakam Kalitesi ve Yakam Doyumu
Sajlekla ilikkil:@ yakam kalitesi, Pil atesi
-ékteder. Sajl ekl e sedanRielratkeasd épylgoag rdeandeE?2eééah d
-al exmada; har eket kabiliyeti, nor mal aktiv
belirtilerini i -eren sajlekla 11ikkild@ yakar
kontrol grubunda i1 se Buvepgaametrridledriijn salpit
2012) . Kroni k bel ajreéele bireylerde Pilates
yakam kalitesinde klinik a-édan i1l gil: bir ¢

Gebelerde Pilatesim | gél anan yakam kal i-Téles vdn 2025) vei | ekt |
T¢e¢rkiyedde yer et ¢-mah egkérmapkhedanPi kat éban

d¢zeylerinin anlaml é bi-imde arttéjé raporl a

324.0zYa&tr | il ik, Bili ksel Kkl ev ve Psikolojik K
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Pilatesin psikolojik 1vyi oluk ve Dbiliksel
gel i kmektedir. Yeksek®jretim °Jrencilerinde
tzerindeki etkisini inceleyehir sistematik derleme, dans ve Pilates gibigrtg k s ek ki dde

etkinliklerin ruh sajléjé ve yakam kalitesi
(Donnelly vd., 2024). Sedanter kadeénlarda vyg¢
Pil atese eklenen progresitf gevkeme ve solun
-al ékma belleji) testlerinin t¢gm alt boyutl
sajl adej e gesteril miktir (¢el ik & d & e lad eérze,

felaketlektirme ve kineziyofobinin azal maseén
2023) , Pilatesin bedensel kazanémlarénéen ©°z

mekani zmal ar ¢zerinden de i kledi]Jini d¢Kendyg

4. TARTI k MA

Bu derl emede sentezlenen g¢ncel kaneéetl ar,
hem de psikolojik sajlék ¢zerinde -0k boyut
Fizi ksel a-eédan e-met kéar kasihelkddindmakrdengegvé v d e
fazla kilolu/obez kadénlarda v¢icut kompozi sy
2021; Pereira vd., 2022; Karpouzi vd., 2025;
anksiyete, depresif belirtiler ve uyku bézll uj unda azal ma il e yakam
doyumunda art ek, -éhrear iuzlluesridaer alrears éd eneT ar ki y e
raporl anmaktadeéer (Xu vd., 2024; Makhfudl i v
2012).

Pelvik taban ve gebelik glli adéna ©°zg¢ al anlarda Pil at es,
°zell i kl e dikkat -ekicidir. Stres criner i n
keyasla benzer iyilexkmeler sajlamasé (Gonzag
ajrese ,s¢aywlse ve | umbopelvik ajreée ¢zerindeki
2025, Ferraz vd. , 2023) , bu y°ntemin stand
konuml anabil ecejini de¢kendegr mektedir . Bunu
kontrakso nunun korunmasénén etkinlik i-in belirl
tek bakéna dejil, dojru teknik °Jretimiyle b

Fizi ksel ve psikolojik -ekteéel aesiakronikbel i - e ¢
ajresendaki etkisine ajré felaketlektirme ve
vd. , 2023), -ly@ddreani dojfaséné ampiri k ol arak

37



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

kazanémlarén psi kol oji k mdgkiannii zgmMasltaerrdreenk taeydri ér
Pilatesin solunum ve gevkeme bilekenleriyle
-éktelarda daha belirgin gelikme sajladéjé vy
2026).

4. 1. ¢al éexkmal arleg WMetdaypyéfo] YKknIGgr i

Ge-1 ¢ yo°nloer a-éseéndan, son bek yélda kad
randomi ze kontroll ¢ -al eékmanén vV e PROSPERO¢
derleme/meta nal i zI| er i n bul unmasé, kaneéent atratbtaén eenn
g°stermektedir (Yu vd. , 2023; Li vd. , 2025;
géevenilir °1 - ¢ m-Sh Oswestryg $88,Béck dlcekler, manonttri, EMG,
ultrasonografi) kull anél mgigléndirmektedru- | ar én kar

Zayéf y°nler ise kaneéetlarén kesinlifjini s é
°neml i bir késmé k¢-¢6k °rneklemlidir; °rneji
bakéna kateéeléemc€5savasiadeo] (Kankha 8., 2021
Kki nci ol ar ak, m¢ dla@h ahlaef t sa¢ ridlee rsié nséérk léadkelra vée
azder (Saniojlu & Ma-kal e, 2021; Tottoldi v d

é
doj as e ger eyd Kkyad Bll eeymecceé k°rl emesinin saj l
erl endir me yanl él ej é riskini artérmakt a:i

dej
protokollerinin (mat/ Refor mer, sékl ek, il er|l
yetersiz tamelmj mlnarassre havuzl anmaséné ve genel
metaanal i zIl erde y¢ksek i statistiksel heteroje
ri ski o sék-a raporl anmékter (Wang vdemsel 2021,
veoOntestson test desenl i -al ékmal arda kontr ol g
karekteér écé deji kkenl erin denetl enememesi ,
(Aslan, 2019).

4. 2. Araktérma Bokl ukl ar é

Mevcut literatlr birkag 6neml bokl uj a 1 karet etmektedir. E
-al ékmal arénda ekipman temelli (Reformer/ Cad
incelenmik ol masédeér (Batrakoul i s, 2022) . Kl
tanese& &landénl ar da Pil atesin et ki si ni dej er
°rnekl emler -ojunlukla klinik exkijJin alténda
2021). | -¢éncegseé¢, mMenopoz, postpartumrnde® nem v

38



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

dozy anét i i kKkisini (opti mal séekl ek, s¢re ve
Do°rde¢ncecyeésé, pel vi k taban vV e gebel ik al anl at
géevenl i ji verilerinin séner | @b).8pnoldrékr Turkiyu r an
kaynakl & kaneétl arén ©°neml. bir b°l ¢éméegneégn kg -
ul usal d¢zeyde -0k merkezli ve standardi ze
belirginlexktirmektedir.

5.SONUCVE¥ NERKL ER

Kncel enen -al exmal ar én genel dejerl endirm
kuvveti ve dayaneéekl éel éjéne, esnekliji, dinam
etkilediji; pel vik taban fopkecypnpeael arekkknok
-ektélarda klinik a-édan anlamlé yararl ar s a
azalterken yakam kalitesi ve yakam doyumunu

mal i yeti g°rece gdaukpe kh,©l b inrdeey skeo | awdyeak | a uygu
kaden sajl éjénén korunmasé ve geliktiril mes
getirmektedir. Bununla birlikte, kanéetl ar én

bicimdeyou ml anmal edeéer .

~

Spor bilimleri ve kadén sajléejée alanéna y°

1.Gel ecek -al éxkmal ar ; daha b¢gyeéek ©°rnekl eml i

kat el emcé/uygul ayécé kduglehdeeneasdomize kompliik ¢ n o

tasaréemlar beni msemel i dir.
2.Pil ates protokoll eri (modalite, sékl ek, S
bi-imde raporl anaalaé¢; zbar daybdeemajpanl i k

i 1i kki |lebimeldbel irl en
3.Menopoz, gebeli k ve postpartum d°nem il e

yonelik,fazs pesi fi k protokoller gelixktiril mel:i

4. Pel vi k taban uygul amal ar énda, geaqgjldeg pe

°JTreti mi standardi ze edil meli; Pil at es,
bil ekxen ol arak dejerlendirilmelidir.

5 KI'ini k d¢zeyde anksiyete veya depresyon t
tedaviye ek bir dridketkéerné lomalréadkere.t ki nl i J i
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6.Fi zi ksel -éktélarla birlikte psikolojik ar
°©z yeterliliKk) e K zamandeder | -md kearneikz md
aydenl|l at él mal eder .

7. Uygulamada Pilates, fizyoterapist veya serifal € ej i t men g°zet i min
durumu ve yakam evresine g°re bireysell ecx

koruyucu egzersiz programlaréna entegre e

Sonu- ol arak, Pil ates kadén sajsli&] é aik-liark éu
ol makla birlikte, mevcut kanéetlarén y°ntemse
ve g¢venlijine i likkin -éeékarémlareéen g¢-1endi

BKLGKLENDKRMELER

Etik Onay: Bu - al ékma vy aysé&mlna ndmerkl elninteesriane dayand

hayvan kat el emceé i -eren °©zge¢n ver i topl an

gerektirmemektedir.

¢tcekar ¢avaézkamma(slear ), her hangi bir -ékar -at eéxi|

Finansman:Bu - al éwxwnmaanig-ii mihhe Kkurum veya kuruluxkta
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OZET
Pilates egzersizleri, son yeél |l anmdbtaylegiderek ol o] i
artan bir i1 gi g°rmekte-that. eBuedsr zémej nkade

etkilerini, COVID-19 pandemi surecinde internet (zerinden uygulanan mat pilates
egzersizlerinin depresyon ve uyku kalitesine etkilerini,tqpesiopozal dénemde pilatesin
yakam kalitesi vV e depresyon czerindeki et
mobilizasyon egzersizlerinin anksiyete ve de

tabanl & egzersi zinripoislte ra] rdé p¢zeesryionnd edkeil ierttkii

-al ékmayé elextirel bir perspektifle dejerl
pilates egzersizlerinin depresyon ve anksiy:
yakam doyuwumkmnu kwaeé i tesini arterabilecejine i
-al ekmal arén k¢g-¢k °rneklem begyeéekl ¢kl eri, K ¢
takip eksi kl ikl eri gi bi met odol oj i k séner
g¢ -1 eketdiirrmekBu der | eme, al andaki kanét t abal
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°rnekl eml i, randomi ze kontroll ¢ vV e uzun

vurgul amaktadér .

Anahtar Kelimeler: Pi | ates egzersizi, depresyoankamnksi

kalitesi

ABSTRACT

Pilates exercises have attracted increasing interest in recent years due to their positive effects
on psychological health. This review critically evaluates five current studies examining the
effects of pilatesnat exercises on pdgyological health in women, the impact of online mat
pilates on depression and sleep quality during the C@MIPpandemic, the effects of pilates

on quality of life and depression in postmenopausal women, the effects of thoracic mobilization
exercises on agety and depression in fiboromyalgia patients, and the effects of pbatesl
exercises on posture, depression symptoms, and pain in women. The findings suggest that
pilates exercises may significantly reduce depression and anxiety levels and improve lif
satisfaction and sleep quality. However, methodological limitations such as small sample sizes,
control group design issues, and lack of kbagn follow-up make it difficult to draw
generalizable conclusions. This review highlights the need for fsageple, randomized

controlled, and longerm studies to strengthen the evidence base.

Keywords: Pilates exercise, depression, anxiety, stress, psychological health, quality of life

1. GKRKKk

Fizi ksel i naktiviteyayyg énrldaknmaesré yylaak abm rtlairkztéer
ve stres gibi psikolojik sorunlar toplumsal dizeyde giderek daha belirgin hale gelmektedir.
D¢ny a Sajl ek ¥rge¢t ¢ verilerine g°re depr e:
bozukl ukl ar &én b akkd ned ak agdeelnnmheakrtdea; e°rzkeelkll er e ke
sékl éejena sahip olduju bildirilmektedir. Kro
uj ramaséna, tedavi mal i yetlerinin artmaséna
(Bakoj Wluk&jBuwl, 2015; Karatayl e, 2007) .

Son yeéllarda fiziksel egzersizin ruh sajl ej e
artmaktadeér. Egzersizin depresyon, anksiyet

(endorfin s al émnedlenmesi), pslRodojikddg e e eir | dl i K al geéeseéene
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ve sosyal (grup dinamiklerinin desteji) me |
bajl amda pilates egzersizi, zihin ve beden

hareketle buti|l ekt i r en ve Yy¢ksek yaralanma riski

kesimlerine hitap eden bir egzersiz y°ntemi
2021).

Joseph Pilates taraféndan gel i ktiriliates ve bes
egzersizleri; denge, koordinasyon, kas glici ve omurga stabilizasyonu gibi fiziksel parametreler
Uzerindeki olumlu etkileriyle bilinmektedir (Crtlzerreira ve ark., 2011). Bununla birlikte
pilatesin psikolojik dejarmkanbheréegaerialdekima
d°nemde arték g°ster A8 pandediisirecininéfiziksel laktikteyie C OV
keséetlamasé ve psikolojik distres d¢gzeylerir

yonelik ilgiyi Gnemli dlciide canlahé r mé kKt € r .

Buderleme, 2012 024 vy eél |l aré arasénda yayeéemlanmék be
bir bakéek a-éséyla inceleyerek pilates egzer
etkilerine i kkin mevcuthedamléeé metkat beadn é&n é& ¢c
y°nt emsel gé¢-1¢ ve zayef yo°nleri, °l-¢m ar a-
uygul anabilirlik a-éséndan karkél akteéermal é& b

2 . Y¥NTEM: DERLEMEYE DAHKL EDKLEN ¢ALI k MALAR

Bu derl emeye dahil edilen bek -alékma, akaj é

Tabl o 1. Derl emeye dahil edil en -al ékmal ar én
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Bakl éc:
Olgiim
¢al &k i Orneklem T as ar Uygulama Ar a- | a1 Temel Bulgular
Saltan 22 kadeén RKC 12 hafta, BDO, GAO, Egzersiz grubunda BKC
(2018) deney, n=1Xkontrol) haftada 3 NPT, NSP, ve NPTG6de
gln, 3x1 saal BKO i yil ekme; B I
fark yok
Sani o0j30 k adeén Deney 6 hafta, BAO, BDO, Deney grubunde
Ma - k a | deney, n=15 kontrol) kontrol haftada 3 YDO depresyon ve anksiyetec
(2021) gln, 1 saat anl aml é aza
doyumunda a1
Ozdemir & 44  postmenopoza RKC 8 hafta, MOYKO, Pilates grubunda her
Uysal kaden (n= haftada 3 glin Beck y a K a rkalitesi hem
(2018) n=23 ev egzersizi) Depresyon depresyonda
¥l -ejJi iyilekme
Demir ve 2 2 kadén Tek grup 8 hafta, 24 BD ¥, P Depresyon, uyku kalites
ark. (2023) °j renci si Onson seans SF36,VAS ve ajréeda
test (Zoom) i yil ekme;
kalitesinde (SF36)
a n | danklyak
Ciftci 40 fibromiyalji RKC 11 seans VAS, BDO, Her iki grupta grup igi
(2024) hastaseée (r BAO, FEA anl amle ivyi
n=20 torakal araseée VAS, I
mobilizasyon) FEAG6da tor ¢

|l ehine anl at

RKC: Randomize Kanr ol | ¢ ¢al &€k ma; BD¥: Beck Depresyc
¥l -eji; BA¥: Beck Anksiyete ¥I|-eji; NPT: New
Profili; BKO: Bel Kal -a Or aneé; YD¥: Yakam LC
Yakam KalitesRi t¥tlsbegrigh PUWKKU Kal it esi Kndeks
FEA: Fibromiyalji Etki Anketi
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3. ¢ALI KMALARI N ELEKTKREL DEJERLENDKRMESK

3. 1. Kadénl arda Pilates Temel i Egzersizin F
ve Ajreée | z &altann2618)Et ki s i (

3.1.1. ¢al ékmanén Genel ter-evesi

Ferat ''niversitesi Sajl ek Bilimler:i Tép
(F.} . Saj .Bil . Tepi3d®er,g.Yali®GO&,pak2 @0)a:l e BEndaki
haftal ék pilates é@demepddtiorgzeawam Ilpaloigtr @snié n
czerindeki et kilerini araktéermaktadeéer . Rando
kikilik egzersiz ve 11 kikilik kontrol grubu
3.1. 2. Y°nt emsel Dejerl endir me

cal exmggnédr y°enl eri arasenda randomi zasyon
dejerl endirme ara-larénén bir arada uygul ann
son test karkeéel akt ér ma tasar éme sayélabil i
t anémlhaanfniéakd,a 3 g¢n, 12 hafta boyunca uygul a
ve 10 dakika sojuma protokol ¢ ayreéentél é ol ar
Bununla birlikte -aléxkmanén °nemli metodol oj
116er kataélléékneclényelka ol mas e, i statisti ksel gé¢c
°rneklem, °zellikle depresyon belirtiler:i ¢ Z
°]l -ekl erde anlamle fark bul unmamaséneéen ger -
ista i sti ksel gésce  mi i karet ettijJini belirsiz
°]l - ¢l en depresyon belirtilerdi a-éséndan egze

anlamlée bir fark saptanmaméxkteéer (p>0,05).

¥t e yandan alakeemayyal gpva Ter mal il -esinde
bul gul arén genellenebilirlijini séenér |l amakt a
uzun d°neml. takibin yapél mamasé da di kkat -
bilgismul mamasé, dejerlendirici yanl el éjé a-ése

3.1.3. Bulgular ve Klinik Onemi

Egzersiz grubunda VKK, BKO ve NPT dejerl eri
gezlemlenmi ktir (p<0,05). @GAxX)dakvedaeypawrasmoka l(iBt
°] -ekl erinde anlamleé fark saptanmaméxteéer. B

kompozisyonu ve postg¢r ¢zerinde et kildi ol du]
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etkisini gostermek icin ya daha uzun sireli uiggnaya ya da daha buyuk érnekleme ihtiyag
duyul dujunu d¢gkegndegr mektedir . Nitekim yazar
tarteéekar ak Schuchanvael iazriknaed aakt|léafrl éan éeng zneertsa z t ¢

et kiyi dejiwrtguleamd ketceerj.i ni v

3. 2. KadénMatd&gPerasieserinin Psikolojik Saj
Ma-kal &, 2021)

3.2.1. ¢tal ékmanén Genel ter -evesi

Ul usl ararasé Egzersiz Psikolojisi Dergi si 6nd

yayéeml dua - al ekmas0KpgamnbuadeadadlBi 30 kadeéenda

haftal éaatpielgzteessi z programénén depresyon, a
et ki sini i ncel emi ktir.

3.2.2. Y°ntemsel Dejerl endir me

Bu -al @ékma, iidgneyktoamds aoll amgmé&wbub kar Kkél akt ér mas é
hem baj é&ms étze s°trineerkilneirm tbi rl i kte kull anél masé
ol masé metodol oji k bir g¢- olarak °ne -ékmak
gecerlikg ¢ veni r | ik -al ekxmal aré& tamaml anmeéck stan:
kriterleri a-ék bi-imde tanémlanméxktér: daha
ve klinik depresyon/ anksiyete tanésé al mameécx

¢cal enmasreéméerl|l el ekl arée arasénda yine k¢ -¢ek O

eksi kIl ifji °n plana -ékmaktader. Randomi zasy
arteéermaktadeér. Kontr ol grubuna her hangi bir
eki sinin bertaraf edil ememi Kk ol dujunu d¢K¢noe
kat @€l émcéel arén dahil edil mesi bulgularén cin

3.2.3. Bulgular ve Klinik Onemi

B a] ée-esti@nalizlerinde deney gruhda anksiyete (t=7,31, p<0,05) ve depresyon (t=8,52,

p<0,05) d¢zeylerinde anl amdeldzapma| @%) iyaka
tespit edil midgtiir .k aBrag é&lnmsketzértmasénda i se yal
p<0,0l)gruplaraxs € anl aml é& bir fark g°zlemlenmixktir.

ve depresyonu azaltecé etkisinin kontrol gr
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i karet etmektedir; ancak tek bakéna mdeney g
belirgin iyilexkmeler g°r¢l mektedir.

Et ki be¢yekl ¢ ¢ dejerl eri anksiyete (t=7,31)
g°ré¢nmekt e ancak bu be¢gyekl gl én keé-¢k °rnek
i -ermedi i dejerlmendarvumgbuli ddej evYgzeaergakeil
grubundaki kadénlarda stresle baka -ékmaye

pratikte yerini alabilir.

3. 3. Post menopozal D° nemde Pil ates Egzer si :
Uzerine Etkisi (Ozdemir & Uysal, 2018)

3.3.1. ¢alékmanén Genel ¢er-evesi

ACU Sajlek Bilimleri iD2ygyayemldaendr20l8; anddt)
Baysal ''niversitesi b¢e¢nyesinde yeéeregt el mgk ol
kadénkdaf t8al ek pil ates programénén yakam kal
Depresyon ¥I|-ejJi) ¢zerindeki et ki sini i ncel e
ev egzersi zi grubu (n=23) olarak i kiye ayr el

3.3.2.Yontems® e ] er |l endi r me

Bu -al eéxkma, derl emeye dahil edilen -al éexkmal
ol anl ardan biridir. Randomi ze kontroll ¢ t a:
kull anémé ve menopoza ©°zg¢ Vvan (MOYKOyteraihh u bir
edi | mesi di kkat -ekici gé-1 ¢ y°onlerdir. Akt
yapmaneén dej il pil atesin kendine ©°zg¢ ©°zel
tanémaktadeéer .

Senérl el ekl ar a- @xé ndka®nr | ceeriee rplreonsdei dr¢irl ¢dnig iinl i
takip s¢resi 8 haftayla késétleée tutul muk ve
Menopoz d°nemi ndeki hor monal deji kkenl erin

al énmaméexkt ér .kl ¥frekhesmplh aymal ar éna dair a p

sunul mamék ol masé da °neml bir eksi kliktir.
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3.3.3. Bulgular ve Klinik Onemi

Pilates egzersiz grubunda hem M¥YK¥ hem d

e I

il e son test aradandani ambéei $arkseaslapt anméxt

egzersizinin postmenopozal d°nemde hem yaka
durumu iyilexktirdijine ikaret etmektedir. Kl
t ak @ makotna ;r ehpdrans man tedavisinin yané séra far
kaneét tabanéeéné g¢-lendirmektedir. Bul gul ar é

egzersiz s¢regian@atrasdndcka&kisi mlioz daha ayrent é

destklenmesi Onerilmektedir.

3.4. COVID-1 9 Pande mi S¢recinde Knternet L zerin

Egzersizlerinin Depresyon ve Uyku Kalitesi Uzerine Etkisi (Demir ve ark., 2023)

3.4. 1. tal ékmanén Genel ter -evesi

| GUSABDER dergi si nde (30@02%:n2536)apanddmudonerihing kK ma

kendine ©z49g¢ kokul |l arénda kadén cniver si

t e

uygul amasénéen etkinlijJini dejerl endirmiktir.

3gun,45%6 0 daki k algé&kanei luaytgeud apnrmee kt ér . ¢al ékma, k

gruponson test tasarémeyl a y¢r et el megktgr .

3.4.2. Y°ntemsel Dejerl endir me

Bu -alékmanén en belirgin metodolojik keéeseéet
yokl ujundiayigFhek meleaar in pil ates egzersizine m
mi yoksa dijer karéektérécée dejikkenlere mi
Bununl a birlikte -al ékma, pandemi d°nemi n
uygul anamaodrétjaémdbai ger - ekl exktiril mi k ol maseé ne
a-éséndan dejerl. bir katké sunmaktadér. Kn
etkinlijine ilikkin Iiteratge¢grdeki énramaikrt a-daélré.
¢al ekmada wuygul anan °1 --36mVA8)rham Tue romekl¢mde¥ | PU
ge-erl enmik hem de wuluslararasé | iteratge¢rde
°rnekl em, tek grup tasar éeéméyl amdbetialminetmeyn ce et
g¢é¢-lektirmektedir.
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3.4.3. Bulgular ve Klinik Onemi

24 seansl|l ék egzersiz programé sonrasénda BD¥

dejerlerinde i1statistiksel o F3a6r aikl ea n° la-md |ée ni
kaltesi nde i se anlamlé bir dejikim g°zlemlenme
egzersizinin depresyon ve uyku kalitesi czer

sajl eje yékeéng hafifl et mede b u t ¢ Undemeg akt an

getirmektedir. Bu bul gu, czelli kl e spor tesi
kersal b°l ge sakinleri, hareket gé-1 ¢ ¢ y &
klinisyenler taraféndan degerlendiril mesine
3. 5. Fi bromivyalj.i Hastal ar énda Tor akal Mo b
Araktéreélmasé (¢ift-i, 2024)

3.5.1. ¢al ékmanén Genel ter-evesi

Il sk¢gdar [ niversitesi Sajl ek Bilimler:i Enstit
(2024), fiboromy a | j i tanélé 40 hastada (20 kontrol,

fizyoterapiye ek olarak wuygulanan torakal bo°

depresyon, semptom yukU ve otonom sinir sistemi Uzerindeki etkilerini randomizelKolir

y°ntemle incelemiktir.
3.5.2. Y°ntemsel Dejerl endir me
Bu -al ékma, derl emeye dahil edil en -al ékmal ¢

i -ermekte ve ot onormmotomMa rro ssicsitheanti € yilkal eSIN /i PN
dejertend t ek -al exkma ol ma czel lifjJi t ak & mak
et me/ dekl ama kriterl eri vV e standart Ol - ¢m

metodolojik standartlara uyum yiksek gorinmektedir.

¢al eékmanén ©°neml:i béem egnérsiertejercecnegnpeshén
mobilizasyon egzersizi ol masédér; bu nedenl e
di kkatli olunmaseé gerekmektedir. Bununla bir

araséndaki vanatd mivwserlikisi°de bngurgan stabilitesi, solunum ve
n°romuske¢l er akti vialsy onal @dm&kn &am mak t chedrélre me |
gerek-elendirmektedir. 11 seansl ék kéesa m¢d

a- éseéenedrane nddeijr me yapél masénée késétl amaktadeéer .
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3.5.3. Bulgular ve Klinik Onemi

Her i1 ki grupta grup i - deji kimler istatist.]
arasé karkeéelaktérmada VAS, BD¥, BA¥ ve FEA
anlanl € f ar kl el ek g°sterirken otonom disfonksi
grupl ar arasénda anlamleé bi-imde farkI|l el akma
ve otonom sinir sistemi di sfekkbiyokunonkbt a
nedenl e egzersizin hem ajré hem de psi kol oj
etkiler g°stermesi, fibromiyal]j.i y°neti mi nde

sunmaktadeéer .

4 . GENEL TARTI k MA

4. 1. Pil ates ve Depresyon: Mevcut Kaneéetl ar én
Derl emeye dahi l edilen bek -alékmadan d°rdg
2018; Demir vV e ar k. |, 202 3; ¢ci ft-i, 2024)
bil dirmicktir. Y8a)l ndepranesSaolnt abhel(i2x0li | er i a-
saptayamaméxt ér ; ancak bu durumun 12 haftalé
veya pilates programénén depresyon ¢zerindek
ol abi | e dlmgktedir.d ¢ K ¢ n

Bu sonuglar, pilates egzersizinin depresyon uzerindeki etkisinramaiiz dizeyinde ele alan
FIl eming & Herring (2018) ve Mokhtari ve ar k.

gOstermektedir. Pilates egzersizinin depresyonu azdltanf i ol asé mekani zma
endorfin ve serotonin gibi n ° -yetetlilik aenteden t t e r |
farkéndal eéj énén gelikmesi, nefes kontrol ¢ ¢
dé¢zenl enmesi  ve lgardueg ée gszoesrysailz idneisnt eskajsay el abi
4. 2. Pilates ve Anksiyete: Ortaya ¢ékan Kane
Anksiyete, depresyona keyasla pilates I|litera
el e al enan -al ékmal arda anksiyete yomeri nde
gzl emlenmi ktir. Saniojlu & Ma-kal é (2021)
puanl aréenda anlamleée bir azalma ©bildirirken
sonu-lara ul akmeéektér . Akbak & | nverar@z2@&@se)
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bul gul aréyla da °rt¢ken bu sonu-1ar, pil at e

et kil i bir ara- olabilecejine i kKaret et mekte
4.3. Ozel Populasyonlarda Pilates: Postmenopozal Dénem, Pandemi ve Fibromiyalji

Derl emenin °nzdga¢nn bk atik el @irleat es egzersizinin
al énmaseéedeér . Post menopozal d°nemde ¥zdemir
hor monal , psi kolojik ve sosyal gé¢-1 ¢kl erini
tedavinineyanal séraatvi f ol ar ak dejerl endiri

d¢e¢kendegr mektedir . Demir ve ar k. (2023)06én p
etkinlijini g°ster mesi , dijital sajl ék hi zr
uygulamalara - éséndan b¢yeé¢k °nem takémaktadeéer. ¢cif
torakal mobilizasyon egzersizleriyle &elde |

komorbiditesi olan hastalarda egzersizin hem fiziksel hem de ruhsal iyiyi olumu deistgkled i

teyit etmektedir.

4 . 4. Met odol oji k Sénérl él ekl arén B¢t égnsel De
El e al éenan -al éekmalar bir b¢gten ol arak dejer
g°ze -arpmaktadér. ¥rneklem b¢y¢ kHigrkl-ealié kna c
a priori gé - anal i zi sonu-larée bildiril memi
yokl ujuna -Imé lyatkasywa tme bajl é ol dujunun belir
K°rl eme, randomi ze kontr ol | gekritik bir&kmtenanhakla é n  k a
birlikte incelenen -alékmalarén hi-birinde

ayréentele bilgi sunul maméxkt éer . Egzersiz m¢d:
uygul anmasé g¢- @lrda nkeas idesjagrllaennadbiirliici bk r he

-ojunlilugd uhaftal ék késa takip dPnemleriyle seé
czerindeki etkilerinin uzun d°nemde s¢rdg

kal maktadeér .r éh¢g ypadl aléwmalkemdén kat el émceéel ar é

karma gruplara genellenebilirlijini késétl am

5. SONU¢ VE ¥NERKLER
5. 1. KI'ini k ¢ékaréml ar

Mevcut kanétl ar, pil ates egzersizinin depre

czerinde klinik a-éedan anlamleé iyilekmeler
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©czelli kle postmenopozal d°nemdeKki kadenl ar ,

aktiviteye eri ki mi keseéetl anan Ibrlikte @sikblgik ve f

di stres yakayan hastalar i-in klinik pratik
pil ates egzersizini psi koloji k destek progr a
standart psikolojik ve farmakolojik tedaM er i n yer i ni al masée ol ar a

yakl akem ol arak konumlandér mal edeér .
5.2. Gelecek Araxtérmalar K-in ¥neriler

Al andaki kanet tabanénée g¢-lendirmek amaceéey

duyul maktadeér :

Daha buyuk orneklemler vétiz randomizasyon proseddrleri (a priori gu¢ analizi, tahsis

gi zIl emesi |, dejerlendirici k°rl emesi) i - e
ger-eklexkxtirilmelidir. Pilates egzersizinin
diren¢ egzersizi) kare | akt éran akti f kontroll ¢ -al ékmal
koymak a-éeéséndan dejer takémaktadeér. Egzers
BDNF ve n°rotransmitter dejikkenl eri gi bi bi
a-éjene kapatacakter. Uzun d°neml. takip -a
etkilerinin kal éceleéejéenée dejerlendirmek a-é¢€s

klinik pop¢l asyonlar ve éadklhel mgkt $¢rakkbainl

-al ékmal ar, bulgul arén genellenebilirlijini
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OZET

Bu -al ékmanén amaceé, dijitall ekmenin yojunl
fiziksel aktivite ( FA) d¢zeyl erinde meydan
yakl dkaé nmeelyexktir el bi-imde incelemektir. Pub M

SPORTDi scus ve Cochrane Library -2@26 ya&lblaat

arasénda yayeéemlanmék, dojrulanmék °1-¢,m ar a-
anal z ve b¢gyek °1 -ekli g°zlem -al ékmal ar é se-.|
k¢resel ejilimler ve fizi ksel hareketsizl|l ik,

19 pandemisinin hézlandérdéjkidi kultbhbdhermee( &
aktif video oyunlareée). Sentezlenen kanétl ar,
yetersiz d¢gzeyde aktif ol duj unu, ekran t eme
ettijini ve pandendia dy°arked niiknedke %2d0p loarma nFem'da b
g°stermektedir. Buna karkén aktif video oyur
artéerabil difji bul unmuxktur . Cinsiyet temel | i
hareketsiz &lodyudaknnuw; orbtuaydaur um yeti kkinli k d

sajl eje a-ésendan kritik bir risk oluktur mak

tasaréemlarén baskénl éjé, ©°z bildirimdkdayalé
orta gel irli ¢l kel erin yetersiz temsilidir
uyumlul akt ér &l mas é, boyl amsal ve nesnel o1 - ¢
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-ocukl arénén hareketsizI| ijini nonceliklendirimegsadel i
gerektiji sonucuna ul akmaktadeéer.

Anahtar Kelimeler: f i zi ks el aktivite, -ocukl ar, ergenl
davranék, kaden sajl éjeé

A CRITICAL REVIEW OF CHANGES IN CHILDREN'S PHYSICAL ACTIVITY
LEVELS IN THE AGE OF DIGITALIZATION: A SYSTEMATIC REVIEW

ABSTRACT

This systematic review critically examines changes in children's and adolescents' physical
activity (PA) levels during the era of intensifying digitalization. PubMed/MEDLINE, Scopus,
Web of Science, SPORTDiscasd the Cochrane Library were searched, prioritizing-peer
reviewed systematic reviews, metaalyses and larggcale observational studies published
between 2020 and 2026 that used validated PA measurement tools. Findings are organized
under four themeglobal trends and physical inactivity; the association between screen time,
sedentary behaviour and PA; the COVID pandemic as an accelerator of digitalization; and
the constructive use of digital technology (exergaming / active video games). Theiggdthes
evidence indicates that roughly four out of five adolescents are insufficiently active worldwide,
that screetbased sedentary behaviour partially displaces PA, and that total PA declined by
approximately 20% during the pandemic. Conversely, activeovighmes can moderately
increase PA under controlled conditions. Seatified analyses consistently show that girls are
less active across contexts, posing a criticaliemgn risk for adult bone health and women's
health. The principal limitations ohée literature are the predominance of cresstional
designs, reliance on seafport, high statistical heterogeneity and the umdpresentation of

low- and middleincome countries.

Keywords: physical activity, children, adolescents, digitalization,esar time, sedentary

behaviour, women's health
1. GKRKKk

D¢zenl i fiziksel aktivite (FA), -ocuklkuk ve

i skel et gel i ki mi, met abol i k denge, biliksel
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belirleyicidir. Diry a Saj | ék ¥rg¢t-d7nyak2020buaekdbé&ri ; 061
haftal ék ortalamada -g¢é¢hdekeri édaet6l0i dfaikza ikkas ec

ger-eklektirmesini, sedanter ve ©%zellikle r
°nermektedir (Bull ve dijerleri, 2020). Buna
-ojunlujunun bu exi ]I karkél ayamadéej éné ve h
koymaktadér (Guthold ve dijerleri, 2020).

Son yirmi teédledoanbhkBEEheg tabletlerin, dijital
platformlarénén yaygénl akmaseée, -ocukl arén g
bi-imlendirmicktir. Dijitall ekme; bir yandan

aylreen zamané yerinden etme (displacement) pot

aktif video oyunlaré (AVO) gi bi ara-Ilarl a

sunmaktadér . Bu nedenle dijitall ex'meamnliatF&s €
indirgenemeyecek kadar -ok katmanl edeéer ve el
COVID-19 pandemi si séraséenda wuygulanan okul k
°nl emleri, dijital ortamlara gedemxey hleak alinudE
gzl emlenebilir kel mekteéer (Neville ve dijer]l
-ajda g°zlenen hareketsizIlijin cinsiyetler

bakl angé-ta daha dg¢ k¢ km deArgetlik boyunda maha keskih birp o | «
d¢ké¢k yakadejeée bilinmektedir (Ricardo ve di
ekKitsizlik, -ocukluk ve ergenlik d°neminde
mass) Uzerindeki belirleyici roli gdbzé, ne al éndéj énda, uzun vadel
°©zel bir °nem kazanmaktadér (Karlsson ve RoOs
Bu derl emenin amacé, dijitallexkxme -ajénda -o0
g¢énceel ve yjlksék kam@&wkmdl aré sistemati k bi -
y°nt emsel gé¢-1 ¢ ve zayef y°nleriyle elextir
belirl emek ve spor bilimler:i il e kademrsajl &’

¢al eékma Ku arakteérma sorul aréna yaneét ar amak

(i) Dijitallexme -ocuklarén FA d¢zeylerini h
(i) Ekran temel |l sedanter davranék il e FA
(irii) Dijital teknol oj i FA'"yé destekleyici b
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(i v) Bu s¢re-lerde cinsiyet farkl el ekl ar é& v

-ékmaktadeéer ?

2. YONTEM

2. 1. ¢tal @ékma Tasar éme

Bu - al eékmadersliesntee/ maatrirkat i f sentez niteli]inc
(Preferred Reporting Items for Systematic Reviews anddetaa | yses) il kel er i 1
yeér et el megkt ¢gr . Konunun -ok boyutl u -anadiz heter
yerine, yk sek kanét dejer | i I ki ncil --anbliglecrima | ar ér
el ektirel sentezine dayaleée bir yaklakeéem beni
2. 2. Bil gi Kaynakl aré ve Tarama Strateji si

Tarama; PubMed/MEDLINE, Scopus, Web of Science, SPORTDiscus, Cochrang hibrar

PEDr o veri tabanl ar énda ger -eklexktirilmickti
birlextirilmixktir: ("physical a c t-to-wigoroug " OR
physical activity") AND ("screen time" OR "digital media® OR "digitalizati OR
"exergaming” OR "active video games") AND ("children” OR "adolescents"” OR "youth").
Tarama, Tg¢rk-e ve Kngilizce yayeénlaré kapsay
-al ekxmal arén kaynak-alaré taranarak (kartopu

2. 3. DOhi | Et me ve Dékl ama ¥I| -¢tleri
Dahil etme dlcutleri:
(a) °rneklemin 018 yak -ocuk ve ergenlerden

(b)) FA, sedanter davranék veya ekran s¢resin

ya da ge-erlifji gesterilmik anketler) ©°1 -¢1l m
(c) hakemli dergilerde yayémlanmék ol maseé;

(d) oncelikliolarak 2022 026 d°nemi nde yayémlanméxk ol masé.

Konunun temel kavr amsal -er-evesini ol uktur &
niteli kteki kaynakl ar (ratnef d)n Wajrlukmskael mi ke
Korunmuktur . Dekl ama °I| -¢tleri: hakem dejer|l
edit®°re mektup, °l -¢m aracé bildiril meyen -

arakteéermal ardeéer .
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2. 4. Kaneét eflejerl endirm

DOhi | edil en birincil vV e i kincil -al eékxmal a
beyekl ¢7 ¢, °l -¢m y°nt emi (nesnel /°zn€&€l ), y a
NewcastleOt t awa ¥I| -eji, AMSTAR) kul | ami@RADBE) e k an:é
ol - ¢t eri a-éséndan el ektirel ol ar ak i ncel

sentezlenmi Ktir.
3. BULGULAR

3. 1. K¢resel Ejilimler ve Fiziksel Har eket si

tocuk ve ergenlerde FA'"nén EkE¢ikasélk, gd2z 6t immir
i -eren 298 n¢gfus temel | arakteéermanén havuzl
yél érfld’a ylalkkx ergenlerinin yaklakék %81"'Fnin ©°i
2016 arasénda bu orgRddeamkdm]é bapoinin yebdekr
dijerleri, 2020). Ekit derecede °nemli bir b
-ocuklara (a%w78) kéyasla daha yaygén ol maséd

ergeni kapsayan bir analih,aft ada en az bir ge¢n 060 daki ke

il erl edik-e vV e °czellikle k &z -ocukl aréenda
belirginlexktijini g°stermiktir (Araujo ve di
Bununla birlikte, Auwberrt aweasdcki jgerzledriim (g2 0r2 1)
°]l -¢m aracé ve ekKik dejerlerine i1likkin ©°ner
yaygénl ek tahminlerini vV e ol kel er arase

vurgul amaktader y¢Rigeridei nsienkitzanbagmnénda ¢ - k
tekrarl anmaktadér: d¢nya genelinde yetersiz
yakl a birlikte FA' nén azal mase. Bu met odol
bokl ukl ar énetenektediri ri ne 1 kKar et

3. 2. Ekran S¢gresi, Sedanter Davranék ve Fizi
Ekran temel | i sedanter davranékeén FA ¢zerind

hi poteziyle a-éklanandan daha kar elefonev&kt ér .

televizyon gibi araclardan kaynaklanan ekran suresinin ¢cocuk ve ergenlerde obezite,

kardiyometabolik risk, kas s k e | et gel i Ki mi Il e biliksel vV e
et kiler takédéj éne,; ancak dg¢ZennleiyeBA'l dé i i
hafifletebildijini ortaya koymaktadeér. Pande
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i se ekran s¢resi il e ergenl er dey ammeétta broil ti ekl 9]
anlamlé bir olumsuz i1nli ktke d@lpitlanené@ékl emunah
kesitsel ol masé ve yalnézca 'orta' d¢zeyde
sénérl andérméktéer (Musa ve dijerleri, 2022).

El extirel a-édan, "ekran s¢reslié nalnénm&ks & i ya
ol abilir. Pasi f izl eme (video/televizyon) i
farkl e bi-imlerde ilikkilenebilmektedir. Bu
ziyade ekran kul | anmé nénmé&n atngrragnneen Ven eba jnlea nmére
33.COVID-19 Pandemi si: Dijitallekmenin Hézl ander
COVID-19 pandemi si, dijitallekmeye bajl é harek
doj al deney I K1 evi germ¢gkkyll anDeon r22 anmé i€ K |

bajéemséz °rnekl em, 1 4 . 2ahdiz, pardéng oneesimdén)pandeimd e e «
d°nemine toplam ge¢nl ¢k FA'"da vyakl akeéek %2 0" |

aktivitelerdeki d¢ K¢ Ken akséek %4372 ' ddaek iukl aalkét ke | @°
bildirmiktir (Neville ve dijerleri ;anakze22) . A
toplam FA i-in standartI-GkS®&;r e OMPDEAOarak a h a ma
hesapl anmék (g¢nde aetisgnin&alsinekdenk gelen bir 3zalma); oklVH O °©
kapat mal arénéen d¢kegkle il i kkildi ol duju ve
etkilendi]i gesteril miktir. Ancak GRADE dej

bul unmukt-dal gL veiwddap) er |

On d°rt .l keden 119.094 katéehemtéebkze BHA' naheée

grupl arénda <cinsiyetten bajémséz olarak aza

tamaménén bu d¢gkegkKeg dojrul ad ddrie202). Sedapter r etn
davranékén karké Kkutbunda ise -ocuklarén en
metaanal i zde -ocukl arén sedanter sg¢grelerinion

s¢resinin topl am sedandleuk tzuarndaun éun syaapkt | aankmeekk t

dijerleri, 2021) . Otuz bek ¢l keden 71 -al éxi
kokull arénén FA'"da daha b¢y¢k déegk¢egk ve ekran
ancak -al ékmaitséh tas-anmgmf&etal | bet-artaol duj L
gel irli ¢l kel erin yetersiz temsil edil dijJini
3. 4. Dijitallekmenin ¢ift Y°nlg¢ Doj aseé: Exer

62



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

Dijital teknekejsiygainéncdehal , FA tekvi kini
muidahalelerine odaklanan birmetan a | i z , aktif video oyunl areéeén
ol umlu bir etki crettijJini (Hedges g = 0,525
omel °|l -¢mlere (g = 0,301) kéyasla daha g¢- |
-ok yé¢ksek ol dujunu (1] = %87, 7) bil dirmikt
analizinde AW/,kaelknvery aksek t mikdhatal iv eF A ed
k¢egtl e indeksi ( BKK) il e v¢gcut yajéené azal tn
d¢kéekegnde en etkili alt kategori ol duju sapt
Fazla kilolu/obez cocuklarda yuritilen sistematik derleme ve-aretbzlea , AV O' | ar én |
vegcut yaj yégzdesi ve kardiyorespiratuar uyg:!l
koymakt adé&C€ChueCcoanevasdijerleri, 2021a). Saj l
yararl ar , m¢dahal e 18 haf t aigoaespiratuar wygunlsk@r d ¢ j ¢
belirginlexkmekte; kas wuygunluju ve motor ye
nedeniyl e belirsi-Ghuwkedanaka adiéjre r(ICeorme,r ax021b)
gel eneksel FA'" nén myeaemlianyea g ebiern aregd-i 1o, | aornauk ;t a°
ve yeterince uzun s¢relii programlar i-inde d
3.5. Cinsiyet Farkleléklarée ve Kéz ¢ocukl are
Cinsiyet temel | i analizler, di jainttaéls eézajbdia i |l
etkiledijini tutarl é olarak g°stermektedir.
erkek -ocuklarén FA yaygénl éjénén kéz -ocuk
ol duj u; en b¢yeék ekKitsizek klgetimnml|l pagdadekeal
bulunmuktur (Ricardo ve dijerleri, 2022). KKk
i -eren bir -al ékmada da erkek -ocuklaren FA
yé¢ksek ol duj u depwrawleammévket &dri j(eBrleezada , 2021) .
baze sentezler, k éz -ocukl arénen ekran S¢r

ol dujunu da d¢kegndegrmektedir.
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¢izelge 1. Derl emeye DOhi | Edil en Bekl|l éca Y
¢tal ékma ( Tasar & Orneklem/ Temel Bulgu
Kapsam

Gut hold vHavuzl 298 arakErgenlerin a%8:

(2020) analiz 16milyonergen k ezl ar er kekl el
hareketsiz; 200 0 1 6 ar ¢
Il yil ekme yok.

Nevileved i ] er Metaanaliz 22 - al ekPandemi de topl

(2022) 14.216 ky¢ksek kiddetl i

(g¢nde a17 dk o

Ludwig-Walz ve Metaanaliz 26 yayénToplam FA SMD

dijerl eri bdlgesi 1T0,43kapaumal ar
il i kkili; kanéei
Khar el veSistematk 71 -al eékxFA azaldeée, ekr.:
(2022) derleme ulke karantinada etki buyudu;
-al ekxmal ar -o07] 1
Mol | er v e Metaanaliz 19 RKC AVO' Il ar FA'yeée
(2023) artéerde (g = 0,

heterojenlik (12 = %87,7).

Ho ve dij A] met 12RKC AVO' |l ar FA'yeée
(2022) analizi azaltteée; dans f
icin en etkili.

Ricardoved i | e Metaanaliz 64 Ulke (Kuresel Er kek | er de FA
(2022) Guney) 1,58 kateée; en |
yiksek gelirli Glkelerde.

FA: Fiziksel Ak¥Yiksek; kOXY#EALI | OFt 2ai ksel Akti
Oyunl ar ée; BKK: Beden K¢tle Kndeksi g RKC¢: Ran
Standartl akt érél mék Ortalama Far k.

Kaynak: Yazarl ar taraféndan derl enmi«ktir.
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4. TARTI k MA

41 . Bul gul arén Elexktirel Dejerl endir mesi

Sentezlenen kaneéetlar, dijitallekme ile -ocuk
olarak olumsuz) tutarl é& bi-imde destekl|l emekt
mi yoksa oetbh (sepsywkekbnomi k durum, -evrese
aracel ek ettiiji bir °r¢gnteg m¢g ol duju begyeéek ©
ol ar ak -ekici ol sa da, kaneéetl ar ekran Kul
goste mekt edir; bazé etkilexkxkimli ve aktif dijit
ve dijerleri, 2023; Ho ve dijerleri, 2022).
bi-imindeki i ndirgemec.i bi r ift gonlli tablayy ekdika nét | ¢

yansétmaktadeéer .

Pandemi d°neminin sajladéjée dojal deney, di ]
et ki sini b¢eyek °rnekl emlerle ortaya koymukt
dijerleri, 2022demBuniundlae bbird i'kdiej iptaal | e Kk me
kesetl amal ar é, okul ve spor tesislerinin k
bozul maseé gi bi -ok sayéeda etkenin bir arada
pandemibul ar énén, pandemi sonrasé 'normal "' di ]
temkinli yapél mal eder .

4. 2. ¢al ékmalarén Metodolojik G¢-1¢ ve Zayef
G¢-1 ¢ y°onler: Al anén temel kanéet tabane, doj
ved jerleri, 2022), °nceden kayétl é& protokol |l e
E ve GRADE gi bi -ajdak yanl el ék/ kesinkik dej
analizl erden olWaklna kvtea ddeir] e(rLluedrwii,g n@2 &y enkpr
mi |l yonl arca katél émcéya ulakan °rnekl emleri,
(Guthold ve dijerleri, 2020; Araujo ve dijer
Zayéf y°nler:

(1) Kesitsel tasarémlarén baskénl éejé nedens
(Kharel ve dijerleri, 2022; Musa ve dijerler
(i1) ¥z bildirime dayalé FA ve ekran sg¢res
bejenil nel akéktkrsve nesnel aksel erometre ve
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(il Meta-anal i zl erde g°zlenen -0k y¢ksek i statis
havuzl anmeéeck et ki b¢yeéekl ¢kl erinin yoruml anma
2023).

