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1. INTRODUCTION

The development of anthropomorphic prosthetic hands involves a fundamental trade-off between grasp
adaptability, mechanical robustness, and actuation complexity. Beyond achieving the required finger
configurations, effective object interaction depends on the mechanical response of the fingers to externally applied
forces. In biological hands, this response can be adjusted through neuromuscular modulation of joint impedance,
allowing the fingers to accommodate contact uncertainties while providing sufficient resistance to deformation
when required. Replicating this capability in prosthetic mechanisms remains challenging, particularly under the
constraints of limited installation space, weight, and actuator availability.

Underactuated and tendon-driven mechanisms have been extensively investigated to reduce actuation complexity
while preserving grasp adaptability. Massa et al. (2002) explored underactuation in prosthetic hand design, while
Dollar and Howe (2007) demonstrated the potential of passive compliance for adaptive grasping in a prosthetic
terminal device. Gosselin et al. (2008) further illustrated how mechanical coupling can enable an anthropomorphic
robotic hand with 15 degrees of freedom to operate using a single actuator. Although these approaches demonstrate
different strategies for achieving mechanically adaptive grasping, their adaptability primarily arises from passive
mechanical characteristics rather than independently controlled finger stiffness. Consequently, accommodating
variations in object geometry does not necessarily provide the ability to modify resistance to externally imposed
deformation according to task requirements. This distinction motivates the integration of controllable stiffness
mechanisms into prosthetic finger architectures.

Variable-stiffness actuation provides an alternative in which finger position and mechanical stiffness can be
regulated independently. Such mechanisms have been developed for anthropomorphic robotic systems to improve
robustness and interaction performance, although they often involve mechanically complex and highly actuated
architectures (Grebenstein et al., 2011). The independent position and stiffness regulation was also demonstrated
in a transradial prosthetic hand using variable-stiffness actuators (Hocaoglu and Patoglu (2022a, 2022b)). However,
conventional VSA mechanisms may introduce additional bulk, weight, and mechanical complexity, while their
reliance on multiple moving components and transmission elements may increase susceptibility to mechanical
imperfections and wear over time. These limitations motivate the development of more compact stiffness
modulation mechanisms for prosthetic applications. Shape memory alloys (SMASs), particularly NiTi-based
materials, offer a promising alternative due to their high work density, compact form factor, and electrically
controllable thermomechanical behavior. Their integration into wire, spring, or strip configurations enables stiffness
modulation with fewer conventional mechanical components, although thermal response and hysteresis remain
important design considerations (Mohd Jani et al., 2014).

The objective of this study is to experimentally evaluate an SMA-based variable-stiffness finger developed as part
of an anthropomorphic adaptive prosthetic hand. The proposed design separates tendon-driven position actuation
from SMA-based stiffness modulation. The study focuses on three questions: whether selective activation of two
SMA strips produces distinguishable stiffness states; whether these states can be characterized through force—
displacement behavior; and whether finger position and stiffness can be regulated independently.

2. VARIABLE-STIFFNESS FINGER DESIGN

The proposed finger design aims to integrate controllable mechanical stiffness into a compact, tendon-driven
prosthetic mechanism without introducing additional conventional actuators for stiffness modulation. To achieve
this, finger positioning and stiffness modulation are assigned to physically distinct actuation subsystems. This
section describes the finger architecture, the integration of SMA strips, and the activation strategy used to establish
discrete stiffness states.
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2.1. Finger Architecture and Actuation

The proposed variable-stiffness finger is based on a mechanically underactuated, tendon-driven architecture. Finger
flexion is generated through motor-driven tendon transmission, while passive elastic elements facilitate extension.
This arrangement enables coordinated finger motion with a reduced number of position actuators.

At the hand level, three micromotors provide position actuation: one drives the thumb, one drives the index—middle
finger pair, and one drives the ring-little finger pair. However, the variable-stiffness functionality is implemented
locally at the finger level, independently of this motor allocation. The tendon—-motor subsystem governs finger
configuration, whereas SMA strips integrated along the finger provide an additional means of modifying its
resistance to externally imposed deformation as presented in Figure 1. Consequently, stiffness modulation does not
require changing the commanded position or introducing an additional motor-driven stiffness transmission.

Table 1. SMA Activation Conditions and Corresponding Finger Stiffness States
Active SMA strips  Total Activation Current  Stiffness State Mechanical Response

Maximum finger
: flexibility
’ oA Compliant (Lowest  resistance to
deformation)
1 21A Intermediate Intermediate resistance to
deformation
2 42 A Stiff Maximum tested

resistance to deformation

2.2. SMA-Based Variable-Stiffness Mechanism

Two SMA strips are arranged in parallel along each mechanically jointed finger to provide selectable levels of
resistance to bending. The strips are shape-set in a straight configuration and undergo deformation as the finger
flexes. Upon electrical activation, the SMA strips are heated and develop a restoring action toward their memorized
configuration, opposing finger deformation. Selective activation therefore modifies the mechanical response of the
finger without requiring additional conventional actuators dedicated to stiffness modulation.

The strip-based arrangement was selected to minimize the volume occupied by the stiffness-modulation mechanism
while preserving the anthropomorphic geometry of the finger. In addition, the mechanical placement of the strips
contributes to limiting finger hyperextension.

Three discrete stiffness states are established by selectively activating the two SMA strips, as summarized in Table
1. With both strips passive, the finger exhibits its most compliant response. Activating one strip increases resistance
to deformation, producing an intermediate stiffness state, whereas simultaneous activation of both strips produces
the stiffest tested response. The corresponding total activation currents are 0 A, 2.1 A, and 4.2 A, respectively.
These operating conditions provide a discrete stiffness-modulation strategy while retaining separate tendon-driven
position actuation.
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Figure 1. SMA-based variable-stiffness finger design showing the parallel arrangement of two SMA strips along
the finger to provide controllable resistance to bending while preserving the compact anthropomorphic structure.

3. EXPERIMENTAL METHODS

The experimental evaluation was designed to investigate two key characteristics of the proposed SMA-based finger:
its ability to establish distinguishable mechanical stiffness states and its capacity to regulate finger position and
stiffness independently. Accordingly, two sets of experiments were conducted. First, force—displacement
measurements were performed to characterize the mechanical response under different SMA activation conditions.
Subsequently, position—stiffness decoupling experiments were carried out to examine whether either variable could
be modified while maintaining the other at a prescribed condition. The experimental platform and procedures are
described below.

3.1. Experimental Setup

A backdrivable experimental platform was developed to apply controlled external loading to the prosthetic fingers
and measure their resulting mechanical response. The platform incorporated an AC motor coupled to a belt—pulley
transmission, allowing externally imposed displacement without an additional geared stage. A force/torque sensor
with a measurement range of up to 50 N was installed at the interaction interface, while a compliant Depron contact
element distributed the applied load across the contacting fingers.

During testing, interaction force was measured directly using the ATI force/torque sensor, and the corresponding
linear displacement of the end-effector was determined from the motor encoder. The experimental arrangement is
illustrated in Figure 2.
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Motor Drive
Torque-Force Sensor

Rack-and-pinion Linear guide with
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the yellow part)

Figure 2. Experimental platform used for force—displacement characterization and evaluation of independent
position—stiffness regulation.

3.2. Force-Displacement Characterization

Force—displacement experiments were conducted to quantify changes in the mechanical response of the finger
resulting from selective SMA activation. The prosthetic fingers were positioned against the compliant contact
interface and subjected to progressively increasing external loads ranging from 0 to 5 N.

Three activation conditions were evaluated according to Table 1: compliant (both SMA strips passive), intermediate
(one strip active), and stiff (both strips active). For each condition, the applied force and corresponding end-effector
displacement were recorded over ten repeated trials, resulting in 30 trials in total.

The measured force—displacement responses were compared to determine whether selective SMA activation
produced distinguishable levels of resistance to deformation. For a given external load, lower displacement was
interpreted as greater effective mechanical stiffness under the tested conditions.

3.3. Independent Position-Stiffness Regulation

Two complementary experiments were conducted to evaluate the functional independence of the finger-positioning
and stiffness-modulation subsystems. In the first experiment, the proximal joint was positioned at 0°, 30°, and 60°,
while the SMA subsystem maintained the intermediate stiffness state. Each angular condition was evaluated over
ten repeated trials. This experiment examined whether the selected stiffness state could be preserved across different
finger configurations. In the second experiment, the proximal joint position was maintained at 0°, while the SMA
subsystem was successively operated in the compliant, intermediate, and stiff states. Each stiffness condition was
evaluated over ten repeated trials. This experiment examined whether the mechanical response could be modified
without changing the prescribed finger position.

Together, these experiments were designed to assess position—stiffness decoupling under the tested operating
conditions, providing experimental evidence of the functional separation between tendon-driven position actuation
and SMA-based stiffness modulation.

4. RESULTS AND DISCUSSION

The experimental results are presented in two parts to evaluate the mechanical performance of the proposed SMA-
based variable-stiffness finger. First, the influence of selective SMA activation on the force—displacement response
is examined to establish the achievable stiffness states. Subsequently, the functional independence of finger
positioning and stiffness modulation is assessed under different joint configurations and SMA activation conditions.
4.1. Force-Displacement Response

The force—displacement measurements revealed three distinct mechanical responses corresponding to the SMA
activation conditions defined in Table 1. As shown in Figure 3, under an external load of 5 N, the measured
displacement was approximately 30 mm in the compliant state, 20 mm in the intermediate state, and 5 mm in the
stiff state. Increasing the number of activated SMA strips therefore progressively reduced displacement under the
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same applied load, demonstrating the effectiveness of selective SMA activation in modifying resistance to
deformation.

O  Compliant state (two SMAs passive)
O  Semi-compliant state (one SMA active, one SMA passive)
Rigid state (two SMAs active)

m)

Position Change (m

Force (N)

Figure 3. Experimental force—displacement responses of the prosthetic finger under three SMA activation states:
compliant (both strips passive), intermediate (one strip active), and stiff (both strips active).

At 5 N, the stiff state exhibited approximately sixfold lower displacement than the compliant state, indicating a
substantial increase in effective mechanical stiffness. The intermediate state provided a distinct response between
these two conditions, demonstrating that selective activation of the SMA strips enables three discrete levels of
mechanical resistance within the same finger architecture. These findings establish the feasibility of SMA-based
stiffness modulation without requiring changes to the tendon-driven position-actuation mechanism. However, the
experiments characterize discrete operating states and do not establish continuous stiffness regulation or a linear
relationship between activation current and stiffness.

4.2. Independent Regulation of Position and Stiffness

The position-stiffness decoupling experiments further evaluated whether the SMA-based stiffness-modulation
subsystem could operate independently of tendon-driven finger positioning. In the first experiment, the intermediate
stiffness state was maintained while the proximal joint angle was varied among 0°, 30°, and 60°. The force—
displacement measurements obtained at these configurations, illustrated in Figure 4, supported the ability to
preserve the selected mechanical response across different finger positions.

Position Change (mm)

Force (N)
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Figure 4. Force—displacement response of the prosthetic finger in the intermediate stiffness state during position—
stiffness decoupling experiments. The blue dashed line represents the fitted trend, while red circles indicate
experimental measurements.

In the complementary experiment, the proximal joint was maintained at 0° while the SMA subsystem was operated
in the compliant, intermediate, and stiff states. The resulting mechanical responses remained distinguishable under
the prescribed joint configuration, indicating that stiffness modulation could be achieved without changing the
commanded finger position.

Together, these findings demonstrate the functional separation of position actuation and stiffness modulation under
the investigated operating conditions. This characteristic is particularly relevant to prosthetic grasping, where finger
configuration and resistance to deformation may need to be adjusted according to different interaction requirements.
Nevertheless, the present experiments establish position—stiffness independence at selected operating points rather
than continuous or dynamic decoupling throughout the finger workspace.

5. CONCLUSION

This study presented and experimentally evaluated an SMA-based variable-stiffness finger for an adaptive
prosthetic hand. Selective activation of two parallel SMA strips enabled three distinct stiffness states, with
approximately sixfold lower displacement in the stiff state than in the compliant state under a 5 N load. Independent
position-stiffness regulation was demonstrated by maintaining the intermediate stiffness state at joint angles of 0°,
30°, and 60°, and achieving three distinct stiffness states at a fixed joint position.

The principal contribution lies in the functional separation of finger positioning, controlled by the tendon-motor
subsystem, and mechanical stiffness modulation, achieved through SMA activation. Unlike passive compliant
mechanisms with fixed mechanical properties, the proposed compact architecture enables selectable stiffness states
without additional motors dedicated to stiffness modulation. This capability could facilitate adaptation to object
geometry during initial contact and provide greater resistance to deformation during grasp stabilization.

Although the experimental findings establish the mechanical feasibility of the proposed approach, its functional
benefits during prosthetic grasping remain to be validated. Future work will address continuous stiffness regulation,
long-term fatigue, thermal safety, and task-level grasping performance to further assess its suitability for practical
prosthetic applications.
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1. GIRIS

Calisma yasaminda son yillarda yasanan teknolojik doniisiimler, esnek calisma bi¢imlerinin yayginlagmasi ve
orgiitsel yapilardaki degisimler, calisanlarin ise yonelik tutumlarin1 ve Orglitleriyle kurduklar iliskileri
etkilemektedir (Abousweilem vd., 2026; Arantes ve Vicars, 2024; Zlatanovic vd., 2025). Ozellikle artan is talepleri,
is ve Ozel yasam arasindaki sinirlarin belirsizlesmesi ve degisen orgiitsel beklentiler, ¢alisanlarin igse ayirdiklart
cabay1 ve Orgiitsel rollerini yeniden degerlendirmelerine neden olmaktadir. Bu gelismelerle birlikte sessiz istifa,
calisanlarin ise yonelik tutumlari ve geri ¢cekilme davraniglari ¢cergevesinde tartigilan giincel konulardan biri haline
gelmistir.