(iv) Kanéet tabané b¢gyeéek °I - ¢ de-orta gelirs (dkkler,ge |l i r |

okul déké -ocuklar, kersal negfuslar ve enge
edi | mektedir (Aubert ve QRi2Rperl er i, 2021; Kha
(v) "Ekran s¢resi’ °l - ¢mlerindeki taném ve

zorl aktérmaktadeéer .

4. 3. Arakteérma Boklukl aré (Research Gaps)
Mevcut I iterate¢gregn ékéjénda °ne -ékan bakxkl éec
1. Kiresel ole kt e uyuml ul akt ér el meée«k, ge-er | i vV e
gel i ktiril mesi bir halk sajleje °ncelijid
2. Nesnel °]l -¢m (aksel er omet qor@m)gelirk dilkelerden an v «

yée¢réetéelen boyl aksbahi mavakaatlt ara ger e

3. Toplam ekran s¢resi yerine ekran Kkull aneér
ejitsel/ sosyal kullaném) g°re ayreéextereéelm
4. Exergaming m¢dahal el erinin uzun vadel i
kokul |l arérkdagge-eaglaljajive progr ama bajl e
incelenmemi-€huecéd Coemediaperl eri, 2021b) .
5. Cinsiyet/topl umsal cinsiyet -ojunl ukl a y
al enmakt a; m¢dahal el erin t as ar éigimdev e dej
i -sellexktirilmemektedir.

6. Di ji t al -ajda kéz -ocuklareéendaki hareket
(kemi k, kardiyometaboli k ve ¢(¢reme sajl éeje

arakteéermal ar son derece séneéerl eder.

4.4. SporBiimlee i ve Kadén Sajl éjée A-éséendan Dejerl e
Cinsiyet farkl él ekl aréna ilikkin tutarl e bu
a-éséndan °zel bir °nem takédéjeéné ortaya Kk
kutlesinin (peak bone mass)d i ni | di J i kritik bir penceredir
yakl akék yarésé ergenlik d°neminde, %8 0" i nd ¢
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(Proia ve dijerleri, 2021). Bu d°nemde d¢zen
icer i Ji ve yojunluju ile daha b¢yék kemi k bo
belirgin bi-imde azaltmaktadeéer (Karlsson ve
Kez -ocuklarénéen erkeklere kéyasla hem daha
dahakeskinbi d¢ kK¢ kK yakamasé (Ricardo ve dijerleri

-ajda bu kritik k emi k biri ktirme penceres.|

gel mektedir. Yetersiz doruk kemi k Kk gbkiaegsi , [
bu da menopoz sonrasé d°nemde kadénl aréen or .
yée¢kene dePngkmektedir . Dol ayéséyla kéz - o0cCcuk
hareketsizlik, yalnézca g¢ncel ehier isomumiderfd
kaybeée' ol arak dejerlendirilmelidir. Bu -er-e

dayalée bir k°pr¢ kurul maséené zorunlu kel makt

5. SONU¢ VE ¥NERKLER

Bu derl eme, dijitall ekme - a]j émnoth&lresebdcakkel ar é n
yetersiz kaldéjéne, ekran temelli sedanter d
19 pandemisinin bu ejilimi ge-ici fakat bel]
kar kKén dijital teknalfoj vi deex e oy a nizellikjee v ar aa

yapélandeér él méx ve yeRAryacdeautzall eyreng rr @imd

gel ebil mektedir. Cinsiyet farkleleklaré tut e
doruk kemik kitlesi Gzerinden uau v adel i kadeén sajl eje a- e
ol uktur maktadeér . Bununla birlikte kaneét t ab.

dayalée ©°1 -¢m, y ¢ k s @rta gdlird tillelerim jyetersiz temsili weslenidles, K ¢ k

temkinli yorumlanmbh € d € r .

Spor bilimleri alanéna y°nelik ©°neriler:
1. Ok ul temel | i beden ej i ti mi programl ar é
yaygenl akteéer el mal é&; FA, sedanter davrané

-er-evesinde ele alénmal éedeéer .

2. Aktifvideooyunl ar é, gel eneksel FA'"'nén yerine d:
en az 18 hafta s¢reli, -ok bilekenli ve y
(ComerasChueca ve dijerleri, 2021b; Ho ve di]j
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3. Mudahaleler 'pasif' ekrankul ané méné azaltmaya odakl|l anmal

kull anemé tekvik eden, ekran kull anéménén

4. Cinsiyete duyarl e program tasarémé beni ms

psikososyal, kilturel ve c¢evresel engelleri hedefleyen 6zgin uygulamalar

geliktiril melidir.
Kadéen sajleje alanéna y°nelik °neriler:
1. tocukl uk ve ergenlik d°neminde ajeérl ek te

k¢t esi czerindeki belirhéeyi birrpbg; akadaé

-ajeéendan itibaren ©°nceliklendirilmelidir
dijerleri, 2021).

2. Kéez -ocuklarénda ergenli kteki keskin FA d
bu dénem osteoporoz, kardiyometabolikthas| é k v e ment al sajl ek
°nl enmesi i -in stratejik bir férsat pence

3. Spor bilimleri ve kadén sajleje disiplinl

duyarl e araktérmajikabirhj#@dbehar ekeusmal i

sajl ejena etkileri sistematik ol arak ar acx
Sonu - ol ar ak, dijitallekme -ocuklarén FA dg¢
Belirleyici ol an, teknol oji¢ridne vvaer | Ba@gideb a
kull anéel déejédeéer . Kanéta dayal e, cinsiyete d
politika ve uygulamalar, bu férsatén dejerle
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OZET

Bu -al ekxkmaneén amac e, okul or t a méebneddae n g eerj -i et ki
uygul amal arénén -ocuk ve ergenlerin sosyal
géncel |l iterate¢re el exktirel bir bakéck a-@€es

dest ekl enmi kK sistemati k bRubMedtMEDLINE ,mideb ofl ar a k

Science, Scopus, SPORTDiscus, Cochrane Libra

olarak 202122 026 y él |l aré arasénda yayeémlanan; haker
analiz ve °9zg¢n arakt &nmal armed &ji ¢grel éorad il ramme yne
ulusal hakemli dergilerde yayémlanméxk il gil:i
olarak sentezlenmik ve y°ntemsel kalite el et
sporu ve beldetnélegmétni nd ey a l sonu-larla tuta
ol dujunu, ancak sosyal al andaki et ki be¢yék
fiziksel/ psi komotor alanen gerisinde kal deéej
spor | araa dkaéhywastiut ar |l & sosyal yararl ar saj |l
(intentional) ve nitelikli yetikkin rehberl:i
Buna karkél ék be¢t éencgl okul t emel lyetersinyed ahal e
az -al éxkélmek ol duj u; -al ekxmal ar arasé yg¢kse
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0zbi Il dirime akéré bajemléelék ve baskéen bi - i m

sénérl adéjé g°r¢l mektedosyalSobeeenil agaki Kioki

fakat tek bakéna yeterl: ol mayan bir bajl am
ol arak kaseéetl é& tasaréma bajleder. Al anén ©°n
tasar eml arsltaa,ndge-ter°lli- ¢jvme ara-1 aréyla g¢-1 endi
|l iterate¢r ve saha uygul amal aré a-éséndan, Ci
-ocukl aréenén kateéel éméné °nceliklendityagn prog
ol arak °ne -ékmaktadeéer.

Anahtar Kelimeler: Ok u | Sspor u, Beden e] Hdtuiyngiu,s a$o sPyjarlen

Cocuk ve ergen.

A CRITICAL ANALYSIS OF THE CURRENT LITERATURE ON THE
RELATIONSHIP BETWEEN SCHOOL SPORTS AND SOCIAL SKILL
DEVELOPMENT

ABSTRACT

The aim of this study is to synthesize the current literature examining the impact of school
sports and physical education practices on the social skill development of children and
adolescents from a critical perspective. The study is designed asmaaysteview supported

by narrative elements. PubMed/MEDLINE, Web of Science, Scopus, SPORTDiscus, Cochrane
Library, and PEDro databases were searched; primarilyrpeewed and indexed systematic
reviews, metanalyses, and original research publishestween 2021 and 2026 were
evaluated. To reflect the Turkish context, relevant studies published in nationetyewred
journals were also included. Evidence was synthesized categorically, and methodological
guality was critically discussed. Current@esmnce shows that participation in school sports and
physical education is consistently positively correlated with social outcomes, but the magnitude
of the social effect varies from small to medium, lagging behind the physical/psychomotor
domain. Team spty are reported to provide more consistent social benefits compared to
individual sports; the effect is reported to be increased in structured, intentional programs
conducted with qualified adult guidance. In contrast, evidence regarding the social compone
in holistic schocbased interventions is insufficient and understudied, with high interstudy
heterogeneity, lack of measurement standardization, overreliance orepzelf and
predominantly crossectional designs limiting valid causal inferencesnseéguently, school

sports are a promising but insufficient context for social skill development; social gains are not

74



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

automatic but depend on pedagogically deliberate design. The field needs to be strengthened
with preregistered, randomized controlled, darongitudinal designs, and valid and
standardized measurement tools. For future literature and field applications, the development
of inclusive program models that consider gender equality and prioritize the participation of

girls is a significant need.

Keywords: School sport, Physical education, Social skills, Semmbtional learning,
Children and adolescents.

1. GKRKKk

Okul , -ocuk ve ergenlerin yalnézca bil i K:¢

gelikimlerinin de bbajilmdmedadanjiBd emaj] | &md a msa

sporl ar é; bireyin kikisel ve fiziksel gel i ki
olarak yalnezca motor becerileri dejil, ki«ki
ve duygusal diienl| e me gi bi sosyal beceril eri de g
sunmaktadeér (Yeldeéez ve ¢etin, 2018) . Niteki
baréendeér an dojasée gereji bireylerin sosyal

repertar | ar éné g%zl emleyerek edinmelerine ol ana

Spor , dijer fiziksel aktivite bi-imlerinc
yonel i mli bir etkinlik te¢gregder. Figukmas e, bi
Ssporu psi kol oj ik sajl ek vV e sosyal gel i ki m

getirmektedir (Wade vd., 2026). Benzer bicimde sedyaly gu s al ° j-Enmeotomae ( Soc

Learning, SEL) -er-evesi; ©°z fsaumk&anadwerimé k, ©° z
gi bi yetkinlikIler.i okul temel | i m¢dahal el er i
ilikkileri, okul i k1T 1 mi ve akademi k bakar e i
2023) . Bu kavr amsali mierv-ee voekluelr ,s pboerdleanr €enjéin s
katké potansivyelini teori k olarak dest ekl eme
Bununla birlikte, sporun sosyal kazanéml ar
bi-imde sorgulanmasé gerekenl!| bimgekbruthurar aé
ilikkinin dojrusall éjé ki mi arakteéermaceéel ar
b¢yek °1-¢de bajl amsal ve pedagoji k kokull a
2025) . Bu dur um, 6ne kaed-aerr ekp odrhda ngga r uksouknwil nl
tasarl anmék spord sorusunu °ne -ékarmaktadeéer
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Bu -al ékma; okul sporlaré ve beden ejiti mi
czerindeki et ki sine i1 kKkin g¢éncel vie nite

kanéetl arén y°ntemsel sajlamleéjéné elexktirel

T¢rkiye bajlaména ilikkin tutarl éel ék ve bokl

2. YONTEM

Bu -aléexkma, anlateé unsurl arélybeanakdesasét kanr
Literat¢gr taramasénda PubMed/ MEDLI NE, Web of
Li brary ve PEDro veri tabanl arée kul {2626 el meée K t
yéll aré arasénda yayéml aikdedemne, métandlie veldozginve i n
araktéerma nitelijindeki -al exmal ar al enmext
amaceyl a, beden ejitimi/ okul sporl arée il e s

alan ve ulusal h alknenalki - cdd reximad rad ea yYlay mlr v er
Kncel enen -al ékmalardan el de edilen kanétl
(i) kaotsgyladmsonu- 1ilikkisinin genel g°r¢ng
(i1 ) etki b¢e¢yekl ¢ ¢ ve sosyal alanéen dijer
(i1 1) spor t¢gregnegn (takem/ bireysel) rol ¢,

(iv) program tasarémé ve yetikkin rehberl:i

(v) be¢gteéegncgl okul temel | i m¢dahal el erde s«
(vi) kapsayeéecéleéek, ©°zel gereksinim ve cins¢
(vii) y°ntemsel kalite bakl ekl aré alteéenda

Her kategoride bulgular yalnézca °zetl enmen

yakl akemlaré ve nedenselli k iddialaré a-éesén

3. BULGULAR VE SENTEZ

3. 1. Katéelém ile Sosyhklli Sloinu-1ar Araseéndaki
G¢gncecel ve geni kK kapsamleée kanétl ar, spor a
ol umlu y°nde ilikkil:@ ol dujunu g°stermektedi

kapsayan ©bir sistemati k der | e mbedegler, olsmplor a k a
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sosyal (prososyal) davranék ve aidiyet duygl
kanétl arén ise duygusal d¢zenl eme, dayanékl é
etkilere ikaret etti pD26) 1 dBoyl mmeal r af¢ Wade
bakkaamaltiazde, gen-1lik sporuna kateéel éemén t ak
°rnekl emlerde fiziksel aktivite ile sajl eéek v
etkiler gosted i ] i saptanméexktér (Bengtsson vd., 2025)
T¢rkiye bajlaménda el de edilen bulgul ar
yeéereteéelen bir araktermada, beden ejiti mi vV e
arasénda orta de¢ertapgeéeé, opaziaki anveami ét i irst |
2024). Ortaokul ©°jJrencileriyle ger-eklextiri
y°neli k tutum ile sosyal becer.i arasénda dy¢
saptanmaxarttau ék-a sosyal becer. dézeyinin de
(¥zsaré ve ¥ztg¢grk cel i k, 2021) . Benzer bi -
sosyall ekxkme ve sosyal b¢etenl ekmel erieme kat ké
sékleje arttéek-a sosyal b¢tegnl ekme degzeyinion
2019)

3. 2. Et ki Beyéekl ¢j¢ ve Sosyal Al anén Dijer ¥

KI'i kkil erin y°ng¢ tutarl e bi-i mdeetkol uml u
b¢e¢yekl ¢kl erinin seneéer | é kal dejé ve ©°zell ikl
el exktirel bi-imde vurgul anmal edeér . Beden eji
-éktelareée ¢zerindeki et ki sierii nde eld aetyéelng mcleys
birmetaanal i zde t¢m -ékteélar genelinde ortal ama
0,32; yayén yanleéeléjé i-in d¢zeltildijinde d
g°re ayr ekt eéer &lske&] eeta&n alpiszidkeo mornt oy ¢ al anda (d
alanda (d = 0, 47) gzl enirken, sosyal al and
(Dudl ey wvd. , 2022) . Bu bul gu, sporun sosyal

kerelganlaeblkjl & ol dujunu d¢gkendegr mektedir .

Kl kokul °J renci l er i n-duggushliyetkinlik sizerindela &tkisiniv i t e n
inceleyen 12 -aanlaélkinzadee kdebiat kmethagy ¢kl ¢J ¢ ort
bul unmuxktur (d 02000587 ; (%95 vGA, 2025) . Bu n
getirildijinde, sosyal kazanéml ar én b¢yeée kIl
fiziksel/ psikomotor kazanémlarla aynée g¢-te
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3. 3. Spor T¢r ¢ngén |Swotlag : Takéem ve Bireyse

Kanétl ar , takém sporl aréeneéen bireysel sSpo
sajl adejéna ikaret etmektedir. Genik kapsaml
sporl ara g°re daha g¢-1 ¢ ver apaohral atnuntéakrtléér y(av
2026). Otizm spektrum bozukluju olan -ocuk v
ve iletikim ¢gzerindeki-apbki gindekasgélaayenh
ve grup top sporlyapéel asiMdr el méwb6yegebkil exir
kontroll ere kéyasla sosyallik a-éséndan en vy
Bu bul gular, sosyal becerilerin gelixkkiminde
birlij i r ol payl akémé ve karkélekleée bajémlele

déekegndegr mektedir .

3.4. Yapeéelandérel méek ve Kaseéetl e Tasarem il e
Sosyal kazanémlarén ortaya -éeékmasénda pr o
bi - i mde tasarl anmaseé Ve ni tel i kI yeti kkin
°Trencileriyl-anayl¢éirzidtes,,l epwapneeltaandér €l mé K fizi
sosyalduygusal yetkinlik ¢zerinde daitmavesired ¢n et
gi bi dejikkenler taraféndan anlamlé bi-imde
2025). 30 -alexkmayeé kapsayan bir sistemati k
psikolojik ve fizikselrlggvem!|var| jeé@ i Kké né ek
sosyal etkilekimler ve gen-|lere s°z hakkée il
bajl amsal et menlere bajlé olduju vurgul anméck
ve sosyal g edleifklienyie ng - ekk¢-lat ¢hr ee | dejerlerl e wuy
ej i ti mi programlarénén °jJrencilerin sosyal
(Jadwiszczak vd., 2025). Bu bulgul ar b¢tegnegy
biingipedagoji k tasarémén bir -éeéktésé ol dujunu
3. 5. B¢t egncegl Ok ul Temel | i M¢dahal el erde Sos
Sosyal al andaki en belirgin kaneét bokl uj u
temel | i m¢dahal el er deulkolraraggma f-iéXKinkaskaladé kur y
bi-imde ele alan m¢gdahal el eri i nceleyen bir
fiziksel alané dejerlendirmik ve bu alanda
biliksel al anlmuldan muanétf ikaksweék okuryazar|l
iyilektirdijine dair i se herhangi bir kanet
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bil ekenin a-ék-a 6az -al ékélmékd ol dujunu b
temelliprogranl ar én fi zi ksel hedefl eri °nceli kl endi
bakéméndan i hmal ettijine I Kar et et mekte %

kél makt adér .

3.6. Kapsayéceéelek, ¥zel Gereksinim ve Cinsiy

Kanétl ar, gPOIrwinl eroisryiadn t ¢m grupl ar i -1n
tasar eémeén °nemini ortaya koymakt adér . Ot i z
yapélandéeréel mék grup etkinliklerinin sosyal/l

(Kou vd., 2024); iziksel aktivite mudahalelerinin sosydliygusal yetkinlik Gzerindeki
etkisinin °zel gereksinimli -ocuklarda tipik
vd., 2025) bildirilmiktir. Engell i t-é&lcaume wé
inceleyen nitelbirmeta ent ezde i se akranlar, °jJretmenler
-evrenin kateéelém ¢zerinde belirleyici bir te
a-éséendan i se di kkat - e k i Ukiye Olmeklemindes erkelke t r |

° ncilerin beden ejiti mi dersine kateéeleéem

—_—) )
—_

° ncilerin sosyal beceri d¢zeylerinin anl

( ¥z
duy

ayde, 2024) . Bu boégart &@&emayacykhaltekéka

_;
Q »w d® O v

ri & program modellerinin geliktiril mesin

3. 7. Y°nt emsel Kalite ve Kanéteén Sénérl éel ekl

Olumlu ejilimlere karkeén, mevcut Kadhejte&n
el extirel bi-i mde belirtil melidir. Geni K I
-al ekxmal ar é#i |-dijruinmn veErzil erine dregistaation) € | € v
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ekl ar a, Te¢rkiye literategregnegn de bg
i i kki sel t ar ameae |d e-séeknd reemean i ean heeldlee me s i ( ¥z s
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(o]l

Hacécaferojlu vV e S¢mer 2019) ve fiziksel

-al ekxéel mamék ol masé (Jerebine vd., 2024) ekl

4. TARTI k MA

Bu der | emede sent ezlielnieknki k an éd® ratr , t eomelbi
et mektedir. Birincisi, okul sporu ve beden
bakéméndan tutarl é bi -i mde ol umludur ; ancak

m¢tevazé d¢gzeydedtiar vel afniézn kgeerli/ spisn keo moal ma k

Fu vd., 2025; Wade vd., 2026) . Bu tabl o, spo
kazanémlarla ayné kesinlikte sunul mamasé ger
Kkincisi, sosyal akakaméml|l areks gesreurdedti dmdi r
bajl edér. Takém ve grup temelli, etkilekimy
(Kou wvd. , 2024; Wade vd., 2026) ve yapél an
rehber | i Jliennd ep ryocgrréatng ar én et ki yi arteéer masée |
Jadwi szczak vd. , 2025) , sosyal gel i Ki min [
g°stermektedir. I - énNcésé, b¢t éencegl okul t em
bicimde ihmaledi mekt e ve az -al ékeél maktadér (Jerebi
getirilerin gruplar arasé dajéléeménén exitsi
gereksini mli bireylerin kapsanmasé immnéséndar
°ne -éeékarmaktadér (Deng vd., 2025; Fu vd., 2
Bu °re¢nteéelerin tg¢gmg, y°nt emse-bi Ibdirr iunyear &g
bajemléeléek, °n kayeéet eksikliji, yéksek heter
desenl erin baskeénl ej e, mevcut kanéettan g¢-1 ¢
(Cipriano vd., 2023; Jadwiszczak vd., 2025; Wade vd., 2026). Turkiye literatirinin bu
sénéerl el eklaré b¢yek °1-¢de payl ack rneadard , ul u
ara-lara duyul an i htiyacée g°r¢negr kél maktade

5. SONU¢ VE ¥NERKLER

G¢ncel i terate¢greéen el exktirel sentezi, oku
veri ci fakat tek bakéena yeterl:i ol mayan bi
kazae ml ar kendilijinden ve otomati k bi-imde or
nitel i kI yetikkin rehberliji, gen-lere s°z
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hedef | i pedagoji k tasareém gi bi nleidakvd.|2028r a b a]
Fu vd., 2025; Kou vd., 2024).

Araktérma a-éséndan al anén; °n kayeéetl é, r
tasareéemlarl a, ge-erl i ve s tbiddiric aesinde gokla verr € | meé k
kaynak]!| ar éy ksagergkgmektedirn@ipriano vdm 2023; Jadwiszczak vd., 2025;
Wade vd. , 2026) . B¢t ¢gnce gl okul temel | i me¢ d e
°]l - mesi , bu al andaki belirgin kanét bokl uj un
vd., 2024).

Sha uygul amal aré a-éséndan ise sosyal bec

renme hedefi olarak ele alan; takéem temell

o A
J
°J ret men vV e a n-tuygeisal® rehbeglik ikapasitesmis gii@en program

model |l eri °neril mektedir. Bu modell erin, cin
ve °2zel gereksinimli bireylerin kateéel éeéméné °©°
hem ul usal hem de utuehangnaséd Ikirtien&t grhgn yi
-ékmaktadéer (Deng vd., 2025; ¥zsaydé, 2024).
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MESLEK Y| KSEKOKULLARI NDA Kk YERENDEKMKNEUL AM,
¥IJRENCKLERKN KARKYER GELKKKMI NE ETKKSKNKN KS
ONDOKUZ MAYI S ! NKVERSKTESK TERME MESLEK Y! K¢

THE STATISTICAL ANALYSIS OF THE IMPACT OF WORKPLACE
PRACTI CAL TRAI NI NG AT VOCATI ONAL COLLEGES
CAREER DEVELOP MENT: THE CASE OF THE TERME VOCATIONAL
COLLEGE AT ONDOKUZ MAYIS UNIVERSITY

Prof . Dr. EROL TE
Ondokuz Mayeés | niv
eroltrz@omu.edu.tr 0000:00022309827X

¥7r.G°r. KAHKN DEJKRI
Ondokuz Mayeés | niv
sahin.degirmenci@omu.eduit0003000336558404

Ar kK ..G°MEHMET kKRKN AT
Ondokuz Mayeés | niv
mehmet.ates@omu.edu-10006-0001-9904 6380

OZET

Mesl ek y¢ksekokul |l aré, sanayinivteelhiikzlme ta rsae ketl
yeti ktirilmesinde °nemli bir role sahiptir.
beklentileri, teorik ejitimin uygulamaleée efji
kapsamda uygul ananeBc¢ill ejitnig mbdreeém,t €dri k
d°nem i K yerinde uygulamal é ejitim g°rmel eri
ger-ek -alékma ortaménda geliktirmelerine ka
Bu -aléxkmanén amaceée, akgermepdebeekygukambkbe&ule
karivyer gel i Ki mi ne y°nel ik al gél aréeneéen i st
°rnekl emini, Ondokuz Mayés | niversitesi Ternm
kapsaménda i Kyeri nde tuayngaunl aanyaalné °gjrietnicmilner
Arakt érmada veri topl ama aracé ol ar ak; kar
yeterlilik, Il K yakaména hazérl ék ve wuygul am
formu kull anél mékteéer.

Elde edilen ve i | er tanemlayeéceée i1Istatistiklerin yan
baj & ms é&z -testirnek kdnlé rarydns analizi (ANOVA), korelasyon ve regresyon
analizl eri kull anél arak dejerlendirjimimitnr.
°Jrencilerin kariyer pl anl amasé, mes| eki 0z
bekl entil eri czerinde anlamlé ve olumlu etKki
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uygul amal & ejitimden duyduklelriékinme mnailng élear é

pozitif y°nlg¢ ve i statistiksel ol arak anl aml
Araxktérma sonu-1ar é, uzun d°nem wuygul amal é
hazérl anmal arénda °neml kat kngldsektély, s ayeadéfen
birlijinin g¢-lendirilmesinin kariyer geli ki
g°stermektedir. El de edil en bulgul ar én, uy gt
mes | ek yéksekokull areménkeleijliltemdi pol meskatka

beklenmektedir.

Anahtar Kelimeler: Mes | ek Y¢ksekokul u, Kstihdam Edil ebi
Geli kimi, Kstatistiksel Anali z, Kkveren Memn

ABSTRACT

Vocational colleges play a significant role iaitring qualified midlevel professionals needed

by the industrial and service sectors. Technological advancements and changing labor market
expectations have made it essential to supplement theoretical education with practical training.
In this context, th 3+1 education model enables students to undergo one semester of practical
training in the workplace after completing three semesters of theoretical education, thereby
helping them develop their professional knowledge and skills in awaé work
environment.

The purpose of this study is to statistically examine the perceptions of vocational college
students undergoing practical training in the workplace regarding their career development. The
sample for this study conWmister pift sGsudEeert me
School who have completed their-tihve-job practical training under the 3+1 education model.

A questionnaire designed to measure career development, employability, professional
competence, preparation for the workforce, andfsation with practical training was used as

the data collection tool in the study.

The data obtained were analyzed using descriptive statistics, as well as reliability analysis,
factor analysis, the independent samplesst, onewvay analysis oWariance (ANOVA), and

correlation and regression analyses. The results of the analyses revealediegimtraining

has significant and positive eff e-confelenaen st ud
acquisition of industry experience,caemployment expectations. Furthermore, positive and
statistically significant relationships were
thejob training and their perceptions of career development.

The research findings indicate that theddgerm practical training model makes significant
contributions to preparing students for the workforce and that strengthening inghiseysity
collaboration at vocational colleges is one of the key elements supporting career development.
The findingsare expected to contribute to the development of practical training programs and
the shaping of educational policies at vocational colleges.
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Keywords: Vocational College, Employability, 3+1 Education Model, Career Development,
Statistical Analysis, Employesatisfaction.

1. GKRKKkK
K¢resell ekme, teknolojik gelikmeler ve dijit
deji kKim ere neden ol maktadeér . Kkl et mel er, ya
bil gi ve beceril ereilniiktuygnlka mapraorbtl emeé n-d°az nge
yakaména uy um sajlayabil en ni tel i kI -al e

yé¢ksek®jretim kurumlarénén ejitim programlar
yapélandeéer mal ar éné& zedrlakllie kmelsmeaekt aydékrs ek ok ul

duyduju ara el emanl arén yetiktirilmesinde Kkr
ejitim e destekl|l enmesi b¢yéek °nem takéemaktad
Mesl ek y¢ksekokul | ar é, yoénglik Blq eeibéceriteile ddnatdrak r | i f
onlaré 1 kK yakaména hazeéerl ayan y¢ksek©ojJretim
verilen teorik ejitimin, °Jrencilerin iK yat
deneyi ml emel erol madsgeadainl yemekt edi r . Bu ned
ejitim yaklakémlareée °n plana -ékmék ve °Jren
etkilekim kurmal aréné sajlayan modell er yayg
modeli °jJrencilerin ¢- d°nem boyunca okul da t et
bir d°nem Dboyunca i Kl et mel er de tam zamanl ¢
ongormektedir.

Kkyerinde uygul amal é ej i tim, °T rerd&i | -eali énk mi
ortaménda geliktirmelerine olanak tanérken ¢
beceril eri ve profesyonel i K kel tegre gibi .
¥Jrenciler bu s¢re-te s eekktl®rrealnidedmeiyai iy aekléded e
kariyer hedefl erini daha bilin-11 bir kekil d
s¢reci, ©°jrencilerin mezuniyet sonraseénda is
ol arak dejeirl endiril mekted

Kariyer gel i ki mi, bireyin mesl eki yakamé bo
yetkinliklerin geliktiril mesi s¢recini i fad:é
arasénda ejitim d¢gzeyi, me d 11 d Kkil eye tveer liikl igks,c ¢
beklentil eri yer al maktadeér. ¥zelli kle °Jrer
bireylerin kariyer kararl aréné etkileyen ve
unsurl ar araséndaedé@nslteri kymekiteder uy gul amal €
°Jrencilerin kariyer geli ki mi czerindeki etk
i kverenler a-éséndan °nem takémaktadeéer.
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Literatg¢rde mesl| eki ejitim ve ileyngmeklekmal & (
yeterliliklerini, I K yakaména hazér ol uk dg¢
i kkin - 0ok sayéda -al éeékma bul unmaktader.
uygul anan 3+1 ejitim model inea ietkisini °igtatisekset i | e r i
y°ntemlerl e i ncel eyen -al ékmal ar én senér| é
uygul amal & ejitim deneyi mlerinden duydukl ar
araséendaki i I'i kkinin orrtéeanyéan kgoenluil kntaisréi, | neejsiitni
bil giler sajlayacakt eér.
Bu araktérmanén amaceéeé, Ondokuz Mayés | niver
ejitim model!i kapsaménda i kKyerinde uygul amal
gel i ki mi hgél dain&akéni macel emek ve wuygul amal é e
et ki sini i statisti ksel analizler yardéméeyl
uygul amal & ejitim memnuniyeti, mes| eki yet e
isthdame di I ebi |l i rl i k al gél arénén kariyer geli«ki
sonu-1|ar én, mes | ek yé¢ksekokul |l arénda uygul
arteéeréel ma-ganaer ssdkt °r1 K birliJinin kagyerl i Kt i r
gel i kimlerinin desteklenmesine katké sajl ama
2. UYGUL AMALI EJKTKM, KSTATKSTKKSEL ANALK:
Arakt érma kapsaménda Terme MYO °jJrencilerind
anketlerden elde edilen veriler elektronik ortamt akr €l mék ve i1 statistil
aracelejéeyla dejerlendirilmiktir. Analiz s¢r
fakteor anal i zi ,-tesh daek gomsg earyan® analiz KAN@WA), Korelasyon
analizi ve e@prkdsuy dmjamuslailzir y°ntemlerinden vy

KIl k akamada kateéel éemcél ar én demografi k ©°zell
aritmetik ortalama ve standart sapma dej er|

cinsiyet, y aaxmalpe ogjriatmi, muyamutl ekl arée sektoor v
ili kkin genel bir profil olukturmak amaceéeyl a
¥l -ejin i - tutarl él ej ene dejerl endir mek a m:
hesapl anméxktér . @rsoembéanc hO , A/10p hwae k@z esraiynde ol
ol dujunu g°stermektedir. ¥l -ejJin yapée ge-er
Anal i zi (AFA) uygul anméxt éer . Fakt©°+Meyarnal i zi
Olkin (KMO) 6rneklem yeterlilik e st i ve Bartlett K¢greselli k T
KMO dejerinin 0,60"tan b¢yé¢k ve Bartlett t e
analizine uygun ol dujunu g°stermektedir.

¥Jrencilerin kariyedemagaedafkiikmi dajligiek eanléarém
farkl el akmadéj énée belirlemek amaceéeyl a -i ki gr
Testi, i kiden fazla gruptan olukan dejikken
uygul anméxkt er . AN@V A asrckn ued verkd ab ua nulnamals € dur u

grupl ardan kaynakl! andéFhéoncé -boeklliur | leanrekk é | aankat céér
yararl anéel méextér .
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Arakteéermada yer alan uygul amal é ejitim memnu

isthdam edil ebilirlik v e kariyer gel i Ki mi dej
amacéyla Pearson Korelasyon Anali zi uygul ant
deji kkenl er arasénda ayné y°nl ¢ gosterrmektadir.i f ol m
Son olarak °jJrencilerin kariyer geli ki mi al ¢
¢okl u Dojrusal Regresyon Analizi ger-ekl exti
bajéemlé dejikken ol ar ak iel eneannaamé rykeedn,, unegdl
yakaména hazeérl ék ve istihdam edilebilirlik
edi |l mi ktir. Regresyon anali zi sonucunda el d

gel i Ki mi czeryhmeki ee kbhsyaonkl ¢J ¢n¢g ortaya ko
Araktérmada t¢m i stati stl ks adl, aax5a&kl ikzalbeurl d e da

p<005dejerl eri i statisti ksel ol arak anlemlé k
grafikler yardéméyl a yoruml anar ak I Kyerind:«
gel i kimine etkileri dejerlendirilmixktir

Arakt ér maBaMoednell& Dej i Kkken
T Kariyer Gel i kKi mi

Bajéeémséz Dejikkenler

9 Uygul amalée Ejitim Memnuniyet.

T Mesleki Yeterlilik

T Kk Yakaména Hazeéerl ek

T Kstihdam Edilebilirlik

CizelpelKkverenl erin staj/ik yeri ejitimi deje

yanétl arénén frekans ve y¢zde daj él émé (n=c¢

Madde Kesinlikle YFEGPEYTYENFNNYFGPETF  Kesinlikle
11 G§PuP: 11 GPt Pt

M® {GF2 kTo&SNR dz: 0 (0,0%) 1 (2,4%) 0(0,0%) 2 (4,8%) 39 (92,9%)

KF1{1PYyRI &@SGSNIA o

H® {GF2 kTo&SNR dz: 0 (0,0%) 0 (0,0%) 1(2,4%) 5(11,9%) 36 (85,7%)

ASIANONAE I OPYP FARSH

od {GF2 KTOBSNR d=: 0 (0,0%) 0 (0,0%) 0(0,0%) 8 (19,0%) 34 (81,0%)

aLylreAr AOO0ANIAEAYS

ned {GF2 kKTHSSINAY M2k 2 (4,8%) 0 (0,0%) 2(4,8%) 3(7,1%) 35 (83,3%)

yeterlidir.

pd TIEtS@AO0OA | ENBGA 2 (4,8%) 2 (4,8%) 3(7,1%) 3 (7,1%) 32 (76,2%)

alrePaP @SUSNIARAND

cd TTItSeAOA | ENBGA 0 (0,0%) 0 (0,0%) 3(7,1%) 5 (11,9%) 34 (81,0%)

problemlermg|der|ImeS|nde etkilidir.

Td TIitS@AOA | ENBGA 1 (2,4%) 0 (0,0%) 2(4,8%)  4(9,5%) 35 (83,3%)

8SGSNIA RNISERSRANI
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y® mENBYOA&S ol tNYI 0 (0,0%) 0 (0,0%) 2 (4,8%) 6 (14,3%) 34 (81,0%)

FIIEARSOAERABYRPYPRAI

hbd MENBYOAI AfSiAod 0 (0,0%) 0 (0,0%) 0(0,0%) 2 (4,8%) 40 (95,2%)

Mn® meENBYOA | y3Il NNt 0 (0,0%) 0 (0,0%) 1(2,4%) 5(11,9%) 36 (85,7%)

dzé 3dzf I YIF & oFofl YP

MM® MENBYOAST A06&SNJI 0 (0,0%) 0 (0,0%) 0(0,0%)  3(7,1%) 39 (92,9%)

al €t YPO G PN

MH® MENBYOAYAY ((S21 0 (0,0%) 0 (0,0%) 1(2,4%) 10(23,8%) 31 (73,8%)

dz&8 Adzf + YI AceAy &SaSI

Mo® mMENBYOAI KorfisOia ) 0 (0,0%) 0 (0,0%) 0(0,0%) 4 (9,5%) 38 (90,5%)

BSGSNIA celoleéeP 3l &l

Mn® mMENBYOA A6t ShY! 0 (0,0%) 0 (0,0%) 1(2,4%) 5(11,9%) 36 (85,7%)

Mp® mMENBYOA&A YSI dz 0 (0,0%) 0 (0,0%) 3(7,1%) 8 (19,0%) 31 (73,8%)

isterim.

Mmc® DSt SOS]T RIYySYf ¢ 4 (9,5%) 0(0,0%)  5(11,9%) 9 (21,4%) 24 (57,1%)

etmek isterim.

MT® {{iF2 kTo&SNR St 0 (0,0%) 0 (0,0%) 0(0,0%) 8 (19,0%) 34(81,0%)

aS101 NRSTA RAESNI A
Cizelge.l de i kverenlerin staj/ik yer.i ej i ti mi
yanétlaren frekans ve y¢zde dajél emlaré sunt
yeri ejitimi uygulamaséna y°nelikmide]elrdejhnam
g°stermektedir. T¢ém maddel erde " Katéel eyorum”
olup, 6zellikle" ¥J r enci , i | €49%,X,1 Steajal-iektgeri uygul ama
hakkénda yeterl:i bi (9%§32,9),"exhjdriamgieyapél mékagtlt &Kk
saj l am@O2Prve" ¥J renci kendi ni gel i ktirme
g°ster iva@t0i, 5" i fadel er i en y¢ksek degzeyde
ol muktur .
Kkverenler, staj /i kK yeryiace&jniet iknmairnkiénl amiatdel iek
(%97,6), Universitss an a y i i Kk birlijine olumlu katkeé saj
uygul amaya zamanénda bakladéejéne (%97, 6)
oranda kabul et mirrettiim., eAyemana& nienl €yjireincdjl er |
problemlerin -°z¢gm¢gndeki et kinlifji de y¢ksek
Bununla birlikte, "Ge] ecemaddaleeni er ey geina

isterim"i fadesinde olumlu yanét oranénén (%78, 5)

(%11, 9) ve kesinlikle kateél méyorum (%9, 5)

Keki"l¥de,enci yi mezuniyet w8 ass ] reacahmakt e

bilgisi mesleki uygulama icin yeterlidir" ( %9 7, 6 ) maddel erinde de

ol makla birlikte, "kesinlikle kateéleéeéyorum"
ol duju dikkat -ekmektedir.

Genel ol arak dejertendisrtialjdiijki nyer,i ie&jvietriemil
bul dukl ar é, °Jrencilerin iletikim beceriler:i
memnun ol dukl ar é, uygul aman ésna nhaeym iikkl ebtimelliejr
kat kel ar s¢anjd ¢akdl éejréin és °dy¢lkenebi | i r . Ancak gel e
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konusundaki
al anl ar én

g°Prece
bul unduj unu

daha d¢ke¢k ol uml u
d¢kegndegr mekt edir .

dej er |

RSESNI SYRANKNS PV SUPAO PY FARIRIS t0S\NIAGYA S

Madde h NIi 5 { Medyan Ming Olumlu
(IQR) Maks (%)
M® {GF2 kTO@SNR dz3dzZ I Y SE€.nXymp 5(55) 4¢5 100,0
OAt IAE SYRANNS &1 LIPt YPS(G PN
H® {2 kTO@8SNR deIMKGEANEl GBYynIdor 5(55) 4¢5 100,0
g|dermede etkilidir.
od {GF2 KTO@SNA dz2aHgz BXI A88.nZhpp 5(55 4¢5 100,0
2t dzYtdz 1FG1P al €t N®
nd® {dFl2 kTO@8SNR dz23dz I YI S€.nXdnp 5(55) 4¢5 100,0
pd® TIitS@8AO0OA | ENBGOGAY StSYlLYyPynZymp 5(55) 4¢5 100,0
cd TTItS@8AOA | ENBGAY SESYILYP nZyop 5(55) 3¢5 97,6
giderilmesinde etkilidir.
Td TItSeAOA REBBADXYSNVEYI ¥BinZyop 5(55) 3¢5 97,6
y @ mSNByOAeS ol t NYNYRS @OSNRAInZITtmMp 5(45) 3¢5 97,6
AftAOTAfARAND
bd MENBYOAZ AftSUAGAYS [ ePlld'nZyopr 5(55) 3¢5 97,6
MA®d® mMENBYOA INSHIENNIAS WR2ENNBR ' nZyyp 5(55) 2¢5 97,6
MM® MENBYOAS A0&8SNAYS (12ftlé&inZtcp 5(55) 3¢5 95,2
MH® MENBYOAYAY G(G(S2NRAR] oAfIAinZTmME 5(55) 1c5 92,9
MOod® MEBERONVE TFSEtASGANNYS 12y nXZtnpg 5(55) 3¢5 92,9
31 a0GSNXYAOSGAND
Mnd® mMENBYOA AdfSivySeS 1FG1P nXctp 5(45) 3¢5 92,9
Mp® mMENBYyOA&Ar YSidzyreSi &a2yinXcnp 5(55) 1¢5 90,5
16. GeleceR| ySYt SNRS @SyA | ENByOinZnpp 5(55) 1¢5 83,3
MT® {GF2 kTO&@SNRA SEAGAYA d2@:nImMTEp 5(45) 1c5 78,6
I Y SNA NR Y @
Cizelge 2 d e i Kveren dejerl endir me anket. madde
sunul muktur . Mald+d 25 il® 4,951 Paarmeas éamrdta dej i kmekt ed

ortalama puat St aj / Kkyer i
s a ] Immddésinde4,95+0,22 elde edilirken, bunti St aj / Kky er i
i htiyacen@,93g020 el B¢ ad¢ / BEkigkelri duyul am
suresi yeterlidir" (4,90+0,30
uygul amaséne

K géce
ejitim

belirl enmi

Té¢ém maddel er debonmeadyagkn bdud juenrmu K
-eyr ekl erb5itorl aasréa ka rhaelsékp Ima rkmaé ketl &rmc éB wy achwertd ar é
dejerl endirmel erin

i ncelendi jlibradeas 6adaée

yojunl akteéej] éene
dejerl er
ger ¢l mekl e

maksi mum

maddel er i

Ktir.

vV e

uy gul-saanaa yeij i itk mbi rglnii jviem e |

uygul ama

izl emi ktise'r St a&jn/ Kikgykegrk

ol

up,

sekt °r dem&ddesindei4jlettr,2y i K1 et 1

maddel e

genel o

dhadd

birliktemedygmanaldaiaelrdreean ny gk snak sv &
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i Kverenl erin
koymaktadeér .

Ol umlu yaneét oranl
bel irl ennkiakrtkiérn.
sekto°rdeki dijer
d°nemlerde yeni

staj/iKk

ar e

yeri

ef i ti

mi

uygul ama:!

dejerl endi r%loOdlargki nde i

eBhu nda¢ K ¢ k" Sotlaujmil Kuk yyearn &€ te jao rta mé
i maddesinde YEB16)e,
° 7 r e nntaddesinde %&33)

° an re dGeleaklann
ed arpetka ninsétket réirm

maddelerde ise olumluyant o r a%0P0,3ile ®BIVEanr as énda dej i Kti i g

4A17 Sk IBE MBY OA RSESNI SYRANXYS Iy1SUA YIFIRRStSNR

RIF€Pf PYP o6yTlnco

Madde Kesinlikle YFGPEYTYEFNI NYLFGPET Kesinlikle
11 G§PEYP 11 G§Pf P

Mo { 2NHzy @S | 1 (2,2%) 0 (0,0%) 0(0,0%) 5(10,9%) 40 (87,0%)

AORSNR &l ySi,

iletirim.

H® { 2Ndzy @S | 1 (2,2%) 0 (0,0%) 1(2,2%) 5(10,9%) 39 (84,8%)

1FNBP Ad&SNR

Rdz2 I NI PR PN

3.5 dz& dzNXzt | NJ T | 1 (2,2%) 0 (0,0%) 0(0,0%) 3(6,5%) 42 (91,3%)

S1aArtarl el Ly

nd ¢NY cel f POI 1 (2,2%) 0 (0,0%) 2 (4,3%) 5(10,9%) 38 (82,6%)

el £t POYILF 2NII

pd® To @S &a2Nl 1 (2,2%) 0(0,0%) 3(6,5%) 6(13,0%) 36 (78,3%)

eStGliAytAaes 3|

cd To ANGSyYyfE 0 (0,0%) 0 (0,0%) 1(2,2%) 2 (4,3%) 43 (93,5%)

yerine getirilir.

TO® CATALA celf 1 (2,2%) 0 (0,0%) 1(2,2%) 3(6,5%) 41 (89,1%)

yeterlidir.

yo ¢S1-¥8 NS teN 1 (2,2%) 0 (0,0%) 1(2,2%) 6(13,0%) 38 (82,6%)

0l 1 PYPYRIYy &:

hbd aSalFA F NJI 0 (0,0%) 0 (0,0%) 1(2,2%) 7(152%) 38 (82,6%)

dz& dzY'f dz ST A LI «

@ NNNGNe 2 NYzd o

Mn® . dz Ad&SNJ 2 (4,3%) 0 (0,0%) 1(2,2%) 6(13,0%) 37 (80,4%)

| ENBYOATf SNB

MM®d aST dzyreé s 2 (4,3%) 0 (0,0%) 5(10,9%) 3 (6,5%) 36 (78,3%)

AORSNAYRS celf

12. Kariyer planlamamda 0 (0,0%) 1(2,2%) 1(22,2%) 5(10,9%) 39 (84,8%)

SGLATA 2 Ydz

13. Teorik bilgilerin pratik 0 (0,0%) 1 (2,2%) 1(2,2%) 10 (21,7%) 34 (73,9%)

dz2 3dzf I YI &Py R

memnunum.

mn® .ot Yl RI 0 (0,0%) 1 (2,2%) 0(0,0%) 10(21,7%) 35 (76,1%)

OAf AT SYRAN!

Mmp® TIfSeala 0 (0,0%) 2 (4,3%) 1(2,2%) 8(17,4%)  35(76,1%)

St SYIYPYPYy A

yeterlidir.

mcd TIfSealda 0 (0,0%) 0 (0,0%) 2(4,3%) 7(15,2%) 37 (80,4%)

problemlerin giderilmesinde
etkilidir.
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Cizelpe 3t e °jJrencilerin stajl/lik yer.i dejerl end
frekans ve y¢zde dajéel émlaré sunul muktur . ¥]J
maddelerde " Kat él évweo'rkiaw'i nl i kl e y&kmaéetel @ay®&mé&m" bask:
gorulmektedir. En yuksek dizeyleKe si nl i k| ¢ ak'gat€| gy vwe ulm"J i ger

yerine getirilirmaddesi nde ( %93,"SBerieliilrdielnem «i,r donu nduu y
ve eksi k@9L3),ylagpléd wtré&] ém o r tyetemidim(%89jl)zve'Joiun k o K u |

ve °neril eri mi i kKyeri (9o8B8deOD)cmaddel eahatkzékh
¥Jrencilerin b¢gyéek -ojunluju ikyer. y°neti ci
ol dujunu (%95, 7), -ambheemanouyvyaméondwpnsekipl dai
ara- ve gere-lerin yeterl:| ol dujunu (%95, 6)
et ki | ol duj unu (%95, 7) vV e Izl eyi ci °Jr et
gideril mesinde e)t kiifladeoledturfiukntui r(.%9%y,rééca ©°jr
-al éekma ortaménda adil bir -alékma d¢zeninin
ve yetkinliklerine uygun ol arak dajeéteél déj én
Dijer tMeatbLnamgeytg usloanmmaa syéa put € ] €é m i kKnyaddesinded e - al

%1090r anénda kar ar s €&zKeysda mdti kb wl akred EjloE yamee un rd'h
dijer maddel er e g°re daha d ¢ K ¢ K'Unieetsitkde] u ge°
°TrendijJim teormtk k biulygiull @ mias(@m®@anStmg mn wKn uyné
uygul ama ejitimine bakl amadan (W76 ee" Ket eyl ci |
°Jretim el emanéneén i Ky(@rT6il) naddgylainde td&kesinkiey € s & vy
kat el gygoedam'l ar &€ g°rece daha d¢kegk bul unmuxkt |

Genel ol arak dejerlendirildijinde, °Jrenci l
g°r ¢kl erinin olduk-a olumlu ol duju; ©°zell ikl
i K gevenl i jJi etuiylgiurhamalrar @€ erii |l ve ekip -al ex
d¢zeylerinin y¢gksek ol duju go°r¢é¢l mektedir. A
ejitiminin mesl eki gel i kimlerine ve kariyer

etmi kKtir.

4AT SMBE8IBYOA RSESNISYRANYS Fy1SGA YIRRSEtSNRAYS

Madde h NIlip Medyan Ming Olumlu
(IQR) Max (%)
M® { 2NXzy @S | yYSNAESNAYnZIynp 5(55) 1¢5 97,8
iletirim.
2.Sorunvé Y SNAEf SNAYS {INBPnXtcp 5(55) 1¢5 95,7
@S Rdz2 | NY PRPNI
o® 5d2 dzNHzf F NJ T I Y YPYRInXypp 5(55) 1¢5 97,8
nd ¢NY cel f POFYEFNI FTRANESTHER 5(55) 1¢5 93,5
p® ABNILFE dzf dz] € F NJ @8Sd1AnZcpp 5(55) 1¢5 91,3
cd TO INGSYytAE€EA ISNBlIftnIdmp 5(55) 3¢5 97,8
T® CATALA o fPOYF 1 28dnXyng 5(55) 1¢5 95,7
yo ¢S1-F3 NS teNd logdt@®ldiPy Ry nZtng 5(55) 1¢5 95,7
P aSalA FNJFRIFIGEIINPYEnZyng 5(55) 3¢5 97,8
& NNNGN&é 2 NHz o
Mn® . dz AGBSNAYA RAESNInZcpp 5(55) 1¢5 93,5
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MM® aSlTdzyAeSi a2yNI &P nZpnp 5(55) 1c5 84,8

isterim.

MH® YIFNRE@SNI LI FYfLFYFYFnZTyp 5(55) 2¢5 95,7

Mo® ¢S2NR] o0AfIAESNAY nZcTp 5(4b) 2¢5 95,7
memnunum.

Mon® .3t YIRFEY 1 yO0S @€nstHp 5(55) 2¢5 97,8

@ LIPt YPO G PNID

Mp® TTfSeAOA | ENBGAY EnZcpp 5(55) 2¢5 93,5

yeterlidir.

Mc® TTfSeAOA | ENBGAY E€nZtcp 5(55) 3¢5 95,7
giderilmesinde etkilidir.

Cizelgedt e °Jrencilerin staj/ik yer.i dejerl end
istatistikler sunul mégBtl00 e 4MMa@®3%he asendhbamdal ai
gorulmektedir. En yuksek ortalama puanK k geventd i gerlek!l i1 ik
maddesinde 4,91+0,39 el de edi Dmywr ulbaurnuzamanénda Vve
(4,85+0,63," Sorun ve °neril eri mi i K Y(48040,69y"Fizkke t i ci s
-al ekxma koku@4B0x0,60 vey dtesrali i dairrk"achbh k| &Kké pl & al ¥ &
ylratiyoruz"(4,80+0,45 maddel eri izl emi kKt i"™MezBEmMmIid&eK ¢k om

bu i kKyerinde maddesmde4fbdK,00 sbhelri m"enmi Kkt i r .

T¢m maddel er deb onheadryaakn hdeesjaeprlia n mé K t uerr |. u J Miandddae |
-eyrekler dbaodanaaeal &kjagrel emcé yanétl arénén

gostermektedir. Minimuima k s i mum dej erl er i ncel endi5] i nde
arasénda dejiktiiji, buna Kkarnkaésné ivke gi¢zvleenyliicjil
el emanénén karkeélakélan problemlerin gider:.
puaBehduju g°r ¢l megktgr . Bu durum s°z konusu
homojen ve olumlu ol dujunu g°stermektedir.
Olumlu wyhaeé iomndeKke ngdg\Viea mldie],i ger e"'Buyurdlar k1 er i
zamanénda ve ,¢eBerkuei zxey@pelbeteri mi I Kyer. y ¢
"Mesai arkadaxkl arémla uyum"uBahk iapna d éeHie ® mxeé
bilgilendirmaddalped imeéeke ol %978al ganet belriamléa®
Buna karkél ek, en "dwekz¢uknioylew misuo nyraanséét bour ai nkéy e |
maddesinde%84,9 saptanmék, dijer mardlden®E:giEmiI’78se ol
arasénda dejJiktiJi g°ore¢glmegktgr.

Genel olarak dejerlendirild di i nde, °Jrenci | e

J
maddel erde y¢ksek ortalama puanlar verdiiji,
puan dizeyindeol duj u ve olumlu yaneét %Y0ndmr gneémnir
ger -ekl exktiij]i belirl enmiktir. Bu bul gul ar,
dejerl endirmelerinin genel olarak ol duk-a ol
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KEUATJdhAOAuBAT OA EgOAT AE AAgAOI AT AEOI A AT EAOIT,
Oi 1 6el AOaq

mt eS| al RRS {/ NRYOLI DN@SY ANI AT
TODSNBY RSESNI S 17 0,878 . N1&as81 RNT SeF
mENBY OA RSESNI S 16 0,944 428N1asS1 RNI Se
471 S4EBS MODSNBY @S | ENBYOA RSESNISYRANXYS Iy}
sunul muktur . Kkveren dejerl endi 08n& ljlke ic mi
dejerl endirme anketinind9obabakh'hesapfanikat:
°] -ejin de Cronb@,&ﬂ'm'[]zerindaebfmakétsaaeﬁdﬂmydéigln Yy ¢
Cronbach's a0l f9a0 'kéantosiamyaésseenndébnu  ° | - eJ i n - ok y ¢k
ol duj unu ortaya koymaktadér.thut!aéNJlé(DIé]aSN\E\yﬁ
RSESNI SYRANNXYS |y1SGAYS baolky/ NESOKPRBE b zF I € 1
21 @&N1asS{ RNIS@RS INGSYAft AN 2f RdzEdzydz 2NI I+ &l
Cizelpe6 Kk ver en ve ]rencilerin staj/ ik yer. ej i
y°neli k dejerlendirmelerinin karkélakteéereél ma

TO @S NEB yhdin&sE mE NSy OA 5S¢

Ortak Tema 6hNIig{{L 6 h NI { {
@ 3dA FYF | yOSaaA oAt n>dpn 5 N NXTH § N
TitSeAOA |1 ENBilGAY Sf nnp § M ncp § AN
TitSeA0OA |1 ENBGAY St NS Th ; ST e ;
el T NYNYRST{A SGLAYEA 5 5
aSTdzyAeSi az2yNlraP A Nser ; - "
| ENBYOABA AAGAKREY 5 pnob
Cizelge 6 da i kveren ve °jJrenci anketlerinde ort
ortal ama puanl ar birgruben sdeuémuendrtr meHeer
uygul ama °©°ncesi bil gilendirme, Izl eyi ci ° 7
problemlerin -°z¢;m¢gndeki destefji ve mezuniye
maddel er de ortallkamal pwjan| gP enl mektseedi r . ¥ze
el emanénén karkél akeéelan problemlerin gideri/l
d¢zeyde olumlu dejerlendirilmiktir. Bununl a
taraféendahetdee daha y¢ksek puanl anérken, iz
°Jrenciler taraféendan bir miktar daha vy¢ksek
ortak temalara ilikkin dejerlendirmelerinin
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3. SONU¢ VE ¥NERKLER

Bu arakteéermada, Ondokuz May és lniver si
encilerinin ikyerinde uygulamalé ejitimd
atistiksel y°ntemkapbaméndeael epmertiler An e

memnuni yeti, mes| eki yeterlilik algeéeseé, I K

al g

°ne
ett
dah
ej i
bul
Ger
yet
poz
son
koy
gel

bec
vV e
Oj‘r
Kur

3.

€l arenén kariyer gel i ki mi czerindeki et ki

Araktérma bul gul ar e, i°Kyreernicnid ee r i 1 g uklaarmayle
ml i kat kel ar sajladejéene g°stermektedir.
ikl er i sektorel deneyi mlerin, mesl|l ekl erin
a bilin-11 Kyeakri d &nec é ed li ddjeuned %%rr g lnme Kt ¢r .

tim sayesinde °jJrencilerin mesleki ©°zgg¢ve
dukl aré ve i K yakaménén beklentilerine da

- ekl eowteilraislyeom kanal i zl er i sonucunda wuygul
erl il ik, Il K yakaména hazérl ék ve 1istihda
itif y°nl ¢ ve istatistiksel ol ar dzxz anl al
u-larée ise s°z konusu dejikkenlerin kariy
muktur . ¥zelli kle uygul amal & ejJitim memn.l
i Kimini etkileyen ©°nemlitirfakt°rl er araseén

Araktérma sonu-1I|aré, 3+1 ejitim modelini
erilerini geliktirmekle kal mayép ayné zam
i stihdam edilebilirliklerwuhiamat€éeefé} & més
encilerin mezuniyet sonrasé ikK bul ma bek
ulan erken d°nem ilikkilerin kariyer plan

El de edil en bul gul @rneddjlreul tgiedurkdda rad aejbéd

Kkyerinde uygul amal é ejitim programl ar
surdarulebilir hale getirilmelidir. Mes |l ek y¢ksekokul |l ar énda
s¢re-lerinin daha fazla °jrenciye ul akmas

Universite-s e k t % rr lii§ ib g¢ - IKeknldeitrmellneerliindierj.i ti m s
kat él emé texkvik edilmeli, °Jrencilerin f
ol anak tanénmal edér .

¥Jrencilerin kariyer pl anl &anger nsekezlerr | er i
tardadmnuygul amal & ejitim °ncesinde ve son
sunul mal edér .
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4. Kkveren ger i bil dirimler:. d¢ Kehbkit medleari
°Jrencilerin performansl aréna ilikkin g°r
kull anél mal édeéer .

5. Uygul amal é ejitim sg¢grecinin kalitesini
sisteml er. o¥uUkKeénmeciu)] makeedeen ve akademiKk
ol arak analiz edilerek programlareén etkin

6. Mesleki yeterlilik v e ki ki sel gel i kKi mKeijeitti ikmlme rbie caa
takém -al exmasé, probl em - %z me, l i der | i
geliktirilmesine y°nelik ejitimler m¢gfred

7. Gel ecekte yapeéelacaknawvaexntsenmdlear v fmaersk led
kapsama alB®rnymeelcéedeéerl.de edil en sonu-1|areén

farkl e b°l geler arasénda karkeél akteérmal é
8. Ayréca °jJrencilerin demogankli & ©°zell kkee
karkeéel aktérmal ar yapélabilir.

Sonu- ol ar ak, i Kyerinde uygul amal é ej it
gel i kimlerini destekl eyen, i K yakaména uyuml
arteéeran ©°nemlii biot argktidm] enoldendi ri |l mektedi
uygul amal é ejitim odakl e yakl akéml ar én y a\
gé-lendiril mesi, ni tel i kI i nsan kaynajé ye
°neml i k atckagkltaéerr .s aArlaakytaér ma bul gul ar é, 3+1 e
koymakta ve mesleki ejitimin gelixktiril mesin
ve sekt°r temsilcilerine °nemld.@ bil giler sun
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GELKKTKRKLMESK VE ¥NEMK: TERME MYO ¥RI

THE DEVELOPMENT AND IMPORTANCE OF THE WORKPLACE -BASED
TRAINING MODEL IN VOCATIONAL COLLEGES : THE CASE OF TERME
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OZET

Mesl ek y¢ksekokull ar é, ¢l kemi zde 1kl et mel er
amaceéeyl a iKki yeleépgktioem Vvesamskudrumlyamder . G¢
sekt°rlerinde kalifiye eleman i htiyacé gidert
°nemini daha da artérmaktadeér. Teorik bilgin
modeliyle birlikteda a g°r ¢n¢r hale gel miktir. Bu model ,
ejitim aldektan sonra bir d°nem boyunca edi
bul mal ar éné sajl amaktadér . Beyl ece °Jrenci l
kazanmm kt a ve ik hayaténa daha hazér hale gel me
uzun d°nem wuygul amal é ejitimlerin gelixtiri]
Yéeksekokull aréenén sanayi fir madé,r éqijiklveanrcid kb i
memnuniyetinin ©°nemi el e al énmaktadeéer. Bu b
uygul amal & ejitim model: sunan Ondokuz Mayé
°rnefji b°l gemi z ve ¢l kemiz i -darmé °°nfermdnciblier m
yojun bir «kKkekilde tercih edil mektedir. Kkye
°Jrencilerin i stihdam edilebilirlik oraneneée
el emanl ara ul akmaséné kol ayl aktérmaktadér.
Anahtar Kelimeler: Me s | ek Yé¢ksekokul u, Uygul amal é Ej
Memnuniyeti, ¥jrenci Memnuniyeti, ¥jrenci Te
ABSTRACT

Vocational colleges are institutions in our country that offeryear associate degree programs

to meet the demand for glified mid-level personnel in businesses. The demand for qualified
personnel in todayo6s i ndustrial and service
highlights the importance of vocational colleges. The significance of practical training
alongsiddaheoretical knowledge has become more apparent with the 3+1 education model. This
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model ensures that students, after completing three semesters of theoretical education, have the
opportunity to apply the knowledge they have acquired in the workplacedosemester. In
this way, students gain industry experience before graduation and become better prepared for
the workforce. This paper addresses the development otéonmgpractical training programs
at vocational colleges, the enhancement of industiglmmration, the expansion of cooperation
protocols between vocational colleges and industrial firms, and the importance of student and
empl oyer satisfaction. I n this context, t he
Vocational School, which offera practical training model in all its programs, serves as an
important model for our region and our country, and its programs are highly preferred by
students. The development of the workptaesed practical training model not only increases
st ud e nloyabdity luthatso makes it easier for employers to access more qualified mid
level staff.

Keywords: Vocational School, Applied Education, 3+1 Model, Employer Satisfaction, Student
Satisfaction, Student Preference

1. GKRKEk

Mes | ek y¢ ks ekohkiuzlneatr és,e ksta®nralyeir ivnei n i hti ya- dt
yetiktirilmesi amacéyla kurul muk y¢ksek©jret
°Jrencil er, hem teori k bilgi hem de mesl eki
(Y¢ksekojJretim Kanunu, 1981). Ancak sektoOorl e

verilen ejitimin de s¢r ekl (Gundigvd.c2026ISekorime s i n i

dejiken taleplerine cevap verebidlomak éma isk hd
bireyler yetiktirebil mek, yé¢ksekojretim kur
gel miktir (Aydén, 2019). Bu dojrultuda, dene
yer i ejitimleri, °J renciknidejbill,gilyiizzmaside.]
i -sellextirmesini sajlamaktadér (Kolb, 2015)
Son yeéellarda Y¢ksek®jretim Kurulu (Y¥K) tar
model i, meslek y¢ksekokull arénda teori k ve p
adém ol muktur. Bu model sayesindejijtienallkek
d°rd¢nce¢g dPnemde i kK yerinde uygul amal é ejiti
bil gilerimni pekiktirmekte hem de i1k d¢gnyas:
bul maktragédeek®°jretimlerde eJwe uYametl nee |Eijjiit,i md G

2. 3+1 KKYERKNDE UYGULAMALI EJKTKM MODELK

T¢rkiyebdbde kéesétl é& sayéda mesl ek yegksekokul
Terme Mesl ek Y¢gksekokuludmuz begnyesindeki t
yapél ar2019 ¢ 2 @°1j8n et i m yél énda hayata ge-iril mi
uzun d°nem i Kyer. ej i ti mi alan °jJrencil eri mi
protokol yapélan firmal arda 2. séneéf enmné 4. y
bizzat yerinde g°r mekt e; uygul ama, cretim ve
i Kk hayaténa daha niteli kl:i bir Kekil de hazeé

99



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

dejer
ejitim model i

k ar

bi

°Jrencil er se 2. sénéf én |IBiahfairr nyaalraéryced €3 0s o
yapmakta ve st aj komi syonu taraféndan
programlarénda 3+1 wuygul amal é

firmal ar taraféndan ©° nscaglliakmaik toaldaérra k Bt°eyrl ceiche
duyul an niteli kIl ara el eman i htiyacénén
sahip mezunl ar veril mektedir. Bu model

ol madan il gilil é&iirmgélamdlanei xetlekit i dk

kurumlarda oncelikli olarak istihdam edilmektedir.

mezunu

¢tizelge 1. TERME MYO (3+1) FKRMADA KKYERK EJKTKN

BOLUM 201920 202021 202122 202223 202324 202425

Muhasebe vq 9 18 18 10 12 8

Vergi

Boluma

Dek Ti|10 10 10 5 16 6

Boluma

Pazarlama v{ 2 14 18 6 8 3

Rekl am

Bolumu

Geda K2 28 5 5 12 3

Bolumu

Yoénetim ve |- - 8 7 10 6

Organizasyo

n Boliumu

TOPLAM 23 70 59 33 58 26

GENEL TOPLAM: 269

Cizelge 2. OMUTERME MYO YILLARA GORE TABAN PUANLARI

PROGRAML |[2021 2022 2023 2024 2025

AR

Geda Ka|l73,89007 242,87 241,12 248,72 260,33

Geda 191,52553 248,91 246,2 254,76 268,13

Teknolojisi

Lojistik 195,14961 255,41 256,21 268,66 276,91

Muhasebe 187,35531 231,23 238,39 248,34 267,26

Pazarlama 177,39142 234,16 237,59 244,56 252,85

Dek Ti c¢[171,00673 243,58 248,75 261,06 269,71
*3+1 Uzun D°nem Kkyer. Uygul amasé Sonraseée

3. UYGUL AMAL I
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Uygul amal e ej i tim, °Jrencil erin teorik bil
sajl ayarak mesl eki yeterliliklerini gelixktir
takém -al ékmasé ve zansaynaly °bneectermil egriibni nge¢s-IIet
uyum sg¢grecini hezl andér ér ve mezuniyet sonr
incelendijinde, mes | ek yéksekokul |l arénda y
°Jrencilerin biréesel Ve meshi dkiamgeldi kieimi | i r
gé-1 ¢ bir etkisi olduju g°re¢lmektedir (Karat
Saréebeyék (2016) taraféndan yapélan -al ékmat
beklentilerike - ok daha iyi cevap verecek donanémda
Kekil de G¢gmgk ve ¥rgev (2018) wuygul amal &€ mes
karkée daha pozitif, kararl & and anllamld&r dg¢ «
Korkmaz ve Kilci (2024) Il se y¢ksek®ojretim Kk
programlar éneéen daha geni kK kitlelere tanét é|
-ekmi Ktir. Kkl et mede Mesl eki E jtaorik ibitgileriniKk M E ) u
uygul amaya -evirmelerine, mes| eki gel i ki ml e
yerl ekme oranlarénén artérélmasénda °nemli k
mesl| eki ejitim uygul amauamt@andbagenmral aokEavak b
basamakl aréna dojrudan katkeé sunduju saptann
sektor i K birliJinin kuvvetlendiril mesi, m

derslerinin saawul esrgirrei-n ekrnt @ reanlerha § & ¢kcare ebb ar
2026).

3. 1. Uygul amal e Ejitimin Geliktirilmesine Y

o Universit«Sanayi Kk BirliBSanagi Gkulrehdkfial mgsin:
s¢rdegreglebilir Tk birlijJi protokol |l eri ar t
pl anl anmaséna aktif olarak katél mal eder .
Uygul ama Al anl ar é¥jérne ntceiklietrlienn dfiarrikilmée ssiekt °
Olceklerdek | et mel er de wuygul ama yapmal aré texkvik
organi ze sanay.i b°l geleri, teknoloji geli:/
artéreéel mal eder .

Ortak Dejerl &Kkxkdrierrmen, Siaktaelmimi k danékman ve
dej edrilrerme yaptéejée objektif performans °1| -m
performansé yalnézca devam durumuna dej il

r

(@]

[@]3

dejerl endi il mel i dir.

06 Kkveren ve ¥jJrenci Ndermygulama goeemi sanunda dkizen e n me
memnuni yet anketl eri uygul anmal édeér . EI d
programlar sg¢rekl i iyilexktirilmelidir.

6 Dijital Takyguhvem&kzéeeampi ti m s¢re-»1eri di j
edi |l melidir. ¥Jrenapbetané hatiaabekhardf aaki
taraféendan -evrim i-i olarak dejerlendiri/|l

0 Akademi k Danékmanl ek RAkraadeim ikn d@mn-élkamadil rail
ziyaretl eri artéereéel mal édeér . i ni vemasliareé i |
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ol ukturul mal edeér .

M¢fredatéen ®enmncell-emm&dieri sekt%°r temsilc
d¢zenld i ol ar ak géencell enmel i dior ., Dijital
s¢rdegreglebilirli k ve yeki | eodtégmegddngeldir.gi b i g .
Kariyer Pl adya@auwlaambalsé e¢jiicti m °ncesinde °7Jr
et ki | il etikim, ©°©z ge-mik hazeéerl ama ve mg¢g
Bakaré G°sterg®érunhané®zi enmbedam oranl ar
mezunl areén ekme §g¢resi ve uygulama vyapeéela

performans gostergeleri dizenli olarak takip edilmelidir.

nu- ol ar ak; i K yerinde wuygulamaleée ejitim
cerilerini gyealkil atkiermeen dkeijn | ejlisatain@y zamandar

-l endiren, 1K g¢c¢ piyasasénén beklentiler

jl ayan stratejik bir model dir. Model in et
tif katel éme, dijital izl eme ve dejerl endi
kani zmal ar énén ol ukturul masé vV e ejitim

cell enmesiyle m¢gmkegndegr . Bu dddrimisildamnuda g e
lebilirlijini artérérken ikletmelerin nit
nomi k kal kénmaséna da °neml kat kel ar saj

SONU¢ VE ¥NERKLER

mi zde mesl ek y¢ksekokul Inairteel iikk i d amya seéd
Ktirilmesinde kritik bir role sahiptir.
éndaki gel i kmel er ve sekt°rlerin bekl en
l'ye sahip mezuwrléearyakaillkamhagaeéemwda |l bhak &
eki ejitimin uygulama y°n¢gnéegn kuvvetl end
meé tecr ¢besi ve sektorel bekl entil ere uy
maktadér .

A0 99 X
QO T« S T 0

(o]

Kmalmg 2dd endi ril en i K yerinde wuygul amal é
di kl er i teori k bilgileri pratikle birle
makt ader . ¥Jrencil er, ejitimleri amgresin
saté bularak ik disiplini, kurumsal kel t g
un yané séra iK yerindeki sorunl aré - °2zme
p -alékmaséna uyum sajlwknaal mamgnbiy®°net i
ge-il mez yumukak becerilerini (soft skildl

S5 M

> -~ 5 — —

rme Mesl ek Y¢iksekokulu °rnejinde uygul anan
ktorl e erken d°nemde t aneékkmad ammanlaarvweragd
jlamaktadér . Kkl et mel erde ge-irilen uzun
zuniyet sonrasénda karkeéel akacakl arée -al ekm
m at maktadér. Ter me eMa@odbartvierPiirenpct nm
¢Z mezun ol madan ya da mezuniyetin hemen
tihdam ¢zerindeki dojrudan olumlu etkisini

S5 M
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Mes | eki ejitim uygul amaliakrvee rseand eecre i°-jirne ndcei |°e
baréndérmaktader . Kkl et mel er , potansiyel - a
g%zl eml eme férsaté bul maktader, performansl a
ni tel i kI ara elyereaemnliamreé kdadjarbudare kb gdi r . Ay
ejitim sg¢grecine aktif kat él éme, chiversite
s¢rdegreglebilir 1T 1i kkilerin kurul maséna zemin
Bu araktéerma kapsaménda gotemahan, |i kgeat pd
ejitimin etkinlijinin sadece °jJrencilerin |
gerektijini; s¢recin pl anl anmasé, titizlikl
iyilektirilmesi gkRuerkdaktjddd °gj°rsdreaimekd eidk wer ¢
vazge-il mez bir kalite g¢vence mekani zmaseé
anketl eri uygulama s¢recinin °jJrencilerin b
yonlerde eksiklikler bulunduu n u ortaya koyar ken; I Kveren
°Jrencilerin mesl eki bil gi d¢zeyleri, I K P e
kur umsal uyuml aré hakkénda rehber geri bil di
progr anmdvairzéen éend irl mesi, uzun vadede sistemin |
Uygul amal e ejitimin g¢-lendiril mesi, °J renci
mezuni yet sonr asé i stihdam s¢grecini kol ayl
mezunl aryam iskeg esi ni késaltmakta ve ikl et me
mesl ek y¢ksekokull arénén sektorle s¢grekli i
¥ renci memnuni yet anketleri, uygul amae ejit.i
eksi k y°nleri ortaya koyarken; i kKveren memnu
kur umsal uyum d¢gzeyini °]l -erek ejitim kalite
ve Demir, 2020) . Ger i bil disrni, m mpd k &@rdiaz halr &@m
i htiya- duyduju g¢ncel beceriler dojrultusun
Sonu- olarak, 3+1 modeli gibi sistemli bir b
genelindeki tum mesleky ¢ k sekokul | ar énda yaygénl akteéer el
standardeéeneé yé¢kseltecek vV e mezunl ar én i st

artéeracakter.
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ABSTRACT
In this study, by making the ugp analogous of thg- exponential function, a new subclass

of univalent functions is defined. This study aims to provide an upper bound estimate for the
first three coefficiehbounds and the FekeBzegd functional for functions belonging to this
defined class. Furthermore, in the study compared known results in the literature depending on
the choice of the parametar.

KEYWORDS FeketeSzego functionaconvex function,qg- analogueof the q- exponential
function

1. Introduction and preliminaries
In this section, we will provide some basic information and the lemmas we will use.

Let H (U) be the class of analytic functions in the open unit tlisk{z 10 :|4 & of the

complex plane] . By A, we will denote class of the functionsi H(U) given by the
following series expansions
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f(z)=z+aZ @2 a2 + @00+ zj+ 00 6F. (1.1)
n=2
It is clear that the functiorf belonging to the clas# satisfies the conditions (0) =0and
fi(O) =1. The subclass of univalent functions Afis denoted byS in the literature. The

classS was introduced by Koebe [8] in 1907 and has become the core ingredient of advanced
research in this field. Later, many mathematicians became interested in coefficientegstimat

for this class. Within a short period, in 1916 Bieberbach [5] published a paper in which the
famous coefficient hypothesis was proposed.

f i S and has the series form (1.1), tHeff ¢ n foreachn2 26 . | n 19 8%anges t was
[7], who settled this londasting conjecture. There were a lot of papers devoted to this
conjecture in the literature (see [1,2,4,6,9,12,21,22]).

For the given functiom f,gi H (U) f is said to be subordinated ¢pand denoted byf < g

if there exists an analytic functiam defined inU with the restrictionsw(o) =0 and|W( z)| <1

in such a manner thatt (z) = g(w( 2) holds. Moreover, ifg is univalentinU , then f < g
if and only if
f(0)=g(0) and f (U) E g(U).
In 1992 Ma and Minda [11] presented a unified version of the «lasssing subordination
terminobgy. It was defined by

[ - i ]
] zfi( 2))! ]
c(j)=1fis: (i) A2, z1u,
fi(z) :
f !
where/ (z) is a univalent function witli i(0) > 0 and Re(j (z)) > (. Additionally, the region
J (U) is starshaped about the point (0) =1 and is symmetric along the rdaie axis.
It is well known that the Feket®zegd functional of the functiorf i S is defined as
H,,(f)=a, -a. For/i 0 (or/i 0) the functionalH,,(f,/)=a, - &5 is known as the
generalized FeketBzego functional [12]. Estimating the upper boundagf / &| is known

as the Feket&zegt problem. Many researchers have investigated this problem for different
subclasses of univalent functions (see [14,139]7.
For qi (0,1) the g- analogue ofg- exponential function defined as follows

o = (g2)" 9 (qz) L’z S
A d gy @ e e

where[n] !=[n —1]q![n]qand[n]q:1__—1n 4 ¢ @ +d

V4

It is clear thatlim eqz = e
q- T

106



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

By using the definition of subordination, we introduce a new subclass of univalent functions
connected with the - analogue of they- exponential function.

Definition 1.1. For qi (0,2) a functon fi S is said to be in the class (&) if it satisfies
the following condition
zfi( 2))i , € (i) )
M<e“z, zl U;thatis,C(q‘]‘z):% fls: M< g, zIU}.
f I(Z) a 'I* i ,

Remark 1.1.Settingg- 1 in Definition 1.1, we obtain the class(ez).

Let R be the class of analytic functionslih with positive real parts angh(0) = 1. It is clear
that the functions that satisfy these conditions have the following series expansion

p(2)=1+pz HZ pZ +1(")§')Qoﬂz Z . (1.3)

The classR defined above is known as the class Caratheodory functions in the literature [13].
The subsequent lemmas are essential for the proof our main results. It includes the well known
p, formula [22], the p, formula introduced by Libera and Zlotkiewicz [10].

Lemma 1.1Let the an analytic funaih p be of the form (1.3), then

2p, = p12 '(4 plz) X,
ap =5 2(4 g)px (4 Bt {4 g)1]K)
for somex, yi 0 with [x] ¢ 1 and|y ¢-.

Lemma 1.2([7]). Let the functionp belong to the clasR. Then,
|p,| ¢ 2 for eachni U and |p,- / p,p, | @ forn, ki 0, n>kand/ [ O]
The equality hold for the functiop(z)=(1 +2 /(1 3.
Lemma 1.3([3]). Let the functionp belong to the clasR. Then,
p;- 2Bpp, +Dg| 2if 0¢B @andB(2B-1) ¢D B.

In this paper, we give some coefficient estimates and solve Fgket® problem for the class
C(&*). Furthermore, known result are discussed in the gasel .

2. Main Results

In this setion, we give some coefficient estimates for the functions belonging to the class
C(&") and solve Feket&zegd problem for this class.

First of all, we give the following theorem for coefficient bound estimates.
Theorem 2.1.Let the functionf given by series expansions (1.1) belong to the (ﬂz(ﬁz)

Then, we have the following estimates
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(407 +3q 4)q
12

la,|¢ q, |a| ¢@ and|a,| ¢ for g 1[0.36959,).

Proof. Let f C(e‘jz) , then exista Schwarz functiow:U - U , such that

zfi( 2))i .
(Gl (2.1)
fi(z) a
According to relationship between the Caratheodory and Schwarz function classes, there exists
a function pi P such that

1 . - .
"M2) gy PO, g
1- w(z) (2 4
Considering the series expansion (1.3) of the functdnP, we can write the following

expression for the functiow:
h, 2 B
w(z) = 5 aeQ

In view of (1.2) and (2.2), we have

p(2 =

o 3 ~
1'+ & p-p ﬂ+%8 , £ 4. (2.2
2 % 4 9

T RO

=1 nz e [22][2'] ig
¢ T (2.3)
g8 [d-a  [2e 2(d,0a [¢],{d,

0
pp * gBd +al
22 1] ZENEN :
By performlng the necessaryathematical operations, we write the expression on the left side
of equality (2.1) as follows:

(=fi(2)'
fi(z)
Substituting expansions (2.3) and (2.4) into condition (2.1), we arrive at the foIIowing identity:
2] -q
a,z+(6a -48) Z (423 1833 8§ % #Opoz&ae p [2][2]
: e " s
a 2] g 2'q-23'q£'3 0
23 [[]2] Tpp 2 4[[2]] “ GRERW ;00
ql-lqg” +
If we equate the coeff|C|ents of the same powers of the variablethe left and right sides of
this equality, we obtain the following expressions containing the first three coefficients of the
function f :

=148,z (6a 44)7 (123 1833 8Y+x , =z (2.4)

I'O'O (@]

o} (2.6)

[2] - q

EER

N

a2:

6a, - 4a -—-gggpz rf , 2.7)
¢
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(2, a (2]t 29, ta [#], 19,
123, - 18,3, +83, np —# : =8 .28
28e [z]q. 47,14,
Using Lemma 1.2 to the equality (2.6), we have trst feesult of theorem:
la,| ¢ q. (2.9)
Now let's find an upper bound estimate |(ayf From the equality (2.7), we can write
2, [2],- a
o =2 o, g (2.10)
37 12¢ 77,
Since([z]q!- q)/2[2]q! 4/2(1 &) [0.] for gi (0,1, then
2, a
P, - 27, P (2.11)

(see Lemma 1.2)Applying the tiangle inequality to the equality (2.10) and considering
inequalities (2.9) and (2.11) gives us the following

(2q+1)q.

|as| ¢ 5 (2.12)
From the equality (2.8), we obtain
3.8, 4,098 2], a . [2],'d" 2[3],a [w"—]q![slq!lfl
T2RE % Qoag® T4 {3,13,
Using triangle inequality to the last equality we get
alea)a fé‘ Llp 29y, 960 64 (2.13)
172 97 24 2 24
From equality (2.7), it follows
4, 2, qa [Z]q!-q
3-8 —a& FEpn of
9% 9F 1@ 43!
It followfs from
4 ,| 2, 2 @ ] -q
- — ¢
‘aa 5% Slal Fp 11, ,pf‘
Then, similary to the proof of inequality (2.12), we obtain the following estimate
4 | [(4a+3)q
- — t—7. 2.14
‘a@. 5% “ g (2.14)
Let's write
[2,a  [2'a 29, ta [, 19!
2B
P, - e pp, * TERER g B 28pp Dg

whereB=([2].1 -q)/2[2),1and D =([2] 1a* 2[3] 'q [€],[d,)/42,[3,"
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Since Bi [0, and D ¢ B for every qi (0,1) ,and B(2B- 1) ¢D for qi [0.36959,}, then
using Lemma 1.3 we get
2] - q 2]t 2[3,'a [¢],][3
o | []zq] Ly 12l 4[[2]] i [. L1
!

(2.15)

for qi [0.36959,).

Considering the estimate (2.9), (2.14) and (2.15) in the inequality (2.13), we obtain the

following estimate forja,|

(407 +39 4)q
12

Thus, he proof of theorem is completed.

In the caseq- 1 from Theorem 2.1, we have the following result.
Corollary 2.1. If i C(¢), then we have

la,| ¢ ,q 1[0.36959,).

1 2
¢l ¢ = and ¢—.
afe1fafe andla)e 2
Now, we give the following theorem on the Fek8tzeg6 problem for the clags(egz).
Theorem 2.2.Let fi C(eﬂz) and m [ , then
& . 1
1 it | (6+)( 1) -q2 |-17
2| Al q
‘as' ”Bz‘ ¢6'

6(1- ) - zqq'f 1 a)(1 A 2 | 1qﬂ2

Proof. Let f i C(q‘jz) and mi [0 . From the equality (2.7), we can write

2-3m [2],+ g
R g
3 12& !
= 49,1
Applying Lemma 1.1 to this equality and considering equality (2.6), we rewrite

a,- e =L){(4 g)(1 orx @81 9(x N 2q gd (2.16)

24(1+q

for same xI [ with ¥ ¢ 1.

Using triangle inequality to thequality(2.16), we have

la, - 2] ¢m{(4 #)(1 grx d8(1 §(x )m2q K} (@217

where,x =|x| andt =|p|.
By maximizing right side of the inequality (2.17) with respect to parametare obtain
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la, - 72 7 1+ {g|61 &1 A 201 Jq-18 41 q} (2.18)
Letos defiup e[O,Z]—hEe definechas followsn
~glo(1 a)(2 4y 2 {-Ja- 1f- 419 .t fo
since /i(t)¢0,t i[04 if (j6(1+a)(1-m 2 {- d@ : and ji(t)20,t i[0,F if
(6(a+a)(1-m 29 1- 4g - then
Geg i (e ¥ af-=%

/'(I)M}5 1+
T6(1+a)(1-7) 2 1qif €1 gL p- 2 fL =3 q

Taking this estimate into account in inequality (2.18), we arrive at the foIIowmg result:

) . 1+
$1 if | (6+10)( 1) -92 |'1—¢—qq
|

T

6(1- m) - qu'f 1 a)(1 A 2 | 1qﬂ2

Thus, the proof of theorem is completed.
In the casesn=0 and /m=1, from Theorem 2.2 webtain the following results, respectievely.

Corollary 2.2. 1f f1 C(&"), then

a,- ] &

i1 if qi %O\,/z?lui

2y ¢ 1 ¢
®i(5+4)q . &2-1 ¢
% 1+q é 2 ’18

é a1 ¢
2
- ¢_‘|
oo < 67(1+29)q . &1 _
n if gl é—,lb.
[ 1+q &2 -

In addition, wheng- 1 from Theoem 2.2, we have the following result.
Corollary 2.4.1f fi C(ez) and m [ , then we have
- maz‘ if |1 14 ¢ 2

|3 amif |11-14jn 2
Furthermore, in the cases=0 and /m=1, from Corollary 2.4 we obtain the following results,
respectievely.
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Corollary 2.5.If fi C(ez) , then we have

3
¢—.
2l ¢ 7

Corollary 2.6. If fi C(ez) , then we have

3. Conclusions and Evaluations

In this study, we examined the coefficient and FelSategt prolem for the new class of analytic
and univalent functions associated wijh analogue of theg- exponental function. lour

study, we found a upper bound estimates for the first three coefficients of the function belonging
to this class. Also, we solved the Fek8eeg0 problem for the defined class.

4. General Evaluation and Conclusions
For the class defined in the papan, upper bound estimate of the second Hankel determinant
can also be performed. In addition, the Zalcman conjecture for the class defined in the study
can also be examined.
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ABSTRACT

In this study, by making the usg- analogous of they- exponential function, we define a

new subclass of starlike functions. The aim of this study is to find an upper bound for the first
three coefficients of a function belonging to the defined class and for the SHagé
functional. In addition, the resalbbtained in this study were compared with known results in

the literature wherg- 1 .

KEYWORDS FeketeSzeg6 functional, starlike functiong; analoguef the q- exponential
function

1. Introduction and preliminaries
The purpose of this section is to provide some basic concepts about geometric function theory
that will help with understanding the main findings of the study.

By H (U), we will denote the class of antibal functions on open unit disk :{ z 10:]4 3§

in the complex plané . Let A denote class of the functiorfsi H (U) given by the following

series expansions
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f(2)=z+aZ B2 at + @O0+ 25+ 000, (L.1)

n=2

It is clear that the functiorf belonging to the clas# satisfies the conditions (0) =0and

fi(o) =1. Let S be the class of univalent functions &.The classS was introduced by

Kdebe [8] in 1907 and has become the core ingredient of advanced research in this field. Later,
many mathematicians became interested find coefficient upper bound estimates for this class.
In 1916, Bieberbach [5] published an articlenihich an conjecture about the coefficients was
proposed. This conjecture consist of the following: For every functidnS are true

inequalities|an| ¢ n for eachn? 2. There were a lot of papedevoted to this conjecture in the
literature (see [1,2,4,6,9,12,22,23]).
One of the important classes of univalent functions on the unit open disk is the class of starlike

functions. It is well known that the starlike function class in the open wktWidefined as
follows

() ¢
F1S Regriy

— =
Q)o

IGD (o2
C\

and denoted by .
In the past few years, numerous subclasses of the $lasse been introduced and studied, as

special choices of the cla&s (see for example [24,9,1220,25)).
In 1992 Ma and Minda [11] presented a unified version of the $asssing subordination
terminolog. It was defined by

s*(/)=ff is 2@ 0y, ziu)

t(2)

where; (z) is a univalent function witfi i(0) > 0 and Re(/ (z)) > 0. Additionally, the region

J/ (U) is starshaped about the point (0) =1 and is symmetric along the rdaie axis.

For the given functionsf,gi H (U) f is said to be subordinated @ (mathematically
written as f < g), if there exists an analytic functiow defined inU with the restrictions
w(0) =0 and |w(z)|<1 in such a manner thaf (z) = g(w( 2) holds. Moreover, ifg is

univalent inU , then
f < g ifand only if f (0)=g(0) and f (U)E g(U).

It is well known that the first order of Hankel determinant of the funcfidnS is determined
asH,,(f)=a, -a. For m [ or m [ the functionalH,,(f,m) =|a, - /| is known as

the generalized Fekefezeg0 functional [12]. Estimating the upper oun@gf maﬁ‘ is known

as the Feket&zego problem in the literature. Many researchers have investigated this problem
for differert subclasses of analytic functions (see [14,1393]j.
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For qi (0,1) the q- analogue of they - exponential functiore)” defined as follows

croi (0, gz (99 (9 '
U R O P R lp,%%oo (1.2)

T T

where[n] !=[n 4] ![]_ and[n] = 1 q

VA

Itis clear thatlim e}* = €°.
o T

By using the definition of subardination, we introduce a new subclass of starlike functions

related toq- analogue of they- exponential function.

Definition 1.1. For ql (0,1) a function f i S is said to be in the class ( @Z) if and only if

it satisfies the following condition

Zfi(z)<egz, zi U;thatis,S*(g‘Z): fis 2i( ) < & zi U‘

t(2) t(2)

In the caseq- 1 from Ddinition 1.1, we have the following class univalent functions.

T

Definition 1.2. A function f i S is said to be in the clas3 ( €) if and only if it satisfies the
following condition

Zf'( )<e Zl U; thatISS(é)—?fIS Zf'( )< é zI’U].

f(2) f f(2) i
The class of analytic functions that we will now define holds an important place in the theory
of geometric functions. LeR be the class of analytic functions lih with Re( p(z)) > Oand

p(O) =1. It is clear that the functions that satisfy these conditions have the following series

expansion
p(2)=1+pz Bz pZ +1C")§3C"HOEZ Z . (1.3)

This defined class of functions is known in the literature [13] as the Caratheodory class of
functions.

The subsequeneinmas are essential for the proof our main results. It includes the well known
p, formula [23], the p, formula introduced by Libera and Zlotkiewicz [10].

Lemma 1.1Let the an analytic functiom be of the form (1.3), then
= -1(4 pf) X
ap, =5 2(4 )px (4 @)t {4 @)1 .
for somex, yi 0 with [x ¢1and|y ¢z
Lemma 1.2([7]). Let the functionp belong to the clasR. Then,
|p.| ¢ 2 for eachni [ .

In addition,
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Ip,- / PP, | ®forn ki O, n>kand/ [ O]
The equality hold for the functiop(z)=(1 +2 /(1 3.
Lemma 1.3([3]). Let the functionp belong to the clasR. Then,
p;- 2Bpp, +Dg| 2,if 0¢B @andB(2B-1) ¢D B.
In this paper, we give some coefficient estimates and solve Féket® problem for the class
S'(¢). Furthermore, some known corollary are highlighted based on the choice of the

parametery .

2. Main Results

In this section, we give some coefficient estimates for the functions belonging to the class
S'(¢) and solve Feket&zegt problem for this class.

First of all, we give the following theorem fooefficient bound estimates.
Theorem 2.1.Let the functionf given by series expansions (1.1) belong to the cﬂhé%‘z)

Then, we have the following estimates

o0’ +3q 2)q
6

2
a,|¢ q, aj|¢ (q“;l)q, ai (0.) and|a4|¢( .q 1[0.36959,).

Proof. Let f S*(Q‘z), then existSchwartz functiorw:U - U , such that

24i(2) s 5y, (2.2)

(g
According to the relationship between the Caratheodory and Schwartz function classes, there
exists a functionpi P such that
1+w(z)
1- w(z

Uw( 2 _P(-1 z Iu.

p(2 = el

N—

Since
p(A=1+pz 9% p% +10H pZ «

It follows from that
2

_B 14 B0
W(Z)_zzE(;‘eQ 2 %

In view of (1.2) and (2.2), we have

(@]}

2

I

2 3
1, & P-p Biys, 2d (2.2)
¢

1-O
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o

a 2| - 0
e =1 ﬁgz ﬂaeg —[ ]q i " g

q° [212' N 2, T[2](];[3]' CRERIN: -
qd - q - q 0 .
BT qaEy R e
We write it usmg simple differentiation operations
f
Zf'(())_l 6z (ea )7 (34 332 3% , =z (2.4)
Substituting expansions (2.3) and (2.4) into condition (2.1), we arrive at the following identity:
g2 [2,+a , 0
a,z+(2a -3)Z (8a 393 @2 *%OPDZ%%%P?[Z]? P
(2.5)
qd [dra [t 2da g 0d) 8
2@ (g PP TERENR Hg +D0

If we equate the coefficients of the same powers of the variablethe left and right sides of
this equality, we obtain the following expressions containing the first three coefficients of the

function f :

|
8,=2n, (2.6)
a2 ___qé' [Z]q!_q
23, - & Zégpz SEN 5. (2.7)
gd [2],+a 2], 'o* -2[3],'a [£],13,!
3a,- 38,8, +8, &P pp —* A. (28)
’ 28e [2],! TERER
Since| p1| ¢ 2 (see Lemma 1.2), then from the equality (2.6), we have the first result of theorem
2| ¢ q. (2.9)

Our next goal will be to set an upper bound |ﬁgf From connection (2.7), we arrive at the

following expression for the coefficier,:

1, g& [2,tq
2= e, . (2.10)

£ 29!
since([2], - a)/2[2],! 4/2(1 &) [0.] for i (0,1), then

2,

EER (2.11)

P, -

(see Lemma 1.2)Applying the triangle inequality to the equality (2.10) and considering
inequalities (2.9) and (2.11) gives us the failog
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la; |¢(q+21)q- (2.12)
From theconnection2.8), we obtain
a1 Og [2].+q [2]ﬂ!q2 23, 'a [¢],1d,!
Q= —& §rEPh T4 AR — g .
TRE 3R OeE™ T4 “ENER
From the last equality we can write
1 Lo} 2-q o -60q &
afelala Sd FHp — AR —,— A (2.13)

From the connection (2.7), we find the following expressioren;er%3 &

1, 1, [2].-q
a,- & =4 ﬂzepz 2[2]q!'“f'

Then, applying the triangle inequality to the last equality, we obtain the following inequality,
similar to the proof of the inequali(@.12)

‘as'%a; ¢(q+T3)q- (2.14)
GivenB=([2],! -a)/2[2] tandD =([2], a* -2[3],'a [#],{d],!)/4[d,[d, canwritten
[2,ba 20 2[3,ta [€], 13,
P, - e PR + TERER ¥ ® 28pp DR

Since BI [0,1] and D ¢ B for every qi (0,1) ,and B(2B- 1) ¢D for gi [0.36959,}, then

using Lemma 1.3 we get

[2,ta  [2]'d 2[3,ta [£],19],!
P - e PR * ERER 5] (2.15)

for qi [0.36959,).

Considering the estimate (2.9), (2.14) and (2.15) in the inequality (2.13), we obtain the
following estimate fora,|

2
?) 4 i[0.36959,).

Thus, the proof of theorem is completed
In the caseq- 1 from Theorem 2.1, we have the following result.

Corollary 2.1. If i S'(€&), then we have

la,|¢1, |a;| ¢1 and|a,| ¢ 1.
Now, we give the following theorem on the Fek8teegs problem for the class  €).
Theorem 2.2.Let fi S*(ﬂz) and mi [ , then
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1+

F it |(2a)( 1) df —@q¢—*q
o - 72| ¢7
1+q)TI|( m(1 ) 4if |(1 g1 1*9

Proof.Let fI S ( %‘Z) and m [ . Then, from the equality (2.7) the generalized Feateg

functional a, - 78 can written as follows

1- 2m [2],- a
a,- M, = — & g
2 488 !
= 77,
Applying the first equality of Lemma 1.1 to this equality and consideringligg(6), we can
rewrite

ag-mas-(m){e( A1 Ay agd (4+8)1 9k (2.16)

for somexi [ with [¥ ¢ 1.

Using triangle inequality to thequality(2.16), we have
a- | e {1 @)z A dat (4+€)(x g P (2.17)

8(1+q)
where, x =|X andt =|p| (since Rép(z))> 0, them >)(.

By maximizing the expression on the right side of the inequality (2.17) with respect to the
variable x, we obtain the following inequality

oo ] et {d @ d a9 g A2 b @am)
Let 6s def i gd0,3-he definedas followsn
j(0)={de @)@ 4y d 14 3¢ 4149 40}
Since ji(t)¢0,t i[0,d if g1+a)(1-m) ¢ 1-g 1 and ji(t)20,t i[0,F Iif
g(1+a)(1-m ¢ 1-g 1 then
ax{/ (t) 1 [0.4} =/(¢
if §(1+a)(1 -7 ¢ 1-g land
ax{/ (t) 1 [0.9} =/( 3
if §(1+a)(1 -7 ¢ 1-g 1 Sothat
; (t)¢4¢.1+q if 4 a)( 14 o %y
(1+a)(1-m eqif §(1 g1 A d 1g-1

Taking this estimate into account ireguality (2.18), we arrive at the following result:
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. g (2a)( ) o 67
- 72 2(f+ )i ! 13
V- m(a @) 4 if (2 a2 P d =

Thus, the proof of theorem is completed.
In the casesn=0 and m=1, from Theorem 2.2 we obtain the following resulespectievely.

Corollary 2.2. If fi S*(é'z), then

q
¢
2l ¢ 5
Corollary 2.3.If fi S*(é‘z), then

@
ja- & ¢
In addition, whenq- 1 from Theorem 2.2, we have the following result.
Corollary 2.4.1f fi S ( é) and m [] , then we have
1§2 if |1- @
|- B &) | -2
4t1- 2mif |1-2/n 2.
Furthermore, in the cases=0 and m=1, from Corollary 2.4 we obtain the following results,
respectievely.
Corollary 2.5.1f fi S ( é), then we have

1
¢ —.