Sessiz istifa, 0zellikle COVID-19 pandemisi sonrasinda akademik literatiirde ve kamuoyunda daha fazla goriiniirliik
kazanmistir (Formica ve Sfodera, 2022; Lu vd., 2023). Konuya iliskin arastirmalarda is ytkd, is stresi, tikenmislik,
is-yasam dengesi, liderlik tarzlari, algilanan orgiitsel destek, is tatmini, ise adanmiglik ve isten ayrilma niyeti gibi
degiskenler ele alinmaktadir (Akdag vd., 2026; Galanis vd., 2024, 2025; Giin vd., 2025; Moisoglou vd., 2025; Shan
ve Jin, 2026). Bu cesitlilik, sessiz istifanin farkli bireysel ve orgiitsel degiskenlerle birlikte incelendigini
gostermektedir. Bununla birlikte kavramin mevcut orgiitsel davranig literatiiriindeki yeri ve iliskili geri ¢ekilme
davraniglarindan hangi yonleriyle ayrildigina iligskin tartismalar devam etmektedir (Bernuzzi vd., 2025; Magrizos
vd., 2026).

Sessiz istifaya iligkin arastirmalarin artmasi, mevcut akademik birikimin kapsaminin ve yontemsel 6zelliklerinin
sistematik bigimde incelenmesini gerekli kilmaktadir. Literatiirde sessiz istifanin belirleyicilerini ve oOrgiitsel
sonuclarini ele alan arastirmalarin yani sira sistematik incelemeler de bulunmaktadir (Bernuzzi vd., 2025; Bordoloi
vd., 2026; Islam vd., 2026; Maheshwari, 2026). Bu ¢alisma ise yayinlarin yillara ve dergilere gore dagilimini,
kullanilan arastirma yoOntemlerini, veri toplama araglarini, analiz tekniklerini, 6rneklem &zelliklerini ve sessiz
istifayla birlikte incelenen degiskenleri bir arada degerlendirmeye odaklanmaktadir. Bu dogrultuda ¢alismanin
amacl, sessiz istifa ve kavramsal olarak iligkili geri ¢ekilme davranislarimi ele alan 253 akademik calismay1
sistematik olarak inceleyerek literatiiriin genel yapisini ve arastirma egilimlerini ortaya koymaktir.

2. KAVRAMSAL VE KURAMSAL BOYUTUYLA SESSIZ iSTiFA

Calisma hayatindaki doniisiimlerle birlikte 6zellikle 2022 sonrasinda akademik ve popiiler tartismalarda goriiniirliik
kazanan sessiz istifa, ¢alisanin isine ayirdigi ¢abayi, psikolojik yatirimini ve bigimsel gorevlerinin 6tesine gegen
goniillii katkisini sinirlandirmasi tizerinden ifade edilmektedir. Ancak kavramin kapsadigi davranislarin daha dnce
isten psikolojik uzaklasma, ise yabancilasma, ¢alisan bagliliginin azalmasi, geri ¢ekilme davranislar1 ve orgiitsel
vatandaslik davraniglarinin azalmasi gibi kavramlarla ele alindigi goriilmektedir. Bu nedenle literatiirde sessiz
istifanin bitiiniiyle yeni bir davranis m1 yoksa 6nceki davranig oriintiilerinin glincel ¢alisma kosullarinda yeniden
adlandirilmas1 mi1 oldugu tartisilmaktadir (Formica ve Sfodera, 2022; Serenko, 2024; Bernuzzi vd., 2025).

Sessiz istifanin temel 6zelligi, calisan ile orgiit arasindaki bigimsel is iliskisinin devam etmesine karsin ¢alisanin
goniilli katkisini, inisiyatifini ve ekstra rol davranislarini azaltmasidir. Bu yoniiyle kavram, gercek anlamda isten
ayrilmadan farklilasmaktadir. Calisan temel gorevlerini yerine getirmeyi siirdiirlirken gorev taniminin tesine gegen
caba ve sorumluluklardan kaginabilmektedir. Mahand ve Caldwell (2023) sessiz istifayr gorev taniminin
gerektirdigi diizeyde caligma lizerinden agiklarken, Formica ve Sfodera (2022) kavrami is ve 6zel yasam arasindaki
sinirlarin yeniden diizenlenmesi baglaminda ele almaktadir. Kang vd. (2023) ise sessiz istifanin galisanlarin
gorevlerini yerine getirmekle birlikte gérev tanimlarinin Gtesine gegmemeleri bigiminde ortaya c¢iktigini ve
psikolojik ve davranigsal boyutlar icerdigini belirtmektedir.

Ote yandan bigimsel gorevleri yerine getirmek sessiz istifanin tek basina gostergesi degildir. Kavrami farklilastiran
unsur, ¢alisanin goniillii katkisini bilingli bi¢imde azaltmasidir. Bu kapsamda motivasyon azalmasi, ise yonelik
psikolojik uzaklagma, inisiyatif gdstermeme ve ekstra rol davranislarindan ¢ekilme 6ne ¢ikmaktadir. Galanis vd.
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(2023) tarafindan gelistirilen Quiet Quitting Scale’de ise yonelik kopukluk, inisiyatif eksikligi ve motivasyon
eksikligi boyutlarina yer verilmesi, kavramin psikolojik ve davranigsal yonlerinin birlikte degerlendirilmesi
gerektigini gdstermektedir. Calisanin ek sorumluluk iistlenmemesi veya gontilli katkisini azaltmasi davranissal, ige
yonelik ilgi, aidiyet ve orgiitsel 6zdeslesmesinin zayiflamasi ise psikolojik boyutla ilgilidir. Talukder ve Prieto
(2025) de sessiz istifay1 orgiitsel destek algisi, lider-Uye iliskileri ve sosyal degisim baglaminda ele almaktadir.

Sessiz istifa ile isten ayrilma niyeti arasindaki ayrim da kavramin siirlarinin belirlenmesi agisindan dnemlidir.
Isten ayrilma niyeti mevcut istihdam iliskisini sona erdirme egilimini ifade ederken sessiz istifada ¢alisan orgiitte
kalmay: stirdiirmektedir. Farrell’in (1983) ¢ikig-ses-sadakat-ihmal gergevesinde isten ayrilma ¢ikis davranisini, ise
yonelik ¢aba ve katilimin azaltilmasi ise ihmal boyutunu olusturmaktadir. Bununla birlikte sessiz istifa, genel geri
cekilme davranislariyla tamamen 6zdes degildir, calisan temel gorevlerini yerine getirmeye ve Orgiit liyeligini
stirdiirmeye devam ederken 6zellikle istege bagl katkisini azaltmaktadir (Maheshwari, 2026; Magrizos vd., 2026).
Ote yandan, sessiz istifanin her durumda ekstra rol davranislariyla smirli kalmadigi, bigimsel gorevlerin yerine
getirilme bigiminde de degisiklikler icerebildigi belirtilmektedir (Samnani ve Robertson, 2025; Magrizos vd.,
2026).

Sessiz istifay1 aciklayan kuramsal yaklasimlarin basinda is Talepleri-Kaynaklar1 Modeli gelmektedir. Demerouti
vd. (2001), calisma kosullarim is talepleri ve is kaynaklar iizerinden agiklarken Bakker ve Demerouti (2007),
kaynaklarin galisan motivasyonu, ige katilimi ve performansi lizerindeki roliinii vurgulamaktadir. Bu ¢ergevede
yiiksek is yiikii, zaman baskisi, rol ¢atigmasi ve duygusal taleplerin yetersiz orgiitsel kaynaklarla birlesmesi,
calisanlarin fiziksel ve psikolojik kaynaklarini zorlayabilir. Calisanin temel gorevlerini siirdiirirken ek ¢aba ve
gonullii katkisini azaltmasi, bu kosullarda kaynaklarini korumaya yonelik bir davranig olarak degerlendirilebilir.
Ancak sessiz istifa, tikenmislikle ayni anlama gelmemektedir. Tiikenmislik daha genis bir psikolojik siireci ifade
ederken sessiz istifa bu sirecle iliskili olabilen belirli bir davranigsal geri ¢ekilme bigimidir. Arastirmalar, sessiz
istifanin tiikenmislik, is tatmini ve igse baglilikla iligkisini ortaya koymaktadir (Galanis vd., 2023; Yildiz vd., 2024).

Sosyal Degisim Teorisi, sessiz istifay1 ¢alisan ile orgiit arasindaki karsiliklilik beklentisi lizerinden agiklamaktadir.
Calisanlar iicret, orgiitsel destek ve gelisim olanaklar gibi orgiitsel katkilar1 degerlendirirken kendi katkilarinin da
karsilik bulmasini beklemektedir. Bu karsiligin yetersiz algilanmasi, ¢alisanin orgiitten ayrilmaksizin sundugu
katkiy1 azaltmasina yol agabilir. Talukder ve Prieto (2025), sessiz istifaya iliskin ¢alismalarinda algilanan orgiitsel
destek, lider ve iiye degisimi ve sosyal degisim yaklasimindan yararlanmaktadir. Oz-Belirleme Teorisi ise kavramin
motivasyonel boyutunu agiklamaktadir. Ryan ve Deci’ye (2000) gore 6zerklik, yeterlik ve iliskilenme ihtiyaglarinin
karsilanmasi i¢sel motivasyon agisindan 6nemlidir. Bu ihtiyaglarin ¢aligma ortaminda desteklenmemesi, ¢alisanin
ise yonelik motivasyonunu ve psikolojik bagliligini zayiflatabilir. Hosgor vd. (2026) de i¢sel motivasyonun drgiitsel
6zdeslesme ve ige baglilik lizerinden sessiz istifayla iligkili oldugunu gostermektedir.

Bu kuramsal yaklasimlar degerlendirildiginde sessiz istifanin nedenlerinin, is talepleri ile kaynaklar arasindaki
dengesizlik, calisan ile orgiit arasindaki karsiliklilik algisi ve temel psikolojik ihtiyaglarin karsilanma diizeyi,
calisanin ise yonelik katkisini sekillendiren mekanizmalardan kaynaklanabildigi goriilmektedir. Ayrica sessiz
istifanin onceki Orgiitsel davranis kavramlariyla ortiisen yonleri ve kendine 6zgii niteligi konusundaki tartismalar
stirmektedir (Bernuzzi vd., 2025). Dolayisiyla literatiirde ilki sessiz istifay1 Covid-19 pandemisi sonrasinda ¢alisma
yasaminda goriiniirliik kazanan yeni bir ¢alisan davranisi olarak ele alan ve ikincisi kavramin yeniligini davranisin
kendisinden ¢ok, daha once farkli kavramlarla agiklanan davranislarin giincel ¢alisma kosullarinda yeni bir ad
altinda yeniden kavramsallastirilmasinda goren iki tamamlayici yaklasim 6ne ¢ikmaktadir (Formica ve Sfodera,
2022; Serenko, 2024). Bu cercevede sessiz istifa, dnceki orgiitsel davranig literatiiriiyle siireklilik gdsteren, ancak
giincel ¢alisma kosullar1 i¢erisinde yeniden tartigilan bir kavram olarak degerlendirilebilir.

3. METODOLOJI

Bu ¢alisma, sistematik inceleme yaklasimini (Kraus vd., 2022; Tranfield vd., 2003) benimseyerek sessiz istifa ve
kavramsal olarak iliskili ¢alisan geri ¢ekilmesi bigimlerine iligkin literatiirii incelemistir. Caligmalarin belirlenmesi
ve incelenmesi sirecinde, sistematik incelemelerin seffaf ve izlenebilir bigimde raporlanmasini amaglayan
PRISMA c¢ergevesi esas alinmistir (Page vd., 2021). Literatiir taramast Web of Science veritabaninda
gerceklestirilmis; sessiz istifa kavramimin giincel kullanimini yakalamak amaciyla “quiet quitting”, “quiet quit*”
ve “silent quitting” terimlerinin yani sira, kavramla iliskili daha yerlesik geri ¢ekilme oriintiilerini kapsamak tizere
“employee disengagement”, “work disengagement”, “work withdrawal” ve “psychological withdrawal” ifadeleri
kullanilmistir. Boylece tarama, yalnizca “quiet quitting” etiketini agikca kullanan ¢aligmalar1 degil, sessiz istifayla
kavramsal yakinlik gosteren geri c¢ekilme davranislarini ele alan arastirmalari da kapsayacak sekilde

genisletilmistir. Arama sonucunda elde edilen kayitlar, ¢caligmanin kapsami dogrultusunda sistematik olarak
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incelenmis ve toplam 253 makale analize dahil edilmistir. Caligmalarin belirlenmesi ve analize dahil edilmesine
iligkin stireg, Sekil 1’de PRISMA akis semasiyla gosterilmistir.