Corollary 2.6.1f fi S ( é), then we have

1
o & &

3. Conclusions and Evaluations

In this study, we examined the coefficient and FelSategd prolem for the new subclass of
starlike functions associated witht analogue of thej- exponental function. In our stugye

found a upper bound estimates for the first three coefficients of the function belonging to this
class.In addition, wesolved the Feket&zego problem for the defined class.

4. General Eavluation and Conclusions
For the class defined in tipaper, an upper bound estimate of the second Hankel determinant
can also be performed. In addition, the Zalcman conjecture for the class defined in the study
can also be examined.
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ABSTRACT

In this study, usingy-analogous of the- exponential function, we defined a new subclass of

starlike functions. The aim of this study is to find an upper bound estimate for the second Hankel
determinant of functions belonging to the defined class. Also, in this study examined Zalcman
conjecture dér the defined class functions. In addition, the results obtained in this study were

compared with known results in the literature wiien 1 .

KEYWORDS Zalcman conjecture, Hankel determinant, starlike functigpsanalogueof the
g- exponential function

1. Introduction and preliminaries
In this section of our study, we will provide the necessary basic information. In this regard, let

the set that consists of analytic functions in the opeindisk U ={z 10:|7 8 with the

below series expansions

f(2)=z+a? B2 a2 + @O0+ z4+ 0D 0= (1.1)

n=2
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be denoted byA. The subset of all such types of univalent functions is denot&l Bye class

S was introduced by Koebe [10] in 1907 and has become the core ingredient of advanced
research in this field. Many people wdnterested in this concept, but within a short period,
Bieberbach [4] published a paper in which the famous coefficient conjectures was proposed.

This hipothesis states thatifi S and has the series form (1.1), tHen ¢nforallnz 2. In

1985, DeBranges [5] proved Bieberbarch conjecture. A number of outstanding scholars found
some new subfamilies of the class of normalized univalent functions associated with
different image domains, for example, starlike and convex functions, respectively. These
classes are primary and remarkable subclasses of univalent functio® class

It is well known that the starlike function class in the open unit disldenoted byS" and
defined analytically as follows

s=ltis Re%zﬂﬂ g:ﬁ), z Ul
f gf(z) ke i

In the past few years, numerous subclasses of the Slasse be:en introduced and studied, as
special choices of the class (see for example [1,3,11,15;24,28,29]).
An analytic function f along the conditions#(0)=0 and |w(z) <1 is called Schwarz
function. For two functionsf andg, which analytic inU , we say thatf is subordinate tay
(denoted byf < g), if there exists a Schwanz, such thatf (z) = g(W( z)) . Moreover, ifg
is univalent inU , then

f<gU f(0)=g(0) and f (U)E g(U).

In 1994, Ma and Minda [13] presented a unified version of the @asssing subordination

terminology. It was defined by
s ¢
s()=Fris 203

f

t(2)

where; (z) is a univalent function withi i(0) > 0 and Re(/ (z)) > 0. Additionally, the region

1
I
i

< /(3 ziu

J (U) is starshaped about the point (0) =1 and is symmetric along the reale axis.

Finding bounds for the function coefficients is one of the most fundamental problems in
geometric function theory, since it impacts geometric featumsexample, the constraint on
the second coefficient provides the growth and distortion.

The Hankel determinant, (f), mni O for the function fi S was introduced by
Pommerenke [26,27] and defined by

& B o s
i e o B

Ho ()= o mnio

an+m-1 a‘n m an21=n2
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It is not hard to note that the first ad secondorder of Hakel determinants of the fuhatim

be given byH,,(f)=a, -a5 andH,,(f)=a,a, -&.

There are relatively few results about the Hankel determinant for fnctions belonging to the
general family classS.The first sharp inequality for the functiodii S is given by

‘szn(f)‘dzc\/ﬁ, n i0 , wherec is a positive constant. This result is due to Hayman [7].
Additionally, for fi S, itis calculated in [25] that

H,,(f)|¢c, forc I'gl%l :

The challenges of determining the bounds of Hankel determiramdsciertain set of complex
valued functions have attracted the interests of many researchers. For example, Janteng et al.

[8,9] obtained the sharp bounds ‘dﬂzvz(f)‘ for te subfamilesS™ and C. They give the

following estimates

I’élforfl's*,
H f)e
‘ oz )‘ 1}for ficC.
ts

In 1960, Zalcman defined the conjecture for univalent functions. He stated thatfdve&nof
the form (1.1) satisfies the following inequality:

|- &, qn 2’ (1.2)

forni 0, H2,3,..}.

In 1999, Ma [14] proved a generalized version of Zalcman conjecture and stated that every
univalent functionf | S satidies the following inequality:

la,a,- &, ma| €N H(m 2 (1.3)
for nmi 0, 2,3,..}.
For n=m =2, the inequality (1.2) and (1.3) has the form
‘aj a3‘ a.
The class of analytic functions that we will now define holds an important place in the theory
of geometric functions. LeR be the class of analytic functions lih with Re( p(z)) > 0and

p(O) =1. It is clear that the functions that satisfy these conditions have the following series

expansion
p(2)=1+pz Bz pZ +1(")§5C"33£Z Z . (1.4)

From the suborditaion principle, we have

8 + ]
R:?p A: p(z)<¥,z UL
| -z

\

The classR defined above is known as the class of Caratheodory functions [16].
For gi (0,1) the q- analogue of the exponential functieff defined as follows
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e = 5 (a2) 9z (qlz)z ( qzs o
’ ?:o[n]q! * [1]q! [2]q! [3]q! %1%00 : (1.5)
1- "

where[n] !=[n -1]q![n]qand[nq:ﬁ 4 ¢ & +dPtis clearthatli_rrlyegzzez.

By using the definition of subordination, we introduce a new subclass of starlike functions
related tog- analogue of they- exponential function.

Definition 1.1. For gi (0,1) a function f i S is said to be in the class’ ( @Z) if and only if
it satisfies the following condition
L(z) F . zfi( 2)
t(2) f f(2) ,
In the caseq- 1 from Ddinition 1.1, we have the following class univalent functions.
Definition 1.2. A function f i S is said to be in the class ( é) if and only if it satisfies the

<&¥ 7zl U;thatis,S (&)= < @ zi U}.

following condition

zfi( z ] . e, . fi ]
22 ¢ 4 U thatis, s (6)=FrisZ (D & 51yl
f(2) f f(2) i
The subsequent lemmas are essential for the proof our main results. It includes the well known
p, formula [26], tle p, formula introduced by Libera and Zlotkiewicz [12].

Lemma 1.1Let the an analytic functiop be of the form (1.4), then
2p, =t {4 )x,
4p, = P +2(4 pf) X (4 ﬁ) n X 2(4+ @)(1| I>2<) L
for somex, yi 0 with [ ¢1and|y ¢

Lemma 1.2([6]). Let the functionp belong to the clasB. Then,
|p,| ¢ 2 for eachni [ and |p,- / p,p, @ forn ki 0, n>kand/ [ O]
The equality hold for the functiop(z)=(1 +2 /(1 3.
Lemma 1.3([2]). Let the functionp belong to the clasB. Then,
ps- 2Bpp, +DG| 2.if 0¢B @andB(2B-1) ¢D 8.

In this paper, we give upper bound estimate of the second Hankel determinant for the class
S ( éz). Additionally, in the study we are examine the Zalcroanjecture for the defined

class.

2. Main Results

a. Upper Bound Estimate for the Second Hankel Determinant
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In this subsection, we give the following theorem on upper bound estimate of the second Hankel
determinant for the function class ( &7).
Theorem 2.1.1.Let the function f given by series expansions (1.1) belong to the class

S ( ({;Z) Then, we have the following upper bound estimate for the second Hankel determinant

(4a” +3q ) f
2a,- & ¢——

Proof.Let fI S ( éjz) then existSchwarz fugtion w:U - U , such that

for g [[0.36959,).

fi ]
(9 _wd 41y, 2.1.1)
(g
According to the relationship between the Caratheodory and Schwarz function classes, there
exists a functionpi P such that

_1rw(z) -1 .
p(z)—l_ w(2) Uw( 2 e z iU

Since
P(=1+pz VZz pz +10H P%Z *
n=1
it follows from that

, z d (2.1.2)
In view of (1.5) and (2.1. 2) we have

) _ (2 a0
<1 o Ecakd
95, 1Ara [ 29 [E] !

28 4 TENEN

We write it usmg simple differentiation operations

fo'(( )) =167 (23 4)7 (34 3312 & , = 2.1.4)

Substituting expansions (2.1.3) and (2.1.4) into condition (2.1.1), we arrive at the following
identity:

0
o E,i +,@ QU

a,z+(2a -&) 72 (83 343 &% %Op%%p%_? §p§z
! T (215
od, e, [ ddia B8 g

2@ T P 47,4,
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If we equate the coefficients of the same powers of the varmblethe left andight sides of
this equality, we obtain the following expressions containing the first three coefficients of the
function f :

a,=2h, (2.1.6)
2a,- & gepz 2, pf , (2.1.7)
zge 27,
gd [2,+d [2],'a" 23 1q [¢] (9],
3a,- 3a,a, +d Eéagg 2. np — TERER d. (2.1.8)

Let's set an upper bound faya, - &. For this, we find the expressi@a, - & from equality
(2.1.8) as follows

1 2,k [2,'d 2[3,'a 2,13,
%a-aiaé%—-i—@g Rp —+ : = R
o ={d 9 e CERER

3

Using triangle inequality to the Iast equality we arrive at the folloing inequality

a,- q 2]+ (2], e -2[d],'a [2],[3,!
padl dald o Gt Gl n gy pe g 4

(2.1.9)

Our next goatill be to set an upper bound ff&,| and|a,| .
Since| p1| ¢ 2 (see Lemma 1.2), from the equality (2.1.6) we find

la ¢ q. (2.1.10)
From connection (2.1.7), we arrive at the following expression for the coeffejent

1, gd [dta
=28 * &, 17 g . (2.1.11)
c a
since([2], - a)/2[2),! 4/2(1 @) [0.] for i (0,1), then
2, d
p, - Z[T]ql (2.1.12)

(see Lemma 1.2)Applying the triangle inequality to the equality (2.1.11) and considering
inequalitieg(2.1.10) and (2.1.12) gives us the following

(q +1) q
2
Now let's find an upper limit assessment 'fa)j ag‘. We are entitled to it from the equality

(2.1.7)

|as| ¢ A —1— (2.1.13)
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s o Lt
Slnce(q +q ﬂ)/2(1 @ [0.4for af (0,1, then
la;- 2| ¢c2—1 (2.1.14)
(see Lemmd.2).
in addition, givenB =([2], ! -a)/2[2], tand D =([2], o* -2[d],'a [€],[d],) /4[4 (9"

we can write

[2,ta  [2]'d 2[d,'a [€,13],!
P pp, ERER g ® 2Bop D

Since Bi [0,1] and D ¢ B for every gl (0,1) ,and B(2B- 1) ¢D for qi [0.36959,}, then
using Lemma 1.3 we get
[2-a o [2te 23, ta 2,19,

Ps- EK PP + TERER it (2.1.15)

for qi [0.36959,).
As a result, from (2.1.9), (2.1.10) and (2.1-{3)1.15) we arrive at thi@llowing result:

(49 +30 7)o
ea,- & ¢——

Thus, the proof of theorem is completed.
In the caseq- 1 from the Theorem 2.1.1, we have the following result.
Corollary 2.1.1.1f fi S'(€), then we have

, q [[0.36959,).

a8, - & ¢

b. The Zalcman and Generalized Zalcman Conjecture

In this subsection, we will examine the Zalcman conjecture for the Sla(ﬁ).

As we stated in the introduction to our study, Zalcman, in the assumption she defined in 1960,
states that every univalent functidn S satisfies the inequality

2
‘arf_ 1 G(n ]:)
for ni 0, 52,3,..}. Also, in 199, Ma [25] proved a generalized version of Zalcman

conjecture and stated that every univalent functidnS satisfies the following inequality

&8 s €0 H(m 1)
for nmi 0, {2,3,..}.
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For n=m =2, the above inequalities has the form
- af @
for the univalent functionf [ S.

In subsection 2.1 of our study, while proving Theorem 2.1.1, we also proved the following
result (see (2.1.14)).
Theorem 2.2.1.Let the function f given by series expansions (1.1) belong to the class

S ( ({;Z) Then, we have
o
a- &
In the caseq- 1 from the Theorem 2.2.1, we have the following result.
Corollary 2.2.1.1f fi S'(€), then we have
1
- & 6.
2 - & ¢
Now let's give thdollowing theorem on the generalized Zalcman conjecture.
Theorem 2.2.2L et the functionf given by series expansions (1.1) belong to the Saéqﬂ)

Then, we have
2+1
2,8 - a ¢(qT)q for g [10.36959,).

Proof.Let fi S ( éjz) then from the equality (2.1.8) we can write

s [lra 1200 20,0 409, o
R %gag% 2! P J] ERER '@8%

Applying the triangle inequality to this equality and using inequalities (2.1.10) and (2.1.15), we
arrive at the result of theorem.
Whenq- 1 ,from Theorem 2.2.2 we have the following result.

Corollary 2.2.3.1f fi S ( é) , then we have

2
- ¢-.
- aa) &

3. Conclusions and Evaluations

This study provides an estimate of an upper bound for the second Hankeliketé¢rof
functions belonging to the class defined in the article. Furthermore, the Zalcman conjecture is
examined for functions belonging to the class defined in this study.

4.General Eavluation and Conclusions
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An upper bound estimate can be foundtfa fourth coefficient of the function belonging to
the class defined in the article. Furthermore, an upper bound estimate can also be given for the
third Hankel determinant for the class defined in the study.
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ABSTRACT
In this study, by making the usp-analogous of the - exponential function, we defined a new

subclass of convex functions. The aim of this study is to find an upper bound estimate for the
second Hankel determinant of functions belonging to the defined class. Also, in this study we
examine the Zalcman conjectufor the defined class. In addition, the results obtained in this

study were compared with existing results in the literature vehent .

KEYWORDS Zalcman conjecture, Hankel determinant, convex functipnaralogueof the
g- exponential function

1. Introduction and preliminaries

The purpose of this section is to provide some basic information that will help in understanding
the main findings of the study.

Let A be the class of analytic functions in the open unit disk{z i0:|4 i;} of the complex

plane that satisfy the normalization conditioh§0) = 0 and f i(0) =1. It is clear that, every

function f I A has the following series expansion:
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f(z)=z+aZ @2 a2 + @O0+ zi+ 000%=. (1.1)
n=2
The subset of all such types of univalent functions is denot&l e classS was introduced
by Kéebe [10] in 1907 and has become the core ingredient of advanced research in this field.
Although function theory was initiated in 1851, in 1916, Bieberbach [4] conjecture unfolded
this field and gave a new direction for research. Tigigothesis consists of the following: If
f I S and has the series form (1.1), thiep| ¢ n for eachn? 2. In 1985, DeBranges [5]

proved Bieberbarch conjecture. A number of outstanding scHolard some new subfamilies

of the classS of normalized univalent functions associated with different image domains, for
example, starlike and convex functions, respectively. These classes are primary and remarkable
subclasses ofrivalent function class.

It is well known that the convex function class in the open unit disis denoted byC and
defined analytically as follows

zti( 2))'
fi(z)
In the past few years, numerous subclasses of the 8lasse been introduced and studied, as
special choices of the class (see for example [1,3,11,15;P4,28,29]).
An analytic function f along the conditions#(0)=0 and w(z)|<1 is called Schwarz

|
c=1f iS:Re 9z U,
w

— —’—)('D:
1-QD: O: Ot

gy -

function. For two functionsf andg, which analytic inU , we say thatf is swordinate tog
(denoted byf < g), if there exists a Schwam, such thatf (z) = g(w( 2) . Moreover, ifg
is univalent inU , then

f<gU f(0)=g(0) and f (U)E g(U).
In 199 Ma and Minda [13] presented a unified version of the dlasssing subordination
terminology. It was defined by

__)(D

) fi i ) ]
ci)=ltis F@E Gl

T f i(Z) J
where; (z) is a univalent function withi i(0) > 0 and Re(/ (z)) > 0. Additionally, the region
J (U) is starshaped about the point (0) =1 and is symmetric along the reae axis.

Finding bounds for the function coefficients is one of the most fundamental problems in
geometric function theory, since it impacts geometric features. For example, the constraint on
the second coefficient prowed the growth and distortion.

The Hankel determinant , (f), mni O for the function fi S was introduced by
Pommerenke [26,27] and defined by
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& B o Bians
By e o B m

Ho(f)=] o [ mnio.

an+m1 an m """ an2~|=n2
It is not hard to note that the first and second order of Hakel determinants of the fuhction

can be given byH,,(f)=a, -a andH,,(f)=a,a, -&.
There are relatively few results about the Hankel determifoarfunctions belonging to the
general family classS. The first sharp inequality for the functiofi S is given by

‘szn(f)‘dzc\/ﬁ, n i0 , wherec is a positive constant. This result is due to Hayman [7].
Additionally, for fi S, itis calculated in [25] that

H,,(f)|¢c, forc I'gl%l :

The challenges of determining the bounds of Hankel determinants for a certain set of complex
valued functions have attracted the interests of many researchers. For example, Janteng et al.

[8,9] obtained the sharp bounds ‘dﬂzvz(f)‘ for te subfamilesS™ and C. They give the

following estimates
€l for fI S,
‘Hz 2( f )‘ ¢ : 1 .

' 1= for f1 C.
ts
In 1960, Zalcman defined the conjecture for univalent functions. He stated thatfdvenof
the form (1.1) satisfies the following inequality:

a2- &, {n B’ (1.2)

forni 0, H2,3,..}.

In 1999, Ma [14] proved a generalized version of Zalcman conjecture and statedetlyat e
univalent functionf i S satisfies the following inequality:

la,a,- a,ma| €N BH(m 2 (1.3)
for nmi 0, {2,3,..}.
Forn=m =2, the inequality (1.2) and (1.3) htme form
‘as a3‘ a.
The class of analytic functions that we will now define holds an important place in the theory
of geometric functions. LeR be the class of analytic functions lih with Re( p(z)) > (0and

p(0) =1. It is clear that the functions that satisfy these conditions have the following series

expansion
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p(2)=1+pz Bz pZ +1(")§5C"33£Z Z . (1.4)

From the suborditaion principle, we have

8 + )
R:?p A: p(z)<¥,z UL
| -7

\

The classR defined above is known as the class of Caratheodory functions [16].
For gqi (0,1) the - analogue of the exponential functieff defined as follows

w4 . gz (99 (aF e
Al e @ W ffeer w9

1- q"
1-q
By using the definition of subordination, we introduce a new class of convex functions
connected with the - analogue of they- exponential function.

Definition 1.1. For gi (0,1) a function f I S is said to be in the cIasS(q‘;Z) if and only if it

where[n] !=[n 4] ![n], and[n]q = 4 ¢ ¢ +d.Itisclear thatim e = €.
py

satisfies the following condition
J

EH) e v clel b1 1s EE o
i) 2l U; thatis,C(&") tfls. ) &, |u1..

In the caseq- 1 from Definition 1.1,we have the following class univalent functions.

s
_1
-l

Definition 1.2. A function f i S is said to be in the class(¢’) if and only if it satisfies the

following condition

M%Z,zi U; that is,C(eZ):ff PRulC)® 6, z1U.

f i(Z) I f i(Z)
The subsequent lemmas are essential for the proof our main results. It includes the well known
p, formula [26], the p, formula introduced by Libera and Zlotkiewicz [12].

Lemma 1.1Let the an analytic functiop be of the form (1.4), then
2p, =t {4 ) x,
ap,=p 2(4 )px (4 @)t {4 B)(1]§) .
for somex, yi 0 with [x]¢1and|y] ¢-.
Lemma 1.2([6]). Let the functionp belong to the clasB. Then,

|p,| ¢ 2 for eachni [

and
|p.- / pep,. | @forn ki O, n>kand/ [ O]

The equality hold for the functiop(z)=(1 +2 /(1 3.
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Lemma 1.3([2]). Let the functionp belong to the clasB. Then,
ps- 2Bpp, +DG| 2.if 0¢B @andB(2B-1) ¢D 8.

In this paper, we give upper bound estimate of the second Hankel determinant for the class
C(q‘;z) . Additionally, in the study we are examine the Zalcman conjecture for the defined class.

2. Main Results
2.1.Upper Bound Estimate for the Second Hankel Determinant

In this subsection, we give the following theorem on upper bound estimate of the second Hankel
determinant for the function class(e).
Theorem 2.1.1L et the functionf given by series expansions (1.1) belong to the cm(ﬁ)

Then, we have
1+99 20 2
¢( N 207247 for g [i0.36959,).
36
Proof. Let f i C(q‘f), then exista Schwarz functiow:U - U , such that

la,a, - &)

zfi( 2))i ]
Gl (2.1.1)
fi(z)
According to the relationship between the Caratheodory and Schwarz function classes, there
exists a functionpi P such that

p(Z)—
Since
P(=1+pz Bz pZ +1(")iﬁ(}:)£z %

It follows from that

1a 8 1 a e .
W(Z):%Z Egeg > % o % p-p %+3z-9 , z @ (2.1.2)
In view of (1.5) and (212) we have
2l-a , 0
qw(z) [
<1 o dg Gyt g
(2.1.3)
q2 [2] b [2'e 28,0 (2], 13!

0
qpfg +, @

28 T TR T ERER

By performlng the necessary mathematical operations, we write the expression on the left side
of equality (2.1.1) as follows:
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(zfi(2)’

i) =1 48,z (6a 44)7 (12g 183a 83+ , = L (2.1.4)
|

By substituting expansions (2.1.3) and (2.1.4) into condition (2.1.1), we arrive at the following
connection containing the coefficierds, a, and a, of the functionf :

a,z+(6a -48) Z (423 1833 8§ % #Opozgae p 2[2]? ipjogz
. 0

a 2|,-q 2'q-23'q€l3 0
ggo [[]2] o 2], 4[[2]] T [|] []
To ensure the |dent|ty of (2.1.5), the following relationships must be provided for the
coefficients:

2 qé [Z]q!_q

af%pl, 6a, - 4a; =§§gpz 23, i, (2.1.6)
g [2,-a [2] 1o 2[3 'a [#], 13,
12a,- 183,a, +8a Eg [2]q! np —- 4[2]q![3iq! g. (217

Let's set an upper bound faya, - &. For this, we find the expressi@a, - & from equality
(2.1.7) as follows

aa-d agd a8 %%gg [2[14'qlq 1p e -f{[;]:![q:}q[;e]q![3]q! .

Using triangle inequality to thast equality we arrive at the folloing inequality

pa g gafps o 280 4, By g, BT AOLO I 4

(2.1.8)
Our next goal will be to set an upper bound |} and |a,| .

Since|p,| ¢ 2 (see Lemma 1.2), from the first equality of (2.1.6) we find

la,| ¢ q. (2.1.9)
From the second connection of (2.1.6), we write the following expression for theieref,

2 5 qé [Z]q!_ q
= +—aep2 . (2.1.10)
273% 12 F 79, g
since([2], - a)/2[2],! 4/2(1 &) [0.] for qi (0,1), then
(2t
P, - 2[2]q| © (2111)
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(see Lemma 1.2)Applying the triangle inequality to the equality (2.1.10) and considering
inequalities (2.1.9) and (2.1.11) gives us the following

|ag| ¢ *——— 1+ 4q) (2.1.13)

Now let's find an upper bound fgaj - as‘. We are entitled to it from the second equality of

(2.1.6)
3 S qé [2] - q
8- 8 = o8& HED i
2 6 128e 2[2}
Since([z]q!- q)/2[2]q! 4/2(1 &) [0, for gi (0,1, then we get
‘ag-gai ¢7(1+2q)q (2.1.14)

(see Lemma 1.2).
in addition, given =([2], ! -a)/2[2], tand D =([2], o* -2[d],'a [€],[d],)/43,[d,"
we can write

[2,ta  [2]'d 2[d,ta €19,
PG pp, TERER g ® 2Bop D

Since B [0,1] and D ¢ B for every qi (0,1) ,and B(2B- 1) ¢D for gi [0.36959,}, then
using Lemma 1.3 we get
R 2],'e¢ 2[3,'q [¢] (3],
ps[],plpz[] []I [|][]
[2], 47, 19,!

o} (2.1.15)

for qi [0.36959,).
As aresult, from (2.1.8), (2.1.9) and (2.1-{3)1.15) we arrive at the following result:

- g 2030

Thus, the proof of theorem is completed.
In the caseq- 1 from the Theorem 2.1.1, we have the following result.
Corollary 2.1.1.1f fi C(¢), then we have

, q [0.36959,).

aa,- &| &

2.2. The Zalcman and Generalized Zalcman Conjecture

In this subsection, we will examine the Zalcman conjecture for the @é$) .
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As we stated in the introduction to our study, Zalcman, in the assumption she defined in 1960,
states that every functiohi S satisfies the inequality

2
‘af_ &1 G(n ]:)
for ni 0, 52,3,..}. Also, in 1999, Ma [25] proved a generalized version of Zalcman

conjecture and stated that every functibh S satisfies the following inequality
|88~ el €N B(m 1)
for nmi 0, {2,3,..}.
For n=m =2, the above inequalities has the form
- af @
for the univalent functionf I S.

Now | etds we give the following theorem on
Theorem 2.2.1.Let the function f given by series expansions (1.1) belong to the class

fi C(eg‘z) Then, we have
la;- & 0.
Proof. From the second equality of (2.1. 6) can written

a,- & =*@ %@ 12, a g .
2% 23,!

From this equality applying Lemma 1.1, we cantevri
2 q &
- =T g2 3H -
8- & 12(1+q)g g) af  3( @("4 I‘f) X

for somexi [ with || ¢ 1. It follows from that
e q_ .
la, - & ¢712(1+q)32 g af 3@ gf4 f)x

wheret =|p| and x =|X . We obtain the righband side of this inequality by maximizing it

with respect to the variable while keeping the other parameters constant:

6——& (¢ qr3)# 12(+ 9 gt [0,2.

| 12(1+q)

2

;- &

From here, we obtain

Thus, theproof of theorem is completed.
In the caseq- 1 from the Theorem 2.2.1, we have the following result.

Corollary 2.2.1.1f fi C(ez) , then we have

as- ] @
Now we give the following theorem dhe generalized Zalcman conjecture.
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Theorem 2.2.2L et the functionf given by series expansions (1.1) belong to the (ﬂz(ﬁz)

Then, we have

(12q2+1cq +3q
.3~ & F———¢ :

Proof. Let f i C(q‘]‘z), then from the equality (2.1.7) we can write

a,- a3 83 %%83 & 8—1 +
A [ra [A 24, (9,09,
2P HERR R N AR

Applying the trlangle inequality to this equality and using inequalities (2.1.9), (2.1.14) and
(2.1.15), we arrive at the result of theorem.

Whenqg- 1, fromthe Theorem 2.2.2 we have the following result.
Corollary 2.2.1.1f I C(ez) , then we have

a,8,- a| &

3.Conclusions and Evaluations

This study provides an estimate of an upper boundhfe second Hankel determinant of
functions belonging to the class defined in the article. Furthermore, the Zalcman conjecture is
examined for functions belonging to the class defined in this study.

4.General Eavluation and Conclusions

An upperbound estimate can be found for the fourth coefficient of the function belonging to
the class defined in the article. Furthermore, an upper bound estimate can also be given for the
third Hankel determinant for the class defined in the study.
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INTERACTIVE TEACHING OF TOPOLOGICAL MANIFOLDS: DYNAMIC 3D
MODELING OF THE KLEIN BOTTLE
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DKNAMKK 3B MOBEKLLEME
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ABSTRACT

Th s study presents an nteract ve moasdd ng
dynam ¢ s mul at on env r eamnsnse nstt,e dg rnoada vhdeena.t nc ¢

The Kle n bottle s def ned as a manamenal
Eucl dean space us ng numer cal d -osrc reentt azbd te
surfaces cannot -temeepresahnt &gdmatcear vehad tBewrt, sa&
mmer s on approach s employed.-t Tme medef opa
and v sual zat on of the surfaceds par-ametr

Run mechan sm. Th syhammewexkpl|l supporys| aadn
compaser sted mat hemat cs educat on, all ow

mat hemat cal structures. The f nd ngs nd
fac | tate the unhdpobbtgndahgsbofuabstesacand

sk Il s.

KeywoKdses: n Bottle, Topolog cal Man fol-ds, 1In
Ass sted Mat hemat <cs

¥ZET

Bu -al ékma, b | g sayar dest ekl smanhematMak | ¥
tabanl e d nam k b r s m¢l asyon ortaménda et
Kl'e n kK kKes , parametr k b r y¢zey ol arak t
ayréekl aktérma y°ntemler konl YVagneyheakngdsskbod
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kend n kesmeden tems I-8 edmnheernse noens Yy ankel daekné nyél
Gel Kkt r |l en Matlab s stehRun méekaherxmm$é &n
yézey n parametr k ey apbBaeakn dgpr kekr zlammeasn In
ncel enmes ne ol anak tanémaktadeéer. Bu yapeé,
d nam k kexk f ortamé sajlayarak ©°jJrenc | er
destekl emekted r.d Hlade ked °lresre|l b elkgulrare, ort a
yapélarén anl akeél masénée kolayl aktérdéjéene v
g°stermekted r.

Anahtar KkKllemel BRottl|l e, Topol o] k Man foltlar
B I g sayar Dest ekl Mat emat Kk

1. GKRKEk

Topol o} , mat emat ]| n nesnel er n Kek | sel |
def ormasyon alténda de] kKkmeyen yapésal °czel
-er s nde yer abhanamépoleyek mharbkl ¥kk d
gl obal °]l -ekte farkle ©°zell Kl er serg |l eyeb
yé¢zeyl eaor é€mbobabl e surfaces), kl as k geomet
baréndérmakta ebl wp,ar mat emaetmlks b r ncel eme
bajlamda Kle n kK Kes , sénéré ol mayan ve y°n
°rnekl erden b r ol arak el e alénmaktadér (Ha
Kl'e n kK kKes .- boyesén Bkt vapeagpbBEadakkead
ol up, bu durum onun dojrudan f z ksel ol ar :
yézey n dojru matemat ksel tanemée, ancak d°r
ed | eb I mekted kesBu nepgehope Klezal k kl er n
de g°rsell ekt rme a-éséndan °neml b r °rnek
tanémlaré aracélejeyla bu t¢gr yapeéel arén sayé
kor unamagsséé ndan t emel b r ger ekl I k ol arak Kk:
Mat emat k e] t m nde soyut kavramlaréen °jre
°neml zorl ukl ar -ermekted r. ¥zell kl e - ol
gel enerkestelm °yj°ntemler yle sénérl é d¢zeyde ka
boyutlu tems |1l er, topol o] k yapeéelarén d nar
dur um, mat emat ksel kavraml ar én daha et k |
gel Kt r | mes n ger ekl kel maktadér (Tall,
B I g sayar dest ekl mat emat k °jJret m SOyl
b - mde tems | ed | mes ne ol anak tanéyan ©°ne
boyut!l u neokdne |klleeme ,t °Jrenc | er n uzamsal d¢ |
kar makeék mat emat ksel yapélaré anlamlandér m
yé¢zeyler n b Ig sayar ortaménda g°rsell ekt
ncméenne ve kullanéecé etk | ek m l e kekfe

Ba ley, 2004).
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Etk | ek ml °Jrenme ortamlar e, °Jrenc | er n
kavr amsal °J renmey dest ekl emekpgardametrlUlel
dej Kkt r I mes ne ve sonu-|larén anl ék ol ar ak
t emel | b r s¢rece don¢gktee¢rmekted r. Bu t¢r

anl akeéel masénda ©°neml nba srs eay a nlt9a9j9 ) s a jD anmaank tk
ara-1I|ar é, °Jrenc ler n z h nsel model |l er ol
b | Ksel yéken y°net I mes ne katkéeda bul unm
model | enmes s¢rejcrmlde], u hees apslaaygneas aldo kar ar |
oynamaktadeér. Yéeksek -°zenegrl gkl ¢ aj yapélar
yézey n s¢r ekl l 7 n vV e dojrul ujunu sajl a
I terat ¢r¢egnde, nt zeviel gkClres eyl¢lzeekyt ¢rrneet s ¢re- 1| er
temel araktérma konul aré arasénda yer al makt
Bu bajlamda, Kle n K kKes g b kar makék topo
mo d & lmle e ve etk | ek ml b r ortamda g°rsell e
pedago]j k etk nl k a-éséndan °neml b r yakl
yé¢zey n o zamana bajl e ol arak nceldkdaviressn MKé nvee
g°zl emlenmes ne ol anak tanémaktadeéer. Bu t¢r
teor k d¢zeyde dej |, ayné zamanda deney mse
Topol o} k yapeéelarén b | g se,yaparoameatnré nkd ad emokd!
b r ara- olarak kullanél maktadér. Kl e n K Keé
fonks yonl ar araceéel éjéyla tanémlanmakta ve

ol anak sajlamaktadgegzeRPanametrtr bkrtem&kthséneéen
b - mde fade ed | mes n m¢mke¢n kél arak hem
b r zem n sunmaktadér (Gray, 1997).

! - boyutlu modell eme s¢preoblee minalred &kmarix éd ak ey
kesmes nt(esresefct on) ve bu durumun g°rsell ekt
boyutlu wuzayda zorunlu ol arak kend n kesen
b - mde tems | erdu | lunjeus a -neosdéenld ann dkorj t Kk b r
model |l eme s¢rec nde kull anél an al gor tmal ar
bozul mal ar é en aza nd recek Kek | de tasar
hesapl amal & geomeime avengAdael hemml b r ar i
al énmaktadér (Foley et al ., 1996) .

D nam k g°rsell ekt rme yakl akeéemlar é, mat e ma:
ncelenmes ne olanak tanéyarak st &t okt otmams k
-al éexktée-Rma) (mekan zmal ar é, parametr k y¢zeyl
kull anécé m¢dahal es ol makseéezeén yapeéneén f a
tanémaktadeéer. Bu t¢r d nam k sastemlan] awglki
sajlamakta ve kullanéceéel arén matemat ksel y i
tanémaktadeéer. Bu yakl akém, b | g sayar dest
g°rsell ekt rmen n b¢tenlek & RBRallanweéemzh@d)day
2. AMAC
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-al ekmanén temel amacaer, e&nteanl &) ktespolgojb
ret m nde karkeéel akeélan soyutlama g¢-1 ¢kl er
nam Kk b r model | envel aomlmkanméensa | e tekd |leme smin
psamda, Kl'e n kK kKes n n parametr Kk yg¢gzey t
r g°rsell ekt rme model gel Kt r I m kK ve
celenm kt roretalmwma,amklaanida®j-ojunl ukl a ¢
ms |l erle a-éklanan topol o] k kavraml ar én,
er nden daha etk | b - mde anl akeélab | ec
I Kmodel @&@a, yézey n parametr k yapésé say
ntrol ¢ne bajlée olarak dej «kt r | eb | r b r
akt érmanén b rRud o] eal gomadénasi@Auwtraaceéel éj eyl
nmgR¢ sajlayarak, °jJrenc ler n y¢zey n glo
zl eml eyeb | mes ne mk ©n tanémakteér. Bu yalk
-erek, yapénén d nam k ol arak kekf-eal & umasas,
k | ek ml model |l eme ortamlarénén matemat |
K¢ nme becer | er n gel Kt r me potans yel
rametreler dojrudan dej kKt erdebnesdnegl erb nr
neml ar é l e g°Prsel tems |1l er araseéendak

n olarak bu -aléxkxma, b | g sayar dest ekl n
er nden gel Kkt r |l en éd,nanmpko!l mpdé&l [yeanpeé | w
ternat f b r pedago] k ar a- ol arak kull an
n¢egyle -al é@ékma, mat emat ksel kavraml ar én vy
k | ek ml hesapd adnan €y omlteaemd larl ¢rz elralna eget
defl emekted r.

¥NEM

-al ekmanén temel °nem |, Kl e n K Kes g b
|l g sayar dest ekl d nam k b r moedekl |Ileenke nolr
rr- forma d°n¢kteéer el mes nde yatmaktadeéer . Top
yut |l ama -er mes °czel |l kl e ¢gntbogectuonke
runl u ©°zell kl er n ortaya m ékanasrealas el e d%jr
kl akemlarénda kavramsal anl amayeé g¢-1 ext
Jjlamda gel «xt r I en model, parametr k yg¢ze
poloj k ©°zell kler n éaha kaek@g sseunmiaki anh
rsell ekt rmen n matemat Kksel kavrayéké de:
ometr ve sayeéesal model | eme | terat¢r ¢ende
|l ekmanén b r d jer °netmé maty °kn 9% ] rbetl gm s ayl
rsell ekt rme yaklakemlarénée b rl ekt rerek
del | eme ortamlar énén, °fJrenc | er n soyut
nedeje ve bu S¢r ek-tlkavhr almskasie | © Jyr¢ekngme g z a I dt
| mekted r (Tal I , 1996; Jonassen, 1999) .

ar ak man p¢l e ed | mes °Jrenc | er n uza
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mat emat ksel yapéhardahag!| opalkd&@vwreamalkdrena o
sayeésal model |l eme s¢re-ler nde kararl él ék ve
-al ekxmal ar , bu t¢r s stemler n yalnézca ped:
g¢-1 ¢ tamahnimarse derekt J n ortaya koymakt:

H gham, 2016) .
4. Y¥NTEM VRUNAUMEKANKZMASI

Bu -alékmada Kle n K Kes n n ¢- boyutlu wuzay
dayal e sayésal b remodkl|l ermer ylak!l mk émeé Kl &
y°ns¢or(reon abl e) b r y¢zey ol up, é - boyutl u
ed | ememes neden yle matemat ksel ol arak d
(Hatcher, 20D2; Bweelkedd,en2 @20 al ékma kapsaménd
t ems | yer ne, parametr k b r y¢gzey fonks vy
Kl'e n K Kes n n parametr Kk g°ster m | tera
ol ar ak k parametreyeéen Bajkle&k | b nrd ey ¢ aeye mfl amkms
yakl akémda yg¢zey, s¢r ekl b ramakn dloé dahé mama
sayésal gr d yapésé ¢(zer nde hesapl anmaktade
parametr k wuzaydan Kartezyen uzaya d°n¢gkem y
s¢rec nde -al ékma uzdyanédmrfakr mylb érk |l qark t & ryéd
matr s formunda hesaplanméexteér. Bu vyakl akeée
I terate¢greéende yaygeén ol ar ak kul |l anél an me s |
¥zel |l kle y¢zey sgre&l saygsal nskabuhmien n s
aralekle gr d yapeéelarénén terc h ed | mes °n
Mod el n g°rsell ekt r me akamasénda, yézey n
parametr k dej] «kKkkenl kram bBapkeé banémglacmékeea
kull anécé etk | ek m l e y¢zey n farkl & durt
gere¢nt ¢l enmes n sajl amaktadér. Etk | ex ml
katkée sunduju %Yjer kemey tcecenetl ¢ékl ed ] Il terat
1999) .

Bununla b rl kte, yézey nooogo- boyunt eir suezcaty doal
mod el n geometr k dojruluju a-éséndan °©°neml
K Kers choj asé gerej bu kes Kk m ka-énél maz ol
yézey s¢rekl l 7 n bozmadan bu yapéyeée tems
hesapl amal € geometr ve g°rsell ekt srameestaé kn
kararl él ék a-éséndan d kkat!/ algor tm k tas
Son ol arak, gel Kt r | en model de kull aneéel an
ve vekt©°r ze hesaplama tekn klcgreynen dhayzd emak
Kek | de hesaplanmaséné sajlayarak ger-ek za
Sayésal anal z I terat¢r¢egnde vurgul andéej é ¢
ver mli [ hem de sayékaltdroljerul ueir a seémred a

(H gham & H gham, 2016) .
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4. 1. UYGULAMA AKAMALARI

Bu -alékmada Kle n kK Kes n n ¢- boyutl u par
etk | ek ml b r g°rsell ekt r me S ssemec ar a
topol o] k y¢zey n parametr k ol arak tanéml ar
kull anéce etk | ex ml d nam Kk kontr ol me k a

ol ukmaktadér .

4. 2. G°rsellekt rme Ortaménén Olukturul maseée
Kl k aakamMdd® n K Kes n n ¢- boyutlu g°rsell ekt
ol ukturul muktur. Bu sahnede ¢- boyutl u eksen
(bl ack background)-z amanm altke rsze r | mbl wr KM@P rrusd enyu kkt
Ayréca eksenler n g°re¢negrl ¢] ¢ artereéelarak vyg¢
hale get r I m kt r.

4. 3. Parametr k Y¢gzey n Tanémlanmaseé

Kk nc akamada Kle n K Kes |, k paktaenretrRye
parametr k yapeée, -8 emmerks koensO nt eemsi fl gnuer eday
parametr k d°n¢gk¢mler |l e ol ukturul muktur:
4. 3XQu, v), Y(u, v), Z(u, v) fonks yonl ar e k ul
sajl anméextér.

4. 3u2ve Vv parzaemetnr egleabaly¢ve yerel geometr |
Kek | de tanéemlanméxkteér.

Bu vyakl akeéem, yonsyg¢z man f ol dl ar eknes¢gne- el ff
ntersect on) °zell J @°rmaltleenat Kkslemeo |l me ak

4. 4. Sayeésal Ayréklaktéerma (Meshgr d Yapeéeseé)

l-¢nc¢ akamada y¢gzey, un form b r sayeésal gr
parametre uzayl areée bel rol ar &l e kbloayrultd u° rprae k
uzayeé olukturul muktur.

Bu ayreéekl aktérma s¢rec | s¢r ekl b r man f
sajl ayarak sayeéesal hesaplama ve g°rsellext r

4. 5. Et k | ek mnmmaskéon(tSloldeMe kYaarmp € s € )

Dord¢ncyg akamada kull anéceé etk | ek m n saj
kaydéréeceseée (sl der) tanémlanméxkt ér
4. 5U1.a-éseé (Yapésal Knka Parametres ): Y ¢ Z ¢

et mekted r.
4. 5V2a-éeseéel (MeBRantdmetres ): Y¢gzey n | okal ge

Bu yapé sayes nde kullanecé, Kle n K Kes n n
ger-ek zamanl é& ol arak dej «kt reb | mekmed r.
I terat¢r¢gnde kek f t emel | °J renmey de
dejerlend r | mekted r.

152



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

4. 6. D nam k Y¢gzey G¢egncell eme Mekan zmaseé
Bek nc akamada, sl der dejerler ne bajl e
hesaplanmasénétabdphagam calglglhaxek | eme al gor
parametreler n n dej K m l e b rl kte X, Y
hesaplanmék ve y¢igzey s¢r ekl ol arak ge¢ncell e
Bu yape, stat Kk mat emat okskl yapmeaéhl eranmna
etk | ek ml b - mde ncelenmes ne ol anak tan
4.7 Yézey n Gorsell ekt r | mes ve Spektral
Al téncé akamada, el de ed |l en y¢gzey Matl ab s
g°rsell ektY¢grzelymnktg®r sel okunab | rli J n art
uzakl éja bajlée olarak tanéemlanméxkt er:

4. 7THé&r b r noktanén or | ne uzakl ] é& hesapl a
4. 7Ba. skaler alan, y¢zey ¢ zekrodnldaen nmméekntké rdej K
Ayréca Phong aydénl at ma model ve ékéek kayna
kazandér él mexter.

4. 8. D nam k Par aRuent rMakn tAénjaél z ve Auto

Son akamada s stem, kull anéecée smadapabtlkescalk b
tasarl anméexter. Parametre dej Kk mler anl ek
geometr k durumlareé g°zlemleneb | r hale get
Bu yaklakéem, parametr k y¢zeyler nakadecel e
mat emat ksel yapélar ol arak el e alénmaséneé s
etk | ek ml b r hesaplamal é ortama takeénméxckt

4. 9. Tekn k Uygul ama Kodu

funct on topoloj _uzman_gezg n()

% 1. Sahne Hazerl ejeé

f g = f gure(' Name', ' Topol o]j k Yapé Anal z
100 1100 8501]) ;

ax = axes('Parent', f g, "Pos t on', [0.1 O
w', U, ZCow'o)r;

hold(ax, "on'); v ew(ax, [145 25]): ax s(ax

% 2. Hareket ¢ubukl aré (SI der |l ar)
% S| der 1: Knka (Yayeéel ém)

u control ("Style', "text ', "Pos t on', [ 200
"ForegroundColor', "w', "BackgroundCol or "',
sld _ u = u control ('"Style", '"sl| der"', "M n',

100 300 20]) ;
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% SI der 2: Kes t Al ma (K- Yapé Anal z )
u control ("St'y,l e[200text2Q0 'Z2k®]s, t' Stnr ng"' ,

‘"ForegroundColor', "w', '"BackgroundColor"', '
sld_v = u control ("Style"', "sl der', "M n',
300 20171);
% Kl k Y¢gzey Objes
h_ susur f=(ax, [O0O O0O; O 0], "EdgeColor', "w',
colormap(ax, '"cool "),
caml ght; | ght ng phong; mater al sh ny;
% Call back Fonks yonu
sld _u.Callback = @ ~, ~) guncelle();
sl d_v.Callback()=s;, @(~, ~) guncell e
guncell e();
funct on guncell e()
U max = sl d_u. Val ue;
V_max = sl d_v. Val ue;
[u, v] = meshgr d(I nspace(0, U_max, 80)
% Kle n Boe&"t I[lemmieFr sguacne Equat ons
% Bu formg¢gl , K Ken n kend - nden pe¢rézsy
X = (2 + cos(om(2fj2rey¥» () cos(u),;
= (2 + cos(m(ah22ys*a(nN()2*Vv)) .* s n(u);
Z = s n(u/2).*s n(v) + cos(u/2).*s n(2*v);
% G°r sel G¢ncell eme
h surf. XData = X; h_surf.YData = Y; h_surf

h surf. CDdt2a +=Ysqget ¢XZ2. 22); % Merkeze uzak
t tle(ax, '"Kle n k kKkes : K- Yapé ve Yg¢gze

end end
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G°rsel 1. Kl'e n k Kes Yézey n o ono ) - Boyut

5. TARTI k MA

Bual ékmada Kle n K Kes n n ¢- boyutlu etk |e
topol o] k yapeélarén °jJret m nde kull anélan g
y°ntem olarak ele alénméexktérveylEéden ed ham K
man p¢le ed | mes n n, °Jrenc |l er n soyut ma t
anl amal aréna katkée sajladéjéné g°stermekted
d¢zeyde dej |, ayné miramandamyarsalraceél ef gyl
g°r¢ke¢neg destekl emekted r (Tal |, 1996 ; Jonas
Etk | ek ml sl deRumetkaeama relma ldarnea m ek Agug roc el |
yé¢zey n global ve |1 okal e°nzleelme sk Ineer onl a neakk ztaanmm
t¢e¢r d nam k g°rsell ekt rme ara-1|1 arénén, °czel
b | Ksel yé¢ke azalttéje | terate¢egrde vurgul e
nesnel er n kek f K emaey Il a Pghrenme k ylakl xek |
g°stermekted r. Bununla b r| kte, Kl e n K K.
kesen nNtserlfect ng) yapésé, g°rsell ekt rme sg
senér | él eklaadrér ol uwBkut ud umrakm, yézey n o oger-ek ot
arasénda doj al b r farkleléek dojurmakta ve °
gerekt rmekted r. Benzer sorunl arén hesapl ar
° nmel b r araktérma alané ol duju g°r¢l mekted
Sayésal model | eme a-éseéndan dejerlend r | d

S
éczer nden ayrékl akteérél masé ve ger-ek zamanl
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a-éséemxharl basonu-1ar verm Kt r. Ancak y¢kse
mal yet n n art mase, ger - ek zamanl| e uygul
koymaktadér. Sayésal anal z | terate¢rende bu
pdgror mans denges a-éséndan kr t k b r konu o
& H gham, 2016) .

Genel olarak el de ed |l en sonu-1ar, b | g say:
soyut matemat ksel yapél atdonj ¥phueg®°mtedececkt k
matemat k e] t m n n yalnézca teor k anl at eér
g°rsel ara-larla desteklenen -ok modlu °Jren

ortaya koymaktader.

6. SONUC¢

Bu al é k ma, Kl e n K Kes g b y°nsg¢gz topol of

ortamda model |l enmes ve g°°rsell ekt r | mes

ama-| améexkt ér. Matl ab tabanlé geld wmaamr kIl &mns$r
mekan zmal ar é aracel ejeyl a, soyut topol o]

get r | mes n sajl amexkter. El de ed | en bul
°Jrenc | er n kavr amsal anl amalpapakargmn-1 ehi
°©zell kler n daha y kavramal ar én&aRukat ké
mekan zmasé ve kullanécé kontroll ¢ parametr
aktaréeméndan akt f b r kek f s¢grec ne dongkt
Buy°n¢gyle -al ékma, b | g sayar dest ekl mat e
czer nden gel Kt r |l en model n, topol oj k ka
ol arak kull anélab | ecej n ort ayam® rksoeyl nhaekktta dr
tekn kler n n entegrasyonu, mat emat ksel yap
sajl amaktadér . Gel ecek -al éexkmal arda, bu t¢r
(°rnej n M°Db wus Ker d 97J rteonrcus °vibr.e)n mey g- uéel kat nér
etk Ier n n deneysel ol arak karkél akteéer él ma
mat emat k °Jret m alanenda daha kapsamlé v

ol acakter.
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COMPUTATIONAL TOPOLOGICAL MODELING AND DYNAMIC
VISUALIZATION OF MULTIVALUED FUNCTIONS VIA RIEMANN SURFACES

RKEMANN Y! ZEYLERK ARACILIJIYLA ¢OK DEJERLK
HESAPLAMALI TOPOLOJKK MODELLEMESK VE DK
G¥RSELLEKTKRKLMESK

Dr. ¥jr. l'yes Al T
Aradhan | n vers
al tur kog!l u@daRalal:aOn0 EHEE D 516
Prof . Dr. Yas n
At at ¢rk [ n ver ¢
yas nsoyl voOg@aDI-06@@@EI0 69
Dr. ¥jr. L yes Ar  f
Ardahan | n vers

ar f cemt opuz@Rd abhadn0.eabds®d 6 4

ABSTRACT

Th s study presents an nteract ve approac
mult valwued funct ons through R emann surfac
encounnceaptcual d ff cult es n understand ng
mult valued funct ons, part cularly t he CoOl
d ff cult es and make abstract mat h enmantg c al
object was developed n the Matl ab -seheet edme

R emann surface us ng parametr ¢ equat ons d
users to nav gate between acfifereyt extpeo®@tr® o0
character st-tcwsme Thrdegb wmnedl automated an m
analyt ¢ cont nu ty, and the behav or of mul
w th ndaméms eenal Tekny appmeath strengthens t
abstract algebra ¢ express ons and geometr ¢
explorat on of complex analys s conmeps$sonadah

v sual mrzataont ttate the wunderstand ng of co
cogn t ve |l oad, and help | earners nterpret
ntu t ve manner.

Key wo rRd semann Surfaces, Mult val uedpofFwmgctcad
Man f ol ds, Dynam ¢ Learn ng Objects
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¥ZET

Bu -al éekma, karmakék anal z ej] t m nde -o0ok d
yeézeyl er aracel ejeyl a model |l enmes ne y°ne
¥Jrenc |l earmagékl khFrek®k g b -ok dejerl f o
°czel l kl er n anl amada -exk t| kavr amsal gé -
ve soyut matemat ksel yapélaré daha anlkakel é
b r °Jrenme nesnes gel «kt r I m kt r. Gel K
parametr k denkl emler kull anél ar ak Kk yapr e
kull anécélaréen farkleée y¢izeyika@ymanlapesat a8 e
etk | ek ml ol ar ak ncel emes ne ol anak sajl a
ve otomat Kk an masyon °zel/l kl er sayes nde
dej er | fonks yoonlhatén davemdakldamam¢gk bl ar e
Bu yakl akeém, soyut ceb rsel fadel er l e Q¢
kar makék anal z kavramlarénén g°rsel ve wuzarm
ed | en saomun lkarg- dboyutl u g°rsell ekt rmeler
anl akél maséné kolaylaktérdéjéené, b | «ksel y¢
nesnel er daha somut b - mde yorumlamal ar é&na
Anahtalr mldll ermann Y¢gzeyl er ¢tok Dejerl Fon
Topol o} k Man foldl ar, D nam k ¥jJrenme Nesne
1. GKRKKk

Kar makék anal z pedagoj s , tar hsel gel K n
|l e geometr katemarlaspadad bgmaldenge kur ma

°Jret m yaklakéemlaré ajeéerl ékl é& ol arak anal t
e] | m g°sterse de Needham (1997) taraféend
aks yomat ve gegzg sel der nl ] g°rsel akeéel vy
Bu dojrultuda Wegert (2012) , g°rsell ekt r me
arace dej | ; aks ne fonks yonunrglhobalzdamVrea
- n anal t k b r gerekl | Kk ol dujunu savul
kavramlarée somutl akt ér madak °ncy¢l rol ¢ne d
hesapl amal e ara-1ar ve d khkam k e¢akeéel erml anf ;

"kek f wuzayéna" d°ng¢gkt irme potans yel takém
¥Jrenc |l er n karkélaktejée en temel engel ol a
problem , stat k d¢zlemlerde -—-Mmklteardeyen Sh em
Tal | (2018) , k°k alma g b--okkleéhkteétde kot &ay
fonks yon tanéméné zorl adéejéné bel rt r. Be
yapélarén geometr k b nrsd¢igleemke yen desmav i
(2015), s m¢l asyonl arén bu -ok katmanl & yapé
"fonks yon kargakaséné" g derd J n vurgul ar
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Bu geometr k yapélarén z rvesarafand®&nemahal
yapeésal Kaheserl er ol arak tanémlanér. Jost
dej er | b r fonks yonu pe¢rézsez b r man f ol
tasareéemlardér. Wegert ofrz®dimtd)a fsae, pbou tyréezd eyl e
Kl enmes n n, fonks yonun anal t Kk yapeéseén:
netlext rd J n fade eder . Bu dur um, mat e ma
- n vazge- Imez b r akamadeéer.

Abl ow tz ve Fokas (2003), bu y¢zeyler n anal
cuts) t t zl kl e ele alénmasé gerekt J n S &
asl enda sonsuz b r y¢zey keykftadelrar &k aké gm
modern g°rsel ara-|larén bu kes kler n yapay
ortaya koydujunu bel rt r. Kat manl ar araseéend
anal t k s¢rekl I kajklaazmr.améné -sell ekt r mes
Topoloj k a-eédan R emann yg¢zeyler , karmaxkék
sayéséna sah p man foltlar ol dujunu g°ster
man foltlarén 3D zd¢kemleryn anl @8maekonusu
| aboratuvar sundujunu vurgul ar. Y¢ézeyler noo |
boyutlu karmakék wuzayéen f z ksel uzaya d¢gkKken
anal z b r hesapl amay ym]daensglame™ éd@mgpt ¢ b¢
Teknol o] n n sunduju mkanl ar, ©°zell kl e Mat
H gham (2016) taraféendan vurgul anan sayes
canl andéermaktader. TrefetshaémadzZ2@0peralzesegrzz g
kek f odakl e °jJrenmey tet kled J n ve °7Jr
etmes ne olanak tanéedeéejéné bel rt r. H gham
yetenekler n n bul sbyutgeesekl ekekbhaanhméede]
Sonu- ol arak, sunulan d nam k R emann yg¢zey
karkésénda yakadejée kavramsal tékanekl ekl ar é
Ve nteraktnt hzel pakl €&rp ?jJgezl emc ol makt a
akt f b r katéel émcéya dPn¢gkmes n sajlar. Bu
yapé g b Il er d¢zey kavramlarén, d gam Kk b
kel arak kaléecé b r kavrayéxk sunmaktadér.

2. AMAC

Bu -al ékmanén temel amac e, kar makék anal =z
konul ardan b r ol an -ok dejerl fonks yonl
d nam k ve %jtrkenmnee mdsnebs r aracél éj éyl a somu
y°ntemler nde kO]jét ¢zer nde Kk boyutlu ve
dal | anma noktal ar e (branch po nts), °J ren
al gé ltaandneark Bu -al eékma, s®z konusu teor k en
gel Kt r Il en 3D R emann yg¢zey model |l er n I
kat manl & man folt yapéséné °jJrenctuauavar boztzam
sunmayeé hedefl emekted r.
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¢al eékmanén b r d jJer kr t k amace ssRunhar ek
g b d nam k kontrol mekan zmal arénén, soyut
pedago]j k et k. sFaonks nycoenluenmefkdz ra- éséndak d
kat manl ar araseé ge- Ke naseél don¢kKt ¢g] é¢neg ge
°Jrenc n n b | Ksel yékeneg azaltmayé ve uzanmn
-al ékmajregitkmeddzey ndek mat emat k ej t m n
araceé olarak dej |, kavr amsal b r "kek f ar
czer ndek °nem n ortaya koymayé hedefl emek

3. PEDAGOJKK KAZANI MLAR VE ¥ NEM:

Kar makeék anal z g b yé¢ksek d¢egzeyde soyutl am
d¢zeyde (forme¢gll erl e) sunul maseé, °Jrenc |
zorl aktérmaktader. Gel Kt r | en nteemr a’kncd R
"uzamsal akel yér ¢t me™ yet s K apzearn dyéor dnuankut
tamaml adéjénda neden baklangeée- noktaséna d°
pérézseézce ge-t J n sl der aracenejeyhna nd
me k ©n s a | b r ol gu ol arak kodl ar. Bu dur um,

"sezg ye" Dbérakmaseéné sajl ar.

¢tal @ékmanén sunduju b r d jJer °neml kazaneéenmn
mkanéedeéer. Gel €hlelael ,yQQyneémlaemdéde hem kar makeé
de bu denklemler n 3D formunu hayal et meye

AutRaun °zell j ve d nam k kontroller, bu vyg¢
"dal |l animar én"ok ¢ er anch po nts) ve "yapraklar"
odakl amaséné sajlar. B°ylece °Jrenc , pas f

man p¢l e eden wvef )" ysae mdruyrcslad'r § nveh att eksa z eerdéern. b
Son ol arak bu model, "hapt ¢ (dokunsal) benz
°neme sah pt r. Matl ab tabanl é bu model |l eme,
ve der nl k al gese |l e sahgeadaktéemu BLU d@duksal
d¢zl emde " mk©nséz" g b g°r ¢l en kend - nd
s¢r ekl Il 7 n 3. boyutt ak doj al b r yansémas:s
-al ek ma, | erej dt¢ znme yn drea tteenkanto | ko | n n sadece

dej |, karmakék teor |l er n anl akél maséné sa

a-éséndan stratej k b r °neme sah pt r.
4 . MATEMATKKSEL MODEL VE Y¥NTEM

Bu -al eékma,k keanmImakfeknkissejyonl ar teor s n n en
O ™4 WMa model n t emel al makt adeéer. Mat emat k
d¢zl emdek her b r zU rhokke kals emdeen kfua duep sead |If noer

Bu bajfamla, yonun Usoam@-ollkgmaks tanémlanmakt ad

yakl akéepcandal 6] é l e sénérl anan tek —b r "d
par amejtritesr al €] éna gen klet | erekepfBa&marnymown
yézey topol o]j k olarak tems | ed Im kt r. Y
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reel kesme (Re(w)) veya ma j ner kéesm& (1 m(w
ve Y = rkesond(natl aréeylfaobptgihd eked Ibmrkthar.
Y°ntem ol ar ak, gel Kt r | en model |l eme s¢rec
G°rsell ekt rme" ol mak ¢(zere k akamadan ol u
4. 1. Uygul ama Akamal ar é

4.1.1 D nam k Parametr k KrkhazMatéab)odéepme
yée¢ksek -°%zegnegrl ¢kl ¢ b r sayésal aj (mesh gr

ol an z=0 (or n) c vareéendak topol o] k d
fonks yonu l e norm&luldenéd memt er veFonlds zy d
—dejer“aknj 2n ge-t ] noktada Z dejer n n

d¢zl eme (yapraja) ge- K yapmaséyla s m¢gle ed
4. 1.2. Knterakt f G°rsell eaktul ame mae¢ ehant kalel
fonks yonu ve phong aydénl atma algor tmaseée Kk
ed | en k t emel kontrol mekan zmasé y°ntem
4. 1Ma@8nuel Man p¢lasyon: Har eddea r-aunbeufrue s( s |1 d
aralejenda d nam k olarak g¢ncell enmekted r.
"dal kes m "n n (branch cut) asl énda s¢r ekl

deney mletmekted r.

4. 1Ahgor tm k O#®ReamgsyZmm@ahu de] «kKkenl b r wt
yé¢zey n hem kend eksen etraféendak rotasyo
Bu y°ntem, kull anécénén nesne ¢zer ndek b |
far klsepelpterf |l er den zl emes ne ol anak taneéey

uygul amaktader .
4. 2. Y°ntem Destekl eyen Tekn k Notl ar:

4. 2Gdaf k Kkleme: Y¢gzey n renk har taseé (col
fazé) g°°re nNterpuy°ffemnygl @ moya@akmewmwtedr b¢§ ¢
tonlareée ¢zer nden sezg sel ol arak al gél amase
4. 2Sadyésal iKPamsaéernl éérl éénkd: a k tek || Kl er (s ng

koord nat s stem nde d¢k¢kKkab ar | @&fl &kt kdbejuemrmu k
4. 3. Tekn k Uygul ama Kodu

funct on d nam k_r emann_yuzey ()

% 1. Sahne Kurul umu

f g = f gure(' Name', "R emann Y¢zey Gezg n
"Col or ', [0O.05 0.05 0.1], "Pos t on', [ 1

ax = axes('Parent', ff g, "Pos t on', [ 0. 1,

ax. Color = "nowe; ;axaxYXLlodror= = w'; ax. ZCol o

hol d(ax, "'"d4®m" B5]y;,ewkas,(ak, "equal"'); gr d{

% 2. Kontrol Panel (SI der)
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u control ("Style', "text', '"Pos t on', [350
"Str ng', " Fnen K SA-ysmad n DYanyéekl)ée .
‘"BackgroundColor', [0.05 0.05 0.1], '"For

sld = u control ("'"Style", '"sl der'", "M n', O

*Pos t on',; [350 70 300 20])

h surf = surf(ax, [0 0; O 0], "EdgeColor",

colormap(ax, "w nter');

caml ght; | ght ng phong;

sl d. Call back = @ ~, ~) guncelle();

guncell e();

funct on guncell e()

max _ th = sl d. Val ue;

r = | nspace(0.2, 2, 50);

th = | nspace (0, max _th, 150) ;

[ R, Th] = meshgr d(r, th);

X = R * cos(Th);

Y = R . * s (Th) ;

Z val = sqrt(R) .* s n(Th/2); % R emann Ka

h surf. XDat dat aX;= W, shwhrbuYf . ZData = Z_val;

t tle(ax, spr ntf (' Rpem&ad Yapr aj enaxayél/ gm
*Color', "w', '"FontS ze', 16);
ax s-@agf;22[2212.52 1.5]) ;

Riemann Yapragi Yayilimi: 1.927 Radians Riemann Yapragi Yayilimi: 4.007 Radians
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end
end

G°rsieltok Dejerl Fonks yonlara A t R emar
5. TARTI kKMA VE SONU¢
Bu -alékma kapsaménda gel «kt r |l en d nam Kk
soyut probl emler nden b rg°rekbdhextokr dlenmeesr In
y°ntemler n °tes ne ge-en b r -°z¢;m sunmukt L
yér gt me” prens b dojrul tusunda, kar makék f
z hn ndek teor k bbdbulldad@ndalodhwr makt adSére
taraféndan bel rt | en, °fJrenc |l er n z=0 ¢ V¢
téekanékl ej en, 3D man fold yapésénen sl der
akélab | d J mBu ¢%ytlarmdeakt eadnarl. t k s¢r ekl I
z yade, yapraklar araséndak Pérézséz ge- K
¢al ekmaneén tekn Kk uygul ama saf haseéenda, Ma t
yetenekl er khsel mae emalter n pedagoj Kk ara-1 a
kanéetl anméxkter. H gham ve H gham (2016) | e
hassas yet, yézey n "w nter"™ ve "phong" ayd:é
oymackt ér . Tart ékmaya a-é€l an en °neml bul g
har talandérmasénén (colormap) fonks yonun b
Bu y°ntemle °Jrenc , sadece y¢zey nrkgeemdtarz
dej K mler n de b | Ksel b r be¢tenl ¢k - nd
Pedagoj k a-edan dejerlend r | d J nde, nt er
"b | ksel y ¢ ke opt m ze ett ] go°r ¢l mekt e
-al ékmal ar énda bel rt I'd J g b kar makék
Kl enmes °Jrenc de y ¢ ksek d¢zeyde soyut |
yavakl|l at makt adéfRun Gall gwotr n maesre Auwtt omanuel n
° renc n n odaj ene Kl em kal abal €] éndan u z
y°nlend rm kKt r. Bu dur um, mat emat ksel obj e
°Jren I mes n n, kaleéceé °Jrenme - &kt é&l.are ¢ze
Sonu- ol ar ak, bu b | d r karmakék anal z e]j
kull anéménén b r | ¢ks dej |, kavramsal der n
Abl ow tz ve Fokas (2003) takesémdadam hegraply
model dek be¢t ¢ncgl man f ol t yapéséyl a net |
yakl akéeémén sadece karek©°k fonks yonu |l e sén
g b daha y¢ksek ¢ ns hgenuwse)y |l @ej @mre ndee suayhg
°ng°°r ¢l mekted r. Bu -al ékma, | er d¢zey ma
"b | Ksel b r protez" ol arak konumlandeér él ma
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ABSTRACT

The notion of sobriety is one of the fundamem@ahcepts in general topology and plays a
significant role in poinfree topology, locale theory, algebraic geometry, and domain theory.
Sober spaces constitute one of the most important and useful classes amétay soorff
topological spaces. Recall thattopological spacedht is called irreducible if for closed
subsetdf O ®wand®d 6° 6 then,d & ord . A topological spacedt is said to

be sober if every nonempty irreducible closed subseiisfthe closure of a unique point. A
topological space is ptidausdorff, i.e., préY if and only if for any two distinct points, if there
is a neighborhood of one missing the othegntthe points have disjoint neighborhoods. In the
realm of pre'Y topological spaces allYA'YH'Y and sober spaces are equivalent. A topological
space is”Y if and only if it is sober and pfé&. Moreover, being’Y or pre”Y being sober are
incomparable properties. The category of reflexive relation spaces, dend&iRehy has as
objects the pair@iY , whered is a set andYis reflexive relation ord, and as morphisms
WY © ®RY those functions@nO & such that if o "Y,cthen "Q&'Y "Qw for all
ahon .

In this paper, we characterize sober reflexive spaces and we investigate the relationships
between the sober property and the separation axioffi&i'Y and pre’Y in the category
RRel.

Anahtar Kelimeler : Sober reflexive spaces, prausdorff property, topological category.
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ABSTRACT

In 1969, Aull and Thron introduced the class¥fspaces, which has since become an

important concept in the study of nétausdorff topology. A topological spacéht is called

a"Y space if for every poinb™ &, there exists an open S¥containingwsuch that

YA @& is open. Later, Hffmann characterizetl spaces in terms of irreducible filters. More

recently, suktHausdorff spaces were investigated by Denniston, and Abulghalwa extended the

notion of Y spaces to topological categories. For a topological space, the &Xidies

strictly between the separation axioriéand Y, and therefore plays a significant role in the

analysis of generalized separation properties inhamsdorff settings. In particulary

spaces provide a natural framework for studying categomchyeaphtheoretical structures

endowed with generalized topologies.

Recall that a topological space is {ptausdorff, i.e., préY if and only if for any two distinct

points, if there is a neighborhood of one missing the other, then the points havet disjo

neighborhoods. In the realm of giobjects each of YA“"Yh“Y and Y are equivalent. Also,

there is no relation between pgi¢and "Y. The category of reflexive spaces, denote®RBgl,

has as objects the paibhY , wherehis a séandYis reflexive relation o, and as morphisms
WY © ®RY those functions@nO & such that if o Y,cthen "Q& 'Y "Qw for all

GFon G

In this paper, we characteriZ¥ reflexive spaces and we investigate the relationships between

the"Y property and the separation axiofive"Yh Y and pré&Y in the categorRRel.

Anahtar Kelimeler : Y reflexive spaces, topological category, separation axioms.
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OZET
Bu -al ek ma, gen - futbolcul ar én farkl e me v
karkel akt ér mak amaceéeyl a yapél mécxltiegi.ndAr akg «

K
kategorisinde m¢gcadel e eden 30 erkek futbolc
ayrélarak testlere farkl e ge¢nlerde al eénméexkt €
di key sé-rama ve tsed0bscvklkee3@pr il iT; tielsitheir i galry
Futb

ekstremite bacak kuvveti, VO max, dikey sé-r

ol cularén boy uzunluju, v¢gcut ajéerl éje v

dej er | etnidri.r i Ve ikl erin noWmlak | t estdiaj él emé n8le

dajéelem g°ster mesi czerine meyWay ANOYA testi as énd
kull anél mékt eér . Analizl er SPSS 2 4 paket [
futbolculr én 30 m héz, -eviklik, alt ekstremite b
anaerobi k g¢- ve relatif zirve g¢- dejerl er
farkl el ek ol madéejéné g°ster mikt iinde sa&omau - o |
oyuncul arénén -evi klik, 30 m sg¢grat di key s
maksimummi ni mum g ¢ - ve yorgunluk indeksi par arm

yé¢ksek dejerlere sahip ol duju Bisars itezindern mi K t i

tereti | mi ktior.

Anahtar Kelimeler : Futbol, Futbolda Mevkiler, Motorik Ozellikler
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COMPARISON OF SOME MOTORIC CHARACTERISTICS OF YOUNG SOCCER
PLAYERS ACCORDING TO PLAYING POSITIONS

ABSTRACT

This study was conducted to compare the mpe&sformance characteristics of young soccer

players according to their playing positions. A total of 30 male soccer players competing in the

U16 category of the Turkish Academy League voluntarily participated in the study. The players
were divided into twa@roups and completed the testing procedures on different days. On the

first day, body height, body weight, -30 sprint, vertical jump, and repeated sprint tests were
administered. On the second day, the 505 Agility Test and thEs3atermittent Fitnes$est

(30i 15 IFT) were conducted. In addition to body height, body weight, and BMI measurements,
motor performance parameters including-80sprint speed, agility, lowearxtremity leg
strengt h, VO max, vertical j ump fpuatedf The manc e
normality of the data distribution was assessed using the Shafiikdest. Since the data were

normally distributed, On&Vay ANOVA was used to compare performance parameters among
playing positions. All statistical analyses were performedguSiPSS version 24. The findings
indicated no statistically significant positional differences im86print speed, agility, lower
extremity |l eg strength, VO max, vertical jum
peak power values. However, whthe mean values were examined, defenders demonstrated
higher scores in agility, 3t sprint performance, vertical jump height, leg strength, mean
anaerobic power, maximuminimum power, and fatigue index parameters compared with
midfielders and forward$n conclusion, although no statistically significant differences were
observed among playing positions, defenders exhibited superior average values in several
motor performance parameters compared with players in other positions. This study was

dervedfom a master 6s thesis.

Keywords: Football, Positions in Football, Motoric Characteristics
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FKZKKSEL AKTKVKTENKN UYKU BOZUKLUJU ! ZERKNTE
KNCELENMESK

Seval YUMRUTEPE

Kn®ng¢ |1 n vers tes SajEf ek B | vel &por
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¥ZET

F z ksel akt v te l e uymasasajbéijféylaemas@enyalk
artéréel masé a-é€éséndan °nem takémaktader. Bu
bozukl ujuna etk s n ncel em Kk - a20éz5may &alrlear

arasénda Y¥KTEZ wkadmég parvkb&sel yakeé v te Ve
ncelem k 9 -alékma ele al éenméexteéer. Kncel ene
ed | en bulgulara g°re, d¢zenl f z ksel akt

olug unu ve uyku bozukluju d¢zeyler n n daha

f z ksel akt v ten n uyku bozuklukl arénén az
uyku kal tes n ol umlu y°nde etx Kedl Jakts®wl
uyku sajl é&jéné korunmaseé ve gel Kt r | mes a

Anaht ar kFelz nkesledr :Akt v te, Uyku Bozukluju,

ABSTRACT

Understand ng the relat onsh p beft weegnphys:
mportance for enhanc ng nd v dual sd qual t
exam n ng the effect of phys <cal act v ty |
publ shed between 2000land ex0 X5 Cemttelre aYh¥dK D\
t hat nvest gated the relat onsh p between p
n the analys s. The results were analyzed
nd cate thatregdlardyaparwhc pate n phys ¢

and | ower l evel s of sleep d sorders. I n con
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mportant factor n reduc ng sleep d sorder
cont ext, promot ng regul ar phys cal act v ty
heal t h.

KeywoPldgs cal Act v ty, Sleep D sorders, Sle

GKRKK

Sajleklée b r toplum - n ol mazsa ol maz «k
°ne ml adem se b reylere sajléején korunmas ¢
kazandér él maseder . F z ksel akt v te, bazal

kasl arénén kontraks yonu mlea noglruk aDn Jwegc bt rh a
harcamaséné arteéran t¢gm akt v teler f z kse
korunmasé ve gel Kt r | mes nde ©°neml b r ye

kron k hast al @k k yen sladir py wd duj u ve erken ©°I

kanétlar bulunmaktadér (Al p°zgen ve ¥zd n-1 e
kalp hastal éekl ar e, d yabet ve kanser g b h
b r | kdamakahpstal ekl ar e, d yabet, nme, me t
azal dej e, kard yoresp ratuar ve f z ksel uy
gé-1 ¢ kaneéetl ar mevcuttur (Lee ve =arik,. L]
yet Kk nlerde daha y b r uy ku kal tes v
b I'd r Im «kt r (Borodul n ve ark., 2010) . M e
f z ksel akt v te, sajl éklerbesShemme ¥werygera

Uyku; k k |l er n duyusal veya bakka wuyaran
ol maseder . F z ksel, ruhsal ve sosyal b r -«

bozukl ukl aré, d¢nyaktedl dukABDYdg greaof gSunl yna
d°nemlerde uyku bozuklujundan «k kayet eder k
probl em yakadéje g°ster I m kt r. Uyku Tébhbeé

Topl ul uj udnun uez |-6aBk €y abk ladr ars és bn er egy°lrer n d¢ z ¢

saat uyumasé sajl éejeée en y Kek | de destekl e
bajlée k°t¢ uyku kal tes ve uykuda azal ma m
a |lkemeyl e d¢gzenl enen yen yakam dej] «k kIl kI
telev zyona bajlée sosyal dej «k Kkl kl er nede
etk |l eyen endem k b r hal al méekyéer (kenol zv
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akt v te sayes nde daha y b r uyku kal te
2017) .

Y¥NTEM
Araktéerma Desen

Bu - al ék2nba2,5 2y0ell5l ar e arasénda f 2z ksel ak:

etk | er n ncel eyen ul usl arar aseées vet eThart k ky
derlremeel |J nded r. S stemat k derll eméeoplakl| s
elext rel b r b - mde sunmak amacéyla terc h
¢tal @ékma s¢rec PRI SMA y°nergeler ne uygun ol
Ver Kaynakl aré ve Arama Stratej s

Ver | er e Derrogh Gaatrek , v eRewslewns al PDF ver tab
Tarama Ve arakteéerma s¢grec nde Af z ksel akt
kull anél méxteéer.
Dah | Ed | me Kr terler
Arakt érmaya dah | ed | me kr terler ;

1. Konunun f z nkcseelle naekst ,v t ey

2. Tam metn ne ul akeélab | r ol mase,

3.Uyku d¢zen | e I Kk | ol mas e,

4 Hakeml b r yayén -ermes d r.
Dekl ama Kr terler

1. Tam metn ne er K | emeyen -al ékmalar kapsa

Ver Toplama ve Se- m S¢rec

¢al ekxmal ar arabBagpemaeEr ohawmédkndananmeéecx,; |

sonrasé tam met n ncel emes yapél mexkteér. (
beyekl ¢7 ¢, °l -¢m ara-1laré ve bulgulare tablo
Ver Anal z

Topl anan ylaryreenk laem, yylntem ve temel bul gu
ol ar ak ncelenm k; elde ed |l en ver | er temat
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-al ekxmal arda tekrar eden
bapeéklayan fakt°rler ort
BULGUL AR
Bu b°l ¢mde s stemat Kk
ve sonu-I|lar a-éséndan gen
Yal ¢al ek ma - ¥rnekl
/Kaynaj ¢ Pope¢l a
Yak!| él
taléef z kse LYCékaSn(?s 6%32;/?
é
2011 le uyk "yvykTE b rey
arasend
20 yacx
er Kk | )
Akov uyku s‘LY‘ékaSneS Yet kK
2016uyku ka (Y¥KTE b rey
f z kse
| K k
1014 vye
Yel d l;)?kclljkl‘LY‘;i;Snes tocuk
2U0d% s¢res (Y¥KTE(IID4 y
f z kse
Sarel<(;3P0r b Akader |,
jrenc in vel
VE 8 ¢t 7z kse Mak a | °JT renc
2023 le uyk (Derg
Sajl e
Rent ( -al éeékan Y¢ kse A
Ustaf z kse L sans_Saal”_lKE
2024ve uyku (Y¥KTE
( Van
X ao Rel at ¢
sk befwee UL Uel ETgeh
2024phys ca
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and sl ( BMC D sort azal t me
d sordi Psycho Scal anks ye
adol es dej] «kKk

Ef fect

Ul usl a PAQ, uyku ka

Seh|phys ©¢ Ma k a | OAL € slee y | ekt

ar k. on anx ( BMC Jren(QuaI anks ]

2025 through (nda33. Y

Psych | nde dol ayl

qgual | .

azal t mi

Obez F z D¢ ke k f

Al t -ocukl a Y¢gkse Ob e 7 Akt ‘'akt v t.e

2025 V t am, L sans “ocuk Anke uyku sg

ve f ( Y¥KTE Uy ku d¢kek L

akt v t ¥l -e kal tes
Kncelenen -al®gmalajemdb¢,yéclk ksel akt v te
bozukl uju arasénda anlamlé b r I K k ol duj
°rnekl emlerde, f 2z ksel akt v te d¢zey artt
g¢ndeguykul ul uju degzeyler non se azaldejé r aj
Yakl e b reyler ¢zer nde yapélan -al ékmal ar da
uykul ul uju | e I Kk | ol duj u; yet Kk n ve
yé¢ksek degzey f z ksel akt v ten n daha y u
ve ergen gruplarénda el de ed I en bulgul ar, f
bazée -aléeékmalarda bu I Kd&eln mk erklrearmn a&aria @esl €

ol arak ortaya -éeékteéjéné g°stermekted r.
T¢rk yebdde ger-ekl ekt r | en t ez vV e makal e
°Jrenc | er ve sajlék -alékanlarénda f 2z ks
bozwjkd d¢zeyl er daha d¢kge¢k, uy ku kal tel er
se gen K °rneklemlerle elde ed |l en sonu-1 al
anks yete d¢zeyler n dol ayl e olarak azaltteée
Ge el ol arak bul gul ar, f z ksel akt v ten n
czer nde olumlu etk |l er n n bulundujunu ve ¢

a-éséndan r sk olukturdujunu g°stermekted r.
TARTI k MA
Bu - al &k maakat, vf tze ksled uyku kal tes ve uyk

ncel eyen araktérmalarén bulgul arée dejerl enc
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dé¢zey n n uyku sajleje ¢zer nde ©°neml b r
-al exmal arén b¢yé¢k -ojunlujunda, f z ksel ak
ve uyku bozukluju d¢gzeyler n n azal déjé bel

d¢zenl ey ¢ etk s n vur gul alyoawn en caerkk . ,a r2a0kit'

Farkl é& yak grupl areéneé kapsayan -al exmal ar

N

er ndek etk s n n yakam d°nemler ne g°re

reylerde d¢ke¢egk f  z klsellulakjtu vvd euydikguesyz Inuk

¢

b

gé-1 ¢ b oo I Kk s ol duju rapor ed Im kKt r (
orta ve yéksek d¢zey f z ksel akt v ten n
go°r ¢l mekted r. ¢bemkervender gfenz %rsredk akt v t
azaltte] e, ancak bazeé -aléxkmalarda bu etk
dej Kkenler aracélejeyla dolayl é& ol arak ort a
d

ur um, ugkean sapk epoyutl u b r yapeya sah p ol
-er s ndek rol ¢negn d jJer yakam tar zeée f al

déekegndegrmekted .

Tée¢rk yedde yeregtelen -al ékmal akée®lbyldgulparal
g°stermekted r. | n vers te °Jrenc | er n kap
olan b reyler n uyku kal tes n n anlamleée de
Kurul , 2025) . ¥zell k laeh yo jsuanj | -e&kl eé-kamaé kKtaenrhma
f z ksel akt v te yeters zI J n n vard yalé
etk led J g°r ¢l mekted r (Aydén ve Kamuk, 2
f z ksel har e lkbd teaml zlr k ¢swzeruwkwe kpr @l umsuz et k
Ul usl ararasé -al éxkmalarda el de ed | en bul gu
dojrudan artérmakla kal madéjéné, ayné zamand

dol aykéel er olukturdujunu ortaya koymaktadeéer.
d¢zeyler n n azal maséna aracéel ek et mes , f

araseéendak I Kk de merkez b r rlol. oynadej e

SONU¢ VE ¥NERKLER

Bu -al ékmada, son 25 yel -er s nde Y¥K
tabanl arénda yayéemlanméx, f z ksel akt v te
araktermal ar be¢t encegl b Knbakérem-€aslegk maldai
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f z ksel akt v te d¢zey n n uyku kal tes vV e
b r etk ye sah p ol dujunu ortaya koymaktadeéer
ve gen- er kKkhknhlegrtde H¢gzeksaln artmaséenén
etk |ed J n g°stermekted r. Ul usl araraseée |
d¢zenl f z ksel akt v ten n uyku sg¢gres n u
bozwjku gor ¢l me sékl éejene azalttejeéene dest el
Mer kez o6nde yer alan bazé ulusal -al ékmal ar o
sénérl e d¢zeyde bul unmaseé, °rnekl em nbdéeyke k1 ¢
farkl el ékl arl a a-éklanab | r.

Yak gruplaréna g°re dejerlend r I'd J nde,
kal tes araseéendak I Kk n n daha kar makeéek
hastal ékl ar, Ibaa-j | leu Ifl azrnyéorhéo j v &k ya&fa Kk kil k1l e
iczer ndek etk s n sénérlayab | d jJ d¢é¢Keéng
-al ekxmal ar da anl aml e b r I K Kk bul unamame
dejerl endcrukl el lerg.ent¢ er de se f z ksel akt
s¢res ps kol oj k durum ve g¢nl ¢k yakam a
al éndejéenda daha bel rg n hale geld Rl ag?r ¢l
f z ksel akt v ten n uyku kal tes czer nde
al ékxkanl ékl aré aracelejeéeyla dolayleée ol arak

akt v ten n yalnézca b yolbojr k¢izeejnlle,y a&y n & o4

ortaya koymaktader.
Sonu- ol ar ak, ncelenen -al ékmal ar f ya

ve uyku kal tes n n artereéel masénda °neml

ks
b

Ancak mevcet-al éemaltgré@n be¢gyeck b or bol ¢meéngét

nedensel I Kk |l ere da r g¢-1¢ -ékaréemlar vye
deneysel ve uzunl amaséna -al ékmal ar én, far kil
ve K ddet n n uyku ¢zer ndek etk Il er n dalt
bajl amda, f z ksel akt v te temell m¢dahal e
olarak kullaneéel ab | ece]j dekenegl mekted .
KAYNAK¢A
Akova20K6) . 20 yak ¢ste¢e er Kk nlerde uyku sg¢
antropometr k °I -¢mler araseéendak I K Kk |
Hal k Sajl ejée Anab | m Dal é&, Y¢ksek L sans
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OZET

Gebeli k, maternal ve fetal sajlék a-éséndan
bir-ok dejikimin yakandeéj]jé bu s¢re-te anneni
hem anne hem de f et ¢s ssahjptir.8() sistepatikederlenmed2615° n e ml
2025 d°neminde ulusl ararasé ve Tg¢grkiye kayn
aktivitenin anne ve fetg¢gs sajl eje iczerinde
Literatg¢r t ar ama sdaSciencd Google SchSlar,of RRize, Dergiealk veri

tabanl arée ¢zerinden ger-eklexktiril mik; dahi |
se-i |l mi ktir. Bul gul ar , d¢zenl i vV e orta Ki d
hi pertandi §ogevtasaxonel kil o artéke riskini
fetal/ neonat al sonu-laré olumlu etkiledijini

aktivite katélém oranl ar énén ul usk avar ehxad i |

egzersizlerin daha yaygeéen ol duj unu ortaya

programlaréna fiziksel aktivitenin entegre e
Anahtar Kelimeler: Ge b el i k, Fi zi ksel Aktivite, Mat er na
ABSTRACT

Pregnancy is a critical period for both maternal and fetal health. In this process where many
physical, mental and social changes occur, the mother's lifestyle, especially physidgl activi
levels, has important effects on both maternal and fetal health.This systematic review aimed to
evaluate the effects of physical activity during pregnancy on maternal and fetal health by
examining international and Turkish studies published between @0d52025. Literature
searches were conducted in PubMed, Scopus, Web of Science, Google Scholar, TRDizin,
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DergiPark, and Ulakbim databases, and studies meeting the inclusion and exclusion criteria
were selected. The findings indicate that regular and rateietensity physical activity
reduces the risk of gestational diabetes, hypertension, and excessive gestational weight gain,
improves maternal quality of life, and positively affects fetal/neonatal outcomes. Studies
conducted in Turkey show that physieadtivity participation rates are lower compared to
international data, with walking and light exercises being the most commonly practiced
activities. These results highlight the importance of integrating physical activity into prenatal
care programs.

Keywords: Pregnancy, Physical Activity, Maternal Health, Fetal Health

GKRKK

Gebeli k doj al bir olay ol maséna raj men,
fizyolojik ve psikolojik dejikikliklere ned
gebelik boyuncaelv am eden bu dejikiklikIler, hem anne
Kekilde s¢grder mek, met aboli k gereklerini kar
deji ki kliklIler:i saj |l amak amaceéeyl a ol ukur (|
kardiyovaskig r met abol ik Ve hor monal sisteml er de
yakandéj e, fet¢s gel i ki mi a-éséendan kritik
tarzé ve sajl ék davranéexlareé °zelliklcar fi zi k
czerinde °nemld. etkilere sahiptir ( Or uk, 20
°neml i ol duju gi bi gebeli k d°neminde de ©°nenm
yeterli ve dengeld] besl enme aginkndikhbirdonesmdij | €] €
(Morrison ve Regnaul t, 2016) . Bu d°nemde an
bedensel ve ment al b¢e¢yeme ve geli kiminin ek
artmaktadér (Samur, 2 0 1 6 kistembtik incelenzeleragelaebkie | i t ¢
de¢zenl i ve orta yojunlukta fiziksel aktivit
gestasyonel kil o artecxke gi bi ol umsuz mat er

(Davenport ve ark., 2021). Bununla bitkk fiziksel aktivitenin fetls tzerindeki olumsuz

et kil eri mi ni mal ol up, bazé neonat al saj |l €
belirtilmiktir (Davenport ve ark., 2021, San

Son yeéellarda y¢reét el emlBlkursall aarra r agseé ed p ikd &
fiziksel aktivitenin anne refaheé, dojum «Kek

sajl adej] eéné oMaevwskaaeSiameywsha, R023).rAncék genel olarak fiziksel
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aktivite d¢ezeylerimamaldeixghku-dlamasa@&- ésgaeadian
ol ukt ur Maewska ve®zablewWska, 2025 ¢ r ki yedde yapeéelan der|

1

-al ékmal arénda da benzer ejilimler g°zl enmi
derl emesi ne gerlei, k TgT ke mende YebeyékK, nef e:
kuvvetlendirme egzersizlerdi en yaygén aktiwv
katéléem oranlaré d¢gkegktor. Ayr éca, Yél déez v
pl anl & edamles, gebelerdenkass k e | et ajrélaréné azaltm
arter mekil®r .d°@a@wli D serasénda Tg¢grkiyedde yer ¢
be¢yeék -ojunl ujunun d¢ K¢k yojunl ukl u aktivi
seviyeler ni n gebeli k ©°ncesine kéyasla azaldejeé
bajl amda, gebeli kte fiziksel aktiviteye y®°n

hem anne hem de fetg¢s sajl éjeée ¢zekaydakti adkcark.

Bu makale, 202 025 d°nemi ndeki ulusl ararasé ve Tg¢r
gebeli kte fiziksel aktivitenin anne ve fetg:
incel emey.i ama-| amaktadeér .

YONTEM

Arakt érma Deseni
Bu al e k2mMm2 5 2ye€ll51 aré arasénda gebelikte

sajl eje ¢zerindeki etkilerini inceleyen wulu

sistematik derleme i t el i J i ndedi r . Si st emat iakn éd d ralreémed e

toplu ve elexktirel bir bi-imde sunmak amaceéy
2023) . ¢cal ekxkma s¢reci PRI SMA y°nergelerine
2009).

Veri Kaynakl aré ve Arama Stratejisi

Literatirtarana s € Ociatkec a2k0 125025 t ar i h| ePubMedaWebs € nd a
of Science, Google Scholgri b i ulusl araraseée ver.i tabanl ar e
TRDizin, DergiPark ve Ulakbimr e r i tabanl aré kull anél mékter.
Aphysical activityo, Aexerciseo, Amat er nal
Afgestational hypertensiono, ATur keyo, AT¢r K

Boolean operatdrleri ile arama formuli:

(ApregnancyoadBANDviipgp3i AAD (fAimater nal out con
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Dahi | Edi |l me ve Déxkxlanma Kriterleri

1. 20152025 yeéell aré araséeénda yayémlanméxk ol mal
2. Gebeli kte fiziksel aktivitenin anne veya
3. Kngilizceyaggml agmkkeol mak,
4. Gozlemsel, deneysel veya sistematik derlemefaetaa | i z - al ékmal ar &,
5. Anne veya fetal sajléek sonu-Ilaréné raporl

Dekl ama Kriterl eri

1. Fi zi ksel aktivite dékéndaki yakam tarzeée f
2. Gebel i k deéxké spoypaegnl a sayl cerkumak aa r

3. Konferans ©°zeti veya tam metnine ulakél am
4. Spor yaralanmal aréna odakl anan -al ékmal ar

Veri Toplama ve Secim Sureci

¢tal ékmal ar araktérmacé tarafeéndan baj éms:

sonrasé tamegsnetiyapeélhnmetkteenr . ¢al ekxmal ar én me
beyekl ¢7 ¢, fizi ksel aktd eit s sengy - lver éy off aulr
d¢zenl enmiktir (Altak ve ark., 2023; Yeéel dez
Veri Analizi
Se-ilen -aléekmpéaé éme thebnieaylld gze myeagpad | ma mé K ;
temati k ol arak sentezlenmiktir. Uluslararasée
ar k. , 2025) ve T¢rkiyebde yapélan -al eékmal ar

2023) alyare @latkédreka kar kél akt ér mama&t ed malaks aijel

fetal/neonatal sonuclar ve fiziksel aktivite-ii d d e te kisleinkiknidsei s énéfl andeée
BULGULAR

Bu bolimde sistematik derlemeye dahiledden akt €ér mal ar én yazar,

ve sonu-1lar a-éséndan genel °zelliklerine i/l
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No Yazarlar Yél Amac Sonuclar
Gebelikte f  Dezenli ve
LT fiziksel aktivite, gestasyonel
aktivite turlerinin materna . i :
Davenport - diyabet ve hipertansiyon
2021 vef et al sajl . . .
ve ark., : riskini azal!
etkilerini sistematik olarak .
. sonugclar tzerinde olumlu
incelemek X . .
etkiler gozlendi
Gebeli kte y Yapélandeéereéelr
MohdNor egzersiz pr maternal saj
2025 T
ve ark., maternal ve fetal sonuglai s onu-1 ar éne
et kil erini gevend o ol du
T¢rkiyedde Tz,rkl.?/(.aoﬁ?fy
doneminde fiziksel egzersizien ve hatit -~
3 Oruk 2023 - : kuvvetlendirme egzersizleri
aktivite ve egzersiz - )
uygul amal ar. Y2aygen, Uz
aktivite ka
COVID-19 dénemi . J
) . ~ Gebelerin -o0
Al t ak Terkiyeode yojunl ukl u e
4 2023 fiziksel aktivite A ~
ark., . . ) sénérl e kal di
dizeylerini ve etkileyen . .
ot seviyel eri
faktorleri incelemek
o cevelerde P 6 haftalék
Yél dé pr ogr a migkelé n . ,
5 2025 - - ... m¢gdahal esi | 8
ark., ajr él ar &alitese :
L yakam kal it/
Uzerine etkisini incelemel
Gebelikte egzersiz temell Egzersiz temelli mudahalele
Santa Cruz midahalelerin gestasyon gestasyonel diyabet riskini
6 2025  diyabet 6nlenmesindeki azal tte; mat
ve ark., e . .
etkilerini metaanaliz sonugclar tzerinde olumlu
etmek et kil er se
Majewska erehkte 2] AL Duzenli fiziksel aktivite,
ile maternal ve neonatal - )
ve ~dojum kekl i,
2025 sonu-1lar ar ¢ L
Szablewsk . . . ve maternal refah Uzerinde
epidemiyolojik obrak :
a . ol umlu et ki
incelemek
20152025 d°neminde yapélan -al éxkmalareén in
aktivite dizeylerive annt e t a | sajl ek sonu-laréna ilixkkin
Ulusl araraseée | iteratge¢rde, d¢ezenl i ve orta Ki
azaltte] e, gestasyonel hi pertansiyonu °nl e
g°sterilmiktir (Davenport ve ark., 2021; Sa
uygul amal arénén d¢k¢k dojum ajérl ejée veya er
parametrelerde ol uml u et ki s &jalblemskige 2025). b el i r
T¢rkiyedde yapeéelan -al ékmal ar da benzer bul
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yapélan literate¢r derl emesine glre, Yeéereéyeék
birli kte, de¢zenl i fizikesrell Yakltdéera twee kartlel & m(
yeée¢réetéelen 6 haftal ék pl anl & sekgezl eerts iazf rng¢ daar héanl c
yakam kalitesinde al®éewdeogemiemsmiratsiem.da CAVIt [

tarafendan yapéeelaenr i-nal-éokjmuandlau jiusneu ng edbg K ¢ Ky o] I

kal dejeée ve fiziksel aktivite seviyelerinin
ol ar ak, hem wulusl ararasé hem de T¢rkiye ka
aktivitenmnaane sajl éjé ve fetal/ neonat al sonu-1I| ar
koymaktadeér . Ancak katéelém oranlar énén d¢ K
sosyalkk ¢ | t ¢r el fakt®°rler, wuygul amal arén yaygeéenl

TARTI k MA

Busisemati k derl eme bul gul ar e, gebeli kte fi
czerinde yararl é etkiler sajladéjéné ortaya
aktivitenin gestasyonel di yabetri &6kpertanai y
g°stermektedir (Davenport ve ark., 2021; Sar
veriler de benzer «kxekil de, egzersiz uygul am:

kasi skel et ajrel arénéuraz(ayYéaltdgzwme aorrk.a,y a2 ko5 ;n

bul gul ar, T¢rkiyedde fizi ksel aktivite kat el
gostermektedir. Sosylo ¢ | t ¢ 1 el faktorl er, bil gi eksi kli]
eksi klijdzeyianiél ®amneér | ayan bakl éca etkenler
2023) . Bu dur um, yer el rehberl erin gel i Kkt
y°nl endiril mesi gerektijini gostermektedir.
het ero(jPernfekKliem be¢yeekl ¢7 ¢, egzersi z te¢gr¢g ve
karkel akt éréel amamaktadeéer . Gel ecek araktér mal
kull anél masé ve uzun d°nem takiplerin yapélm

SONU¢ VE ¥NERKLER

Gebel kt e d¢gzenli fiziksel aktivite, anne saj
kalitesi) ve fetal/ neonat al sonu-lar ¢zerind
2021; Santa Cruz ve ark., 2025 et dert geka
oranl aré ulusl ararasé I|literatg¢re kéyasl a d¢ck
edi |l mektedir (Oruk, 2023, Al tak ve ark., 20 2
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yer el sajl ek rehber lIsdrainmiam t g elgizietrisn izl npersoit o\

gerekmektedir. Bu bul gul ar, hem anne hem de

programlaréna fiziksel aktivitenin entegre

sonu-lar dojrultusunda;

1. Gebelk bakém hizmetl er.i kapsaménda fizi ksel
al énmaseé, sajl ék profesyonellerinin gebel

bilgilendirmesi ve yonlendirmesi 6nerilmektedir.
2. T¢egr ki yebhdInt ¢sroeslk @yt aep €asléé ndairka k eri kilebil

fiziksel aktivite rehberleri gelkimat ki ddme

egzersizleri i-eren, standartl|l akteéer él mécx

dal ek -al exmal ar é vV e Uuzun d° neml i

S

3. Gebel erin fizi keeméenéktairvietr enad katae ey | a
far kén
é

araktérmal arén destekl enmesi °nem arz et m
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OZET

Otizm Spektrum Bozuklluklidreéatkk$ B X 2 mdteo p Iz am
iles @ ntekrarlayard avr ank gi aa| atknlikkergéd bv e ysao r wWnemlgbir & i - er
cocukluk donemn ©° r oge lbior iuks$ &ffi zd krs.e | aktivite, °czell
uygulamalaryoluyla kas kontrolini, e§6z koordinasyonunu ve hassas hareket becerilerini

gel i ktirerek ince motor becBui betidnrgel hkiamk
tanésé al mék bireylerde fizi ksel iackldmektii t eni n
¢tal ékmada y°ntem ol ar ak, ul usal ve ulusl ara
fiziksel aktivite ile ince motor beceriler a
Bu dejerlendirmelere g°gel|li OSBOhI abéndgl s @t
koordinasyon gé-1 ¢kl eri ge°r ¢l mekt e; bu dur
kat @€l eéméné ve bajémsézl ék d¢gzeylerini sénérl
temelli mudahalelerin motor, Ibii kK s e | ve sosyal geli kim ¢zer.i
il gisini -ekmiktir. T¢grkiyedde yapeéelan - al éx
gel i Ki mi czerinde genel |l i kl e ol uml u et kil el
literatiide yeralanmetanal i z|l erde bul gul arén késmen farl
farkl él ékl ar ; -al eékma tasar éme, °rnekl em b,
a-ékl anmBaktdaedrélre.me , fiziksel akti vi tedlerii n OSE
czerinde olumlu etkiler sajladéjéené, °zellik
programlarén motor gel i Ki mi destekl ediJini Y
b¢yek °1 -¢de °rtekt Bihugulardof r aly d@ ulsaymak t OESB0
i nce mot or beceril erin gel i ktiril mesine y °
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programl ar & nge® zt eknoed r dail naans,y oenfu ve motor pl anl
°rnekl emli ve uzunarsén epllia nd eannenyasseél ©°-naelréiklmael k 1

Anahtar Kelimeler: Ot i z m, Fizi ksel Aktivite, Knce Moto

THE EFFECT OF PHYSICAL ACTIVITY ON FINE MOTOR SKILLS OF
INDIVIDUALS WITH AUTISM SPECTRUM DISORDER

ABSTRACT

Autism Spectrum DisordefASD) is a significant childhood neurodevelopmental disorder
characterized by weaknesses in social communication and interaction, as well as problems with
limited, repetitive behaviors, interests, or activities. Physical activity, particularly through
plamed and repetitive practices, positively contributes to the development of fine motor skills
by improving muscle control, hareye coordination, and precise movement skills. The aim of
this paper is to examine the effect of physical activity on fine mskdls in individuals
diagnosed with ASD. The study method involved a systematic review of national and
international research, and a multidimensional assessment of the relationship between physical
activity and fine motor skills. According to these asses#s, individuals with ASD frequently
experience delays in motor development and coordination difficulties; this limits their
participation in daily living activities and their level of independence. Therefore, in recent years,
the effects of physical deity -based interventions on motor, cognitive, and social development
have attracted the attention of researchers. While studies conducted in Turkey generally show
positive effects of physical activity programs on motor skill development, findings in meta
analyses in the international literature show some differences. These differences include: This
is explained by the diversity in study design, sample size, and intervention types. This review
reveals that physical activity has positive effects on therfintor skills of individuals with

ASD, that regular and structured programs applied at an early age support motor development,
and that the findings in Turkey largely coincide with the international literature. In line with
these findings, it is recommenddtht larger sample and lostgrm experimental studies be
planned for individuals with ASD, focusing on structured physical activity programs aimed at
improving fine motor skills, hardye coordination, and motor planning.