Sekil 1. PRISMA Akis Semasi

Veri Tabam
Web of Science
Kayit (n=654)
Mantiksal Model Tarama Oncesi
(TS = "quiet quitting" OR "quiet quit*" OR Silinen Kayitlar
"silent quitting" OR "employee (n=0)

disengagement" OR "work
disengagement" OR "work withdrawal" OR
"psychological withdrawal")

Diglanan Kayitlar (n= 72)
Neden -1
Yabanci Dil
Ispanyolca (n=4)
Fransizca (n=4)
Cince (n=1)

Uygunluk igin _
Degerlendirilen Kayitlar Yunanca (n=1)
(n=654) Neden -2

Doklman TarG
Early Access (n=54)
Proceeding Paper (n=5)
Book Chapter (n=2)
Retracted Publication (n=1)

Erisilemeyen

Kayitlar Taranan Kayitlar
(n=329)

Erigilen Kayitlar (n=253)
(n=253)

Derlemeye Eklenen Caligmalar
(n=253)
(Makale)

4. BULGULAR

Bu bdélimde, sessiz istifa ve kavramsal olarak iliskili degiskenleri ele alan 253 g¢aligmadan elde edilen bulgular
sunulmaktadir. Incelenen ¢alismalar yayin yili, yayimlandiklar1 dergiler, arastirma yontemi, veri toplama araci,
analiz yontemi, érneklem 6zellikleri ve sessiz istifa ile birlikte ele alinan degiskenler agisindan degerlendirilmistir.
Elde edilen veriler frekans, oran ve tekrar eden Oriintiiler iizerinden siniflandirilmis; benzer yontemsel 6zellikler ve
kavramsal degiskenler ortak bagliklar altinda toplanmustir.

4.1. Yaym Yih Bakimindan

Incelenen 253 calismanim yaym yillarina gore dagilimi, literatiiriin 6zellikle son dort yilda belirgin bigimde
yogunlastigini gostermektedir. Calismalarin 70’1 2026 yilinda (%27,7), 63’4 2025 yilinda (%24,9), 41°1 2024
yilinda (%16,2) ve 27’si 2023 yilinda (%10,7) yayimlanmistir. Boylece 2023-2026 déneminde yayimlanan 201
calisma, toplam literatiiriin %79,4 linli olusturmaktadir. Buna karsilik 2022 ve dncesindeki yayin sayilart oldukca
stnirlidir. 2000 yilina kadar uzanan ¢alismalarin bulunmasi, taramanin sessiz istifa kavraminin giincel kullaniminin
yaninda isten cekilme ve psikolojik geri ¢ekilme gibi kavramsal olarak yakin daha eski arastirmalar1 da
kapsamasindan kaynaklanmaktadir. Yillik dagilim, 6zellikle 2023 sonrasinda bu arasgtirma alanindaki yayin
iiretiminin hizlandigini ve en yliksek sayiya 2026 yilinda ulasildigini gostermektedir.

4.2. Dergi Bakimindan

Calismalar ¢ok sayida farkli dergide yayimlanmis ancak bazi dergilerde gorece bir yogunlagsma goriilmektedir. En
fazla yaymnimn yer aldigi dergi 25 calisma ile Frontiers in Psychology olup toplam g¢alismalarin %9,9’unu
olusturmaktadir. Bunu Current Psychology 11 c¢alisma (%#4,3) ve Frontiers in Public Health 10 galisma (%4.,0) ile
izlemektedir. Healthcare, BMC Psychology ve Behavioral Sciences dergilerinde altisar ¢alisma (%2,4), BMC
Nursing ve Nursing Reports dergilerinde ise beser ¢alisma (%2,0) bulunmaktadir. Dergi dagiliminda The Journal
of Social Psychology, Pegem Journal of Education and Instruction, Journal of General Management, Identities:
Global Studies in Culture and Power ve Cambio Rivista sulle trasformazioni sociali gibi farkli disiplinlerden yayin
organlar1 da yer almaktadir. Genel dagilim, yayinlarin tek bir dergide yogunlagsmadigini psikoloji, yonetim, egitim,
halk sagligi, saglik bilimleri ve sosyal bilimlerin farkli alanlarindaki dergilere yayildigini gostermektedir.

4.3. Arastirma Yontemi Bakimindan

Arastirma yontemleri siiflandirildiginda nicel ¢aligmalarin agik bicimde baskin oldugu goriilmektedir. Toplam
253 calismanin 198’1 (%78,3) nicel yontemlere dayanmaktadir. Kavramsal ¢alismalar ve farkl: tiirdeki derlemeler
21 calisma ile %8,3’liik bir paya sahiptir. Karma yontem kullanan 18 ¢alisma (%?7,1), nitel yontem kullanan ise 16
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calisma (%06,3) bulunmaktadir. Nicel ¢aligmalar icerisinde kesitsel aragtirmalarin yaninda boylamsal tasarimlar,
Olcek gelistirme ve uyarlama caligmalari, deneysel ¢aligsmalar, kohort aragtirmalar1 ve ikincil veri analizleri de yer
almaktadir. Buna ragmen genel dagilim, sessiz istifa ve iliskili isten ¢ekilme davranislarinin agirlikli olarak nicel
aragtirma tasarimlariyla incelendigini gostermektedir.

4.4. Veri Toplama Araci Bakimindan

Veri toplama araclarinda en belirgin yogunlagsma anket ve 6l¢ek uygulamalarindadir. Calismalarin 182’sinde
(%71,9) temel veri toplama araci anket veya 6l¢ek olarak belirlenmistir. Bu grup igerisinde ¢evrimigi anketler, iki
veya li¢ dalgali anket uygulamalari ve farkli psikometrik 6lgeklerin birlikte kullanildigi aragtirmalar bulunmaktadir.
Ikincil veri, literatiir, veritabanlar1, sosyal medya icerikleri veya dokiimanlardan yararlanan 29 calisma (%11,5)
bulunmaktadir. Birden fazla veri toplama aracini birlikte kullanan calismalarin sayis1 27°dir (%10,7); bu grupta
ozellikle anket ile goriisme, gozlem veya ikincil verinin birlikte kullanildig1 tasarimlar yer almaktadir. Goriisme ve
diger nitel veri toplama yontemlerinin temel arag oldugu 9 ¢alisma (%3,6), deneysel veya laboratuvar verisi
kullanan 2 c¢alisma (%0,8) bulunmaktadir. Dort calismada (%1,6) veri toplama araci belirtilmemistir. Bu dagilim,
literatlirde 6zbildirime dayali anket ve 6lgeklerin temel veri kaynagi oldugunu gostermektedir.

4.5. Analiz Yontemi Bakimindan

Analiz yontemleri agisindan galigsmalarin 6nemli bir boliimiinde ¢ok degiskenli istatistiksel tekniklerin kullanildig:
goriilmektedir. Regresyon ailesindeki yontemler 85 ¢alismada, yapisal esitlik modellemesi, PLS-SEM veya benzeri
YEM teknikleri ise 78 galigsmada yer almaktadir. Dogrulayici veya acimlayici faktor analizi gibi faktor analizleri
69 calismada kullanilmig, korelasyon analizlerine 49 calismada bagvurulmustur. Aracilik veya diizenleyicilik
iliskilerini test eden analizler 45 ¢alismada goriilmektedir. ANOVA, t-testi, ki-kare, Mann-Whitney U ve Kruskal-
Wallis gibi grup karsilastirma teknikleri ise en az 25 ¢alismada kullanilmustir. Nitel aragtirmalarda tematik analiz,
icerik analizi ve benzeri ¢oziimleme yontemleri 6ne ¢ikmaktadir. Bu kategoriler birbirini dislamadigindan ayni
calisma birden fazla analiz grubunda yer alabilmektedir. Ozellikle SEM, regresyon, aracilik ve diizenleyicilik
analizlerinin birlikte kullanilmasi, nicel ¢alismalarin biiylik boliimiiniin sessiz istifay1 diger orgiitsel ve bireysel
degiskenlerle kurulan ¢ok degiskenli modeller iginde ele aldigin1 gostermektedir.

4.6. Orneklem Bakimindan

Orneklem yapis1 oldukga cesitlidir, ancak belirli meslek ve sektdrlerde yogunlasma bulunmaktadir. Saglik alani en
sik incelenen gruplardan biridir; hemsireler, hekimler, diger saglik profesyonelleri ve hastane ¢alisanlarini igeren
yaklasik 57 caligma bulunmaktadir. Egitim alaninda 6gretmenler, akademisyenler, iiniversite ¢alisanlart ve egitim
personeline odaklanan yaklasik 38 ¢alisma yer almaktadir. Kamu ¢alisanlarini kapsayan ¢aligsmalarin sayisi yaklasik
24, turizm ve konaklama sektdriindeki calisanlara odaklananlarin sayist ise yaklasik 12°dir. Imalat, bilgi
teknolojileri, finans ve bankacilik gibi sektorler de orneklemlerde temsil edilmekle birlikte saglik ve egitim
alanlarina kiyasla daha sinirl goriinmektedir. Orneklem biiyiikliikleri arastirma tasarimina bagli olarak genis &lglide
degismektedir. Bu nedenle literatiiriin 6rneklem yapis1 hem mesleki grup hem de 6rneklem biiyiikliigli bakimindan
heterojen bir gériinim sergilemektedir.

4.7. Sessiz Istifa ile Birlikte incelenen Degiskenler Bakimindan

Sessiz istifa ve iligkili psikolojik geri ¢ekilme davraniglar: ¢ok sayida bireysel, isle ilgili ve orgiitsel degiskenle
birlikte incelenmistir. En sik karsilagilan temalardan biri ise adanmislik ve calisan baglhiligidir; bu gruptaki
degiskenler 58 calismada (%22,9) yer almaktadir. Liderlik ve yonetici davraniglart 54 c¢alismada (%21,3),
tilkenmiglik 42 calismada (%16,6), stres, is ylikii ve is talepleriyle iliskili degiskenler 29 calismada (%]11,5)
incelenmistir. Isten ayrilma niyeti veya calisan devri 26 calismada (%10,3), mobbing, dislanma, toksik liderlik,
istismarc1 yonetim, nezaketsizlik ve benzeri olumsuz isyeri davranislari ise 22 ¢alismada (%8,7) yer almaktadir. Is
performansi ve tiretkenlik 17 ¢alismada (%6,7), is-yasam dengesi 14 ¢alismada (%5,5), is tatmini, algilanan orgiitsel
destek ve psikolojik iyi olus ise ayr1 ayr1 12 ¢alismada (%#4,7) incelenmistir. Orgiitsel baglilik ve drgiitsel adaletle
iligkili degiskenler dokuzar calismada (%3,6) bulunmaktadir. Veri setinde dogrudan “quiet quitting/sessiz istifa”
ifadesinin yer aldig1 79 calisma (%31,2) bulunurken, 90 ¢alismada (%35,6) work withdrawal, psychological
withdrawal veya benzeri geri c¢ekilme kavramlari, 30 ¢alismada (%11,9) ise work disengagement ve iligkili
bagliliksizlik kavramlar1 kullanilmistir. Bu dagilim, taranan literatiiriin sessiz istifay1 agirlikli olarak calisanlarin
ise yonelik tutumlari, liderlik ve yonetim uygulamalari, tikenmislik ve stres ile isten cekilme davraniglart
cevresinde ele aldigin1 gostermektedir.

5. TARTISMA VE SONUC
Sessiz istifa ve kavramsal olarak iliskili ¢calisan geri ¢ekilmesi davraniglarini ele alan 253 akademik calismay1
sistematik olarak inceleyerek literatiiriin gelisim yoniinii, yontemsel 6zelliklerini, drneklem yapisini ve sessiz
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istifayla birlikte ele alinan temel degiskenleri ortaya koymay1 amaglayan bu ¢alismadan elde edilen bulgular, sessiz
istifanin son yillarda hizla genisleyen bir arastirma alani haline geldigini ancak bu genislemenin agirlikli olarak
nicel arastirmalar tizerinden gerceklestigini gostermektedir. Yaymlarin %79,4 tiniin 2023-2026 yillar1 arasinda
gerceklestirilmis olmasi, sessiz istifaya iliskin akademik ilginin yeni ve hizli bigcimde gelisen bir arastirma alani
olduguna isaret etmektedir. Ozellikle 2025 ve 2026 yillarinda yayin sayisinda yasanan artis, sessiz istifa olgusunun
¢alisma yasamindaki dontistimlerle birlikte akademik arastirmalarin da giindemine yerlestlgml ortaya koymaktadir.
Ote yandan incelenen veri setinde 2022 yil1 ve ncesine ait calismalarin da bulunmasi sessiz istifa davraniglarinin
tamaminin yeni olmadigini, isten gekilme, psikolojik geri ¢ekilme ve ise yonelik bagliliksizlik gibi davraniglarin
daha 6nce de orglitsel davranis literatiiriinde incelendigini gostermektedir. Dolayistyla bulgular, sessiz istifanin hem
giincel bir kavramsal goriintirliige sahip oldugunu hem de daha oOnceki literatiirle siireklilik tasidigini
desteklemektedir.

Bu sonug, ¢aligmanin kuramsal boliimiinde yer verilen iki tamamlayici yaklasim acisindan ele alindiginda, birinci
yaklasim sessiz istifay1 pandemi sonrasinda ¢alisma hayatinda goriiniirliik kazanan yeni bir ¢alisan davranisi olarak
degerlendirirken, ikinci yaklasim davranigin tamamiyla yeni olmadigini, daha 6nce farkli kavramlarla agiklanan
davraniglarin gilincel c¢alisma kosullari igerisinde sessiz istifa adi altinda yeniden kavramsallagtirildigini iddia
etmektedir. Incelenen caligmalarin 6nemli béliimiinde sessiz istifanin ise adanmuslik, calisan bagliligi, isten
cekilme, titkenmislik, stres ve isten ayrilma niyeti gibi daha 6nce yaygin olarak kullanilan kavramlarla ele alinmasi
ikinci yaklasimin literatiirde 6nemli 6l¢iide desteklendigini ortaya koymaktadir.

Bulgularin yontemsel yapist ise literatiirde nicel aragtirma agirligi bulundugunu gostermektedir. Calismalarin
%78,3’liniin nicel yonteme dayanmasi ve %71,9’unda anket veya Olgeklerin temel veri toplama araci olarak
kullanilmasi, sessiz istifanin agirlikli olarak g¢alisanlarin 6z bildirimleri {izerinden Slgildiigiinii gostermektedir.
Regresyon ve yapisal esitlik modellemesi gibi ¢ok degiskenli analizlerin yaygin kullanimi, sessiz istifanin farkl
bireysel ve orglitsel degiskenlerle iligkisini acgiklamaya yonelik gii¢lii bir egilimin bulundugunu gostermektedir.
Buna karsilik, nitel arastirmalarin %6,3 oraninda kalmasi, c¢alisanlarin sessiz istifaya yiikledikleri anlamin, bu
davranisin ortaya ¢iktig1 ¢aligma deneyimlerinin ve ¢alisanlar agisindan tasidigi anlamin literatiirde gorece sinirli
ele alindigin1 gostermektedir.

Orneklem dagilimimin da saglik ve egitim gibi belirli sektorlerde yogunlastig1 goriilmektedir. Arastirmalarda saglik
ve egitim calisanlarinin 6ne ¢ikmasi, sessiz istifanin ozellikle yiiksek is talepleri, yogun c¢alisma kosullar1 ve
orgiitsel iliskilerin belirgin oldugu meslek gruplari tizerinden incelendigini ortaya koymaktadir. Farkli sektorlerdeki
calisanlarin smirli bigimde temsil edilmesi ise sessiz istifanin sektorler arasindaki farkli goriiniimlerinin
karsilastirilmasi bakimindan literatiirde gelistirilmesi gereken bir alan1 gostermektedir.

Sessiz istifayla birlikte en fazla incelenen degiskenlerin ise adanmiglik ve calisan bagliligt (%22,9), liderlik ve
yonetici davranislar (%21,3), tiikkenmislik (%16,6), stres, is ylikii ve is talepleri (%11,5) olmasi, arastirmalarin
agirlikla caligan ile orgiit arasindaki iliskinin niteligine odaklandigini ortaya koymaktadir. Bu bulgu, ¢aligmanin
kuramsal béliimiinde ele alinan Is Talepleri-Kaynaklar1 Modeli, Sosyal Degisim Teorisi ve Oz-Belirleme Teorisi
cergevesinde degerlendirilebilir. Ozellikle is taleplerinin artmasi, kaynaklarin yetersizligi, orgiitsel destek ve
liderlik iliskilerindeki sorunlar ile motivasyon ve baglilik diizeyindeki degisimler, calisanin Orgiitten tamamen
ayrilmadan katkisini azaltmasini agiklayan énemli degiskenler olarak 6ne ¢ikmaktadir.

Ote yandan literatiirde sessiz istifanin isten ayrilma niyetiyle birlikte incelendigi ¢alismalarin da 6nemli bir yer
tutmasi, bu davranigin orgiitsel sonuglart bakimindan ayrica degerlendirilmesi gerektigini gostermektedir. Sessiz
istifada ¢alisan orgiitte kalmaya devam ettigi i¢cin dogrudan isten ayrilmadan farkli bir davranig s6z konusu olmakla
birlikte, ise yonelik bagliligin ve gonillii katkinin azalmasi zaman igerisinde isten ayrilma niyetiyle iliskili
olabilmektedir. Bu nedenle sessiz istifay1 ¢alisanlarin bireysel olarak daha az caba gostermesi seklinde
degerlendirmek yerine, ¢alisan ve orgiit iliskisindeki degisimin bir gostergesi olarak ele almak daha aciklayict
gorinmektedir.

Literatiirde sessiz istifa kavraminin kullaniminin heniiz tam anlamiyla standartlasmamis olmasi, ¢alismanin bir
diger onemli sonucunu olusturmaktadir. Taranan ¢alismalarin %31,2’sinde dogrudan quiet quitting/sessiz istifa
ifadesinin kullanildig1, %35,6’sinda work withdrawal, psychological withdrawal veya benzeri geri ¢ekilme
kavramlarmin ve %11,9’unda work disengagement ve iligkili kavramlarin kullanilmasi, arastirma alaninin
kavramsal agidan gelismeye devam ettigini gostermektedir. Bu durum ayni zamanda sessiz istifa kavraminin daha
genis bir geri ¢ekilme davraniglar literatiirii igerisinde degerlendirilmesi gerektigini ortaya koymaktadir.
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Sonug olarak bu sistematik inceleme sessiz istifanin, davranigsal temelleri orgiitsel davranig literatiiriine uzanan
ancak calisma hayatinda yeni goriiniirliik kazanan bir olgu oldugunu gostermektedir. Literatiiriin hizla biiyiimesine
karsin arastirmalarin nicel yontemlere, 6z bildirime dayali dl¢timlere ve belirli sektorlere yogunlagsmasi, alanin
gelisme asamasinda oldugunu ortaya koymaktadir. Bundan sonraki arastirmalarda nitel ve karma yontemlerin daha
fazla kullanilmasi, farkli sektor ve meslek gruplarmin karsilagtirilmasi ve sessiz istifanin ¢alisanlar tarafindan
anlamlandirilma bi¢iminin incelenmesi, literatiiriin kavramsal ve ampirik gelisimine katki saglayacaktir. Ayrica
sessiz istifanin ise adanmuslik, tiikkenmislik, orgiitsel baglilik, isten ayrilma niyeti ve geri ¢ekilme davranislariyla
iligkilerinin net bigimde ayristirilmasi, kavramin orgiitsel davranis literatiiri i¢indeki konumunun belirlenmesi
agisindan 6nem tasimaktadir.
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1. GIiRis

Gida lojistigi, gida iirtinlerinin iiretim noktasindan nihai tiikketiciye ulastirilmasina kadar gerceklesen tasima,
depolama, dagitim ve bilgi akiginin planlanmasi, uygulanmasi ve kontroliinii kapsayan tedarik zinciri yonetiminin
o6nemli bir alt alamidir. Kiiresellesme, gida kaynakli hastaliklar ve tiiketicilerin giivenli, kaliteli ve izlenebilir
iiriinlere yonelik artan beklentileri, gida tedarik zincirinin yonetimini daha karmasik hale getirmistir. Bu nedenle
iiriin kalitesinin korunmasi, izlenebilirligin saglanmasi ve lojistik siireclerin etkin sekilde yonetilmesi, gliniimiiz
gida lojistiginin temel dncelikleri arasinda yer almaktadir (Soysal vd., 2012; Maravi¢ vd., 2025).

Gida iirlinleri, biyolojik yapilari nedeniyle diger iiriin gruplarindan farkli lojistik gereksinimlere sahiptir.
Ozellikle taze meyve ve sebzeler, et, balik, tavuk ve siit tirlinleri gibi sicaklik kontrollii tasinmasi gereken iiriinlerde,
soguk zincirin kesintisiz siirdiiriilmesi {iriin kalitesi ve gida giivenligi agisindan kritik dneme sahiptir. Uygun
sicaklik kosullarinin bozulmasi, iiriin kalitesinin diismesine, raf dmriiniin kisalmasina ve gida kaynakli saglik
risklerinin ortaya ¢ikmasina neden olabilmektedir. Bu nedenle frigorifik tagima sistemlerinin etkin kullanimi ve
lojistik siireclerin dogru yonetimi, glivenli gida tedarikinin temel unsurlar1 arasinda yer almaktadir (Atlatirlar, 2017;
Tas ve Gilindiiz, 2021).

.....

degildir. Dogru talep tahmini, etkin envanter yOnetimi, zamaninda teslimat ve uygun maliyetli lojistik
operasyonlari, tedarik zinciri performansini dogrudan etkileyen unsurlardir. Sanayi ekonomisinin siirdiiriilebilir
biiylimesi, liriinlerin dogru zamanda, dogru yerde, dogru miktarda ve uygun maliyetle tiiketicilere ulastirilmasina
baglidir (Perez ve Furnols, 2009; Matloub vd., 2012; Ortiz-Barrios vd., 2019).

Son yillarda dijital doniigiim, gida lojistiginin daha verimli, seffaf ve siirdiiriilebilir hale getirilmesinde
onemli bir itici gii¢ olmustur. Nesnelerin interneti (IoT), blok zinciri, biiyiik veri analitigi, otomasyon, robotik ile
bulut ve ug bilisim teknolojileri; gergek zamanl veri paylasimi, izlenebilirlik, siire¢ optimizasyonu ve karar destek
mekanizmalarini gii¢lendirerek tedarik zinciri performansini artirmaktadir. Ayn1 zamanda bu teknolojiler, gida
kayiplar1 ve israfinin azaltilmasina, kaynak kullanimimin iyilestirilmesine ve siirdiiriilebilir gida sistemlerinin
olusturulmasina 6nemli katkilar saglamaktadir. Gida kayiplar ve israfi; tiretimden tiiketime kadar tedarik zincirinin
tim asamalarinda ortaya ¢ikabilmekte olup, bunlarin azaltilmasi ¢evresel, ekonomik ve sosyal surdurilebilirlik
acisindan stratejik 6nem tagimaktadir (Mendoza-Fong vd., 2018; Nikolicic vd., 2021).

.....

verimlilik, esneklik, siirdiiriilebilirlik, izlenebilirlik, bilgi giivenilirligi, analiz yetenegi, 6lgeklenebilirlik ve maliyet
gibi birden fazla kriterin birlikte degerlendirilmesini gerektiren karmagik bir karar problemidir. Bu tiir problemlerin
¢cozimiunde Cok Kriterli Karar Verme (CKKV) yontemleri, alternatiflerin farkli kriterler altinda nesnel ve
dijital teknolojilerin degerlendirilmesi amactyla kriter agirliklart LOPCOW yontemiyle belirlenmis, alternatiflerin
performanslar1 ises WEDBA yontemiyle degerlendirilmistir. Calismada kriter agirliklart LOPCOW yontemi ile
belirlenmis, alternatif dijital teknolojiler ise WEDBA yontemi kullanilarak degerlendirilmis ve siralanmustir.
Boylece, gida lojistiginde dijital teknoloji secimine yonelik objektif, sistematik ve karar vericilere uygulanabilir bir
degerlendirme modeli sunulmasi amaglanmustir.
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Tablo 1: Literatiir Taramasi

Yazar(lar) Yil Yontemler
Ortiz-Barrios vd. 2019 AHP, DEMATEL ve TOPSIS
Rezaei vd. 2019 BWM
Melkonyan vd. 2020 Sistem Dinamigi
Krsti¢ vd. 2022 AHP ve Maliyet Dagilimi
Analizi
Rong vd. 2022 Bulanik Kiimeler
Nguyen vd. 2022 Gri AHP ve Gri COPRAS
Ada 2022 Bulanik AHP ve Bulanik
VIKOR
Krsti¢ ve Tadi¢ 2023 Bulanik FARE ve Bulanik
ADAM
Arslan vd. 2023 Ayristirilmis bulanik kiimeler
Andrejic ve Pajic, 2025 BWM, QFD ve MARCOS
Ath 2026 AHP

3. METODOLOJIi

.....

degerlendirilmesi amaciyla LOPCOW ve WEDBA yontemleri birlikte kullanilmigtir. Bu dogrultuda, degerlendirme
kriterlerinin agirliklarinin belirlenmesinde LOPCOW yo6nteminden yararlanilmis, dijital teknoloji alternatiflerinin
performanslariin degerlendirilmesi ve nihai siralamasinin olusturulmasinda ise WEDBA yontemi uygulanmustir.

3.1. LOPCOW Yontemi

Kriter agirliklarinin belirlenmesi amaciyla Ecer ve Pamucar tarafindan gelistirilen LOPCOW ydnteminin
uygulama agamalar1 agagida sunulmustur (Ecer ve Pamucar, 2022).

Adim 1: Karar problemine iligkin karar matrisi olusturulur.
A=lay], . )

Adim 2: Denklem (1)'de olusturulan karar matrisindeki veriler, fayda ve maliyet yonlii kriterler dikkate
almarak Denklem (2) ve Denklem (3)'te verilen normalizasyon esitlikleri yardimiyla normalize edilir.

dii = Aij=Qij i o . 2
ij =————"— eger jE€BN 2)

Lijmax ~Yiimin

djj = —Umax "% o50r j e CS 3)

U= a  —a
Aijmax allmin

Adim 3: Normalize edilmis degerlere bagli olarak her bir kriter i¢in yiizde degerleri (PVI;;) elde edilir.

m 2
Li=14jj

m

PVI;; = (in | [.100 (4)

g

Denklem (4)'te kullanilan o ifadesi, standart sapma degerini gostermektedir.