Keywords: Autism, Physical Activiy, Fine Motor Skills, Motor Development.

1. GKRKK

Otizm Spektrum Bozuklukl are (0SB), topl u
yetersizlik ve seéneéerl é, tekrarl ayécée davran
sorunl ar dan oajuéknaénn -°onceunklliu kn °-r o g e | (Kalak wes e | b o
Mer al , 2019) . osB, erken -ocukluk d°neminde
n°rogel i ki msel bir bozukluk ol arak da tanéml
sosyal vei | et i Ki ms el alanlarla sénérl é& ol madeéej én
belirgin g¢-1¢kler i -erdijini g°stermektedi |
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motor beceriler,ey® z koor di nasyonu, nesne maltkiempe; |l asyo
gi bi genl ¢k yakam beceril eri a-eéeéseéndan Kri
yetersizIlikler, bireyin akademi k performans
olumsuz yonde etkileyebilmektedir (Lloyd et al., 2013). Turkiye litegattird e de OSBO |
-ocukl arén motor becerilerde yakeétlaréna g°r
2022). Fiziksel aktivite; kas kuvveti, koordinasyon, denge ve motor planlama gibi birgcok motor

bil ekeni destekl eyenr biAnaalk -09Bdalriakbigr e yll ame

katéléem oranlarénéen d¢k¢gk ol mase, motor gel.
der |l emenin amac e, fiziksel aktivitenin OSB:«
Uzerindeki etkilerinimew ut Dbi |l i msel wveriler éexkéjénda ayre

2. YONTEM
Bu derl eme -al ékmasénda ul usal ve ulusl ar
k ay n a k |IDergiRark YOKi Ulusal TezMerkezive ¢ni versitelerin a-ég
ul usl ar ar as @ubMay ¥>00gl&k $claotarRaseaichGatee MDPI v e r i tabanl :
kull anél mékt eér . AOtizm Spektrum Bozukl ujubo,
beceri 6, Aphysical activity anm®kaletri.s ke neryasle
deneysel ve sistematik derl eme -al ékmal ar da

3. BULGULAR
Kncel enen -al ékmalarén b¢yée¢k -ojunl uj u, f
beceri gelikimini destekledijini g°stermekte
T Yapélandéereéel mék fiziksel aktivite pr oc
gel i kmeler sajlamaktadér (Bremer et al

T Fiziksel aktivite, elg6z koordinasyonu ve motor planlama sureclerini
desteklemektedir (Papasideri ve Chatziioannou, 2025)

T T¢rkiyedde yapél an uygul amal & - al éxkxmal
gel i ki mi czerindeki etkisinin daha ©be
2019).

Ancak ul us-haabrabkéertetatkilerin be¢gyekIl ¢ ¢
edi Ilbmi kdjurum - al ékma tasaréemé, °rneklem bg¢yeék
bajl anméxtér (Ruggeri et al., 2020). <¢izel ge
araséendaki i kKKki yi hem t emel t &hémlaaywa&d & r m
czerinden be¢gteéegncygl bi-imde ortaya koymakt ad ¢
gel i Kimini, y°nt emsel —ekitliliJini ve uygu
¢izelge ile i1ilgili detagtel megkertendirmelere
Cizelge 1.Li t er at ¢r deki fiziksel aktivitenin otiz
mot or becerilerine etkisini i nceleyen -al éxkrm

Temel Bulgular /

Yazar(lar) Yé|¢tal ékmal| Yontem | Orneklem
Sonuglar
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F ier, K. R osBol i -
ournier Motor OoSBoOI 0 .I )
A., Hass, CJ., . i} . motor koordinasyon
. Coordinationin| Kar Kk é tipik :
Naik, S. K., . _ . ve ince motor
2010 Autism mal é gel i :
Lodha, N., & ) ; beceril er
Spectrum - al &1 gosteren
Cauraugh, J. Disorders ocuklar dezeydke
H. ¢ ol duj u bu
Levels of Gross Ay
and Fine Motor ioffg ! rlno t ;
Provost, B., Development in Tarama OSB©O uanl ar a
Heimerl, S., & | 2007| Young Children 2| kucuk puant
: : modeli gel i kKi m
Lopez, B. R. with Autism gocuklar
akranl ar
Spectrum daha d/«
Disorder ¢
Effect of Fiziksel aktivitenin
e, || e P,
Crozier, M., & | 2016 y_ . Derleme o} g
Llovd. M Motor Skills in pl anl am
ya. M. Children with dest ekl
ASD vurgul an
Physical ngel .a.nd
. fiziksel aktivite
Exercise and | Deneysel /
Individuals with| mudahale] osseo| Programi
Lang, R., vd. | 2010 . _ . motor beceriler
Autism - al é«k| bireyler L
. . Uzerinde olumlu
Spectrum incelemesi : .
; ek i | eri
Disorders o .
gesteril
Effects of Yoga Yoga ve hareket
Papasideri, V., and Movemernt temelli aktivitelerin
& 2025 Based Activities Denevsel OS B 6| motor planlama ve
Chatziioannou, on Motor Skills y cocuklar | ince motorkontroll
C. in Children with gel i Kt
ASD bul unmu K
Effects of Diizenli fiziksel
Physical aktivite
Activity on B o X
Pan, C.Y. | 2010 ct|V|ty_o : Deneysel ©SBO motor performansta
Motor Skills in cocuklar anl aml &
Children with - -
. saj |l ame
Autism
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. Fiziksel aktivitenin
Physical -
. motor koordinasyon
. Activity , . .
Ruggeri, A., . . Meta ¢Cexi Uzerindeki
2020| Interventions in . - . .
vd. . analiz -al ekl et kil er4du
Autism: A orta dsze
MetaAnalysis ¢
rapor ed
Oyunl ak
Fiziksel Aktivit e
12IKS€ vite Oyun temelli fiziksel
Prograr aktivitelerin temel
Oz, A. 2021 OSBoOl Deneysel ©SBoO motor becerileri
¢ocukl cocuklar el i Kt
Motor sga t anmé
Becerilerine P
Etkisi
B¢t ¢enl
Fiziksel Aktivite .
Program Motor beceriler ve
kansi , 2019 Otizmli Deneysel OSBO| sosyal becerll_erde
’ gocuklar | anl aml & ¢
Cocuklar el de edi
Uzerindeki
Etkisi
Proprioseptif
Duyu BOMYT-2 alt
Batinleme Otizmi testleri ve duyu
¥z ak énl 2018 Ej i t i m Deneysel profilinde olumlu
cocuklar .. :
Motor ve dej i kKi m
Duyusal g°%zI| enmi
Becerilere Etkisi

CizelgedeyeralahRour ni er v e ale RroavastaHeimerlvelLoge2(RO07) )

taraféendan ger-eklexktirilen -al éemeladyary gé@SBO
bir 6zellkol duj unu ortaya koymaktader. B uikinbilu I gul a
dej i |, gel i ki mi n itileareR gdrlenah®temelmbbikeir li enedleednu J u n u
d¢ K¢ ndg¢ r Brenlert, @razierrve Lloyd (2016e L ang ve ar k afidikset | ar &
aktivitenin OSBOIli bireylerde motor gel i ki mi
el e al maktadér. Bu - ajya&lkmadaa , gdneglinio®a] | akkt
0]

jrenme vgeel becenii a-éséndanoldaar ak e rkaupl®ltainke | B
gbstermektedirPan (2010)ile Papasideri ve Chatziioannou (2026)ar af éndan y¢r

deneysel -al exkmaldajfrudanzi kg @l | carrktdaiysad nkeonyl nmar kétn
Bu bul gul ar, fizi ksel aktivite te¢greéegnegn -exit
mot or gel i Ki mi farkl é& boyutl Ruudag ed e s tvek laea kel

(2020)t a rdad ré ny a p @nmakznliteratédeld bulgulara |l e k t i r eslu nmark t aalée & «
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Bu bul gu, fiziksel aktivite damaowunasirdelar éneéen
standartl aktér el méxk viehtiiyyia-p | acalnd uajnuméuOzonrgtdaayha
(2021) k ansi ve2DdRRen t@2@I&ndan y¢regtelen -al ékm

aktivite temelli mudahalelerimy gul ama al anéwdnandgpt hig gdsastel me
-al exmal ar , f cokzbioykiths énhotardulyusal sesyal)gein kK N mi dest ekl ey
m¢dahal e aracé ol dujunu g°stermektedir.

¢i zelgeyi genel ol arak dejerlendirecek ol

T OSBOI i biinrceey | neortdoer ve motor Kkoordinasy

ol duj u,
1 Fiziksel aktivite temelli midahalelerbu yetersizlikleriaa | t mada et ki | i
1 Ancak mudahale etkilerinpr ogram s¢resi, i -eriji ve
bajl & ol agodlinektgddr] i kKt i i

Bu bajl amdaf,i z-iaklséeklmaal katri,vi t eni n OSBOI i b i
geliktiril mesinde bili msel temel e dlagajl €nu de
a-ék-a ortaya koymaktadeér.
4. TARTI k MA

Bu -al ékmada, fiziksel aktivitenin OSB ol
etkileri, literatirde yer alant anéml ay éc é vV e m¢dahal e t eme
dejerlendirilmiktir El de edilen bulgul ar,
yaygén ol dujunu ve fiziksel aktivite temell:]
onemlibirrolojmad éj éneé g°stermekted|r. ¢izel ge 106de
ile Provost, Heimerl ve Lopez (2007) tarafén
mot or koordinasyon ve ince motor b eécyearsillae r i
anlamlée d¢zeyde d¢keéegk ol dujunu ortaya koyma
OSBoéye exli k eden ikincil bir durumdan ziya
itibaren g°zlenen temel bir ©°zel lofbecerdeled uj unt
y°neli k m¢gdahalelerin erken -ocukluk d°nemin

Fizi ksel aktivitenin motor gelikim ¢gzerir
OSBOI i bireylerde fizi ksel ,adngeive matoeplanlamat or |}
beceril erini destekl eyebil mektedir (Br emer,
uyarl anmék fiziksel aktivite programlarénén
bildiril miktir (L an ghataieannau, (2025),3dgdve harekePtenmela s i d e
fiziksel aktivitelerin OSBO6li -ocuklarda mot
etkiler yarattéjénée belirtmixktir. Benzer kel
OSBOI i - ooctuokrl apreérnf oom mansl|l arénda anl aml é gel.
karkéen dBbaaéi metal ékxmal ar énda, fiziksel akti
etkilerinin sénerl e y a da orta d¢zeyde ol
blayukluklern i n k¢ - ¢k ol maseée vV e m¢dahal e s¢releri
tutarl el é&jéné azaltmaktadér (Ruggeri et al .,

Te¢rkiyebde yeregtelen tez ve makal el erde f
-ocukl ar én mot or beeekil eri gkdujnodeg®°ol UmEkl
oyunl|l akt ér &l méexk fiziksel aktivite programeén
geliktirdijini ortaya koymuktur. kansi (2019
aktivite pr ogireacnelrar évnee ns onsoytaolr beceri |l er szer
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bel irtfizlaKi&@ i &), Oti zmli -ocukl arda wuygul ade
ejitiminin duyu profildi ve BOMYT2 testinin a

5.SONUCVE ¥NERKLER

ksel aktivitenin otizm
czerindeki etkileri, u
ysel ve derl eme -aléxkmaté¢hendmn]+ral éxsalna
nl uj u, OSBOI I bireylerde ince motor bece
rsizliklerin bulundujunu ortaya koymakt a
Elde edilen bulgular, bu yetersizlikleldSBo6ye ekl i k eden i kincil S
gel i kimin erken d°nemlerinden itibaren

cal eékmamézda, f
|

y4
mot or beceri r

i [
nce er i
ene
oj u
et e

< ' a-—

g
Literate¢r bulgularé, fiziksel aktivit
beceri | nilmersi gdlei ettikn | i bir yakl akeéem s
€l mék, planl é& ve hedw@dzkoordiRasyenl,i
| ma ve ince motor kontr olremerze
: Lang et al ., 2010; Pan, 2
egzersi zl rin mot or gel i Ki mi dest ekl eme
m¢dahale etkililijJini ar t @& & &haiziloanmoe, 202% Oz, g
2021). Bununla birlikte, metanal i z - al ékmal arénda bildirile
orta d¢zey arasénda dejikmesi, fiziksel akti
medi J i ne igerierak 2020). Burderrkn, middahale s{irBsy gygulama
gram i-erifj.i vV e bireysell exktirn
e belirleyici r ol oynadéj éené ort
ldave -0k boyutlu sonu-1lar ort a\
meé K vV e b¢etenl exki k programl ar é
edir (kansi, 2019; ¥zakeéen, 2018)
Ge l arak bu -al ékxkman&n OSBrouw 4| o & e yfl iez
becer. erinin gel i ktiril mesinde bil i msel t e
m¢dahal e yakl akéeme ol duj unu ortaya koymakt:
uygul ama, araktér ma rvéen a oyl nteilkiak gaekl ajkétd arkme °Cal

e
e u
de k
| a ri
2 0
S
(o]

_._,_..
0]

1. Uygulamaya Yonelik Oneriler: OSB & | i bireyler i -in ha
rehabilitasyon programlar éna, yapél and
sistematik bicimde entegre edilmesi 6nerilmektedir (Bremet.£2016; Lang
et al ., 2010) . Fizi ksel aktivite progr
alanl aré ve duyusal czell ikl eri di kka:
etkililijJini arteéerabilir (Pan, g2 010) .
beden farkéndal éjéenée destekleyen aktiyv
y°nel ik m¢dahal el erde daha yaygeéen b i
(Papasideri & Chatziioannou, 2025; ¥z,
fiziksel aktiviten i n mot or gel i kKim czerindeki
bilgilendiril mesi, m¢dahal e sg¢grecinin
°nem takémaktadeér.

2. Arakt érmaya Y°@Gellekekn-ealidwemal ar da, f a
tirlerinin (oyun temelli, spor tee | | i , yoga Vvb.) kar k él
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arakteéermalara ajeéerl ek verilmesi ©°neri/l
s¢reli m¢dahal e progr aml-ap) &lcimlerinin- er en
yapéldéje -al ékmal ar én pélcaéen | eatnkmalseér,i nfii
konmaséna katkée sajlayacakteér (Rugger.
grupl aréyla ve standart °I|l - me ara-1aré
edil en bul gul ar én genell enebilirli7Jir
-al ekxmal arén sayésénén artérélmaseée 1is
kel tegrel baj |l ama uygun m¢dahal e mo d
sajlayacaktér (kansi, 2019; ¥zakén, 20
3. Politika ve Program Gel OBBOolF meigre r 9 he
hazérl anan wul usal ejitim ve rehabilit
temel | i m¢dahal el ere daha fazla yer v
°ncesi ve °zel ejitim kurumlarénda g°r
ejitim profgirainKxaeglénadlati vite il e motor
y°neli k i-eriklerin artéeréel mase, uy gu
2021).

Sonu- olarak, bu -alékma fiziksel aktivit
geliktiril mggiundealitlkidi ve destekl enmesi ge
ol dujunu ortaya koymaktader. El de edil en bul
uygul amal ara yol gosterici niteli kte ol duju
motor becdtere 6zgi mudahalelere odaklanan, daha buyik érneklemli ve uzun sireli deneysel
-al ékmal ar keklinde planlanmasé °neril mekted
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OZET

Dijital teknolojilerin g¢nl ¢k yakama hézl é
-ocukl aréen ekranla etkilekim s¢gresini bel irc
aktivited ¢ zeyl erinde azal ma ve sedanter davraneéecxl
aktivite, okul °ncesi d° nekeunydgeu smdt ogel i Bi Imi
belirleyicilerinden biridir. Bu der lelgame - al «
kull anéme ile fiziksel aktivite araseéndaki i
czerindeki etkilerini g¢enecel l i te2@24ryée&kleae
araséenda yayeémlanmeéek ul awstaér mal arl usil atreamatsiék
y°ntemiyle incelenmicktir. Bul gul ar , artan el
bajl e ol arak motor becdgizkbal dmeyesbdeduygusad i e ki |
gel i ki mde riékklégrenértg&ydaer mektedir. Buna ka
-ocukl arén -ok y°nl ¢ geli ki mini destekl ediJi
karké koruyucu bir red kajtll @amdla, i olg@lr ¢ me&s
ekrank ul | anéménén bilin-1: bi-imde séneérl|l andér ¢
fiziksel aktivitenin entegre edil mesi be¢yeék
Kurumlarénén ik birlifji i -inde rmaeleikebi ret gnels
s¢reci ge-irmelerine katké sajlayacakteér.
Anahtar Kelimeler: Ok u | ¥ncesi , Fi zi ksel Aktivite, Ekr
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THE IMPORTANCE OF PHYSICAL ACTIVITY IN THE PRESCHOOL PERIOD
WITH INCREASED DIGITAL SCREEN USE: A REVIEW S TUDY

ABSTRACT

The rapid integration of digital technologies into daily life has significantly increased the screen
time of preschool children. This increase is associated with a decrease in children's physical
activity levels and an increase sedentary behavior. Physical activity is one of the key
determinants of motor, cognitive, and so@aiotional development in the preschool period.
The aim of this review study is to examine the relationship between digital screen use and
physical activityin the preschool period and to evaluate the effects of physical activity on child
development in light of current literature. In this study, national and international scientific
research published between 2004 and 2024 was examined usingsgstematicreview
method. The findings show that increased screen time reduces physical activity, leading to
deficiencies in motor skills, attention and selfulation problems, and risks in soeial
emotional development. In contrast, regular physical activityeis gesupport the multifaceted
development of children and play a protective role against the potential negative effects of
screen use. In this context, consciously limiting digital screen use in the preschool period and
integrating regular physical actiyi into children's daily lives is of great importance.
Cooperation between families, teachers, and educational institutions will contribute to
children's healthy, active, and balanced development.

Keywords: Preschool, Physical Activity, Screen Time, CHildvelopment, Sedentary

1. GKRKEk

Okul 6ncesi donem olari8 yak ar al ]
biliksel s¢re-lerinin hézl gel i ktijgi ve SOS
evresidir (Goodway et.al.,, 2019). Bd° nemde e nilen yakam tar .
yakl ardaki fiziksel aktivite d¢zeyi ve saj
(Tremblay et al., 2011)G¢ n¢ m¢gzde tel evizyon, tabl et , ake
ekranl areaexnl aerrdkaenyayygén bi -i mde kull anél mas
et kin kl ere ayérdéjeée zamaneé azaltmaktader.
i teli e ol mase, okul °ncesi d°n
i st S 2014) . Bu bajl amda, di
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[ i ik nin ele alénmasé, -ocuk gel
I j i1 ta ekran kull aneéem@masd&nd aakrit ikl i
n motoduygouslalk sged | ivkei nsloesryial¢ zer i nde
°nem takémaktadeér (Ameri can Acader
Organization [WHO], 2019). Erken c¢ocukluk déneminil gek i ms e | a-éeédan kri
ol mase, u d°nemde kazanélan sedanter ya daea
I ni g°stermektedir (LeBlanc et
¢, eld alarak ekarg durésiziksel akyvaekdengasisem!| a

ayale bir -er-eve sunmakt ad?é
: stekl enmesi
2019) .
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2. YONTEM
Bu -al ékma, sistemati k ol mayan bir der | e
araKképmamen2d0a2420yOe4IIaré i -erisinde yayeéemlant
makal el er i ncel emmméekt PubMeEdt ewWabi,o0ft 8chence,
Schol ar wveri tabanlaré czerinden ger-ekl exti
Afizi ksel aktiviteo, Afekran s¢gresi o, isedan:
T(;rk-ezvcee I«mglklelleklaréyla kull anél m&ktawx) De
kapsayan, ekran kull anémé velveya fiziksel
-aIéKmaIar dahi | edi | mmakztédlrar OGPea ¢ ymbkle@ezed aa r \e ¢
i -eren -alékmalar kapsam dékeé bérakel méexteéer .
3. BULGULAR
Okul ©°ncesi d°nemde dijital ekran kull ane
alan ulusal ve uluslararasé -al ékmal arlién bul
araktérmal ar, erken -ocukluk d°neminde ekran
d¢zeylerinin -ocuklar én motor, bili ksel vV e
koymasé a-éséndan °neml.| ver i lelré ksmarn ma kétna dté
czel l ikl eri ve sonu-|laré karkeélaktérmale ol
arakteéermalarén ama-|laré, °rneklem gruplare v
al maktader
Cizelge 1.0kul OncesiDénemdek r an S¢resi ve Fiziksel Aktivitey
- Yazar(lar) | Ar akt ér Ornekle[n/ Temel Bulgular /
¢al @ékman - .| Kat él
/| Yé Amac é Sonuclar
Grubu
Gunluk ekran
Erken ¢ocukluk ’ suresinin 1 saatle
. N ) 2i5 ya _
American doéneminde rubu sénérl an
Media and Young| Academy of| dijital medya g °neril mik
i o cocuklar -
Minds Pediatrics, kul | an:é¢ kKul | anér
T (rehber o
2016 yonelik 6neriler - gel i Ki ms
) -al ex - o 4
gel i Kkt takéedeée]
vurgul an
Er ken Yojun el
Interactive Media ekran 0’5 vy g maruziyetinin 6z
Use at Younger | Christakis,| kul | an§g grubu diizenleme ve dikka
Than the Age of 2 2014 gel i ki cocuklar | becerilerini olumsuz
Years etkilerini (derleme) et kil ed
incelemek bul unmuK
Fundamental Mqtor_b_ecerller Yuksek motor
: ile fiziksel ; . .
Movement Skills | . o ._ .| Okulbncesif| yeter |l il
. Fisher et al.; aktivite dizeyi .
and Habitual - cocuklar |- ocukl ar e
. L 2005 arasen ° -
Physical Activity . . I (nadqQ oduj u
. ) kK .
in Young Children . belirl en
incelemek
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2019 belirtil
: Sedanter Sedanter strenin
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Physical Activity R : Kiddetl i
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in Preschoolers aktivitey
etkisini d
. sapt anmé
incelemek
Yapél an -al ékmalar analiz edildijinde, o}
°nerilen ge¢nl ¢k ekran s ¢r es igosernaekedr Aamerdamé n ¢ z
Pediatri Akademisi (AAP),iI5 yak grubu -ocuklar i -in ekran
ol masée gerektijJini belirtmektedir (AAP, 2016
oldukca Uzerinde ekran maruziyetine sahipuogjdunu ort aya koymuktur ( H
Pagani et al ., 2010) . Fizi ksel aktivite, k ab
bir gerekliliktir. Kokma, zéplama, denge Kkur
beceril émaséeka&@zadest ekl emektedir (Goodway et.
s¢resine sahip -ocuklarén motor yeterlilik ¢
(Fisher et al ., 2005) . Fizi ksel akitiovlidu] ui l
bildiril mektedir D¢zenl i hareket, di kkat,
°Jrenmeye hazeéerl ék d¢gzeyini artérmaktadér. F
akademi k becerilerde daha iyir géerater mansalser
alan oyunlaré ve grup temell. fizi ksel akti
birlijini ve duygusal d¢zenleme kapasiteleri
sosyal i zol as yndeni ve 6ddagvzreannl éekmep rgo¢h-1leg k| er i il e
(Pagani et al., 2010). Sedanter -dkeletsigemé k| ar é
sorunl arée ve zayeéef kardiyovask¢l er sajléek g°
2012) . D¢nya Sajl ek ¥rgete (WHO, 2019) , b ek
ol dujunca aktif ol malaréné ve wuzun sg¢reldi 0t
sunul an -al ekmal ar birlikte dejer | gimegninril di]
fiziksel aktiviteyi azalttéeje ve -0k y°nl ¢
karkel ek d¢gzenlii ve yeterli f rdzuiykgsuesla | a kgteil vi i
destekledijJi ve sajl ék aa€skndaor kayaykoconmbk
4. TARTI k MA
Bu derl eme -alékmanén bul gul ar é&, okul °nc
fiziksel aktivite d¢gzeylerini ol umsuz et kil
ri skl er obtetarcekuedir. Literate¢r, ekran s
yaygénl akt ej eneé; buna kar kel &k -dfuiyzgiukssad | geaek ti
czerinde destekleyici ve kor uyKunccwe | beindanr o la | 0dyk
okul °ncesi d°nemde artan ekran s¢resi il e a
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i kki vyl a-eék bi-imde ortaya koymaktadeéer. B L
a-eédan kritik bir pencerenah mhagésasideat lyé e |
(Goodway et al., 2019).

I kan Pedi atr.i Akademi si ( AAP) v e D¢t
n ekran s¢resi sénérl aréna raj men, in
r

I

o

én buceée neymaeéjpeéneetgtsmner mektedir (
e Hinkley ve arkadaxklaré (2012) il e
cresinin hem fiziksel aktivite yeter:
a &«roty makt ader . Bu dur um, ekran kull a
% bajl am a-éséndan da el e al énmaseé ¢
eli kKim ¢zerindeki belirleyici erol ¢,

o]

renéen (2019) -al ekxmal arénda g¢-1 ¢
ta kazanélan fundament al mot or bec
al exkanl ékl ar e i -1in teméekBk, ol sedan

artmaseé motor yeterlilijin az:

a yol a-maktadeér (Hnatiuk et a
erl endi ritledniijni nddiek k adt¢,z etnd li |l efki zvi
I il er sajl adejée g°r ¢l mekt
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Pagani et al., 201 I gel i kim boyutunda ise a-
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desteklediji ©°ne -ékmaktadér (Tandon et al .,
i zol asyon vV e davraneéecxk probl eml er i cocukiuls ki n i

d°neminde y¢z yeé¢ze etkilekim ve aktif oyunl
2010).
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5. SONU¢ VE ¥NERKLER

Ok u | °ncesi d°nemde dijital ekran kull an
el eyen géencel ul usal vV e ul usl arar aseé
erlendirilmiktir. Kncelenen bulgular, o
eril en ekran S¢resi sénérl aréneén bynmrer i n
sedanter davranéxkl aré arterarak fiziksel
(American Academy of Pediatrics [AAP], 2016; Hinkley et al.,, 2012; World Health

i nc
dej k u
°n de
ak

Organi zation [ WHO], 2019) . Artan gealbknt er y
d¢zeyleri, bili-ksyedus «ll eydleirki mleersiosyzadr i nde
gorulmektedir (LeBlanc et al., 2012; Pagani et al., 2010). Fiziksel aktivitenin ise okul dncesi

d°nemde kaba ve ince mdamenbakehbalekenh Bbetecx
ve sajleklée b¢gye¢me a-éséndan t emel bir gerek
Goodway et al ., 2019) . D¢zenl i ve yeterl:i
becerileriniprglanhems€Yameadi ke&kadkademi k hazeérl|l
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ol duju bildirilmektedir (Pate et al., 2004).
aktivitelerin -ocuklarén sosyal etkil emkim ve
s¢reli ekran kull anéménén ise sosyal i zol as

gorilmektedir (Pagani et al., 2010; Tandon et al., 2018).

El de edil en bul gul ar dojrultusunda, o k u
destekl enebi lime®°nerii-lier axuwarf wldm&kkt adeéer :

A Ekran s¢é¢resinion sénérl andérél maseé: Al
taraf éndan °neril en genl ¢k ekran S ¢r
benimsemeli; 6zelliklei> yak grubu -ocukl arda ekran
saatdrel sarechér él mal edér ( AAP, 2016; WHO,

A Fiziksel aktivitenin arteéerél masé: Ol
yapélandeéer él mécx Ve yapélandeéer él maméck
verilerek -ocuklaréen g¢n boyunta akt.
oyunl aré ve hareket temelll. et kinli kI e
edilmelidir (Pate et al., 2004; Tandon et al., 2018).

A Aile ve -evre faktorlerinin g¢-1lendiri
-ocukl ar én akti vdiet e bedg¢izrelyelyeircii ¢0zl edrui ] nt
bul undurul ar ak, ebeveynlere y°nelik b

diizenlenmelidir (Hinkley et al., 2008).
A Politika ve uygulama diizeyinde diizenlemeler: Erken cocukluk dénemine
y°neli k ulusal edgria@andiayvesasdynhntekr pbdvrnarl

ve fiziksel aktivitenin tekvik edil mes
(WHO, 2019).
A Gel ecek araktérmalar: Kleri arakteéer mal
i -eri k te¢r¢ ve dkaul-locacnuekm abraéjnl agreélniékni mi
uzunl amaséna ve deneysel tasarémlarl a
Sonug olarak, okul 6ncesi donemde ekran siresinin dengeli bicimde yonetilmesi ve
fiziksel aktivitenin yakamén d o] &bk ydnli r par
gel i ki mlerini destekl eyen temel bir halk sa;

2016; LeBlanc et al., 2012; WHO, 2019).
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THE EFFECT OF PERIODIC ADDITION OF SELENOUREA ON PbSeTHIN FILMS
PRODUCED BY CHEMICAL BATH DEPOSITION METHOD
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ABSTRACT
This study investigates the effect of periodic selenourea addition on the structural,

morphological, and electrical properties of PbSe thin films produced by the chemical bath
deposition method. PbSe thin films wegathesized by adding 0.5 mmol selenourea in 5 equal

parts at periodic intervals of 0, 2, 4, 6, and 8 minutes. Structural properties were examined by
XRD analysis, while surface morphology and film thickness were investigated using SEM
analysis and imagarocessing with Python software. Surface resistivity values of the films were
evaluated using a foyprobe method. XRD results revealed that all films exhibited a
polycrystalline cubic PbSe structure. Improved crystallinity was observed in PbSe2 and PbSe4
samples. SEM analyses showed that periodic selenourea addition improved film homogeneity
and reduced surface voids. In addition, the film thickness decreased significantly in periodically

fed samples compared to the PbSe0 sample. Surface resistivitydaduess e ased fr om 4
to 159 gcm as the addition interval increase
selenourea is an effective approach for controlling the microstructural and electrical properties

of PbSe thin films.

Keywords:Chemical bath deposition; Periodic Addition; PbSe; thin films;
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1. INTRODUCTION

While the development of lowost, scalable, and higgfficiency coating methods in thin
film production remains a fundamental research area in materials science nsircicothin
films attract significant interest from researchers due to their wide range of applications in fields
such as solar cells, optoelectronic devices, sensors, and laser techrijblodmethis context,
the preparation and structural characterization of nanocrystalline PbSe thin films is an important
area of study in current research due to its potential applications in modern techrj@logies
PbSe is a group WI semiconductor compound with a direct barahsition, narrowband
gap of approximately 0.27 eV at room temperature, and a cubic crystal str{2i8}eln
addition to the Chemical Bath Deposition (CBD) method, various techniques such as
electrodeposition, molecular beam epitaxy, thermal evaporation, RF magnetron sputtering, and
pulsed laser deposition have been employed for the fabrication of Pb&enkirf4]. Within
the scope of the method used in this study, the chemical reactions that occurred during the

synthesis of PbSe thifims are given below5].

DA 0 0090 & OO @)

0 "YO® 0 &YOd 2)
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Il n this study, |l ead nitrate Pb(NO ) was t

source of selenium, trieta nol ami ne (TEA) was the compl exi ng¢
the pH regulator. PbSe thin films were synthesized by incrementally adding an equal volume
of selenourea solution to the mixture in five stages at intervals of 2, 4, 6, and 8 minutes, rather

than introducing it all at once.
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2. EXPERIMENTAL

The CBD method was preferred for producing PbSe thin films due to its low cost, simplicity of

production, easy control of stoichiometry and film thickness, and the lack of need for complex

equipment.Before starting the deposition process, the glass substrates were washed with
acetone and rinsed with deionized water. In the preparation of the first sample, labeled as PbSeO0,
| was d4d8ed mL

0. 85 mmol

to the solution. Then, 0.5 mmol selenourea, dissolved in deionized water in a separate container,

was added

Pb(

to

N O

t he

)

wa s

sol ut i

di ssol ved

on al

at once

and

to 10.5. In the samples prepared after the PlsSeiple, selenourea solution dissolved in 5 mL

of pure water was added to the solution in-dvop increments at intervals of 2, 4, 6, and 8

minutes, respectively. The samples obtained based on these addition intervals were named

PbSe2, PbSe4, PbSe6, an@&e®. For all samples, the solution temperature was kept constant

at 20 + 2 °C and the precipitation time was 45 minutes. The summarized experimental

conditions are given in Table 1.

Table 1 Experimental parameters used for the deposition of PbSe thi fil

Pb(NOs)2 TEA CSe( NH NHs Selenourea
Samples Addition Interval

(mmol) (mL) (mmol) (mL) (min.)
PbSe0 0.85 1 0.5 0.35 0
PbSe2 0.85 1 0.5 0.35 2
PbSe4 0.85 1 0.5 0.35 4
PbSe6 0.85 1 0.5 0.35 6
PbSe8 0.85 1 0.5 0.35 8

Film thicknesses werdetermined using crossectional analyses performed on SEM images.

X-ray diffraction (XRD) analyses were performed using a PANalytical Empyrean instrument

to examine the structural properties of the films. Surface morphologies were evaluated from

images olained with a Zeiss SUPRA 40VP scanning electron microscope (SEM). SEM images

were processed using ImageJ software, and the surface roughness values of the films were

calculated. In addition, the surface resistances of the thin films were measured @$mg th

probe method.
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3. RESULTS AND DISCUSSION
3.1.Structural analysis of PbSe films

Crosssectional SEM images of Pb3ein flms were processed using Python software to

determine the average thickness values of the films.

Average Thickness Measurement Average Thickness Measurement

PbSe2:136nm

PbSe0=325nm

Average Thickness Measurement Average Thickness Measurement

PbSe4=156nm PbSe6=147nm

Average Thickness Measurement

Figure 1. Crosssectional SEM images of PbSe thin films used for thickness analysis

When thickness data are evaluated, it is seen that the peaddition of selenourea

significantly alters the film growth mechanism. In the PbSe0 sample, the addition of all
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selenourea at once resulted in a thicker (325nm) film with rapid nucleation. In contrast, the
periodic addition of selenourea at intervals p#26, and 8 minutes resulted in a decrease in

film thicknesses. These were measured as 136, 156, 147, and 142 nm, respectively. Although
the thicknesses decreased significantly compared to the single addition of selenourea, it cannot
be said that the smbtourea addition intervals made a very significant difference in film

thickness.
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Figure 2. XRD results of PbSe thin films

The XRD patterns of PbSe thin films are given in Figure 2. Characteristic diffraction peaks

belonging to the PbSe structure wersaved in all samples, and the films were determined to
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have a polycrystalline structure. The obtained diffraction peaks were found to be consistent
with the ASTM 980657561 standard chart. In the XRD results, it was determined that peaks
belonging to th€002) plane were particularly dominant. Changes in peak intensities occurred
with varying selenourea addition intervals, and an increase in crystallinity was observed,
especially in PbSe2 and PbSe4 samples. However, the decrease in peak intensities at hig

addition intervals indicates a decrease in crystal quality.

3.2.SEM Analysis of the PbSe Thin Films

SEM images were used to examine the surface morphology of PbSe thin films. Images of PbSe
thin films obtained at 10 kX and 40 kX magnifications were preskim Fig.3 and Fig.4,
respectively.
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Figure 3. SEM images of PbSe thin films at 10 kX magnification.

SEM images obtained at 10 kX magnification showed that all PbSe thin films had a relatively
homogeneous surface morphology and densely dispersed. dfiamas differences in surface

texture and grain distribution were observed among the samples.
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Figure 4. SEM images of PbSe thin films at 40 kX magnification

SEM images recorded at 40 kiXagnification allowed for a more detailed observation of the

grain structure and surface texture of PbSe thin films. The films consisted of tightly packed
grains showing significant differences in grain size and distribution depending on the
selenourea atition interval. While some samples exhibited more uniform and finer grain
structures, partial grain clustering and irregular growth were observed in samples prepared with
longer addition intervals. These results demonstrate that the selenourea adtktieal in
significantly affects the microstructural properties of the films. Moreover, the surface voids
observed in the PbSe0 sample appeared to be reduced in the PbSe2 and PbSe4 samples,

suggesting a more uniform film formation.
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Table 2 Surfaceroughness, film thickness, and surface resistivity values of PbSe thin films

Rq Ra Thickness Surface Resistivity Selenourea
Samples ) Addition Interval

(nm) (nm) (nm) (Ycm) (min.)
PbSe0 21 17 325 428 0
PbSe2 34 23 136 287 2
PbSe4 32 20 156 226 4
PbSe6 33 21 147 214 6
PbSe8 34 22 142 159 8

3.3.Surface Resistivity of the PbSe thin films
Four probe methods were used to determine the surface resistivity values dhiRlfas,
and the measurement results are given in Fig. 5 and Table 2. When the surface resistivity values
of PbSe thin films are examined, it is observed that the surface resistivity decreases regularly
with increasing selenourea insertion intervaleThs ur f ace resi stivity val
in the PbSeO sample decreased to 159 qcm in
159 qgqcm to 428 q c¢cm, ar[6]. Whenregaluated ogether withthér t h e
XRD results, the distinct peak intensities in PbSe2 and PbSe4 samplestenbetter
crystallization. In particular, the increase in the diffraction peak belonging to the dominant
(002) plane shows that the crystal structure has improved. The more ordered crystal structure
may have contributed to the reduction in electricastasce by facilitating carrier transport. In
the SEM images, it is seen that the surface voids observed in the PbSe0 sample are reduced in
the PbSe2 and PbSe4 samples, and a more homogeneous surface formation occurs. The more
compact and continuous filntrecture may have improved the conduction paths along the
surface, leading to a decrease in surface resistivity. However, despite the partial decrease in
XRD peak intensities observed in PbSe6 and PbSe8 samples, the continued decrease in surface
resistivity indicates that electrical properties are affected not only by crystallinity but also by

changes in film continuity, grain connections, and surface morphology.
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Figure 5. Surface resistivity measurements of PbSe thin films

3.4.Visual analysis of thePbSe thin films
Photographs of PbSe thin films showed that all samples had a relatively homogeneous surface
coating without visible cracks or peeling. Significant color tone differences in the surface
appearance were observed depending on the selenoulidarathterval, indicating that the
deposition conditions affected the film formation mechanism. It was assessed that the color tone
differences observed among PbSe thin films may be related to changes in film thickness, surface

morphology, and crystallaion behaviorA top view of PbSe thin films is given in Fig. 6.
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Figure 6. Photograph of the produced PbSe thin films

4. Conclusions

PbSethin films were successfully synthesized by chemical bath deposition using periodic
selenourea addition at different time intervals. Average film thicknesses were determined by
image analysis of crossectional SEM micrographs using Python software. Thakellations
showed that periodic time intervals of selenourea addition significantly reduced film
thicknesses. Lower film thicknesses suggest that periodic addition of selenium source supports
a slower and more controlled film growth mechani3RD analysis revealed that all films
exhibited a polycrystalline cubic PbSe structure. The increased diffraction peak intensities
observed in the PbSe2 and PbSe4 samples suggested that the periodic addition of selenourea at
2 and 4 min intervals promoted crystabgth and improved the crystallinity of the films.
However, a partial decrease in peak intensities occurred at longer addition intervals, resulting
in a slight reduction in crystal quality. SEM analyses revealed that periodic selenourea addition
improved fim homogeneity and reduced surface voids compared to the PbSe0 sample.
Electrical measurements showed that the surface resistivity decreased significantly as the
addition interval increased, reaching its lowest value for the PbSe8 sample. Overall,lthe resu
demonstrate that periodic selenourea addition is an effective approach for controlling the
microstructural and electrical properties of PbSe thin films produced by the CBD method.
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ABSTRACT

Optimizing thermal conditions in enclosed spaces for human health significantly increases
energy consumptiorHeating loads, particularly in cold climates, constitute a large portion of
energy consumption in buildings. This study presents research on the usernbwaiéd solar
chimneys to generate passive solar gain in enclosed spaces. A 2D CFD moddbisinagde

the decrease in heating loads in relation to the increase in indoor temperature at different
ambient temperatures on a typical winter day. The study shows that with 600 W/m? of solar
radiation and an ambient temperature-ofC, the indoor tempature reaches 7.7°C. The
application demonstrates that heating loads can be reduced492@Qinder average solar
radiation conditions. At lower ambient temperatures, the average room temperature increases
even more, leading to an increase in heatingdoad

Keywords: Solar heating, passive heat gain, wall type solar chimney.
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1. INTRODUCTION

In recent years, people have been spending more time indoors, and developments in the business
world have led to working in enclosed spaces. As a result of spendirggtime in enclosed
spaces, it has become inevitable to ensure suitable environmental conditions for human health
in these environments. Buildings constitute a large part of energy consumption. This situation
does not only stem from the consumption durihg construction process of buildings. In
particular, significant energy consumption is incurred for heating, cooling, and ventilation of
buildings. Considering all this, it is quite reasonable that the share of buildings in global energy
consumption is mre than 40% [1]. In cold climate regions, the necessary heating load is mainly
provided by fossil fuels. Despite green energy and international protocols, the inability to
prevent fossil fuel consumption and reach the expected level creates a handeagrdygr
consumption in buildings, as in all conditions. In this case, providing the necessary heating
through alternative methods attracts the attention of researchers. Applications that make high
use of solar energy have become widespread in recent @earsf these methods is known as

the Trombe Wall (TW), which is the application of solar chimneys to walls. A solar chimney is
the general name for an application inspired by the upward movement of air due to the pressure
difference that occurs at the mrice and exit of a vertical wall [2]. After the first application,
Manzanares, demonstrated electricity generation from the system, many researchers conducted
performance analyses in various ways [3]. The biggest criticism of the system in the easly stage
was its low efficiency despite its large scale [4]. Numerous geometric and climatic analyses
were performed on the system, and its applicability was proven, particularly through serious
studies aimed at improving system performance [5]. In recent ykargse of the system not

only for electricity generation but also for different purposes has attracted attention. In
particular, the natural ventilation concept provided by the system, which does not require
energy for ventilating enclosed spaces, haaetd the interest of researchers. This concept,
called Trombe Wall (TW), which is realized by placing transparent glass on tHacog

facade of an enclosed space, not only provides natural ventilation without energy consumption
but also provides pasg solar gain, offering significant advantages in heating loads [6]. This
concept, which is one of the passive building design applications, is evaluated experimentally
and theoretically by researchers. It has been shown that it is possible to ventdatdased

room with a volume of 4.75 #in Algeria, a hot climate region, without energy consumption

[7]. In a different study, it is claimed that a ventilation ratio of more than 5.5 can be achieved
with a 1 m high TW application in a room with a voluaf@7 n? and 700 W/rsolar radiation

[8]. In the conducted study, the effectiveness of TW application in reducing the heating load in
enclosed spaces is discussed with a computational fluid dynamics (CFD) study.

2. METHODOLOGY

In the study, the CFimodel is first created using the ANSYS engineering commercial software
student version. While dimensioning the 2D CFD model, similar studies in the literature that
were previously validated by experimental work are taken as a basis [9]. The visual,
dimensoning details and mesh visuals of the 2D CFD model are given in Figure 1.
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Figure 1. Images of the mesh and geometric details.

24 mm transparent glass is used in the analyses. A 10 cm thick storage wall is positioned to
store solar radiation passingdahgh the transparent glass, creating buoyancy effects in the air
gap through natural convection. The walls of the chamber are kept at the outside ambient
temperature. This is because, especially in winter months, the wall temperatures converge to
the ambiat temperature in a steady state. The heat transfer coefficient between the glass and
the outside environment is taken as 10 Wmwhich is a value commonly used in the literature

[3]. Itis assumed that the flow is turbulent, and it is assumed thdirttegic parameters remain
constant during the analyses. The convergence criterion for radiation and energy is taken as 10
6. For other convergence criteria,“li8 considered sufficient. Analyses are performed in the
solar radiation range of 2aD00 W/nt and at ambient temperatures in the rangelb6fC

15°C.

3. RESULTS AND DISCUSSION

This study investigates the effect of a 2D CFD model on heating loads under classical winter
conditions for TW (Temporary Width) applications, a type of facade applicatibuildings.

First, meskindependent solution and validation steps are performed on the created CFD model.
Accordingly, the maximum air velocity within the system is monitored for minimum element
sizes ranging from 0.0075 m to 0.011 m. For a minimumetesize of 0.0074 m, it is observed

that the maximum air velocity at a cell count of 163050 changes by 0.35% compared to the
maximum air velocity at a cell count of 129040. Therefore, a cell counts of 163050 is considered
sufficient for the solutions. Sitar studies in the literature are consulted for validation. A
comparison is made for the air velocity at the air gap outlet. Details of the comparison are given
in Figure 2.

219



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

0.4 ‘ ‘ ‘
A References values [9] { { { { }
@® CFD results { { { { }
T T T | | | A | |
03+ 17— AT T
I e
I | | | | | | |
I | | | | | | I
o
Fo2l A @
— I | | | | | | I
e { | | | @ | \
— I | | | | | | |
5¢ [ I I I I I | @ |
S e e S
S
T
I | | | | | | |
I | | | | | | I
. S
-0.1 ; : : : : : : :
236 2.38 240 242 244 246 248 250 252 254
Height, y (m)
Figure 2. Graph showing the validation of he CFD model based on the velocity at the air gap
exit.