Adim 4: Karar kriterlerinin agirliklari, Denklem (5)'te verilen esitlik kullanilarak hesaplanir.
PV
; )

WiLopcow = vn
/ Xizy PVij

3.2. WEDBA Yontemi

Alternatiflerin nihai siralamasinin elde edilmesinde kullanilan WEDBA yoOnteminin hesaplama adimlar
asagida ayrintili olarak sunulmaktadir (Rao ve Singh, 2011; Jain ve Ajmera, 2019; Toslak, Aktiirk ve Ulutas, 2022).

Adim 1: Karar matrisi olusturulur. Karar matrisi, Denklem (1)’de verilmistir.
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Adim 2: Karar matrisindeki degerler, Denklem (6) ve 7'de verilen normalizasyon prosediirii dogrultusunda
normalize edilir.

min(a;j)

pij—TiijBN (6)
aij . .
Pij = e if J € CS %)

Adim 3: Normalize karar matrisindeki degerler, Denklem (18) kullanilarak standardize edilir.

Pij—Wy
9ij = # )
Burada y;, j. kritere ait ortalama degeri; ojise j. kriterin standart sapma degerini ifade etmektedir. ujdegeri
Denklem (9) kullanilarak, ojdegeri ise Denklem (20) yardimiyla hesaplanmaktadir.

T pij
; = Eoau ©)
mo (o)

Adim 4: Her bir kriter i¢in ideal ( fJ) ve anti-ideal (f;;) degerler, sirastyla Denklem (11) ve Denklem (12)
dogrultusunda elde edil

fif = max(fi;) (11)
fij =min (f;;) (12)

Adim 5: Her bir alternatifin ideal ve anti-ideal ¢dziimlere gore agirhikli Oklid uzakliklart (WED;Y, WED;)
ile Dizin Skoru (DS;) hesaplanarak elde edilir.

WED =[S,y (fy — )Y (3)
WED = (%1 (wy (s — 7)Y (s
DS; = —2EDL (15)

"~ WED[+WED}
Dizin Skoru (DS;) en yiiksek olan alternatif, karar problemi agisindan en uygun segenek olarak kabul edilir.
4. UYGULAMA

Cok Kriterli Karar Verme (CKKYV) yaklagimi uygulanmis ve lojistik hizmet saglayicilari agisindan uygulanabilir
sonuglar ortaya konulmustur. Bu kapsamda, yaygin olarak kullanilan bes farkli dijital teknoloji; Nesnelerin Interneti
(IoT) (A1), blok zinciri teknolojisi (A2), biiyiik veri (A3), otomasyon ve robotik (A4) ile bulut ve ug bilisim (AS),
operasyonel verimlilik (C1), esneklik ve geviklik (C2), surdiirtlebilirlik ve enerji verimliligi (C3), gida giivenligi
ve izlenebilirligi (C4), bilgilerin giivenilirligi ve dogrulugu (C5), 6l¢lim ve analiz yetenegi (C6), 6lgeklenebilirlik
ve birlikte calisabilirlik (C7), uygulama hiz1 ve pratik kabul (C8) ile yatirim ve isletme maliyetleri (C9) olmak tizere
dokuz degerlendirme kriteri agisindan incelenmistir. Degerlendirme siirecinde, yalnizca yatirnm ve isletme
maliyetleri (C9) maliyet yonli kriter olarak ele alinirken, diger tiim kriterler fayda yonlii kriterler kapsaminda
degerlendirilmistir. Kriter agirliklarinin belirlenmesinde LOPCOW  yontemi kullanilmis, dijital teknoloji
alternatiflerinin performanslarinin degerlendirilmesi ve nihai siralamasinin elde edilmesinde ise WEDBA yontemi
uygulanmistir. Analizlerde kullanilan karar matrisi, Maravi¢ vd. (2025) tarafindan yayimlanan “Evaluation of
Digital Technologies in Food Logistics: MCDM Approach from the Perspective of Logistics Providers” baslikli
calismadan alinmstir.
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Tablo 2: Karar Matrisi
C1 C2 C3 C4 C5 C6 C7 C8 C9
Al 9 7 7 10 9 8 6 7 7
A2 6 5 6 9 10 7 5 4 4
A3 7 6 7 8 8 9 7 5 6
A4 8 8 8 7 7 8 6 4 3
A5 7 9 6 8 8 8 8 8 9

Kaynak: Maravi¢ vd., 2025
4.1 Kriter Agirhklarinin Hesaplanmasi

Karar matrisi olusturulduktan sonra, kriterlerin 6nem agirliklar1 LOPCOW yontemi araciligiyla
belirlenmistir.

4.1.1 LOPCOW Yontemi Kullanilarak Kriter Agirhklarimn Hesaplanmasi

Tablo 2'de sunulan karar matrisi, Denklem (2) ve Denklem (3)'te verilen normalizasyon islemleri
uygulanarak normalize edilmistir. Elde edilen normalize karar matrisi Tablo 3'te gosterilmektedir.

Tablo 3: LOPCOW Yontemine Gore Normalize Edilmis Karar Matrisi

C1 C2 C3 C4 C5 C6 C7 C8 C9
Al 1,0000 0,5000 | 0,5000 | 1,0000 | 0,6667 |0,5000 | 0,3333 0,7500 0,3333
A2 0,0000 0,0000 | 0,0000 | 0,6667 | 1,0000 |0,0000 | 0,0000 0,0000 0,8333
A3 0,3333 0,2500 | 0,5000 | 0,3333 | 0,3333 |1,0000 | 0,6667 0,2500 0,5000
A4 0,6667 0,7500 | 1,0000 | 0,0000 | 0,0000 |0,5000]0,3333 0,0000 1,0000
A5 0,3333 1,0000 | 0,0000 | 0,3333 | 0,3333 |0,5000 | 1,0000 1,0000 0,0000

Tablo 3'te sunulan normalize karar matrisi degerlerine Denklem (4) ve Denklem (5) uygulanarak LOPCOW
yontemine gore kriter agirliklart hesaplanmistir. Hesaplama sonucunda elde edilen kriter agirliklari Tablo 4'te
sunulmaktadir.

Tablo 4: LOPCOW YoOntemi Sonucu

C1 C2 C3 C4 C5 C6 C7 C8 C9
PVI 45,8123 | 50,7365 | 39,9254 | 45,8123 | 45,8123 | 55,6501 | 45,8123 | 35,9232 | 53,008
WiLopcow 0,1095 | 0,1212 | 0,0954 | 0,1095 | 0,1095 | 0,1330 | 0,1095 0,0858 0,1267

Tablo 4'te sunulan LOPCOW ydntemi sonuglari, 6l¢iim ve analiz yetenegi (C6) kriterinin en ytliksek 6nem
agirhigma sahip oldugunu, buna karsilik uygulama hizi ve pratik kabul (C8) kriterinin en diisiik agirlik degerini
aldigimi gostermektedir.

4.2 Alternatiflerin Siralanmasi

LOPCOW yontemi ile elde edilen kriter agirliklari, dijital teknoloji alternatiflerinin degerlendirilmesi
amaciyla WEDBA yontemine aktarilmis ve bu dogrultuda alternatiflerin performanslar1 analiz edilerek nihai
siralama elde edilmistir.

4.2.1 WEDBA Yontemi Kullanilarak Alternatiflerin Siralanmasi

Tablo 2'de sunulan karar matrisi, Denklem (6) ve Denklem (7)'de verilen normalizasyon esitlikleri
kullanilarak normalize edilmistir. Bu islem sonucunda elde edilen normalize karar matrisi Tablo 5'te sunulmaktadir.
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Tablo 5: WEDBA Yo6ntemine Gére Normalize Edilmis Karar Matrisi

C1 C2 C3 C4 C5 C6 C7 C8 C9
Al 1 0,7778 | 0,8750 1 0,9 0,8889 | 0,75 0,875 0,4286
A2 0,6667 | 0,5556 | 0,7500 0,9 1 0,7778 | 0,625 0,5 0,75
A3 0,7778 | 0,6667 | 0,8750 0,8 0,8 1 0,875 0,625 0,5
A4 0,8889 | 0,8889 1 0,7 0,7 0,8889 | 0,75 0,5 1
Ab 0,7778 1 0,7500 0,8 0,8 0,8889 1 1 0,3333

Normalize karar matrisinde yer alan degerler, Denklem (8)'de verilen standartlagtirma islemi uygulanarak
standardize edilmistir. Elde edilen standardize karar matrisi Tablo 6'da sunulmustur.

Tablo 6: Standardize Edilmis Karar Matrisi

C1 C2 C3 C4 C5 C6 C7 C8 C9
Al 1,4033 0 0,239 | 1,4033 | 0,5262 0 -0,3508 0,7707 -0,6421
A2 -1,2279 | -1,2649 |-0,9562 | 0,5262 | 1,4033 |-1,4142|-1,2279 -0,8808 0,5455
A3 -0,3508 | -0,6325 | 0,239 | -0,3508 | -0,3508 | 1,4142 | 0,5262 -0,3303 -0,3783
A4 0,5262 | 0,6325 | 1,4343 | -1,2279 | -1,2279 0 -0,3508 -0,8808 1,4692
A5 -0,3508 | 1,2649 |-0,9562 | -0,3508 | -0,3508 0 1,4033 1,3212 -0,9942

Denklem 11 yardimiyla ideal degerler, Denklem 12 yardimiyla ise anti-ideal degerler hesaplandi.
Alternatiflerin Oklid uzakliklar1 Denklemler 13 ve 14 uygulanarak hesaplandi.

Denklem 15 uygulanarak her bir alternatifin dizin skoru elde edildi. Sonuglara iliskin degerler Tablo 7°de
verilmistir.

Tablo 7: WEDBA Yo6ntemi Sonuglari

WED{ WED; Ds; Siralama
Al 0,4379 0,5533 0,5582 1
A2 0,7156 0,3975 0,3571 5
A3 0,5106 0,4829 0,4861 4
A4 0,5377 0,5327 0,4977 2
A5 0,5436 0,5251 0,4913 3

en iyi performansi gostermistir.

5. SONUC

amaciyla Cok Kriterli Karar Verme (CKKV) yaklasimindan yararlanilmistir. Bu dogrultuda, kriter agirliklarinin
belirlenmesinde LOPCOW yontemi, dijital teknoloji alternatiflerinin performanslarinin degerlendirilmesi ve
siralanmasinda ise WEDBA yéntemi uygulanmustir. Analiz kapsaminda Nesnelerin interneti (IoT), blok zinciri
teknolojisi, biiyiik veri, otomasyon ve robotik ile bulut ve ug bilisim olmak iizere bes dijital teknoloji; operasyonel
verimlilik, esneklik ve ceviklik, siirdiiriilebilirlik ve enerji verimliligi, gida giivenligi ve izlenebilirligi, bilgilerin
giivenilirligi ve dogrulugu, 6l¢iim ve analiz yetenegi, dlgeklenebilirlik ve birlikte ¢alisabilirlik, uygulama hizi ve
pratik kabul ile yatirim ve isletme maliyetleri olmak {izere dokuz degerlendirme kriteri ¢cergevesinde incelenmistir.

LOPCOW yontemi ile elde edilen kriter agirliklar incelendiginde, dl¢tim ve analiz yetenegi (C6) kriterinin
degerlendirilmesinde veri toplama, analiz etme ve karar destek siireglerine katki saglayan yeteneklerin 6ncelikli bir
unsur olarak goriildiiglinti gostermektedir. Buna karsilik, uygulama hizi ve pratik kabul (C8) kriterinin en diisiik
agirlik degerine sahip oldugu tespit edilmistir. LOPCOW yontemiyle elde edilen kriter agirliklan WEDBA
yontemine aktarilmig ve dijital teknoloji alternatiflerinin performanslari degerlendirilmistir. WEDBA yontemi
sonuglarina gore, Nesnelerin Interneti (IoT) (A1) en yiiksek performans degerine ulasarak gida lojistiginde en uygun
dijital teknoloji alternatifi olarak belirlenmistir.

birlikte uygulanabilirligini ortaya koymakta ve lojistik hizmet saglayicilari i¢in karar verme siirecini destekleyecek
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objektif bir degerlendirme c¢ercevesi sunmaktadir. Elde edilen bulgularin, dijital doniisiim yatirimlarinin
planlanmasinda ve uygun teknolojilerin belirlenmesinde karar vericilere yol gosterici nitelikte oldugu
degerlendirilmektedir.
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1. Introduction

Graphene is a carbon material composed of two-dimensional, single-atom-thick, sp2-hybridized carbon atoms
arranged in a honeycomb lattice and has attracted considerable attention due to its outstanding mechanical,
electronic, and chemical properties (Zou et al.). Its extended aromatic surface, chemical stability, and ability to form
non-covalent interactions with various molecules through - and van der Waals interactions make graphene a
suitable model system for investigating molecule—surface interactions at the atomic scale. Due to these properties,
graphene is considered an important material not only for investigating molecular adsorption and surface
interactions but also for sensor, biosensor, and surface-reaction-based applications (Zou et al.; Larijani et al.).

Amino acids are biomolecules that constitute the fundamental building blocks of proteins in living organisms
(Nelson et al.). The standard amino acids that are directly used in protein synthesis and specified by the genetic
code are referred to as proteinogenic amino acids, and there are twenty standard proteinogenic amino acids
commonly found in proteins. In this study, all twenty of these amino acids are considered. Although these amino
acids share a common basic molecular structure, they exhibit considerable diversity in properties such as size,
charge, polarity, aromaticity, and chemical reactivity due to their different side chains. In addition to their
fundamental roles in protein structure and function, amino acids and their derivatives are also important for
pharmaceutical research, biomolecular diagnostics, and sensor applications. This structural and chemical diversity
also leads to variations in the interaction and reaction behavior of amino acids with different surfaces. Therefore,
the systematic investigation of the molecular interactions of the twenty proteinogenic amino acids is important not
only for understanding biological processes at a fundamental level but also for application areas such as drug
development, molecular recognition, and sensor technologies (Nelson et al.).

In this study, the adsorption behavior of twenty proteinogenic amino acids on the graphene surface was investigated
using density functional theory with the same computational parameters. The calculations were performed on an
8x8 graphene supercell using the Quantum ESPRESSO software under periodic boundary conditions, while the
initial adsorption geometries were determined by Monte Carlo sampling. This computational approach enabled the
comparative evaluation of the adsorption geometries and energies of different amino acids.

The high memory and computational time requirements of models describing amino acid—graphene interactions
significantly limit the execution of these calculations on local workstations. This study evaluates the contribution
of the UHeM infrastructure to computational time, memory usage, and project feasibility in amino acid—graphene
DFT calculations.

2. Methodology
A) Preparation of Molecular and Surface Models

The initial geometries of the twenty proteinogenic amino acids investigated in this study were optimized using the
Quantum ESPRESSO software. Monte Carlo sampling was performed to determine suitable initial adsorption
positions on graphene, and the structures with the highest Boltzmann probabilities were selected as the initial
geometries for periodic DFT calculations.

In the periodic calculations, an 8x8 graphene supercell consisting of 128 carbon atoms was used. The amino acid
molecules were placed on the graphene surface using the selected initial geometries, and the amino acid—graphene
complexes were modeled under periodic boundary conditions.
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B) DFT Computational Parameters

Periodic density functional theory calculations were performed using the Quantum ESPRESSO software
(Giannozzi et al.). In this context, the Perdew—Burke—Ernzerhof functional and pseudopotential basis sets were
used, and long-range dispersion interactions were taken into account using the Grimme DFT-D3 correction. The
kinetic energy cutoff values for the wave functions and charge density were set to 50 Ry and 400 Ry, respectively.
The Brillouin zone was sampled using a 3x3x1 Monkhorst—Pack k-point grid. Geometry optimizations were carried
out using the BFGS algorithm; the electronic convergence threshold was set to 1.0 x 10°® Ry, while the force
convergence threshold was set to 7.5 x 10* Ry/Bohr.

C) Computational Platforms

The calculations were performed using Quantum ESPRESSO version 7.x in two different computing environments:
a local workstation and the UHeM Sariyer cluster. The local workstation was equipped with an AMD Ryzen 7
5700U processor with eight physical cores and 16 threads, along with 64 GB of system memory. Due to the high
memory requirements of the amino acid—graphene models, the calculations on the workstation were performed
using a single MPI process.

For the UHeM calculations, a single compute node of the UHeM Sariyer cluster equipped with two Intel Xeon E5-
2680 v4 processors, a total of 28 physical cores, and 128 GB of system memory was used. These calculations were
performed using 28 MPI processes and one OpenMP thread per MPI process.

3. Results and Discussion
A) Current Status of the Calculations

Some of the amino acid—graphene calculations performed on the UHeM infrastructure have converged, while others
were stopped upon reaching the time limit or the specified maximum number of steps and will be continued from
the point at which they were stopped. At this stage, seven amino acid—graphene systems have successfully
converged: glycine, tyrosine, valine, glutamine, histidine, lysine, and leucine—graphene systems. The isoleucine,
methionine, and arginine systems were stopped because they reached the seven-day runtime limit, whereas the
phenylalanine, glutamic acid, asparagine, aspartic acid, and tryptophan systems stopped at the specified maximum
number of optimization steps.

The total wall-clock time for the seven converged systems was determined to be 38 days, 16 hours, and 22 minutes,
while the average computational time was approximately 5 days, 12 hours, and 37 minutes. The total wall-clock
time consumed on UHeM for the first 15 amino acid—graphene calculations was 92 days and 3 hours. When the
self-consistent field calculation performed for pristine graphene is also included, the total time reaches 92 days and
6 hours. Based on these values, a linear projection indicates that the initial computational runs for the 20 systems
are expected to require a total wall-clock time of approximately 122 days and 20 hours. When the pristine graphene
calculation is also included, this time reaches approximately 122 days and 23 hours. However, since the calculations
that reached the time limit or the maximum number of steps need to be continued, the actual total computational
time of the project is expected to exceed this value.

The current status of the first 15 amino acid—graphene calculations performed on UHeM is summarized in Table 1.

Table 1. Amino acid—graphene calculations performed on UHeM

Complex Status Wall-Clock Time
Glutamine Converged 7 days 6 hours
Glycine Converged 6 days 17 hours

Histidine Converged 5 days

Leucine Converged 4 days 4 hours
Lysine Converged 5 days 4 hours
Tyrosine Converged 6 days 11 hours
Valine Converged 3 days 21 hours
Isoleucine Time Limit 6 days 23 hours
Methionine Time Limit 6 days 23 hours
Arginine Time Limit 6 days 23 hours
Phenylalanine Maximum Steps 6 days 18 hours
Glutamic acid Maximum Steps 6 days 13 hours
Asparagine Maximum Steps 6 days 21 hours
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Aspartic acid Maximum Steps 5 days 21 hours
Tryptophan Maximum Steps 6 days 11 hours

B) Tryptophan—Graphene Platform Comparison

The geometry of the tryptophan—graphene system used for the performance comparison between the platforms
after the 50th optimization step is shown in Figure 1.

Figure 1. Top view of the tryptophan—graphene system used for the performance comparison between the
platforms after the 50th optimization step

For the performance comparison between the platforms, the first 50 optimization steps of the same tryptophan—
graphene system were considered, since both calculations terminated at the 50th step, which is the maximum
number of optimization steps defined in Quantum ESPRESSO. This approach enabled a direct comparison of wall-
clock time and energy values at an equivalent level of computational progress.

For the tryptophan—graphene system, the 50-step geometry optimization performed on the local workstation took
71 days, 6 hours, and 34 minutes, whereas the same number of optimization steps was completed in 6 days, 11
hours, and 25 minutes on the UHeM Sariyer node. Accordingly, an approximately 11-fold speedup and an
approximately 91% reduction in wall-clock time were achieved on the UHeM infrastructure. The absolute time
difference between the two platforms was 64 days, 19 hours, and 9 minutes.

The total energy values reached by both calculations at the end of the 50th optimization step were determined to be
—2717.900 Ry. The absolute difference between the full-precision output values was approximately 1.17 x 10~ Ry,
corresponding to approximately 1.60 x 10 eV. This close agreement indicates that the calculations on both
platforms reached the same energy level. However, since both calculations terminated at the maximum number of
steps, these values were not considered as converged adsorption energies.

In terms of memory requirements, the maximum dynamic memory usage per process was approximately 58.97 GB
in the workstation calculation, whereas the UHeM calculation required approximately 2.11 GB per process and
approximately 59.06 GB in total. Due to the 64 GB memory limit of the workstation, the calculation was performed
using a single MPI process, whereas the 128 GB system memory of the UHeM node allowed the calculation to be
distributed across 28 MPI processes.

The platform specifications, computational times, memory usage, and total energy values for the tryptophan—
graphene system are compared in Table II.
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Table 2. Comparison of the tryptophan—graphene calculation between platforms

Parameter Local Workstation UHeM Sariyer
Processor AMD Ryzen 7 5700U  2xIntel Xeon E5-2680 v4
Physical cores 8 28
System memory 64 GB 128 GB
MPI processes 1 28
Number of optimization steps 50 50
Wall-clock time 71 days 6 hours 6 days 11 hours
Energy at the 50th step -2717.90018 Ry -2717.90017 Ry
Maximum dynamic memory 58.97 GB/ process 2.11 GB/process
Estimated total memory ~58.97 GB ~59.06 GB

C) Memory Requirement and Project Feasibility

The approximately 59 GB total dynamic memory requirement of the amino acid—graphene systems brings the local
workstation with 64 GB of memory close to its capacity limit. Therefore, the calculations on the workstation could
be performed using only a single MPI process, and insufficient memory was observed at higher process counts. In
contrast, the 128 GB system memory available on the UHeM Sariyer node allowed the same calculation to be
distributed across 28 MPI processes.

The approximately 11-fold speedup obtained for the tryptophan—graphene reference system demonstrates that the
UHeM infrastructure not only reduces computational time but also enables calculations that cannot be efficiently
performed on local systems due to memory limitations. This result demonstrates that UHeM plays a decisive role
in terms of both computational capacity and project continuity for large periodic DFT systems such as amino acid—
graphene complexes.

The total wall-clock time of the seven converged amino acid—graphene systems on UHeM was 38 days and 16
hours. Assuming that the 11-fold speedup between the platforms measured for the tryptophan—graphene reference
system also applies to these systems, the same computational workload is expected to take approximately 426 days
on the local workstation. Accordingly, the use of UHeM is estimated to provide a time saving of approximately 387
days, in other words, approximately 1.06 years, for the seven converged systems.

The projection based on the total wall-clock time consumed for the first 15 amino acid—graphene systems indicates
that the initial computational stage of the 20 systems would require more than 123 days of computational time on
UHeM. Assuming that the 11-fold speedup between the platforms observed for the tryptophan—graphene reference
system also applies to the other systems, performing the same computational workload solely on the local
workstation is estimated to require at least 1352 days, in other words, at least 3.7 years. Considering that the
calculations that were stopped upon reaching the time limit or the maximum number of steps need to be continued,
the actual total computational time is expected to be considerably greater than these values. This projection
demonstrates that the UHeM infrastructure reduces the projected computational time by 91%, in other words, by at
least 3.4 years, bringing the computational process for the twenty amino acids to a feasible timescale.

4. Conclusion

In this study, the high-performance and feasibility advantages provided by the UHeM infrastructure were evaluated
during the computational process for investigating the adsorption behavior of twenty proteinogenic amino acids on
the graphene surface using a periodic DFT approach. While the memory limitation of the local workstation
restricted the calculations to a single MPI process, the UHeM Sariyer node allowed the same calculations to be
performed using 28 MPI processes.

The results obtained for the tryptophan—graphene reference system showed that the total energy values reached at
the end of the 50th optimization step were the same on both platforms, indicating that the significant reduction in
computational time did not compromise the numerical consistency of the calculated results. The computational time
projections revealed that the use of UHeM brings the computational process for the twenty amino acids to a feasible
timescale by providing a time saving of at least 3.4 years compared with performing the calculations solely on the
local workstation.
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In conclusion, UHeM provides the essential computational infrastructure required for the sustainable execution of
amino acid—graphene DFT studies limited by high memory requirements and long optimization times.
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1. Introduction

In recent years, interest in assessing schoolchildren’s social adaptation has been growing. In educational
and psychological research, the concept is used as one of the key indicators associated with school well-being,
participation in learning and academic performance (Birch & Ladd, 1997; Hughes et al., 2015; Liu et al., 2025).
Transitions such as school entry, the move tolower secondary school and changing schools require students tomaster
new norms, relationships and demands of learning activity, and indicators of adaptation change considerably during
these periods (Hughes et al., 2015; Nowland & Quialter, 2020).

From the standpoint of assessment theory, any assessment requires a model of the phenomenon being
assessed. If the three core elements of assessment — a model of the phenomenon being assessed, observation and
interpretation — are not designed as a coherent whole, the meaningfulness of the inferences is undermined (National
Research Council, 2001). In evidence-centred design, work begins with domain analysis, that is, with specifying
what claims are tobe made and what observable behaviour is needed tosupport them (Mislevy et al., 2003). In
guidelines for scale development, too, the first step is tospecify the domain and provide a conceptual definition
(Boateng et al., 2018). Validity theory makes the same demand. Validity concerns the interpretation and use of
scores (Kane, 2013), and one condition for validity evidence is that the content of the construct be covered fully
and appropriately (Messick, 1995). In the assessment of academic achievement this content is specified in advance
by the curriculum, whereas in assessing social adaptation it has tobe derived from the concept itself. This is precisely
where the problem arises. In the literature, social adaptation is described at times as a process of entering the school
environment, at times as a state that results from this process, and at times as a personal ability. Researchers
alsoacknowledge that nooperational definition of the concept has been established (Miaoet al., 2018). Its boundaries
are likewise drawn inconsistently: it is used at times as one dimension of school adjustment (Liu et al., 2022; Yu et
al., 2024) and at times as a broader concept (Kurock et al., 2022), while closely related constructs are referred toby
different terms (Hughes et al., 2015).