After model validation, solutions are repeated at different temperatures and solar irradiation
levels to demonstrate that heating loads will decrease in winter months with the TW application.
First, the temperature distributions inside the room are obtained for 200 and 106GM&mM
irradiation at a constant ambient temperature of 15°C. It is noteworthy that the temperature
inside the room increases significantly with increasing solar irradiation. The visual
representation for the two different cases is given in Figure 3. Howewould be incorrect

to make an assessment based solely on the direct increase in the temperature of the wall, which
acts as an energy storage device behind the transparent glass. For a more accurate assessment,
it would be more consistent to monitbe change in the average temperature in the room under
the same conditions. At 200 WArsolar irradiation, the average temperature inside the room
increases by approximately 5°C, while at 1000 W/this increase is approximately 17°C.
Lower temperatureare common in winter months, especially in cold climates. Therefore, the
effectiveness of the system is evaluated at lower ambient temperatures. StartirgsffGm

the change in the temperature inside the room is observed for different ambient teeperatur
with a constant solar irradiation of 600 W/rihe reason for using 600 Wior solar radiation

is that this level of solar radiation is visible in many regions during the winter months. Figure

4 shows the graph of the increase in indoor temperatdréharaverage room temperature for

600 W/nt solar radiation at different ambient temperatures.
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Figure 3. Images showing the temperature distribution inside a room at an ambient temperature
of 15°C and solar radiation levels of 200 and 1000 W/An
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Figure 4. Graph showing average room temperature and temperature rise at different ambient
temperatures under constant solar radiation of 600 W/rh

According to thermal comfort standards, the temperature in enclosed spadss considered
to be 20°C. With the TW application, at an ambient temperatus&56€ and 600 W/mof
solar radiation, the average room temperature is approximatéRC. In this case, it can be
predicted that heating loads will decrease by apprateip 40%.

4. CONCLUSIONS

TW application is a highly effective method for reducing heating loads in buildings through
passive solar gain. This study presents an analysis of the increase in average temperature of a
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room during winter months with T\&@pplication using a 2D CFD study. The critical findings
obtained from the study can be summarized as follows:

)l
T

CFD analysis provides highly consistent results for solar energy applications.

With the TW application, partial heating can be provided in endlgpaces without
consuming energy.

With 600 W/n? of solar radiation, an indoor space can be heated1?G at ambient
temperature without additional energy consumption.

With the TW application, heating loads for enclosed spaces can be reduced by up to
40%.
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ABSTRACT

Solar chimneypower plants are promising for sustainable energy due to their simple structure
and integration with other systems. A hybrid system created by equipping thealeage
collector with photovoltaic modules can yield higher power output and improve low
efficiencies. In this study, based on the Manzanares pilot plant geometry, the system
performance is analysed using a 3D CFD model with different amounts of photovoltaic modules
covering the collector. The model is first validated with experimental data ardrssoidies

in the literature, and then a mesidependent solution is performed. Subsequently, a portion of
the largearea collector is covered with photovoltaic modules in specific proportions. System
outputs are tested at 1000 W/solar radiation and eonstant ambient temperature of 300 K.
While the reference system provides approximately 56 kW of power output, covering half of
the collector area with photovoltaic modules yields an additional 4732.6 kW of power output.
This increases the low systemieitncy while making more efficient land use.

Keywords: Solar chimney power plants, hybrid solar chimneys, photovoltaic solar chimneys.
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1. INTRODUCTION

The use of fossil fuels is increasing day by day. Along with this, the growing human population
and technological advancements are driving energy demand. This situation leads to increased
use of fossil fuels and consequently to environmental pollutionoiilyesolution to this energy

needs to reduce fossil fuel use is to turn to alternative energy sources. These sources, called
renewable energy sources, include wind, solar, geothermal, hydroelectric, etc., and do not harm
the environment during their us&][ These energy sources are noteworthy for their great
potential, in addition to not emitting emissions during use. Their biggest disadvantage is that it
is not possible to use all of them in every region. Solar energy is attractive both for its potential
and its usability in wide geographical areas. Solar energy has unlimited potential, both for direct
thermal utilization and for generating electricity through certain applications [2]. While solar
energy can be used in many different concepts, the pescassd for electricity generation are
similar. The thermal energy of the sun is collected at a point and transferred to a medium fluid,
generating electricity through a cycle [3]. The most common examples in the literature are
generating electricity witla Stirling engine placed in the centre of a dish, obtaining water at
high temperature and pressure by concentrating solar energy on a parabolic tube, and generating
electricity by concentrating the sun through numerous mirrors on the top of a towerggé. Th
systems are based on generating electricity by transferring the thermal energy of the sun to a
medium fluid, which brings with it both thermal losses and high initial investment costs. There
are also systems that generate electricity by directly (sofeg energy, the most popular of

which is photovoltaic (PV) electricity generation using special modules [5]. Unlike these
systems, there are systems that generate electricity directly from the sun. There are also systems
called solar chimney power plarSCPPs) that use the thermal energy of the sun to generate
electricity with their simple structure consisting of a transparent collector, chimney and turbine
[6]. The system receives solar radiation through a transparent collector. The system air under
the collector is exposed to radiation effects by the solar radiation passing through it. The solar
radiation entering the system reaches the ground, where it is stored thermally and causes a
temperature increase. Heat transfer occurs from the ground, velsiahdneased in temperature,

to the system air via convection, and this process ends with the natural upward movement of
the system air due to the density difference. The upwardly moving system air accelerates due
to the vacuum effect created by the higtimmey and leaves the chimney. During this time,
electricity is generated by a vertieatis wind turbine located at a certain height from the
ground. The first application of the system, the Manzanares prototype (MP), was established in
the 1980s and gawwepower output of 50 kW in September as the first working system [7]. In

the following years, climatic and geometric parameters affecting the system performance were
discussed and reported by numerous researchers. In recent years, hybrid systems have been
created to emphasize the versatility of the system. These systems are quite remarkable and are
critical because they show that it is possible to obtain different outputs in addition to increasing
the performance of the system [8]. In this study, the aino iincrease the power output by
covering the large area collector of the system with PV modules. Singh et al., [9] evaluate the
effect of PV module integration on the system performance for stak SCPPs with a 3D

CFD study. It is stated that the dipption increases the PV panel efficiency by 7% and the
system's power output by 200%. Ahmed and Hussein [10] experimentally test the effect of solar
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chimney application on PV module performance. They argue that the application increases PV
power by appmeimately 5%. Alkasrawi et al. [11] present the effect of integrating a desalination
process and PV modules into SCPPs on system performance and evaluate the versatile
application. In their study, which they conducted by referencing MP, they solve the
mathematical model they created using MATLAB. They claim that the system provides cooling
for PV modules and that the annual electricity production increases from 380 MWh to 494
MWh.

In the study conducted, the effect of covering the large area collectoe aysitem with
transparent PV modules on the system performance is discussed, based on MP measurements.
In particular, the aim is to transform the system into a concept that is suitable for use and can
obtain versatile power output using PV modules.

2. METHODOLOGY

In this study, the performance change of the SCPPs collector is observed by placing translucent
PV modules in the system using a 3D CFD model. The study, based on an MP facility, is
conducted under steadyate and constant climatic conditions.eTimbient temperature is
assumed to be 300 K and the solar radiation constant 1008 WHimis to evaluate the system's
performance on a standard summer day. The 3D view, geometric details, and mesh view of the
system are given in Figure 1.

10.16 - imney diameter
244 m collector diameter
1.84 m collector height

0.0 50.00 100.00 (rm)
]

25.00 75.00

Figure 1. 3D CFD model, geometric details, and mesh visualization for SCPPs.

During the analyses, it is assumed that the working fluid, air, is incompressible and that the
system is subject to steady state. Turbulence is preferred as the flow reginiejsndigo

generally accepted in the literature [8]. The RNGkt ur bul ence model is us
model. All analyses are performed using the ANSYS engineering commercial software student
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version. Discrete ordinates (DO) solar ray tracing algarighfollowed to apply solar radiation

to the system. While the SIMPLE method is used for presaleeity discretization, second

order upwind preferences are followed. Since the limit df fbd energy and turbulence and

107 for other options is accegdtle as a convergence criterion, it is kept in this form. Details of
the materials constituting the system and boundary conditions are given in Table 1 and Table
2.

Table 1. The physical properties of the materials used and the air [8,12]

Density Specific Thermal Thickness Dynamic
Material / (kgm-3) heat conductivity (m) Viscosity
Properties capacity (Wm-K-1) (kgm-1s?)
(kikg K
Glass 2500 0.75 1.15 0.004 -
Chimney 2100 0.88 15 0.00125 -
Ground 2160 0.71 1.84 5 -
PV module 2330 0.677 148 0.0003 -
Air 1.176 0.1 0.0242 - 1.78x10°
Table 2. Boundary conditions for 3 D CFD model.
Place Boundary type Value
Wall: Mixed, Sem h= 10 W/n#K [8], 1000 W/n? solar radiation
Collector roof . o
transparent Absorptivity 0.1, Transmissivity 0.8
Chimney Wall: Heat flux, 0 W/i?
Opaque
Ground bottom | Wall: Temperature 305 K [13]
Collector inlet Pressure inlet Pinle= 0 Pa, T= 300 K
Chimney outlet | Pressure outlet Ta=299 K
PV Wall: Mixed, semi h= 20 W/ntK, 1000 W/nt solar radiation
transparent

3. RESULTS AND DISCUSSION

In the study conducted, the maskdependent solution and validation steps of the CFD model
created are performed first. For this purpose, the change in the maximum air velocity within the
system ismonitored at different cell numbers. In the solutions obtained with cell numbers
ranging from 250,000 to 658,000, it is observed that the change in the maximum air velocity is
less than 3.5%. In the last two cell analyses, when the cell number is indreas&86,000 to
658,000, the change in the maximum air velocity is 0.4%, and the cell number of 658,000 is
considered sufficient for the solutions. Experimental data is used for the validation step. In the
experimental data, it is reported that the maxmair velocity in the system is 15 m/s and the
power output is 50 kW [13]. In the CFD results, it is determined that the maximum air velocity
is 15.54 m/s and the power output is 56.81 kW in the steady state. It is seen that the CFD results
are consistenwith the experimental data and the difference is acceptable due to the steady state
solution. After validation and meshdependent solution processes, initial results are obtained
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by covering 10% of the collector's inlet with PV modules. A comparisoheofdmperature
distribution in the collector with the reference case without PV modules is given in Figure 2.

NSYS
2020 R2

Figure 2. In the reference scenario, the temperature distributions are shown on the left for the
collector without PV modules and on the right for the collector covered with 10% PV modules.

It is expected that the maximum temperature in the collector will increase with the addition of
PV modules. This can be seen as a natural consequence of tampellature increasing when

PV modules are exposed to solar radiation. In the next stage, the system performance is
evaluated by covering 50% of the collector radius with PV modules. It is observed that the
power output, which is 56.81 kW in the referegese, increases by 12% to 63.681 kW when
50% of the collector radius is covered with PV modules. This clearly shows that the PV module
integration improves system performance. On the other hand, CFD results show that the PV
area is approximately 38,000%rand the average PV temperature is 326.143 kW. At this
temperature, a power output of 4731.7 kW is obtained from the PV modules in steady state.

3. CONCLUSIONS

In this study investigating the integration of PV modules into SCPPs performance, a 3D CFD
model is created and steasliate analyses are performed. By including the discrete ordinate

(DO) solar radiation tracking algorithm and following the RNGk t ur bul ence mode
independent solutions and validation steps are taken, and new solutiobsaéned to evaluate

system performance. The study, conducted at 1000 ®fkar radiation and a constant ambient
temperature of 300 K, yields the following critical findings:

1 The steadystate performance of SCPPs can be analysed with high accuracyausing
CFD model. In the reference case, the power output, which is 50 kW in experimental
data, is calculated as 56.81 kW from the CFD results.

1 The collector temperature varies with the PV module coating.

1 By partially covering the collector with a PModule, the system's power output is
increased to 84 times the reference level.
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OZET
Bu -al ékmada, sabi tZn%6e sZans |lié- earli¢]minney usna hai |l pa kAel
Mg il avesinin mi kroyapeé, fiziksel °czel ikl

incelenmi Kt Ekma RkRapewnméhdasoMgn ialearkneenyée ni 1Al aj

%4 ve %6 Mg iceren AELn-Mg al akéml ar & met al kal éba d°kg¢gm
sonrasénda el de edilen numuneler mikroyapeée I
mikrosertlik tes t | e r i il e anali z edi |l mi ktir. Al ¢ mi ny
geliktiril mesinde alakém el ementlerinin tg¢ryg
deji ki-amn n alAdakém si st emi czerindeki et ki sini
tak Emakt ader . Bu kapsamda -al ékmanén t emel an
yojunl uk vV e mi kroyapésal gel i Ki mi czerinde
dejerl endirmektir. El de edilen sonyapadakmar:t
deji kimler, -ekme dayanéemé ve mikrosertlik d
kal éba dek¢em yontZevg ylad akgéa mit asmEemd adydddpi € e ki
ilikkilerinin anl akél maseénan kmghen kiag |l iakmakyt ¢
a-éseéendan dejerlendiril mesine olanak sunmakt
Anahtar Kelimeler : Al-Zn-Mg al ak &€ mé , -ekme dayanémeé, mi kr
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1. GKRKKk

Al ¢m nyum ve al¢m nyum al akémlar é; d¢keéek yoj
d renc kol ay plast k kek | ver me ve ger (
havacél ék, savunma, mak ne mal até ve d Jer
kull anél maktadeéer [1]. Saf al¢m nyuam@ammakameé
bajl e olarak farkl é& alakéem el ementler yle g
- nko ve magnezyum, al¢ém nyum al akémlar énda
rol oynayan bakl éca al akaédnerel[e2ment | er araseée
AlZn s stem , b |l ek m ve uygulanan éseél K|l en
yapé ve faz ge- «kKler n ncel emek - n -o0ok wu
magnezyum | aves yapél maslukser awr &k oyapel ak
ve akénma davranékeé g b °czel l kl er etk | ey
varl é] é, alakémén kateéelakma davranékéneée, faz
bajl e ol arak nseakamek pear fnorfraa k1l €l ékl ar ort a\y

nén S st e

(o]l

AlZaMg al akéml arénda magnhezyum or an

ve m¢ég¢hend s k uygul amal aré a-éséndan °nem t

Al ¢m nyum d°ke¢gm al akémdiar@aldaeme et zenl ly°hknlt em

b r fakt°rd¢r. Metal kaleéba d°ke¢gm y°ntem , Kk
daha kontroll ¢ kateélakma ve tekrarl anab | r
y°nteml er deBiu by ontdeml ¢ 5Jr.et | en al akémlar da
araseéendak I Kk n n anl akeél masé, hedefl en
gel «kt r I mes ne katké sajl amaktadeéer.

Bu -alékmada, - nko oraneée a]j aralgihke-zay u%%6 o lea am
AlZn al akéme l e ajéer | é¥nadg %21, a & mlvaer @&eémeiga |l -
y°ntem yl e cret Im Kkt r. ,ret | en al akeml ar
m krosert.| k ve -ekme ©°zglelrllkelngar r | mes n dark
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B°yl ece farkl é magmezyvam!| er aflkgmeéemaé makRIml ar é1

°czel | kl er ne katkésé ortaya konul muxktur.

2DENEYSEL ¢ALI KMALAR

21.Numune Hazéerl éj é

¢al ek milgtan Adl akéml arée aftuwel Znak-6avfgi | %2 s
alakem el ement. i ekl ener e¥C, selcalkt ikk ar ez igs tya n
ki al ¢minyumun i -erisine, saf Zn ve saf Mg :
oranl arénda k¢t lkelleenrmi kKt ayi.n Aé diikléaenr eekl eement |
-%2z¢éendeikten sonr a, alakém séve metal i, y ¢ k

°]l - ¢l erinde hazérl anan koni k met al kal ep i -e
Kat @&l akma sonraseé kal epl ardaenal eadnp f at

numunel er i Ker it testerede 6 dilim halinde Kk

numunel er haline getirilmicktir.

2.2. Metodoloji

Hazérl anan numunel er deji ken Mdagelliklerieer i J i ni
etkisinin incelenmesi i-in °ncelikle g°zenek
belirlemek i1i-in havada ve suda ajérl ékl areén
kull anélan exitlik akajéda verilmiktir.

T 1)
C opmmb 'EQE QN (2)

Eki tl ik 1@dienuwaimielne m @& av a@ruinunenia pudar ki €] € ,
ajérl éejedeéer. 1 ise saf suyun testinewapeél deéj
al akémén t e o rgckn uynoujnuennliunj ugneur,- ek yojunl ujudur .
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Mekanik Ozelliklerinina | ak él masé -ekme testi ASTM ESB8
-ekme testi yapél méxk, akma ve -ekme dayanéml
vickers sertlik dejerinde mikrosertlik test.i
pinron nartkaé ci hazeénda °1I -¢1 mgkt ¢gr .

3.SONU¢LAR VE DEJERLENDKRME

Aj érl ék-a Mg o2iadhe Mejoxkaml|l &&r &nda dej i kKen
g%zeneklilik °1-¢mleri G°rsel 1.06de veril mi

i -ermeyen a¢ kalkielméekh agraee % 3,71 ol arak °1I -

numunenin g°zeneklilik orané ise % 0,47 ol
numunenin g°zeneklilik oranée ise % 0,15 ©°]
g°zeneklili k o%langl Mg k2 ;2 . olMgr aokr anénén art m:

dée¢KéeKen sebebi -Zg ie-leermesnitnienigni rAelr ek kat él akm

oranénda ise artan Mg il e MgO olukumunun t at
bokl|l uklmma&yé kemppel | emesi nden dol ayé ol duju ©°

4

3,5

3

%2.5

| =

Q

3 2

[}

15

: ] -

% 0 Mg % 2 Mg % 4 Mg % 6 Mg
Artan Mg Orani

Gorsel1. AliMg-Zn al akéml arénda artan Mg oraneé

Gorsel 2. de Mg icermeyen AL n v e -4 Mg icétén AIMg-Zn al akéml ar éneé
mi kroskop mi kroyapeée gere¢nt el eri veril mi ktir

bul unan Mg i -ermeyen numunenin mikroyéeape g°@°
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araséendaki mesafe yaklakék olarak 100 Om ol a
Mg ve %4 Mg i -eren numunelerin i kincil dentr
de¢kt ¢j ¢ g2zl emlenmi ktir. B u d ur u ndzewekliiku n | u k
dé¢KegKeneéegn nedeni ol arak g°r¢len katél akma d.
G°rsel 2.d6de verilen aj. %6 Mg i-eren numun
i ki Mg il ave oranéna g°readeharwgkadh dhtaj

bl gel er ol an bokluklarén b¢gyede] éneg gosterm

Gorsel 2. AkZnve AIFkMg-Zn  al akéml ar e mi kroyapeée go°r¢egnt ¢l o
Mg c¢c) aj. %4 Mg d) aj. %6 Mg

G°rsel 3. te veerlielneenntairntea ng °Mge aakamkaé nv e - ek

veril mi ktir. Sonu-1lar incelenddrn i aldek &Mgé nad m K

dayanéemé ve -ekme dayanéemé sonu-1|laré séraseéey
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%2 Mg al akém yllee mekima &ayt&kesme 110 MPa, - ek
yéeksel mi ktir. %4 Mg i1l avesinde ise akma day
yé¢kselirken en y¢gksek akma ve -ekme dayaneéemé
el ement. i i | aviesAl-Arde alg&@w eyt Mg il ave edi |
mukavemetlenmesi Al Zni Mg esasl & intermetali k fazlar én

arttéermecxkter.

3P0
235
220
140 160
i i

400
350
300

]
[%1]
o

Gerilim (MPa)
"]
=]

150
100
50
0
%0 Mg %2 Mg %4 Mg %6 Mg
% Mg orani
B Akma Dayanimi (MPa) B Cekme Dayarnimi (MPa)
Gorsel 3. AFMg-Zn al akéménda artan Mg il avesi il e a

AliMgiZn al akémlarénén ajérl éek-a artan %Mg

4. 6te verilmiktir. Mi krosertlik sonuznl ar é i
alakemenén sertli k dejeri ortal ama 38HV3 HV d
dejerinde, % 4 Mg alakem elementi il avesinde
Ol - ¢l megkt ¢gr. Mi krosert HZink teslais | lBu d&@rktgdk ,al M éinm
sertl ekmesi ve intermetal ukatiaz %061 vieur®d2a rMgy |
sahip 1 ki alakem araséndaki b¢eyek fark al ak
oranéna ul akél dej e zaman, artecx Mg i -er mey

gostermemi Ktir.
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180
160
140 12B.8 12p,7 134,
L
S 120
T
~ 100
¢ 80
g
= 60
=
40 31,3
20
0
%0 Mg %2 Mg %4 Mg %6 Mg
Agirlikca % Mg orani
G°rsel 4. Art aor aarn é&md-MgZ-maea%%Mbgk é ml ar énén mi Kk
dejerl eri
4 . GENEL DEjERLENDKRME VE SONUC¢LAR
Sabit %6 Zn i-Zar iajliakems$ahépaAMg il avesi, d ¢
°czelliklerin °nemli °l-¢de i1yilexkxmesini sajl
G°zenekl id iikl oaveasiéyIMe birl i kte azal méxk, en d
Mg i -eren alakémda el de edil micktir. Ancak
g°®zeneklilik yeniden artarak %2, 2 seviyesine

Mi kroyapé incelemel emmii,kidhx ivie d%¥dtMg ti Ikeov e sairre

ince ve homojen bir yapé olukturdujunu g°st

arasé bokluklaréen geniklediji ve mikroyapésa
Akma dayanémé veg -cerkanmeé nddaaykain éanrét ek | a bi r |l i1 kit
Mi krosertlik dejerleri Mg il avesiyle °nemli
olan sertlik dejeri %6 Mg il avesiyle 134,5 H
%0 Mg ile %2 Mg icer k | i al akemlar arasénda ger-ekl ekmi
Mg il avesi sonucunda el de edilen dayaném ve
yané -ZeMga efslasl & intermetali k fazlarén ol ukurl
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Genel ol ar ak d eAl-®%6 Z e n deisraislldei  dhBgm al akeéml
mi kroyapeyé rafine ederek ve mukavemet!| endi
performansé artér méckter. Kncelenen al akéml ar
gelikmi k mi krayapesdan®°aptl mkmebi |l ekim ol ar a
en y¢ksek dayaném ve sertlik dejerl-BneMgni n el
al akéml ar énén d°k¢m uygul amal ar énda bil exkir

sunmaktadeéer
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OZET

¢tekirdeklerin manyetik dipol ( MDa)r -macme&kn thleenr
kol ektif bilekenler:i hakkéenda bilglidspap)] ayan
tek-tek (oddodd) -ekirdekler i -in bu momentl erin t
-alekel méektér ve makine °jJrenmesi y°ntkeml er.
-ekirdejin MD  rgiadimdin mddeller i kallgarak vt&ahmin etmek ve bu

model | erin geveni b irl ik sénérl aréene belirle
negkl eer veri derl emel erinden al énméext ér . Her
Sspini ve sihirli skauyl €&l ayn@&HK eanelké& jee . g iRradid o mml &roc
Cat Boost ve wuyarlanabilir bulanék -ékarém si
-apraz dojrulama ile farklée rastgele bakl anc
momentin vedgudimp, y°nteml erl e g¢venilir kekilde ta
Ayr éca, manyeti k moment. bilinmeyen -ekirde
°l -¢mler 1 -1n bir referans sunmasé bekI|l enmek

Anahtar Kelimeler: Tek-tek ¢ekirdekler, manyetiklipol moment, ANFIS, RFXGBoost,
CatBoost.
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ABSTRACT

Shell and helically coiled tube heaxchangers (SHCTHES) are widely recognized for their
superior thermal performance and are extensively employed in industrial heat transfer
applications. In this study, a modified SHCTHE configuration featuring a redesignesiad®|d
inletwasnumericallynvesti gated to evalwuate its influen
behavior. Unlike conventional horizontal designs, where the-sigg!fluid enters from the
bottom, the proposed configuration introduces the cold fluid through arsidated inleto

intensify shellside swirling motion and improve fluid mixing around the helical coil.
Computational fluid dynamics (CFD) simulations were carried out for tw«idetflow rates

and five coldside flow rates to examine the thermal response of the gpedpdesign under
different operating conditions. The numerical findings indicate that relocating thesideld

inlet enhances the overall heat transfer process by promoting stronger interaction between the
working fluids. Compared with the conventional figaration, the modified heat exchanger
achieved improved thermal performance, as evidenced by lowdiuitbbutlet temperatures,
favorable colefluid exit temperatures, and higher energy transfer rates. These results
demonstrate that optimizing the dh&lde inlet arrangement can be an effective approach for
improving the effectiveness of shalhdhelically coiled tube heat exchangers without altering

their primary structural configuration.
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1. INTRODUCTION

Heat exchangers play a fundamental role in thermal engineering systems by enabling efficient
energy transfer between fluids operating at varying temperatures. Their performance directly
affects the efficieng energy consumption, and operational reliability of numerous industrial
processes. Depending on application requirements, heat exchangers are available in various
configurations that differ in geometry, flow arrangement, heat transfer mechanism, and

structural design.

Among these configurations, SHCTHES have received considerable attention because their
coiled tube geometry generates secondary flow structures that enhance fluid mixing and
improve heat transfer. Owing to these advantages, SHCTHEs arasinglg employed in

many engineering applications, including food processing, chemical production, fabrication
processes, thermal power systems, waste heat recovery technologies, and environmental

engineering processes.

Research on SHCTHEs has been extahgi conducted through both experimental
investigations and numerical simulations. In particular, CFD has become one of the most
effective tools for analyzing flow behavior, temperature distribution, and overall
thermohydraulic performance while reducingetneed for costly experimental studies.
Consequently, numerous researchers have proposed different geometric modifications and

operating strategies to further improve the thermal efficiency of SHCTHEs.

Several representative studies are briefly summateed. Andrzejczyk and Muszynski [1]
numerically examined the influence of skellie obstacles on the thermal behavior of
SHCTHEs. Omidi et al. [2] examined the effects of lobed tube @®s$ons on the
thermohydraulic characteristics of the exchangangi numerical simulations. Solanki and
Kumar [3] demonstrated that incorporating a dimpled helical tube enhanced heat transfer and
consequently improved the thermal efficiency of the exchanger. Zhang et al. [4] performed a
CFD-based study to evaluate tingpact of spherical corrugations on the thermal and fluid flow
characteristics of SHCTHEs. Khorasani and Dadvand [5] experimentally assessed the impact
of air bubble injection on the behaviof a horizontalSHCTHE Wang et al. [6] combined

experimental measurements with numerical simulations to investigate a teadted
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configuration and reported a noticeable improvement in heat exchanger effectiveness. Tuncer
et al. [7] enhanced the thermal characteristics 3G THE by integrating longitudinal fins

onto the helical tube. Gingor et al. [8] explored toenbined effects of nanofluids and
exchanger orientation on thermal performance, whereas Gungor et al. [9] introduced a novel
sheltside obstacle arrangement usimgs and discs. More recently, Bacak et al. [10] proposed

a hybrid enhancement technique involving spiral fins and magnetic nanofluids, while Khanlari
et al. [11] experimentally and numerically evaluated the influence of porous anubrars

circular ins on SHCTHE performance.

Although many performance improvement techniques have been proposed, the influence of
sheltside inlet location has received comparatively limited attention. Most previous horizontal
SHCTHE designs introduce the shsillle fluidthrough a bottom inlet, which may restrict the
development of strong swirling motion around the helical coil. Motivated by this limitation, the
current work proposes a modified inlet arrangement in which the cold water enters the shell
from the side. Thisonfiguration is intended to intensify shelte circulation, strengthen fluid
mixing around the coil, and improve the overall heat transfer capability of the exchanger. The
thermal performance of the proposed design is evaluated numerically under haticarsd
cold-side flow conditions and compared with that of the traditional configuration.

2. SYSTEM DESIGN AND SIMULATION

The SHCTHE investigated in this study was developed by considering the design characteristics
reported in previous SHCTHE studi@s 12]. Unlike the conventional horizontal configuration,

the present design incorporates a modified stigé inlet in which the cold fluid enters from

the lateral surface of the shell. This arrangement was introduced to strengthen the swirling
motion ofthe shellside flow, thereby increasing fluid circulation around the helical tube and
promoting more effective heat exchange. A tkigmensional representation of the proposed

geometry is illustrated in Figure 1.

The primary objective of relocating theld-fluid inlet is to increase the interaction among the
shellside flow and the helically coiled tube. In conventional SHCTHE designs, the cold fluid
generally enters through the lower section of the shell, resulting in a comparatively weaker
circulationpattern. By positioning the inlet on the shell wall, the cold fluid is forced to follow

a more rotational flow path before leaving the exchanger, which is expected to enhance

convective heat transfer.

242



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625-879517-2

Hot inlet

Figure 1. Geometry of the proposed heat exchanger wiitmodified cold side inlet

The overall shell length of the proposed heat exchanger is 340 mm, while the effective length
of the helically coiled tube is 300 mm. The coil diameter and tube outer diameter are 100 mm
and 10 mm, respectively. These geometaiameters were selected to ensure consistency with
similar SHCTHE configurations available in the literature while allowing a direct evaluation of

the proposed inlet modification.

Following the completion of the threBmensional geometry, theomputational domain was
discretized utilizing a suitable grid for CFD analysis. Since the numerical accuracy strongly
depends on mesh quality, a mesh independence study was performed before conducting the
simulations. Several mesh densities were examured further refinement produced only
negligible variations in the calculated thermal parameters. Based on this assessment, the final

computational grid containing 20,252,562 elements was adopted for all simulations.

Mesh quality was further evaluated ngiskewness statistics. The selected mesh exhibited a
highest skewness value of 0.81 and a mean value of 0.19, indicating an acceptable
computational grid capable of providing stable and reliable numerical predictions throughout

the solution domain.

The trermal and hydrodynamic characteristics of the proposed SHCTHE were examined using
a threedimensional CFD model. The governing balance equations describing conservation of
mass, momentum, and energy were simultaneously solved to determine the flowdfietchin
transfer process inside the exchanger [13].

Continuity balance equation could be presented as:

ng"gp T 1)
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Momentum equation can be given as:
ng” Satp nb ngt nd d® -850 (2)
Energy balance equation candressed using Eq. (3):

ng@” 0O 1 ngQ N4 E® t nd nd -n8pO8h (3)

The complex geometry of helically coiled tubes naturally generates turbulent flow structures
over a wide range of operating conditions. For this reason, the G {urbulence model

was preferred due to its wadktablished capability to predict recirculation regions, swirling
flows, and turbulent transport in heat transfer applications. The governing transport balance for
turbulent kinetic energy and its dissipatiie were utilized together with the conservation

balance to accurately capture the turbulent behavior inside the exchanger [14].

" —"® —| ‘' — O 0 "-& Y 4)
—" . —"Y —] " — $ -0 80 &"— Y Y (5
CTe - 6)

Copper was preferred as the main material for the helically coil because of its high thermal
conductivity, whereas stainless steel was assigneeé &httl, following material specifications
commonly adopted in previous investigations. Water was employed as the working medium on

two sides of the heat exchanger.

The numerical simulations were performed under ststale conditions. The inlet
temperatves of the cold and hot streams were fixed at 288 K and 338 K, respectively. Five
different sheHside flow rates (2, 3, 4, 5, and 6 Ipm) were combined with two-sideeflow

rates (3 and 4 Ipm) to evaluate the thermal response of the modified configurader various

operating conditions.

Pressurevelocity coupling was achieved by applying the SIMPLEC algorithm, while the
governing balances were discretized using a seoothel upwind scheme to improve numerical
accuracy. Convergence was assumedwhent r esi dual values reached
velocity equations and 10 for the energy

prescribed convergence criteria before gosicessing.
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3. OUTCOMES AND DISCUSSION

This section presents ti@&FD results obtained for the proposed SHCTHE configuration and
discusses the influence of the modified sisalke inlet on the thermal performance of the heat
exchanger. The principal objective of the new inlet arrangement is to intensify the rotational
mation of the cold fluid within the shell, thereby improving fluid mixing around the helically
coiled tube and increasing the overall heat transfer capability. Numerical simulations were
carried out for two hefluid flow rates and five different colfluid flow rates to evaluate the

thermal response of the proposed configuration under various operating conditions.

Figure 2 illustrates the surface temperature distribution along the helically coil tube. As the hot
fluid passes through the coil, itismperature gradually decreases because of continuous heat
transfer to the colder shadlde fluid. The smooth temperature transition observed over the tube
surface indicates that thermal energy is effectively transferred throughout the entire length of
the coil rather than being concentrated in a limited region. This behavior confirms the ability of

the modified exchanger to maintain continuous heat exchange during operation.

3.253e+02

3.238e+02
 3.222e+02
3.207e+02
3.192e+02
3.177e+02
3.161e+02
3.146e+02
3.131e+02

(K]

Figure 2. Surface temperaturedistribution of the helically coil

The threedimensional temperature field inside the SHCTHE is presented in Figure 3 using
temperature volume rendering. This visualization clearly demonstrates the thermal interaction
between the two working fluids and provides valuable insight into the heat transfenisac

within the exchanger. Higher temperatures are concentrated near fgchotlet, whereas

the thermal field gradually decreases along the flow direction as energy is transferred to the
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surrounding cold fluid. Compared with conventional configoret reported in previous
studies, the modified inlet promotes a more uniform temperature distribution within the shell,
indicating improved fluid circulation and stronger mixing around the helical tube.

2.970e+02

2.880e+02

Figure 3. A 3D view of temperature volume renderig inside the heat exchanger

The variation of the heabop outlet temperature with respect to the dolap flow rate is
presented in Figure 4. Increasing the shele flow rate from 2 to 6 Ipm results in a continuous
reduction in the outlet temperatucé the hot stream for both investigated -tap flow
conditions. This trend can be attributed to the enhancement of convective heat transfer caused
by the higher coldluid velocity, which enables a greater amount of thermal energy to be gained
from the Iot fluid before it leaves the exchanger. The results also indicate that the modified
inlet configuration effectively utilizes the increased skale flow to improve cooling

performance.

Figure 5 presents the cefide outlet temperature obtained undéfiedent operating conditions.
Although increasing the coffiuid flow rate raises the convective heat transfer coefficient, the
outlet temperature of the cold stream gradually reduces as the flow rate increases. This behavior
is associated with the redumti in residence time inside the shell, which limits the temperature
rise of the cold fluid despite the improved heat transfer conditions. Furthermore, slightly higher
outlet temperatures are observed for the 4 |pryshu# flow rate compared with the 3 Ipase,
particularly at higher shelide flow rates. This outcome is expected because the larger hot
fluid mass flow rate carries greater thermal energy into the exchanger, allowing more heat to
be transferred to the cold stream.
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Figure 4. Outlet temperature variation of hot side via cold side flow rate

Figure 6 illustrates the average heat transfer rate of the proposed SHCTHE as a function of the
cold-side flow rate. The numerical results reveal a consistent increase in heat transfer with
increasing shelside flow for both hekide operating conditions. The improvement originates
primarily from the stronger convective transport generated by the higher fluid velocity together
with the enhanced swirling motion produced by the modified osign. At relatively low
shellside flow rates, the influence of the tsatle flow rate remains limited. However, as the
cold-side flow increases, the difference between the two operating conditions becomes more
pronounced, with the 4 Ipm hetde flow poducing higher heat transfer rates because of its
greater thermal capacity. The rate of improvement gradually diminishes at the highest flow
rates, suggesting that the system approaches its practical thermal performance limit under the

investigated condins.

A comparison of the present numerical outcomes with previously published SHCTHE studies
indicates that relocating the shsitle inlet provides a measurable enhancement in thermal
performance without requiring modifications to the primary heat exygregeometry [8]. The
proposed configuration improves cdldid circulation inside the shell, strengthens the
interaction between the two fluid streams, and increases the overall heat transfer rate. These
findings demonstrate that optimizing inlet posiilngy represents a practical and effective
design strategy for improving SHCTHE performance while maintaining a relatively simple

exchanger structure.
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Figure 6. Variation of average transferred heat in the heat exchanger

4. CONCLUSKON

A computational investigation was conducted to evaluate the influence of a modifiesiciell
inlet configuration on the thermohydraulic performance of a SHCTHE. In the progesiga,
the cold fluid was introduced through a sideunted inlet instead of the conventional bottom

inlet to promote stronger swirling motion within the shell region. The CFD analyses were
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performed under two tubleop flow rates and five shelbop flow rates to examine the thermal

response of the modified configuration.

The numerical findings demonstrated that relocating the-shuglinlet positively affected the

flow structure inside the exchanger by enhancing fluid circulation around the hellcélscai

result, heat transfer among the hot and cold streams became more effective, leading to lower
hot-fluid outlet temperatures and higher overall heat transfer rates than those obtained with the
conventional horizontal configuration. The proposed detigrefore offers a simple geometric
modification capable of improving thermal performance without introducing major structural

changes to the heat exchanger.

Overall, the results indicate that optimizing the inlet arrangement can serve as an efficient
design strategy for enhancing SHCTHE performance. Future research may extend the present
work by combining the modified inlet configuration with advanced heat transfer enhancement
techniques, such as hybrid nanofluids, porous or finned tube surfaces, egtshizHside

baffles, or multiobjective optimization methods, to further improve the thermal and hydraulic

characteristics of the exchanger.
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ABSTRACT

Lung cancer classification using computed tomography (CT) images is an important task for
supporting imagéased diagnostic evaluation. This studsned to develop a HO@riven
machine learning framework for classifying lung CT images into benign, malignant, and normal
categories using the fQTH/NCCD lung cancer CT image dataset. The dataset included 1097
CT images, consisting of 120 benign, 561 mradigt, and 416 normal images. All images were
converted to grayscale, resized to 96 x 96 pixels, and represented using Histogram of Oriented
Gradients (HOG) features. Logistic Regression, Support Vector Machindgakest
Neighbors, Random Forest, Extra @&se Gradient Boosting, XGBoost, LightGBM, and
CatBoost models were comparatively evaluated. Model performance was assessed using a
stratified holdout test for all models, while stratifiedofd crossvalidation was additionally
applied to the selected meld showing competitive holdout performance. In the holdout test,
Logistic Regression and LightGBM achieved the highest accuracy of 0.991, wNigautest
Neighbors achieved 0.986 accuracy, 0.991 balanced accuracy, and 0.990 msmoeeFIn
crossvalidaion, K-Nearest Neighbors showed the strongest robustness, with 0.976 mean
accuracy, 0.946 balanced accuracy, and 0.956 macrgcdtd. Classvise analysis
demonstrated high reliability across all classes, including the underrepresented benign class.
HOG \sualizations showed that edge orientations, local gradients, and textates
structural patterns contributed to image representation. The findings indicate thate+it&€sal
features combined with machine learning provide an effective framework fon&jebased

lung cancer classification.

Keywords: Lung cancer classification, CT image analysis, HOG features, machine learning,
K-Nearest Neighbors, medical image classification

1. INTRODUCTION
Lung cancer continues to represent a major public hdadtleage worldwide, largely because

of its substantial incidence and persistently high mortality rates. Global cancer statistics indicate
that lung cancer is among the most frequently diagnosed cancers worldwide and remains the
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leading cause of caneeglaed mortality (Bray et al., 2024). Early and accurate evaluation of
lung abnormalities is therefore critical for improving diagnostic decisiaking and treatment
planning. Medical imaging, particularly computed tomography (CT), plays a central roée in th
detection, characterization, and follay of lung lesions. CT images provide detailed structural
information about lung tissue and allow clinicians to evaluate suspicious regions that may
correspond to benign, malignant, or normal findings (Li et BR22.

Artificial intelligence and machine learning techniques have seen growing application in
medical image analysis in recent years. These methods can assist in extracting quantitative
patterns from imaging data and may contribute to more objective epubducible
classification. In lung cancer imaging, machine leartiaged approaches are particularly
useful because CT images contain complex structural, textural, and inteteiegd patterns

that may be difficult to evaluate consistently by visuapirction alone. Previous studies have
shown that automated CT image analysis can support pulmonary nodule detection and
classification, highlighting the potential of computational models in lung caaltzed
imaging tasks (Nasrullah et al., 2019; Li bt 2022).

A critical component of conventional machine learning approaches to image classification is
feature extraction. In this context, the Histogram of Oriented Gradients (HOG) descriptor
provides a structured representation of local edge orientagoadients, contours, and texture
related patterns in images. Haf@sed feature extraction has also been used in medical image
classification studies because it can represent-eagktextureoriented visual characteristics

in a compact numerical form li&rma et al., 2023). Since CT images contain diagnostically
relevant structural differences, Hasased descriptors may be useful for transforming image
information into numerical feature vectors suitable for machine learning classifiers. Compared
with endto-end deep learning approaches, H@ven machine learning models may also
offer a more lightweight and computationally efficient framework, especially for studies based
on relatively limited image datasets.

The IQOTH/NCCD lung cancer CT image datasé#fers a reliable resource for assessing
classification approaches based on computed tomography images. It comprises CT slice images
representing normal lung tissue as well as benign and malignant lung cancer cases, with
annotations performed by specialists oncology and radiology. The presence of three
diagnostic classes makes it possible to assess not only-calated classification but also the
distinction between benign, malignant, and normal imaging patterns. However, the dataset has
an unequal clkss distribution, with fewer benign images than malignant and normal images.
Therefore, classensitive evaluation metrics are required in addition to overall accuracy
because conventional accuracy anebB$ed evaluations may provide incomplete performance
information when class distributions are uneven (Chicco & Jurman, 2020; Saito & Rehmsmeier,
2015).

Although many image classification studies report overall accuracy as the main performance
indicator, accuracy alone may be insufficient when class distiimiare imbalanced. In such

cases, models may appear successful by performing well on majority classes while showing
weaker performance on underrepresented classes. For this reason, balanced accuracy, macro
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averaged recall, and maeaweraged Fkcore povide a more reliable basis for evaluating
model behavior across all classes. In medical image classification, this issue is particularly
important because errors in minority or clinically meaningful classes may reduce the practical
reliability of a mode[Sokolova & Lapalme, 2009).

The present study was structured around the development of-laaged@ lung cancer
classification pipeline in which handcrafted image descriptors were integrated with
conventional and ensemble machine learning algorithms. Fopuhpose, the KOTH/NCCD

dataset was used as the experimental image source. Following the standardization of CT images
through preprocessing, histogram of oriented gradients (HOG) descriptors were computed to
capture local edge, contour, and gradiatdted patterns that may reflect diagnostically
relevant structural differences among lung CT images.

The extracted HOG representations were then used as input features for a broad set of
classifiers, including Logistic Regression, Support Vector MachindleKrest Neighbors,
Random Forest, Extra Trees, Gradient Boosting, XGBoost, LightGBM, and CatBoost. All
models were evaluated under a common experimental protocol to allow a consistent comparison
of their classification behavior. The first stage of evaturatelied on a stratified holdout test
design, thereby preserving the proportional distribution of diagnostic classes during data
partitioning. Algorithms showing comparatively strong performance in this initial assessment
were subsequently subjected toasfied 5fold crossvalidation, enabling a more reliable
examination of their stability and generalization ability across different data splits.

The principal contribution of this work lies in its integrated evaluation strategy, which combines
HOG-basedfeature representation, comparative machine learning analysis;spkstc
performance assessment, and visual examination of the feature extraction procedure. Instead of
relying solely on aggregate accuracy values, the study adopts a balanced aawalass
evaluation perspective. Accordingly, the proposed framework enables a more detailed
assessment of machine learning performance in distinguishing benign, malignant, and normal
lung CT images.

2. MATERIALS AND METHODS

2.1. Dataset

The presenstudy employed the KDTH/NCCD lung cancer CT image dataset to develop and
evaluate Cibased lung cancer classification models. The dataset is openly accessible in
Mendel ey Data un@TeH/ NGE@D tliudge darheer Qdat aset ¢
the image files used in this work were obtained via Kaggle, the dataset was cited with reference

to its original Mendeley Data record. This dataset has previously served as a benchmark
resource in Cdbased lung cancer diagnosis studies involving €MNd SVMoriented
classification strategies. Accordingly, both the dataset and its methodological context were
referenced in line with the citation details recommended by the original data souhtas(Al

et al., 2020; Kareem et al., 2021; Alyasriy &WAuseiny,2023).
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The IQOTH/NCCD dataset was originally compiled as a clinically annotated lung CT image
collection comprising 1190 CT slices from 110 individual cases. According to the dataset
records, these cases represent three diagnostic conditions: nornfeddurgs, benign lesions,

and malignant lung cancer. At the case level, the dataset includes 55 normal, 15 benign, and 40
malignant cases. The diagnostic labeling process was carried out by oncology and radiology
specialists from the contributing medioaénters, which provides clinical support for the
reliability of the class assignments. The CT scans were acquired in DICOM format with a
Siemens SOMATOM CT scanner. The reported imaging protocol involved a tube voltage of
120 kV, 1 mm slice thickness, amwdow width of 3501200 HU, and a window center ofi50

600 HU.

For the analyses performed in the present work, the computational dataset consisted of 1097
CT images. These images were organized at the image level into benign, malignant, and normal
categoriesThe final class distribution included 120 benign images, 561 malignant images, and
416 normal images. Given this diagnostic structure, the modeling procedure was formulated as
a threeclass CT image classification task.

The class distribution of the da&t used in the study is presented in Table 1.

Table 1. Class distribution of the IQOTH/NCCD lung cancer CT image dataset

Class Number of images Percentage (%)
Benign 120 10.94
Malignant 561 51.14

Normal 416 37.92

Total 1097 100.00

Table lindicates an imbalanced class distribution, with malignant images constituting the
largest group and benign images representing the smallest group. Owing to this imbalance,
model evaluation could not rely solely on overall accuracy. To obtain a moreaslass
assessment, balanced accuracy, maesyaged precision, maeaveraged recall, and maero
averaged Fbkcore were reported alongside conventional accuracy. This evaluation strategy
allowed the classification performance to be examined more reliabbssatche benign,
malignant, and normal categories.

2.2. Image Preprocessing and Feature Extraction

Prior to model construction, the CT images underwent a preprocessing stage to ensure a
consistent input format for subsequent feature extraction and @assif procedures. Since

the dataset consisted of image files organized in separate class folders, each image was first
read from its corresponding class directory and assigned the appropriate class label. The three
target classes were defined as benmgalignant, and normal.
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To minimize variability arising from differences in image dimensions and file characteristics,
each CT image was transformed into grayscale and resampled to a uniform size. In this study,
images were resized to 96 x 96 pixels befie@ure extraction. Grayscale conversion was
preferred because the diagnostic information in CT images is primarily represented by intensity
based structural patterns rather than color information. This step also reduced computational
complexity and providd a consistent image representation for all models.

Following the preprocessing stage, histogram of oriented gradients (HOG) descriptors were
computed for each CT image to characterize local gradient patterns. HOG is a widely used
feature extraction metlothat represents local edge orientations and structural patterns in
images. Previous medical image analysis studies have usedbE$§#@ representations to
capture structural and gradidvdised visual information from medical images (Bhattarai et al.,
2023 Ayalew et al., 2022). In the context of lung CT images, this approach enables the
extraction of textureand shapeelated information that may help distinguish normal, benign,
and malignant cases. The extracted HOG feature vectors were then used aariaples for
machine learning classifiers.

After the feature vectors had been generated, the dataset was partitioned into training and testing
sets through a stratified sampling procedure. This strategy ensured that benign, malignant, and
normal imagesvere proportionally represented in both subsets, thereby reducing the risk of
biased model evaluation. Such a procedure was especially relevant given the comparatively
limited number of benign images relative to the malignant and normal categories. Beyond
stratified holdout evaluation, stratifieefald crossvalidation was further performed to provide

a more robust estimate of model performance.

This preprocessing and feature extraction procedure included image loading, grayscale
conversion, resizingHOG feature extraction, label encoding, stratified data splitting, and
modelready feature matrix generation. By applying the same standardized procedure to all
images, the machine learning models were trained and evaluated under consistent input
conditiors.

Figure 1 presents the overall methodological pipeline of the study, covering data preparation,
CT image preprocessing, extraction of HOG descriptors, model training, performance
assessment, crogsalidation procedures, and visual examination offtfa¢ure representation
process.
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Figure 1. Methodological workflow of the proposed CT imagéased lung cancer
classification approach.

2.3. Machine Learning Models

In the present work, HO@erived feature representations obtained from lung CT images we
used to assess the classification performance of multiple machine learning algorithms. Since
the dataset consisted of medical images and the classification task involved distinguishing
benign, malignant, and normal cases, the models were selectedesergifferent learning
strategies, including distantased, linear, trebased, and ensemHbased classification
approaches.

The set of conventional machine learning approaches comprised Logistic Regression, Support
Vector Machine, and ¥Nearest Neighors. Among these methods, Logistic Regression was
employed as a linear reference model to provide a baseline for performance comparison.
Support Vector Machine was included because of its ability to construct effective decision
boundaries in higllimensimal feature spaces, which is relevant for HG&3ed image
representations. flearest Neighbors was evaluated as a disthased classifier, allowing the
classification performance of local similarity patterns among extracted image features to be
assessed.
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In addition to classical models, trbased and ensemble learning algorithms were also
evaluated. Random Forest and Extra Trees were evaluated-basestensemble classifiers,

in which multiple decision trees are integrated to enhance the robustidestlaitity of the
classification process. Gradient Boosting, XGBoost, LightGBM, and CatBoost were used as
boostingbased models that sequentially improve classification performance by focusing on
previously misclassified samples. These ensemble modeks mweluded because they are
commonly effective on structured feature matrices and can capture nonlinear relationships
among extracted image features.