This uncertainty has concrete consequences for assessment practice. Nowland and Qualter (2020) define
social adaptation during the transition tosecondary school in terms of making new friends, building relationships
with new teachers and understanding the norms of behaviour at school, yet their measurement relies on school
belonging and loneliness among peers (pp. 228, 233-234). Neither relationships with teachers nor understanding
of norms is measured. In other studies, the concept is measured with an eight-factor questionnaire (Cheng et al.,
2018) or as a general, unitary indicator (Yu et al., 2024). A systematic review of assessment instruments showed
that their content structure is inconsistent: interpersonal adaptation appears in 93.3% of the studies, adaptation tothe
school environment in only 26.7%, and resource-type indicators, although included in assessment, are not
systematically positioned within the overall structure of adaptation (Ilyassova et al., 2026). Accordingly, this article
analyses the concept of schoolchildren’s social adaptation in order todelineate the content domain of its assessment.
The article addresses three questions: (1) how is the concept of social adaptation related toschool adjustment and
toadjacent concepts; (2) what uses of the concept exist in the literature, and what are its defining attributes; (3) what
implications dothese attributes have for the content domain of assessment?

2. Method
2.1. Analytical approach

The study was conducted as a concept analysis. The analysis follows the eight-step procedure proposed by
Walker and Avant: (1) selecting a concept; (2) determining the aims or purposes of the analysis; (3) identifying the
uses of the concept within a defined context; (4) determining the defining attributes; (5) constructing a model case;
(6) constructing cases other than the model case, namely borderline, contrary and related cases; (7) identifying
antecedents and consequences; (8) defining empirical referents (Walker & Avant, 2019; Sewell & Holloway, 2026).
The authors of the procedure note that its elements may be treated not as rigid steps but as a framework for judging
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the completeness and sequence of the work (Walker & Avant, 2019). In this article, the procedure was adapted
tothe educational context. A similar adaptation has been undertaken in educational research (Sewell & Holloway,
2026).

2.2. Orientation of the analysis

The analysis was conducted with an ameliorative orientation. The concept was alsoexamined from the
standpoint of what content it ought tohave for a particular theoretical and practical task (Gatley, 2023a, 2023b;
Marley-Payne, 2021). Such an analysis aims not toreplace the ordinary use of a concept but torefine theoretical
terminology for a specific purpose (Pinder, 2022). The outcome of the analysis was examined against three
conditions: whether the proposed content is beneficial (i) for learners themselves and (ii) for society, and (iii)
whether it gives teachers practical guidance (Gatley, 2023b).

2.3. Sources and selection

The initial source base of the concept analysis consisted of the works included in a systematic review of
studies published in 2015-2025 on assessing schoolchildren’s social adaptation (Ilyassova et al., 2026). Toclarify
the definitions and theoretical boundaries of the concept, this corpus was purposively supplemented with
foundational and more recent works on school adjustment, social competence, person—environment fit,
transactional development and assessment theory. Empirical articles were used toshow how the concept is applied
and operationalised, and theoretical works and methodological books tosubstantiate conceptual distinctions. In the
analysis, the definitions found in the sources were compared in terms of their logical status (process,
ability/resource, state at a given time, outcome), their coverage of social relationships, and what exactly the
indicators capture. The analytical principle for selecting attributes was that they should serve todistinguish the
object of assessment from the conditions that influence it and from related outcomes.

3. Results
3.1. The conceptual boundaries of social adaptation

Because social adaptation is an object of study in various scientific fields, nosingle, generally accepted
definition, set of criteria or indicators has been established for it (Terziev, 2019). In this article, the concept is taken
todenote the domain of adaptation processes whose object is the social environment of the school, since academic
and social demands operate side by side at school. The distinction between social adaptation and school adjustment
has been specifically addressed in the literature. Kurock et al. compare twosimilar concepts that explain how
adolescents interact with their social contexts: they describe social adjustment as “the ability toaccommaodate,
associate, cooperate, compromise, and cope”, and social adaptation as behavioural tendencies with regard
tointerpersonal relationships, play and leisure, and coping. Because the definition of social adaptation is broader,
they opt for that term (Kurock et al., 2022). School adjustment itself is used as a multidimensional process (Liu et
al., 2025). At the same time, closely related constructs in this field are referred toby different terms. School liking,
school identification, school connectedness and school belonging are sometimes interpreted as the student finding
a place at school, that is, as a manifestation of social adaptation (Hughes et al., 2015). In this article, social
adaptation is treated as a distinct construct, which amounts toadopting the term for a specific theoretical purpose
(Pinder, 2022).

Definitions of the concept in the literature are inconsistent. Terziev (2019) notes the multiplicity of
definitions of social adaptation. Researchers openly acknowledge that noclear, operational definition of it has been
established (Miaoet al., 2018). Terminological divergence is evident even within a single term. For example, social
adjustment is used in one work as an ability required for social performance (Kurock et al., 2022), in another as the
cumulative outcome of social performance (Cavell, 1990), in a third as the interplay between the individual and the
social environment (Dong et al., 2021), and in a fourth as twoindicators measured through peer acceptance and
aggression (DeRosier & Lloyd, 2011). According tothe classification proposed by Korel, adaptation is used in six
different senses: a process of adjusting toa new environment, the result of this process, striving towards a particular
goal, adaptability, a balance between the subject and the environment, and a process that enables the subject’s
development (Korel, as cited in Terziev, 2019). Terziev shows that this classification merges content and process
in a single concept and that this gives rise toconceptual confusion. In studies set in the school and adolescent context,
these uses coexist: the concept is taken at times as a process measured before and after the school transition
(Nowland & Qualter, 2020), at times as a level at a given time, divided intopositive and negative components (Crick
& Dodge, 1994, as cited in Miaoet al., 2018), and at times as an ability required for social performance (Kurock et
al., 2022). The logical status of these uses is not the same, and the difference is grounded in the literature. Terziev
(2019) shows that adaptation cannot be defined as a state: treating it as a state presupposes the existence of a non-
adapted state, which contradicts the continuous and dynamic nature of the concept. Defining adaptation as a
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property belongs tothe general biological concept and does not reveal its social content. Developmental research
draws a similar distinction: resilience is broadly defined as the capacity of a system toadapt successfully
todisturbances that threaten its function, viability or development, and the concept is applied tovarious levels of
living and non-living systems (Masten, 2014). The capacity for adaptation is therefore not equated with adaptation
itself. Cavell’s (1990) tri-component model likewise treats social skills, social performance and social adjustment,
that is, the cumulative outcomes of social performance, as interrelated but distinguishable levels. In this model,
assessment should focus on the student’s current and typical social behaviour rather than on their potential or
optimal level. In this article, therefore, the concept is taken in the sense of a process: the state of adaptedness is
regarded as its manifestation at a particular moment, and skills and adaptability as resources that enable participation
in the process.

The distinction between social adaptation as a process and as a state assessed at a particular time is clearly
expressed in the life course/social field theory proposed by Kellam et al. (2011). According tothis theory, the student
in the school environment responds tothe social task demands set by teachers and peers. The authors call this process
of demand and response social adaptation, and its socially rated outcome social adaptational status. Adaptational
status is thus determined not only by the student’s individual characteristics; it alsodepends on the demands of the
social environment, on the judgement of the rater and on the interaction between them. From this perspective,
assessing social adaptation should not be limited toidentifying the student’s stable personal characteristics but
should take intoaccount the student’s actions in concrete social situations and how these actions are perceived by
the environment (Kellam et al., 2011).

Research on school adjustment is alsoimportant for clarifying the processual nature of social adaptation.
Israelashvili (2025a) treats school adjustment not only as a state describing the student’s situation at a given time
but alsoas a process that unfolds during transitions between educational levels or between schools. School
adjustment encompasses academic, interpersonal, motivational and personal outcomes. School adjustment and
social adaptation cannot, however, be fully equated: the former covers broader aspects of the student’s participation
in school life, whereas the latter is examined in this study in terms of relationships and interactions in the school’s
social environment. Defining social adaptation as a dynamic process therefore does not imply that it can be fully
assessed through a single measurement. Data obtained at one time point describe the manifestations of the
adaptation process at that stage, whereas conclusions about the direction and dynamics of change require repeated
measurements.

A sense of school belonging, academic achievement and school well-being may be associated with social
adaptation, but there are nogrounds for automatically treating each of them as its direct indicator: the relevance of
a characteristic tothe construct depends on how it is defined and on the inference tobe drawn from the assessment.
This difference calls for specifying three logical levels of assessment. The theoretical object is the process of social
adaptation, which takes shape and changes over time. The observed object comprises the student’s participatory
actions in particular social situations, their appraisal of relationships and their subjective experience. The
assessment conclusion is a limited interpretation of the manifestations recorded at that time and in that context. A
single-occasion questionnaire does not by itself establish the direction of the process, its causal mechanism or its
trajectory of change. Even with repeated measurement, the comparability of measures over time needs tobe tested
(Kane, 2013; Sameroff & MacKenzie, 2003).

3.2. Defining attributes of schoolchildren’s social adaptation

Comparison of the uses found in the literature yielded three interrelated defining attributes. Table 1 shows
how these attributes were derived from positions in the literature.

The first attribute is that social adaptation is realised in concrete social relationships rather than being
explained by the student’s individual qualities alone. In recent studies, the very definition of the concept refers
directly tothe student’s social environment (Jin et al., 2026), and characteristics of the school environment are
empirically associated with social adaptation. Among senior high school students, the motivational climate created
by teachers predicted social adaptation (Guoet al., 2022); that study defines the concept as an ability, yet the
association it found originates on the side of the environment. This position follows from the transactional
perspective: developmental outcomes are not a function of the individual alone or of the experiential context alone,
soanalyses directed solely at individual characteristics are often misleading (Sameroff & MacKenzie, 2003). Data
from the early school years show that different types of relationships contribute differently toadaptation: the
teacher—child relationship (Birch & Ladd, 1997), as well as peer acceptance, friendship and victimisation, are
treated as distinct relational systems, and their significance for adaptation varies depending on which outcome is
examined (Ladd et al., 1997). These works are cited in support of the claim that relational systems are
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distinguishable; noconclusion about age periods is drawn from them. This attribute makes it possible todistinguish
social adaptation from the student’s general social abilities. At the same time, the characteristics of the school
environment and the student’s direct experience in that environment are not the same indicator.

The second attribute is the active and reciprocal nature of the interaction. Social adjustment is defined as
the interplay between the individual and their social environment (Dong et al., 2021), and such interplay has
alsobeen examined empirically: in a longitudinal study that followed adolescents across the transition from primary
tolower secondary school, associations between the quality of relationships with parents, peers and teachers and
school well-being were observed in both directions, with close relationships enhancing well-being and school
satisfaction improving subsequent relationships (Kiuru et al., 2020). Theoretically, the core of the transactional
model is togive equal weight tothe bidirectional effects of the student and the environment (Sameroff & MacKenzie,
2003), while in person—environment fit theory behaviour and motivation depend on the fit between the
characteristics individuals bring totheir environment and the characteristics of that environment, and difficulties in
adolescence may arise from a mismatch between needs and the opportunities the environment provides (Eccles et
al., 1993). From this perspective, the criterion of adaptation is not complete conformity toexternal demands but
action directed at coordinating them with the student’s own needs and possibilities. Such action does not always
succeed and does not necessarily mean that the student changes the environment.

The third attribute is the dynamic and context-dependent nature of the process. The dynamic character is
built intothe definition of the concept itself: social adaptation is described as individuals’ dynamic adjustment
totheir social environment (Jin et al., 2026). Longitudinal data support this: the associations between relationship
quality and school well-being varied depending on the phase of the transition in which they were observed (Kiuru
et al., 2020). Person—environment fit is itself not a fixed quantity: favourable outcomes are expected when the
student’s developmental trajectory and the trajectory of change in the school environment are in step, that is, when
the environment is able torespond tochanging needs (Eccles et al., 1993). Identifying reciprocal processes requires
longitudinal studies with enough time points (Sameroff & MacKenzie, 2003). A single assessment therefore
captures a manifestation at a particular stage rather than change over time. The dynamic character is not a
distinguishing attribute unique tosocial adaptation; in this analysis it matters as an interpretive requirement not
toequate a single measurement with the whole process.

Table 1. From positions in the literature todefining attributes and boundary rules

Source Key position Conclqsion drawn from the
analysis
Teacher—child and peer
Birch & Ladd (1997); Ladd, relationships contribute  Attribute 1: adaptation is realised
Kochenderfer & Coleman (1997) differently toadaptation (early in concrete social relationships

school years)

Bidirectional influence between
person and context; focusing on
individual characteristics alone is
misleading

Fit  between needs  and
environmental opportunities;
synchrony of twotrajectories
Social adjustment — interplay
between the individual and the
social environment
Social adaptation -
adjustment tothe
environment

Sameroff & MacKenzie (2003) Attributes 1 and 2

Eccles et al. (1993) Attributes 2 and 3

Dong et al. (2021) Attribute 2

Jin et al. (2026) dynamic Attributes 1 and 3

social

Aelterman et al. (2019)

Cavell (1990)

Compliance with classroom rules
may rest on different motivational
grounds

Requisite skills and the student’s
actual social performance are not
the same and require separate
operational definitions
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3.3. Antecedents, related phenomena and possible consequences

Clarifying the defining attributes of social adaptation requires distinguishing the resources that influence
this process, the conditions under which it takes place and its possible outcomes. The literature distinguishes internal
and external factors of adaptation (Yarushkin et al., 2020). Among the internal factors, social-emotional skills are
associated with the quality of relationships at school and with the student’s school experience. Among fifteen-year-
old students, distinct skill profiles co-occurred in different combinations with relationships at school, school anxiety
and educational aspirations (Huttunen et al., 2025). In empirical studies such characteristics act as mediators:
interpersonal trust is associated with students’ social adjustment at school via the teacher—student relationship
(Dong et al., 2021), and emotional intelligence appears as a mediator in the association between motivational
climate and social adaptation (Guoet al., 2022). Skills and abilities are thus regarded as resources that enable
participation in the process. As shown above, possessing a given ability does not by itself demonstrate that it is
enacted in a concrete school situation.