To maintain comparability among the tested algorithms, all classifiers were developed and
assessed usingnadentical HOGbased feature matrix. For the initial performance analysis,
each model was evaluated on a stratified ttest partition, ensuring that the class distribution

was preserved in both subsets. In addition, stratifitaldcrossvalidation was performed for
selected models to examine whether their performance remained consistent across alternative
data splits. By combining holdout testing with creséidation, the evaluation procedure
provided a more dependable estimate of the predictivecdgwf the models. Table 2 provides

an overview of the machine learning algorithms evaluated in this study, together with their
respective methodological functions within the classification framework.

Table 2. Machine learning models used in the studgnd their methodological roles

Model group Model Methodological role
Linear model Logistic Regression Baseline linear classifier
, _ Classification in high
Margin-based model Support Vector Machine _ _
dimensional HOG feature spa
_ _ Local similarity-based
Distancebased model K-Nearest Neighbors o
classification
_ Stable classification usin
Baggingbased ensemble Random Forest . .
multiple decision trees
_ Randomized trebased
Baggingbased ensemble Extra Trees _
ensemble comparison
_ _ _ Sequential errecorrection
Boostingbased ensemble Gradient Boosting o
based classification
_ Optimized gradient boostin
Boostingbased ensemble XGBoost

model
_ _ Efficient gradient boosting
Boostingbased ensemble LightGBM
model for structured features
Boosting model included fo
Boostingbased ensemble CatBoost comparative ensembl

evaluation
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2.4. Performance Evaluation Metrics

Model performance was examined through a set of complementary evaluation metrics rather
than a single accuradyased criterion. Because the datasatsisted of three diagnostic
categories with an imbalanced class distribution, overall accuracy alone was not considered
sufficient to characterize classification behavior. Therefore, accuracy was reported together
with balanced accuracy, maeaveragegrecision, macra@averaged recall, maciaveraged FL

score, ROGAUC, and confusion matrix findings.

Accuracy was interpreted as the proportion of CT images that were correctly assigned to their
corresponding diagnostic classes. However, because the lmasgnhad fewer images than

the malignant and normal classes, accuracy alone could overrepresent the performance of
models that classify the majority classes well. Therefore, balanced accuracy was also used to
account for classvise performance by averagimecall values across all classes.

To avoid an evaluation biased toward the numerically dominant categories, model performance
was assessed using maenceraged precision, recall, and-§dore. These metrics calculate
classlevel performanceeparately for benign, malignant, and normal images and then average
the results across classes. Thus, each diagnostic category contributes equally to the final
performance estimate, irrespective of the number of samples it contains. This was particularly
important in the present study because the benign class was underrepresented compared with
the malignant and normal classes. The macrgdete was considered a key metric because it
provides a balanced summary of precision and recall across all classes.

ROCAUC was employed to quantify the model so
categories under a multiclass classification scheme. When the algorithm providddwehss
probability outputs, the ROBUC score was derived using a everest approdt, allowing

each class to be evaluated against the remaining categories. In addition, confusion matrices
were examined to identify which classes were correctly classified and which classes were more
frequently confused with each other. This cles®| evduation was especially important for
assessing the reliability of the models in distinguishing benign, malignant, and normal CT
images.

2.5. Crossvalidation Strategy

To strengthen the reliability of the performance assessment, stratifteéd &ossvalidation

was conducted alongside the holdout test procedure. This additional validation step was
intended to limit the influence of a single trainitgsting partition on the reported results and

to examine the extent to which the models preserved statidgrpance across alternative data
splits.

A stratified 5fold crossvalidation scheme was adopted in this study. Through stratification,
the proportional representation of benign, malignant, and normal CT images was maintained
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within each fold, thereby spprting a more balanced evaluation across the diagnostic
categories. This was particularly important because the dataset had an unequal class
distribution, with the benign class represented by fewer images than the malignant and normal
classes.

For the man models that demonstrated competitive performance in the holdout test,
performance metrics were calculated across the five folds, and the mean values were used to
compare model robustness.

2.6. Visual Interpretation of HOBased Feature Extraction

Visual interpretation was performed to demonstrate how the original CT images were
transformed into HO&ased structural representations before classification. Since the main
modeling framework of this study was based on HOG feature extraction followed by enachin
learning classification, the interpretation focused on the feature extraction process rather than
direct anatomical localization.

For this purpose, representative CT images from benign, malignant, and normal classes were
selected and visualized togethath their corresponding HO®ansformed images. The HOG
visualizations were used to illustrate how edge orientations, local gradients, di@our
structures, and textwrelated patterns were emphasized during feature extraction.

It should be noted thatiOG visualization does not indicate lesion location or the exact
anatomical region responsible for a model decision. Instead, it provides a represéenation
explanation by showing how CT images are converted into- ethglegradienbriented feature

maps. Therefore, the visual interpretation in this study was used to support the transparency of
the HOGbased feature extraction process.

This visual interpretation was incorporated to support the quantitative findings and to provide
insight into the imageharacteristics captured by the machine learning classifiers. Thus, the
analysis extended beyond predictive accuracy by also examining the feature representation
mechanism that formed the basis of the H@®en classification framework.

3. RESULTS

3.1 Dataset Characteristics

As reported in Table 1, the dataset included 1097 lung CT images distributed across three
diagnostic categories: benign, malignant, and normal. Malignant cases accounted for the largest
subset, comprising 561 images, whereas #ldyjes were assigned to the normal category. By
contrast, the benign category was represented by only 120 images. This distribution reflects a
moderate imbalance among the classes, mainly attributable to the comparatively small number
of benign samples.
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The unequal distribution of images across the three classes is important for interpreting
classification performance. If only overall accuracy is considered, the performance of models
may be influenced more strongly by the malignant and normal classes, kavehlarger
sample sizes. Accordingly, evaluation metrics sensitive to class imbalance, including balanced
accuracy, macraveraged recall, and maeaveraged Fkbcore, were incorporated to
determine whether the models achieved comparable predictiverparfoe across the three
diagnostic categories.

From a methodological perspective, the dataset was suitable for evaluating CThasade
lung cancer classification because it included both pathological argatibological cases. The
presence of benign, tignant, and normal CT images enabled the models to be tested not only
for cancefrelated classification but also for distinguishing malignant cases from benign and
normal patterns. This thregass structure provided a meaningful basis for assessing model
performance and clasgise reliability.

3.2. Holdout Test Performance of Machine Learning Models

Table 3 summarizes the holdout test performance of the evaluated machine learning algorithms.
Each model was developed using HO&ived featureectors obtained from lung CT images

and subsequently tested on a stratified test subset. Overall, the findings indicate that the HOG
based machine learning framework provided strong classification performance in
differentiating benign, malignant, and n@ah€CT image categories.

The holdout test results revealed that Logistic Regression and LightGBM vyielded the highest
accuracy among the tested classifiers, with both models reaching 0-98farkst Neighbors
followed closely, attaining an accuracy@986. However, when the evaluation was extended
beyond overall correctness to account for classl balance, KNearest Neighbors emerged as

the most favorable model. It achieved a balanced accuracy of 0.991 and saveaaged FL

score of 0.990, indi¢eng that its predictive performance was distributed more evenly across
benign, malignant, and normal CT images.

Although Logistic Regression and LightGBM produced slightly higher overall accuracy values,
their classsensitive metrics were marginally low&oth models obtained a balanced accuracy

of 0.972 and a macraveraged Fkcore of 0.982. This pattern suggests that overall accuracy
alone did not fully capture the comparative behavior of the classifiers, particularly in the
presence of unequal claspresentation. Among the trbased ensemble approaches, Extra
Trees reached an accuracy of 0.982, whereas Random Forest achieved 0.959, suggesting that
ensemble classifiers could effectively exploit H@d&ived representations for CT image
classification Comparable predictive results were also obtained with Linear SVM and
XGBoost, which produced accuracy values of 0.964 and 0.959, respectively.

The highest ROAUC value was obtained by-Kearest Neighbors, with a value of 1.000.
Extra Trees, Random Fotgsand LightGBM also showed very high RQQC values,
indicating strong class separability. Overall, the holdout test results suggest thatdd€ds
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structural image features provide highly discriminative information for CT irbaged lung
cancer classi@ation.

Table 3.Holdout test performance of machine learning models

Model Accuracy Balanced Accuracy  Macro F1-score  ROC-AUC
K-Nearest Neighbors 0.986 0.991 0.990 1.000
Logistic Regression 0.991 0.972 0.982 0.998
LightGBM 0.991 0.972 0.982 0.999
Extra Trees 0.982 0.944 0.962 0.999
Linear SVM 0.964 0.899 0.922 0.968
Random Forest 0.959 0.905 0.931 0.999
XGBoost 0.959 0.895 0.923 0.997
Gradient Boosting 0.950 0.877 0.908 0.993
CatBoost 0.868 0.829 0.799 0.982

Although LogisticRegression and LightGBM achieved the highest accuracy valtidsakest
Neighbors provided the most balanced performance across classes according to balanced
accuracy and macro Fscore. This distinction is important because the dataset had an unequal
class distribution, particularly with fewer benign images. Therefore, the results indicate that
evaluating only accuracy may not be sufficient, and edassitive metrics should also be

considered when selecting the most reliable model.

3.3.CrossValidation Results

To examine model robustness in greater detail, the selected machine learning algorithms were
additionally evaluated using a stratifieddd crossvalidation procedure. The cresalidation

results of the selected machine learnimgdels are presented in Table 4. This evaluation was
used to determine whether the models maintained stable classification performance across
different data partitions rather than relying only on a single holdout test split.

Among the models subjected ¢oossvalidation, KNearest Neighbors yielded the strongest
overall performance, reaching a mean accuracy of 0.976, a mean balanced accuracy of 0.946,
and a mean maciaveraged Fkcore of 0.956. These findings suggest thaiWdérest
Neighbors maintaineché most consistent and cldsalanced predictive behavior across the

five validation folds. Logistic Regression also produced competitive results, with a mean
accuracy of 0.939 and a ma@aweraged Fkcore of 0.894. Linear SVM ranked subsequently,
achievng a mean accuracy of 0.923 and a maweraged Fkcore of 0.877.

Treebased ensemble models also produced competitive results. Extra Trees achieved a mean
accuracy of 0.928, while Random Forest and XGBoost achieved mean accuracy values of 0.920
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and 0.98, respectively. However, their balanced accuracy and macezdfg values were
lower than those of Wearest Neighbors, indicating that their performance was less balanced
across the three classes, particularly for the underrepresented benign class.

The crossvalidation findings supported the holdout test results by showing théedfest
Neighbors was not only highly accurate but also more reliable across different validation folds.
The higher balanced accuracy and macreé&dre values obtained by thmsdel suggest that

it performed consistently across benign, malignant, and normal classes. Therdfwayest
Neighbors can be considered the most robust model in the present classification framework.

Table 4. Fivefold stratified cross-validation results of selected machine learning models

Model Accuracy Mean Balanced Accuracy Mean Macro F1-score Mean
K-Nearest Neighbors 0.976 0.946 0.956
Logistic Regression 0.939 0.898 0.894
Extra Trees 0.928 0.822 0.856
Linear SVM 0.923 0.868 0.877
RandomForest 0.920 0.814 0.848
XGBoost 0.918 0.827 0.851

3.4. ClassWise Reliability Analysis

Classwise reliability was evaluated using the bpstforming model identified from the
holdout and crossalidation results. Sincedearest Neighborachieved the highest balanced
accuracy and macro Fscore in the crosgalidation analysis, it was selected for clagsse
performance assessment. This analysis was conducted to determine whether the model
performed consistently across benign, malignamd,reormal CT image classes.

The classwvise performance results of theNearest Neighbors model are presented in Table

5. The model achieved strong classification performance across all three classes. The malignant
and normal classes were classified wigintigularly high reliability, while the benign class also
showed high recall despite having the smallest number of images in the dataset.

Table 5.Classwise performance of the KNN model on the holdout test set

Class Precision Recall F1-score
Benign 0.923 1.000 0.960
Malignant 1.000 0.982 0.991
Normal 1.000 1.000 1.000
Macro average 0.974 0.994 0.984
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The benign class achieved a recall value of 1.000, indicating that all benign CT images in the
test set were correctly identified by thedel. However, its precision value was lower than
those of the malignant and normal classes, suggesting that a small number of images from other
classes were predicted as benign. For the malignant category, the model reached a precision
value of 1.000 anc recall value of 0.982, demonstrating that malignant CT images were
identified with very high sensitivity and without falpesitive assignments in this class. In the
holdout test subset, the normal category showed flawless classification performahce, wi
precision, recall, and F&core all reaching 1.000.

These findings show that the-KMearest Neighbors model provided reliable clagsse
performance despite the unequal class distribution of the dataset. The strong recall values across
all three classesuggest that the HOBased feature representation was effective in capturing
discriminative structural patterns in CT images. The confusion matrix presented in Figure 2
provides a more detailed view of the clagecific prediction patterns produced by #e

Nearest Neighbors model.
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Figure 2. Confusion matrix of the K-Nearest Neighbors model on the holdout test set.

3.5. Visual Interpretation of HOBased Feature Extraction

In this study, the classification framework was based on @@ edfeature vectors rather
than direct endo-end deep learning. Therefore, the visual interpretation focused on how the
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original CT images were transformed into structural feature representations before being used
by machine learning classifiers. Represeméatriginal CT images and their corresponding
HOG visualizations are presented in Figure 3.

The HOG visualizations show that the feature extraction process emphasizes edge orientations,
local gradient transitions, contelike structures, and texturelaied patterns in CT images.

These structural representations are important because the machine learning models do not
directly process the original image appearance; instead, they classify images based on
numerical descriptors extracted from local intenaitg edge variations.

As shown in Figure 3, the HO@Gansformed images provide a simplified representation of the
structural patterns present in benign, malignant, and normal CT images. This supports the
interpretation that the high classification perforicenbtained by the machine learning models
was associated with the ability of HOG descriptors to capture discriminative shape and texture
information. In particular, HO&ased representation may help models distinguish differences
in local structural complity and intensity transitions among the three diagnostic classes.

It should be emphasized that HOG visualization is not equivalent to lesion localization or
heatmagbased clinical explainability. Unlike Gra@AM or similar deep learningased
methods, H@ visualization does not indicate the specific anatomical region responsible for a
model decision. Instead, it provides a representdéioal explanation by showing how CT
images are converted into edgad gradienbriented feature maps. Therefore, Feg8 should

be interpreted as a visual explanation of the feature extraction process rather than a direct
clinical localization output.

The visual interpretation of HOBased feature extraction complements the quantitative
performance results by demonsingtthe type of image information used in the proposed
classification framework. Together with the strong holdout and -w@gs$ation results, these
findings suggest that HO@erived structural features provide an effective representation for
distinguishing benign, malignant, and normal lung CT images.
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Benign - Original CT image Benign - HOG visualization

Malignant - Original CT image Malignant - HOG visualization

Normal - Original CT image Normal - HOG visualization
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Figure 3. Representative original CT images and their corresponding HOG visualizations
for benign, malignant, and normal classes.
4. GENERAL EVALUATION AND CONCLUSIONS

This study developed a Cimagebased framework for the classification of lung cases by
combining handcrafted structural descriptors with machine learning algorithms. The analysis
was conducted on the QTH/NCCD lung cancer CT image dataset, which included 1097
images distributeccross three diagnostic categories: 120 benign, 561 malignant, and 416
normal images. The proposed workflow involved image preprocessing, extraction of histogram
of oriented gradients (HOG) descriptors, supervised classification, hdidead testing,
stratified 5fold crossvalidation, clasdevel performance assessment, and visual examination
of the extracted feature representations.

The experimental findings indicate that structural information captured by HOG descriptors can
support highly accurate a@igmination among benign, malignant, and normal lung CT images.
In the holdout evaluation, Logistic Regression and LightGBM achieved the highest overall
accuracy, with both models reaching 0.991N&arest Neighbors produced a slightly lower
accuracy valuef 0.986; however, it outperformed the other models when class balance was
taken into account, achieving a balanced accuracy of 0.991 and aawacaged Fkcore of
0.990. This result is particularly important because it shows that the model did owothav
numerically dominant categories and retained strong discriminatory capacity across all
diagnostic groups.

The reliability of the KNearest Neighbors model was further examined through stratified 5
fold crossvalidation. Across the five folds, the ah&l yielded a mean accuracy of 0.976, a mean
balanced accuracy of 0.946, and a mean maeesaged Fkcore of 0.956. These findings
demonstrate that its predictive behavior remained stable under different training and validation
partitions. Thus, the higberformance observed in the holdout test cannot be attributed only to
a favorable single data split; rather, it reflects a robust generalization pattern within the available
dataset.

The use of classensitive metrics was essential for interpreting tteulte appropriately.
Because benign images were less represented than malignant and normal images, overall
accuracy alone could have overestimated model reliability. Thewiassresults provided a

more detailed view of this issue-Kearest Neighbors h®ved recall values of 1.000, 0.982,

and 1.000 for the benign, malignant, and normal categories, respectively. The perfect recall
obtained for the benign class suggests that the model was able to identify this underrepresented
category with high sensitityi in the holdout test set, while still maintaining reliable detection

of malignant and normal images.

The visual analysis of the HORased representation also contributed to the interpretability of
the proposed approach. The generated HOG maps showdbedlatginal CT images were
converted into gradierdriented structural patterns, including edge directions, local contours,
and texturerelated information. These visual outputs help clarify the type of image information
supplied to the machine learningassifiers. Nevertheless, this interpretation should be
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considered as an explanation of feature representation rather than aldesiodinical
localization procedure.

Several limitations should be acknowledged. The dataset was relatively smallaligspeci

the benign category, and the analysis was performed at the-stiegéevel rather than at the
patient level. Because patidevel partitioning information was not available in the dataset
structure used in this study, complete independencesbattvaining and testing samples at the
patient level could not be verified. In addition, although HOG visualizations improve
transparency regarding the extracted image features, they do not indicate the anatomical
location of lesions. Therefore, the finds should be interpreted within the scope of
computational image classification and not as evidence of a-teathe clinical decision
support system.

Future research should validate this framework using larger, more balanced, arceniatti

CT dataset. Patierevel splitting strategies would also be necessary to better assess clinical
generalizability. In addition, direct comparisons with deep learning and transfer learning
architectures may further clarify the relative strengths of handcraftededédtsed models. For
deep learningpased extensions, explainable artificial intelligence methods such a€&kd

could provide more clinically meaningful localization maps. Overall, the results of this study
suggest that HO@erived structural descriptorsvhen combined with suitable machine
learning algorithms, can provide an effective and interpretable approach for distinguishing
benign, malignant, and normal lung CT images.
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-ékarmayée ama-1| ayalnedénr. vRu i- anla@oathaedELLAAP r idar |
al goritmal areée i ki ayré a-éek kaynak k¢t gphane
ve Python tabanl é PAMI . Deneyler i-in yapéseé
se-i |l miywdjiun Wd ksabi't uzunl uklu chess (3.19
deji kken uzunluklu retail (88.162 ikl em, 16.
eKiji denenmi K, i ki deptyplyan @dugah tr@gnast agyme |aal rt eme
otuzdeneyinon yedi si nde bi r edemeylerdekrit- ¢orkmefkatrekrl.a rikeanl ¢
ekKijin iKki k¢t ¢phanede farkl é yuvarl anmaseéd
Deney sonu-lareée ¢- g%zl emi or teaya ykodyumd kutj auchéa
ol duj u, her i ki k¢t é¢e¢phanede de birbirinden |

Growth araséndaki mertebe farkénén iki dil de
kaynakl andéjéenée ve uygiluama g@isltiemdnektleaij & ms &
ECLAT' én yojun veri de dezavantajl é kal masé
gzl enmiktir. Sonu- olarak algoritmal arén ba
buna karkél ek mutnl ak gudlaeamama darf dléerbiin i mde

Anahtar Kelimeler: Sék ¥r ¢nt ¢ Madencil i i, Birl4ikteld
Growth, ECLAT.

COMPARATIVE ANALYSIS OF FREQUENT PATTERN MINING ALGORITHMS
ACROSS TWO LIBRARIES: APRIORI, FP -GROWTH AND ECLAT ON SPMF AND
PAMI

ABSTRACT

Frequent pattern mining is a subfield of data mining that aims to extract meaningful association
patterns from large transactional databases. This study compares three algorithms, Apriori, FP
Growth and ECLAT, acrodsvo independent opesource libraries: the Janmsed SPMF and

the Pythorbased PAMI. Two benchmark datasets with markedly different structure were
selected. The first is the dense, fidedgth chess (3,196 transactions, 75 items); the second is
the spars, variablelength retail (88,162 transactions, 16,470 items). Five minimum support
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thresholds were applied to each dataset, yielding sixty runs in total. The pattern counts matched
exactly in seventeen of thirty runs. The remaining differences stem foemehch library

rounds the threshold: SPMF rounds up, while PAMI truncates down. Three findings stand out.
First, the assumption that performance depends on data density held in both libraries. Second,
the ordeyof-magnitude gap between Apriori and-BPowth was preserved in both languages.
Third, the classical tidsdtased ECLAT remained disadvantaged on dense data regardless of
the library. In short, the algorithmic trends are implementatidependent, whereas the
absolute runtimes are not.

Keywords: Frequent Pattern Mining, Association Rule Mining, Apriori-GRowth, ECLAT.
1. GKRKKk

Be¢eyeék veri tabanl ar éndan anl aml é O re¢ent ¢l
ama-I|l aréndan biridir. Bu amaca y°nel ik tekni
al anén temel -er-evesi Agrawal ve arkadaxkl ar
[ 1] . Y°ntemin uygul ama al ané perakende sat ét
analizine kadar wuzanér; ancak degmpdge kimesi. t e me |
Ama - |, bir wveri tabanénda belirl.i bir exijin
bul mak ve bunlardan kokull u -ékarém kurallar

Al anén temel také ¢(- algoritmadeéer . agh ki Ap
il k sistemati k algoritmadeér-Gr®2wt. h'Ha ng eviei katrikre
algoritma, veri tabanéné tekrar tekrar taran
cretmeden sék °regnt el erieyékarérbfj 3] mi Agndag
°nermi Ktir. Bu y°ntemde destek, k¢gme kesi Kim
[4].

Bu ¢ - al goritmanén karkélakteéereéelmasé |ite
-al ekxmal arén - o] uritnedke nbiyrerikdgtedpphaneDod aeg és éy
k¢t e¢phanenin kendine °9zge¢ niteli klerini de t
al goritmanén i ki ayré uygul amasé, ayné koku
far kéneéen aldiar g@ygulggpmdi Jjerinde g°r ¢l mediJini
dojaséndan mé, yoksa wuygulama kararl aréndan

Bu soruyu yaneéetlamak i-in -alékma bilin-I1I
Birincisi SPMF:r ddfazraanablab &l, adialndma a- ék ka
PAMI : Aizu | niversitesi'nde geliktirilen ve
[ 7] . Yazénén kalané k°yle d¢gzenl enmi kKtir: i
deney dizem | i sunul ur , o-¢é¢nce bl ¢gmde sonu-1 ar p

dejerl endirme yer al ér.

2. KURAMSAL TEMEL VE DENEYSEL DUZENEK

2.1. Temel Tanéml ar

I = {i , [ , €, i } bir ©°geler Kipesidrgi ol su
PlI). Kklem veri tabané D = {T , T , ¢é, T }
destefji (support), D i-inde X' VtDiXPeTH@EDl. i kKl e
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support(X) O min_sup kekkidme siadil ra.n éBotrsm yXa lsl

anttmonotonl uk 11 kesi bul unur : sek bir k¢ meni |
uzayénén budanmaséné sajlar ve ¢(- algoritman
2.2. Algoritmal arén Kuramsal Karkél akt @&r mas e

Apr i ori, aday ¢retip test etmeye dayaneéer. V
bir ©°nceki adémen sék k¢ mel er-monotbeluk ilkegsela i ada
arama uzayéneé budar. Temel S Oor un torkkuothrak : d¢ K
patl ar . Bu nedenl e Apriori yoj-@Gmowtehiaenei da
farkl e -°zer. Ver i tabanénée yal nézcatrea) ki k e:
don¢ktegregr ve aday ¢retm&€CemMTOorn st yebbdwdit arie
her ©°ge i-in iklem |Iistesini (tidset) tutar
ti dset tabanl e s¢r¢gmde bakl angeée- tidset' Il er
tuketir.

Do al gor i t nyaan énn-kodkdsmayecore) biciminde Cizelge 1, 2 ve 3'te
sunul muktur . Bu °zetl er, sonr aki b°l ¢mde g°©°r
anl amayeé kol ayl akteéeréer .

¢izelge 1. AprioriKoddl goritmasénén S°z
Girdi: D ikl eme v']i tabané, min_sup
tcéekt é: F t¢em sék °2ge k¢gmel eri
1. C Y D' 'deki t¢m tekil ©°geler
2. FNC Y {csupport(c) O min_sup}
3. k Y 2
4 . F bOK ol madéje s¢grece tekrarl a:
5. C -GEENAPRI ORI (aday ¢reti
6. Hertt D i k| eandia yil-airPen sayacéné ge¢ncell e
7. NCF :Y sfuppport(c) O min_sup}
8 . k Y k + 1
9. F= F dejerini d°ndg¢r

Apriori'"'"nin8dératte€nygagsy)y (hér seviyede ver.i
yojun veri.#RGrhoéwztlha baur trmaarl i yetten farkl e bir

Cizelge 2. FPRGr owt h Al gor i Kodasénén S°zde

Girdi: D iklem veri tabané, min_sup exil]i
céekt é: F t¢em sék °2ge k¢gmel eri

1. D taranarak °gelerin destek dejerleri
2. L Y sék °egealzearl a(nd essétreajdea )g® r

3. Kok d¢j ¢mreeeobokt brul &P

4. Hert\ D i kK1 e mi L séraséna g°re séralanép a
5, FRt ree ¢zerinde °re¢gnte begyeéetme 11l e F o o-éeKk
6 . F dejerini d°ndg¢gr
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FPP-Gr owt h yal nézcvae ia&kday agraetameydaepmar®r ¢nt ¢ b ¢
ise veriyi dikey Dbi-ime alép desteji tidset
¢izelge 3. ECLAT AKoguor it maséneén S°zde
Girdi D (dikey bi-imde), min_sup exiiji
tcéekt é: F t¢em sék °2ge k¢gmel er i
1. FtiWs{eit (:i)||/| D] O min_sup}
2. EclatMi ne (P, U) yovwRligmeé i-in: her X
3. b &t t @en {Patted} F
4. Y>XolanherYicintidsettXY) Y tidset(X) 2z tidset(Y)
5 |tidset(XY) | /| D] O min_sup ise adayé genikl
6 . i l@brilklretaday varsa yordam °zyinele
7. F dejerini dendg¢r
Bulgcsbzdk od karkél aktéeréel déj énda, bakarém f at
Apriori"nin déek d°nge¢seé, en uzun sék %&reéentoén
bu da yojun ve uzun i K|l emiGrowehi deal mabkicpetii
yapté]jéndan ve aday kg¢mesi cretmedijinden,
tarama sayéesé en d¢g¢ke¢gk ol sa da, @ra goauglart i d s e
dojurdujundan bellek ve s¢re a-éséndan bekl e
bir karkélaktéermasé ¢izelge 4'"te sunul muxktur
¢izel ge 4. i - Al goritmanén Kuramsal ¥zell:i
Olgiit Apriori FP-Growth ECLAT
Paradigma Aday Uretimtest Oriintu blyutme Tidset Kk
Veri bigimi Yatay Yatay + FPtree Dikey
Tarama sayeés:cs k kez 2 kez 1 kez
Aday Uretimi Var Yok Yok
Arama stratejisi BFS DFS DFS
Yojun ver.i k Cok kotu Ky i Orta (klasik)
Seyrekverb ak ar én Makul Cok iyi Ky i
2.3. Deneysel Duzenek
B¢eten deneyl er Google Colab'"én ¢cretsiz kat
sahip bir makinede -al éxktéreéel méxkteéer. PAMI I -
zam&kmueé | anél méxkt ér . SPMF'"in 2.65 s¢reéegmeg terc
-eken Dbir aray¢z farke varder: mi ni mum dest
dej eri tam sayé saya- olarak aleéer wpesaware |
yukaré yuvarl ar. Bu farkén sonu-1lara etkisi
Deneyl er i -in iki ver i seti se-i |l mi ktir.
yojunl uk) , i kinci si seyrek retail (88eril62 ik
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chess icin {0,70; 0,75; 0,80; 0,85; 0,90}, retail icin {0,01; 0,02; 0,03; 0,05; 0,10} olarak

belirl enmiktir. Kk i k¢t ¢phanede toplam al ton
kaydedi |l mi ktir: -al exkma s¢resi, . Blel damakk kKul I
kutuphane - i al goritma s¢resi esas al enméextér; |
yée¢kl eme gereéltegse °1-¢gmegn dékénda bérakél méi
G°rsel 1 ise ayné karkeéel aktérmayeé g°rsel ol a
Cizdd ge 5. Veri Setl erinin Yapésal Pro

Ozellik Chess Retail

Kkl em sayéseé 3.196 88.162

Benzersiz °9ge sa\ 75 16.470

Ortalama i kKl em u: 37,00 10,31

En késa / en uzul 37137 1/76

Yojunluk orane %49,33 %0,06

Veri Setlerinin Yapisal Profili: Yogun (Chess) vs. Seyrek (Retail)

islem Sayisi Benzersiz Oge Sayisi Ort. islem Uzunlugu Yogunluk Oram (%)
20000 60
100000
88,162 17500 + 16,470 401 37.00 sl %19.33
30000 15000
. 30 40 -
12500 o
60000
10000 30 1
20
40000 7500 -
20
5000 104 10.31
20000 10 -
2500
3,196 75 %0.06
0 T T 0 T T 0- 0-
Chess Retail Chess Retail Chess Retail Chess Retail
G°rsel 1s.e tK knii nv eyraip & s a | profillerinin kar

3. DENEYSEL SONUCLAR
3. 1. PAMI (Python) Sonu-1aré

¢izelge 6 ve 7, PAMI " nin chess ve retail \
b¢yek fark chess 0, 70 ek ispniyadirerken EEraorwt hA paryi noér
°re¢ent ¢ keéegmesini 0,667 saniyede bulur, yakl ak
aday ¢retip her turda veriyi yeniden taradej
eki kte 19,39 -GawhhyedeobuzekatERa yakén bir s
yojun veride yal neGrcawtAlp'rimrdd ng err idseijnd ,d JFrPe
bakkadér ve ¢- algoritma birbirine yakl aker;
249 saniyede biter. Bu s¢re chess'teki 109,

Gorsel 2, chess'teki sureleri logaritmik eksende sunar.
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Cizelge 6. PAMITChess Veri Seti Sonu-laré (s¢reler sani
ve FR-Growthicinge - er | i di r , ECLATO6éNn °r¢gnty¢ sayésé 3.
minSup Oriintu (A/FP) Apriori FP-Growth ECLAT
0,70 48.969 109,10 0,667 19,39
0,75 20.993 30,61 0,326 8,14
0,80 8.282 9,29 0,126 2,51
0,85 2.690 2,10 0,080 0,72
0,90 628 0,48 0,060 0,16
Cizelge 7. PAMIT Ret ai | Ver. Seti Sonu-1lare (s¢rele
minSup Oriintu Apriori FP-Growth ECLAT
0,01 159 2,49 0,885 0,67
0,02 55 1,15 0,655 0,55
0,03 32 1,77 0,893 0,63
0,05 16 1,05 0,598 0,51
0,10 9 1,00 0,611 0,48
Aywveriler, ejilimi g°rsellexktirmek i-in ak
Chess Veri Seti — Calisma Siiresi (Log Olgek)
_ 1025 —O— Apriori
2 -{1- FP-Growth
o A ~A- ECLAT
= ~.—
2 1014 :
&
E=] 100.
L |
z el T~
Jee -
- -
© 107! _——
i -0
0.70 0.75 0.80 0.85 0.90
Minimum Destek Esigi (oran)
Gorsel2. PAMITChess ver.i seti -al @ékma s¢resinin deste
eksen)
¢al @ékma s¢resinin |l ogaritmik eksendke sunu
farkénén tek bakéexkxta g°r ¢l mesini sajl ar. Ap
suresi ile FFGr owt h" un 0, 667 saniyesi, yalnézca 1o
bi-imde karkeéel aktérélabilir. bleklejnreinnibnrde ae
-é¢nke¢ yeksek destek exkiji daha az sék °r¢gnt ¢
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Ancak ejrilerin ejimleri belirgin bi-41imde f
Growth neredeyse yatay bir seyir izler. Burum, FRGr owt h' un exki k deji kKin
az etkilendijini ortaya koyar. ECLAT ise iKki
verisinde Apriori'ye yakeén seyretmesi, k1l ac:
dezavant aj énéf ayra&n sfétegjri.m,Bual¢g-ori t mal arén kur
deneysel bir i zd¢gkegmeg ol arak okunabilir

Chess Veri Seti — Calisma Siiresi (Lineer Olcek)

—O— Apriori
1001 —{1- FP-Growth

=~ ECLAT

Calisma Siiresi (saniye)

0.70 0.75 0.80 0.85 0.90
Minimum Destek Esigi (oran)

Gorsel 3. PAMITChess veri seti -aléxkma s¢resi (lineer

Lineer eksende bakél déj éjnidrai n sal tA@mrdarne me

bi-imde y¢kselir; bu g°r¢neém, aday ¢retim ma
g°zl e ortaya koyar. Logaritmi k eksende g°rec
uUu-uruma dP°n¢gker " 0L @MO0sgkupundie] Adpriloirial gor i
berakeéer . Bu i ki sunumun birlikte veril mesini
l ineer eksen ise mutlak farkée vurgular. Ayne

yinelenmk t i r

Retail Veri Seti — Calisma Siiresi (Log Olgek)

=0~ Apriori
={}- FP-Growth
=\~ ECLAT

2x10°

Calisma Stiiresi (saniye, log)

100 4
El-._\\ ”,EL\\
".... ’I \\
\\D/’ e
6x10-! “-...___-‘- ’____-—Ah..\ \D_ ______ O
= ~A—.—
——A
0.01 0.02 0.03 0.05 0.10

Minimum Destek Esigi (oran)
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Gorsel 4. PAMIT Re t ai | veri seti -al ékma s¢resinin dest

eksen)

Retail veri setinde tablo belirgin bi-imde
yakén seyreder; -¢nk¢ skyk a&lkd &vjedn ddeen °hri¢g-nktier
mal i yete girmez. Retail'de en y¢ksek s¢gre Ap
chess'teki 109,10 saniyenin yanénda son der
fark bile burada birka¢c katile éner | &€ kal ér . Bu, ver.i yojunl
belirleyici rol¢ng bir kez daha dojrul ar. Li

Retail Veri Seti — Calisma Siiresi (Lineer Olgek)

2.50 —O— Apriori
— 2.251 -1+ FP-Growth
2 ~A- ECLAT
‘= 2.00 1
&
= 1,751
B
& 1.50
:D%
o 1.251
g
Z 1,00
S
0.75 -
A T .
0.50 1 —x . ity A
0.‘01 0.‘02 0.63 O.(')S 0.I10
Minimum Destek Esigi (oran)
Gorsel 5. PAMITRet ai |l veri set]i -al ekxma s¢resi (

Logaritmik ve lineer eksenibirlikte verilmesi, chess'te Apriori'nin tstel buyumesini ve

dijer 1ki al goritmanén g°rece d¢z seyrini a
ayrente var: Apriori'"nin 0,03 exijJindeki sS¢r
dahay ¢ k s e k . Bu monoton ol mayan davranéck, seyr
bakl atma maliyetinin g°rece ajérl ek kazanmas
da dejikir. Yojun chess'te en yavalke k ad kain] iEnC
tamaménda en hézlée algoritmadeéer :Grsogmtenl eerkii kO,
neredeyse etkilenmez ve 0,60 ile 0,89 saniy
al goritmadeéer, ama farklar lkgxikt nde Bn 49awsat
al goritmanén <chess'teki 109,10 saniyesinin
maliyetler bu kadar d¢ker. Kki veri setinin

ve retail surelerini yan yana logamik panelde 6zetler.

277



KARADENIZ 20th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
June 26 28, 2026- RIZE
ISBN NR.: 978625879517-2

Calisma Siiresi Karsilastirmasi: Yogun vs. Seyrek

(a) Chess — Yogun Veri (b) Retail — Seyrek Veri
10%; —O— Apriori —O— Apriori
— -0- FP-Growth . 2x10° -0- FP-Growth
5 A —A- ECLAT 2 ~#- ECLAT
g 1wy~ @
= =
@ (]
3 .3
0 n  10°%4
a 10°; e o A
E O E \\\ e \\
ur S . un ~ -~ ~
T,; ‘-._ﬂ.‘. \'\ %‘ A‘ \\D’,/ \\\
o ‘-\"-\ X O sx0- ‘\"-.. —"A\..__ ‘O----- O
1071 Ll - AT '~
Bt A
0.70 0.75 0.80 0.85 0.90 0.01 0.02 0.03 0.05 0.10
Minimum Destek Esigi (oran) Minimum Destek Esigi (oran)
Gorsel6. PAMITChess ve retail veri setlerinde -al ékma

(logaritmik eksen)

Bulunan °r¢nt¢ sayésénén destek exijiyle r
eki kl erde ©°r dntbg -9 andées éarétnt €éj £t,e bunun da Apr
dojrudan besl edi]i ger ¢l mektedir

Bulunan Sik Oriintii Sayis1: Veri Karakteristigi Etkisi

(a) Chess — Ustel Patlama (b) Retail — Dusiik Yogunluk
160 1
~ ~ 140
2 Z
z T 120
w . w
i3 10% = ]
:-E %100
Q fe) 80
3 g 601
= =
= =
E S 40+
/m 3 m
1031 20.
070 075  0.80 085 090 001 002 003 005 010
Minimum Destek Esigi (oran) Minimum Destek Esigi (oran)
Gorsel 7.PAMITBul unan °r ¢ntg¢ sayésénén destek exi
Bu i ki panel , veri yojunlujunun °r grt § say
0,90"dan 0,70"e indijinde °r¢nt¢ sayésé 628°
bir artéktér ve | ogaritmik eksende bile ejr
farkl eder : sayé 9'dan l18f€a. yKkselui-r ,nokdmiy é
aradaki a-éklek daha da netlexkxir; chess 0,70
yalnézca 159 °r¢gntyeg i1 -erir. Ar adaki ¢- Yéz k

aday ¢reti® Jgavaxkelldahj .en
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Hiz Kazanci Analizi (Apriori regeﬁans = 1x)

(a) Chess — Yogun Veride Dramatik Fark (b) Retail — Seyrek Veride Sinirli Kazanim

% 175 1163.6 Em FP-Growth hiz kazanci % 3.0 1 Emm FP-Growth hiz kazanci
& = mmm ECLAT hiz kazanci < mmm ECLAT hiz kazanci
8 1501 S 25
& 5
G 1257 Z 20/
N N
i 1001 i
@ o 1.51
5 751 8
Qo &)
1.0
2 501 2
e e
£ 251 2 0.5
2, [=%
<< <t 0.0/
0.70 0.75 0.80 0.85 0.90 ' 0.01 0.02 0.03 0.05 0.10

Minimum Destek Esigi (oran) Minimum Destek Esigi (oran)

Gorsel 8. PAMIi Apri ori referansGab@enkheyenBEGLATT §n FiPe z

G°rsel 8, ¢- algoritmanén Apriori'ye g°re |
9, algoritmal ar @nd -ekillendejiimtii h-oeg madd &lkt i ril
panelinde -arpécé bir kéyas g°r¢gl ¢gr: eki k 0,
227 kat artarken, FBr owt h' un sg¢r esi yalnézca 11- kat a
polinomsal bty me ar aséndaki farkén somut bir ©°rnej
saniyede ¢retilen °r¢nt-Gr osvatyhe saé-néek gérsa e°rnded

Olceklenebilirlik Analizi: Destek Diiserken Siire Katlanmasi

s (a) Chess — Ustel Biiyiime Farki s (b) Retail — Simirhi Olgeklenme Farka
] 1l

24 —O— Apriori = 241 —O— Apriori
o] A -0- FP-Growth & -0- FP-Growth
2 10770 ~- ECLAT & 2.2 —&- ECLAT

2 ' 4

2 2 2.0

= =

L 2L 1.8

g g

a 101 % 1.6 1

ur on

E ‘g 1.4 Ea

E =

JJ;‘ dc?‘:h 1.2‘

L L

g 100 g 1.0 b---=

E 070 075 080 085  0.90 E 0.01 002 003 005 010

Minimum Destek Esigi (oran) Minimum Destek Esigi (oran)

Gorsel 9. PAMITNor mal | ekt iril mik °Il -eklenebilirlik a
Bu norinrailllmike g°r ¢negmegn ardéndan, al gori t me
birim zamanda ne kadar ik -ékardejée da incel
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Oriintii Uretim Verimliligi (Birim Zamanda Bulunan Oriintii)

(a) Chess — Pattern Uretim Hizi (b) Retail — Diisiik Mutlak Verim
O=——a_ O----- o A —O— Apriori
_ R . \ -0- FP-Growth
-% ‘EI.\ % 200+ ‘\ —A- ECLAT
= \\\ =} E
g ~ 8
B = 4
“z’ 10%4 —O— Apriori o =] 150
£ -0- FP-Growth =
v ~A- ECLAT A== A = 1001
| =
E £
= = |
€ 10%; o/—o § 50
0.70 0.75 0.80 0.85 0.90 0.01 0.02 0.03 0.05 0.10
Minimum Destek Esigi (oran) Minimum Destek Esigi (oran)
Gorsel 10.PAMIT ¥r ¢nt ¢ ¢retim verimlilif]i (saniyede

3.2. SPMF (Java) Sonu-1I|are

Cizelgpe 8ve9ayeée kokull arén SPMF sonu-I|arénée ver.i
Birincisi Apriori"dir: chess 0,70'"te yalneéz
109,10 saniyenin yakl akék yet mi K dertte bi
yorumlanan t hon karkésénda yojun veride ne denli

Growth'"tur; chess'teki S¢resi ik k¢t ée¢phaned
saniye), yani Apriori'deki ugurum FBr owt h' ta g°r ¢l mez. lem ¢ nc ¢
ECLAT " a aittir. SPMF'" in ECLAT modg¢l ¢ chess
kokul darkoowtFhP s ¢resinin yaklakeék on iki kated:é¢
Java'da bile yojun veride dezavantajleée ol duj
Cizelge8. SPMF Chess Ver.i Seti Sonu-larée (s¢reler sani
veFRGr owt h i -in ge-erlidir; SPMFO6in ECLAT modg¢l ¢
ve 21.011 °re¢nte¢g bul muktur (bkz. 3.
minSup Oriintu (A/FP) Apriori FP-Growth ECLAT
0,70 48.731 1,473 0,609 7,519
0,75 20.993 0,633 0,487 2,785
0,80 8.227 0,540 0,372 1,677
0,85 2.669 0,287 0,281 0,834
0,90 622 0,184 0,257 0,577
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Cizelge 9. SPMF Ret ai | Veri Seti Sonu-I|lareée (s¢rele
minSup Orunta Apriori FP-Growth ECLAT
0,01 159 0,894 1,214 4,601
0,02 55 0,860 1,618 2,892
0,03 32 0,651 1,042 4,842
0,05 16 0,576 1,104 2,095
0,10 9 0,510 1,131 1,563

Retail'de ilging bir durum gozlenir: SPMFte4&> o wt h, tem exki kl erde
yavak -al ékméxkter. Bunun nedeni K ud ttree: - ok
kur manén maliyeti, Apriori'nin basit taramas
ECLAT modult retailde 6246 31 MB gi bi ajér bir ayak i zi b e

3. 3. PAMI ve SPMF Karkeél akt ér masé
Kki k¢t éephanenin bul duju ©°r ¢ nt-Gromghaherdki ar € Kk

k¢t ¢phanede de ayné sék °ge k¢gmelerini ¢grett
bu iki algoritma icin gecerlidir. Buetme |l de ot uz kokunun on yed,:
Crt ée¢KmMEKt oo Uyukmayan on (- kokunun tamameé
kokusu ise t¢gmgyle tutarl edeéer. Far kl arén ik
kotuphane minimumded#te ek i j i ni farkl & yuvarlar. ¥rneji.
2.876,4 dejeri el de edilir; SPMF bu dejer.i
Apriori ve FRGr owt h kokul arénda genellikle PAMI O&nNni I
nedeni bud r . KkKi nci kaynak yuvarlamayla a-éekl an
SPMF6in ECLAT mod¢l ¢, chess 0,70 ve 0,75 exi
°re¢nt ¢ fazla raporl améexkt ér . Oy s O, 75 exiiji

a

yla bu fark
tabanl e ECLAT wuygulamasénéen sénér destekl: .
Bu da °r¢nt¢ sayésénén yalnéezcg |l @kiojleabdéijeicle

gosterir.

yuvar|l ama farkeée yoktur. Dol ayéseé
n

¢izelge 10, i ki k¢t éephanenin s¢gre oranéneé
dejer SPMF' i n, birden k¢-¢k dejer PAMI' nin d
12 ve 13'te de sunuliurr.i 'jd-e €eSPiMFi na -°rke a-réak ars.
y a k|l ak ék -Grovth'ta RAM), yer ier’lSPMF'i gececek kadar rekabetcidir. ECLAT'ta
i se ¢stenl ¢k veri setine ve ekKkije g°re dejiKk
seyrek veride yan yana ar.
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PAMI vs SPMF: Cift Kiitiiphane Calisma Siiresi Karsilastirmasi

(a) Chess — Yogun Veri (b) Retail — Seyrek Veri
| |
102 =0 Apriori (PAMI) -k FP-Growth (SPMF) == Apriori (PAMI) -l FP-Growth (SPMF)
—_ --@- Apriori (SPMF) —— ECLAT (PAMI) —_ --@- Apriori (SPMF) —/— ECLAT (PAMI)
E) =~ FP-Growth (PAMI) --A- ECLAT (SPMF) E —{= FP-Growth (PAMI) --&- ECLAT (SPMF)
g oy A -,
3 g
E 101_ E
S 3
8 o
& 100 &
@ @ 1004
g g
& &
= 2
1071, .
0.70 0.75 0.80 0.85 0.90 0.01 0.02 0.03 0.05 0.10

Minimum Destek Esigi (oran) Minimum Destek Esigi (oran)

G°rsel 11. PAMI ve SPMF -aléexkma s¢relerinin che
karkél akt @ér mas e
Yan yana yerlexktirilen bu iki panel, k¢tepl

farkl el akt @] éné or tnaysa ykéesyad r ;k alr Kk ek a&rj kéé |¢a kzted r¢

¢izelge 10. Hez Orané (PAMI [/ SPMF): >1 SP

Veri Seti minSup Apriori FP-Growth ECLAT
chess 0,70 74,07x% 1,10x 2,58x%
chess 0,75 48,36x% 0,67x 2,92x%
chess 0,80 17,20x% 0,34x 1,50x
chess 0,85 7,32% 0,28x 0,86x%
chess 0,90 2,61x 0,23x 0,28x
retail 0,01 2,79x% 0,73x 0,15x
retail 0,02 1,34x 0,40x% 0,19x%
retail 0,03 2,72% 0,86x% 0,13x
retail 0,05 1,82x 0,54x 0,24x
retail 0,10 1,96x 0,54x 0,31x
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Hiz Oram Karsilastirmasi: >1 ise SPMF, <1 ise PAMI daha hizh

(a) Chess (b) Retail
74.1 — 2.8 — 2.7

B Apriori Bl Apriori

N FP-Growth B FP-Growth
[ 3 BN ECLAT = B ECLAT
s > 1.0
7 @
“ 1ot “100- - v
S S -
£ 95;
= g
© ©
— -
Q 10°4 o
p |
i o

0.70 0.75 0.80 0.85 0.90 0.01 0.02 0.03 0.05 0.10
Minimum Destek Esigi (oran) Minimum Destek Esigi (oran)

G°rsel 12. Héegresané GSPMHMI s¢gresi): dejerin bird:q
hezl é& ol dujunu g°sterir

Ayneé oranl ar én h¢cre bazéenda daj el eme, b
Ozetlenebilir.

G°rsel 13. Héz oranénén ésé hagtigmls@&l: ¢ ko yUAmrsica

yojun veri) ikaret eder

Bell ek konusunda °neml. bir uyaré gereklid
kull anéméné raporl ar; PAMI ise i kletim sist
raporl ar . Bu irkii i°fladgae ddhaerkl eBkxegédenl e bel
araséeénda dojrudan karkél akteérel maméxkteer . Be
i -inde, algoritmalar araseé ejilimi g°ster mek

kul | an gemcévede suban.
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