External factors include the social conditions of the school and the family. In educational research, the
school context is considered, from a developmental systems perspective, at three levels: teachers, learning tasks
and the classroom environment; the characteristics of the school as an organisation; and educational policy and
practice (Eccles & Roeser, 2011). Empirically, the motivational climate created by teachers, which belongs tothe
first level, predicts students’ social adaptation (Guoet al., 2022), and conditions outside school alsoplay a role: the
association between family climate and adolescents’ social adaptation has been documented in a systematic review
(Kurock et al., 2022). A condition and a direct manifestation must not, however, be equated: a teacher’s readiness
toprovide support describes a pedagogical condition, whereas the student’s sense of being supported in the
relationship with the teacher describes the student’s subjective experience of this interaction.

Academic achievement, school well-being and a sense of belonging may be possible consequences or
correlates of social adaptation. In longitudinal data, relationship quality and school well-being predict academic
achievement (Kiuru et al., 2020), and in a study of third-grade students, social adjustment indicators predicted
academic outcomes even independently of prior academic performance (DeRosier & Lloyd, 2011). Achievement
should therefore be treated not as a direct indicator of the adaptation process but as its possible consequence. In that
study, social adjustment was operationalised through twoindicators, peer acceptance and aggression, which is a
further instance of the concept being measured in variously narrowed ways in the literature. The meaning of neither
a resource nor an indicator is unambiguous: students with a profile combining high empathy and high stress reported
high educational aspirations but alsohigh school anxiety (Huttunen et al., 2025). Hence adaptive resources,
contextual conditions, the state of adaptedness at a given time and possible outcomes, although related tothe process
of social adaptation, are not equated with it. Their status is determined not by the name of an indicator but by its
actual operational content and by the inference tobe drawn from the assessment. In this respect, a general sense of
school belonging is distinguished from the concrete experience of acceptance or rejection in a particular peer group.
The former may be a related construct describing a general bond with the school, whereas the latter may be
considered a subjective manifestation of a concrete relationship.

3.4. Conceptual cases and working definition

In line with the approach of Walker and Avant (2019), analytical cases were constructed toexplain the
boundaries of the concept. They are examples intended toclarify the concept.

Model case. A seventh-grade student whohas transferred toa new school initially struggles toestablish
relationships with peers. Later, the student takes part in joint activities, asks teachers for the information they need,
comes tounderstand the school’s norms and, when social demands donot match their own needs, seeks toclarify
them. Over time, the student’s ways of social participation change. In this case, the school context, action directed
at active coordination and the dynamic character are manifested together.

Borderline case. A seventh-grade student takes part in a role-play exercise designed tosimulate social
situations. During the exercise, the student negotiates with other participants, uses various ways of responding
todisagreement and modifies their behaviour based on the feedback received. These actions, however, take place
within pre-arranged, simulated situations. They donot show how the student coordinates their ways of participation
under the everyday social demands and established relationships of school. Thus, although the attributes of active
interaction and behavioural change are present, the attribute of social adaptation within concrete school
relationships is not fully revealed. This case is treated as a borderline example that contains some attributes of the
concept but cannot serve as its full model.
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Contrary case. A student has been formally admitted toa new school but has not yet entered the learning
process and has not engaged in social interaction with the teachers, peers or other members of this school. The
student’s previous academic achievement, social skills and expectations of the new school may be known. These
characteristics, however, donot represent experience of actual participation in the social demands and relationships
of the new school. In the situation described, potential resources and antecedents of social adaptation are present,
but the process of social adaptation in the context of this school has not yet begun. The example shows the need not
toequate a low level of adaptation with the absence of the process.

Related case. A student adapts toa new curriculum and improves their academic results, but nodata are
given on their social interaction with peers or teachers. The case may describe academic adaptation but is
insufficient for drawing direct conclusions about social adaptation.

On this basis, a working definition is proposed for the purposes of the study. The wording of the definition
derives from the language of person—environment fit theory: difficulties in adolescence may arise from a mismatch
between the needs of the developing student and the opportunities offered by the social environment, whereas
favourable outcomes are associated with their alignment (Eccles et al., 1993). The idea of coordination alsoappears
in contemporary definitions of social adaptation (Terziev, 2019). Linking this position tothe task of delineating the
object of assessment, schoolchildren’s social adaptation is defined as a dynamic process, taking shape and changing
in the course of social interaction, that is directed at coordinating the changing demands, relationships and
opportunities for joint activity in the school’s social environment with the student’s own needs and possibilities.
“Coordination” does not necessarily mean achieving a successful fit: it describes the student’s action directed at
forming and regulating their own ways of participation under given social demands and opportunities. The
definition is offered as a working version intended todelineate the object of assessment.

3.5. The content domain of assessing social adaptation

Clarifying the defining attributes makes it possible toset the theoretical boundary of the object of
assessment. This does not mean, however, that the content domain of assessment has been fully defined. For that,
it is necessary toshow through which social experiences at school these attributes may become manifest. In
developing assessment instruments, defining the content domain of a construct is a distinct task that precedes the
selection of indicators and the testing of the psychometric structure (Boateng et al., 2018).

In substantiating the content domain of social adaptation, it matters where assessment data come from and
what they describe. Kellam et al. (2011) regard the school classroom as an environment in which social task
demands are formed and describe teachers and peers as natural raters in this environment.

Israelashvili (2025b) attaches particular importance tostudents’ subjective judgements in assessing school
adjustment. The author’s analysis considers indicators such as students’ sense of school belonging, participation,
satisfaction and emotional experience. It alsoshows that parents’ and peers’ views are relatively underrepresented
in current assessment practice. This finding supports the importance of complementing behavioural observation
with the student’s subjective experience of social relationships when assessing social adaptation. However, since
each type of data describes a separate facet of the object of assessment, their results cannot be equated with one
another.

The need todistinguish the theoretical content of social adaptation from the structure of instruments
designed tomeasure it is alsoevident in the study by Miaoet al. (2018). The authors used the Adolescent Social
Adaptation Assessment Scale developed by Zou et al. (2012), which comprises fifty items, twoscales labelled
positive and negative social adaptation, and eight subdimensions. Although such a structure represents one
particular approach tothe empirical assessment of social adaptation, it provides nogrounds for treating its
dimensions as universal theoretical components of the concept.

The transition tothe content domain is carried out in twoanalytical stages. In the first stage, the three
defining attributes are translated intotheoretical requirements for assessment. The first attribute, that social
adaptation is realised in concrete social relationships, requires specifying the social context at school of the
behaviour being assessed. The second attribute, the active and reciprocal interaction of student and environment,
justifies covering the student’s actual participation, their understanding and appraisal of social situations, and their
subjective experience in those relationships. The third attribute, the dynamic and context-dependent nature of the
process, requires interpreting results with reference totime and situation. The three attributes thus set the conceptual
guidelines for selecting content and for interpreting results.

In the second stage, an author-developed analytical structure for implementing these requirements is
proposed. In line with the requirement tocover concrete social relationships, four contexts were selected: interaction
with peers, interaction with teachers, participation in school norms and social practices, and participation in joint
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learning activity. The first twocontexts cover relationship partners, the third covers the school’s normative and
social practices, and the fourth covers participation in socially organised learning activity. Joint learning activity is
considered here in terms of social participation rather than academic achievement. These contexts are not fully
isolated, mutually independent or same-level categories: joint learning activity may alsoinvolve interaction with
peers and teachers. They are therefore proposed as potentially overlapping analytical contexts for organising
assessment content.

In line with the requirement tocover the interaction between student and environment, three forms of
manifestation were distinguished in each context: behavioural, cognitive-evaluative and subjective-emotional. They
describe, respectively, the student’s actual actions, their understanding and appraisal of social situations, and their
subjective experience of relationships. This distinction is consistent with the position of Kellam et al. (2011) on
rating within the social environment, discussed above, and with the subjective-experience data analysed by
Israelashvili (2025b). Although the triad is structurally similar tothe behavioural, emotional and cognitive
dimensions of school engagement described by Fredricks et al. (2004), it is not equivalent tothem in content. The
relationship between the four contexts and the three forms of manifestation is presented in Table 2. This 4 x 3
matrix is theoretically grounded, but this particular number of contexts and forms, and their boundaries, are not the
only solution that necessarily follows from the three attributes. The content coverage of the matrix, the validity of
its indicators and its possible dimensional structure require expert and empirical evaluation.

Table 2. Proposed content domain for assessing schoolchildren’s social adaptation

Interaction context

Interaction with peers

Interaction with teachers

Participation in school

norms and social
practices
Participation in joint

learning activity

Behavioural
manifestations

Participating in joint
activities;  establishing
relationships;

responding tosocial
difficulties

Engaging in dialogue;
clarifying social
demands; asking for help

Acting in  relation
tonorms; taking part in
the community’s shared
practices

Taking on a role in a
group task; contributing
toa shared outcome;
asking for and giving
help during learning

Cognitive-evaluative
manifestations

Appraising peer
relationships and one’s
own place among peers
in specific situations one
has taken part in

Appraising the teacher’s
demands and the
opportunities for
interaction in a specific
learning situation

Appraising the meaning
and fairness of this
school’s  norms and
one’s own opportunities
toparticipate

Appraising one’s own
role, the distribution of

contributions and the
requirements of
cooperation in a specific

Subjective-emotional
manifestations

Experience of
acceptance,  rejection,
belonging

Experience  of
safety or tension

trust,

Experience of inclusion
in, or exclusion from, the
community

Experience of comfort,
discomfort or being left
out in joint activity

task

The content of the proposed rows is reflected in a similar way in an independent source, where school
adjustment is defined through dealing with learning tasks, managing relationships with peers and teachers,
participating in group activities and regulating emotions (Yaoet al., 2025). The proposed content domain requires
distinguishing the student’s actual social experience from adaptive resources and contextual conditions. Possessing
asocial ability is a resource, whereas its enactment in a particular school situation is a potential direct manifestation.
A teacher’s readiness toprovide support is a contextual condition, whereas the student’s subjective experience in
this relationship falls within the content of assessment. This distinction follows from the second defining attribute:
the object of assessment is the interaction itself, sohow the student experiences the relationship is regarded as one
facet of this interaction, whereas the teacher’s self-reported readiness describes a condition that lies outside the
interaction.

A single-occasion assessment can describe the features of social interaction at that stage but does not by
itself demonstrate change in the process over time; studying such change requires repeated measurements and their
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comparability. The proposed content domain therefore serves as a theoretical reference point for analysing content
alignment and for subsequent validation.

4, Discussion

That social adaptation is grounded in the interaction between the individual and the environment, and that
it is dynamic, are both long-established positions in the literature. The contribution of this study lies in linking them
tothe task of delimiting the object of assessment. The defining attributes were distinguished from adaptive
resources, contextual conditions, the state of adaptedness and related outcomes, and this distinction was translated
intorequirements for assessment content. The main theoretical result is the delineation, on the basis of these
attributes, of the limits of assessment evidence. The process cannot be measured directly and in full, and data on
actual behaviour and experience permit only grounded, context-bound inferences.

From the standpoint of assessment theory, the result shows that defining the content domain is a distinct
task tobe resolved before testing the empirical structure of an assessment instrument. The proposed domain guards
against combining social skills, a sense of school belonging, teacher support and academic achievement as equally
ranked indicators of a single construct, although its content coverage and representativeness require expert and
empirical evaluation. Pedagogically, the domain makes it possible tolink assessment information tothe planning of
support: an overall score may mask differences across specific relational contexts (a student may participate actively
in joint activities with peers while experiencing difficulties in interaction with teachers), and explaining difficulties
solely by the student’s skills or motivation is insufficient, since classroom relationships, the organisation of norms
and opportunities toparticipate in joint activity must alsobe taken intoaccount. The pedagogical contribution of the
article is therefore limited tooffering a conceptual guide for interpreting results.

The ameliorative orientation of the analysis is examined against three conditions. First, the proposed content
is beneficial for learners themselves. Because adaptation is not equated with conformity toexternal demands,
assessment results donot become a tool for sorting students by their degree of submission tonorms. Second, at the
societal level, such an interpretation guards against attributing the causes of difficulties tothe student’s individual
shortcomings and provides a basis for analysing the conditions of the school environment. Third, it offers teachers
practical guidance. The content domain makes it possible todistinguish in which relational context and in what form
a difficulty has become manifest, which is consistent with the developmental function of formative assessment
(Dixson & Worrell, 2016). The three conditions serve as criteria for checking whether the result fits its stated
purpose (Gatley, 2023b).

The results need tobe considered within the evidential limits of the analysis. The analysis is not a new,
stand-alone systematic review, sonoclaim is made that the attributes cover all scholarly traditions. The three
attributes are a theoretical synthesis rather than an empirically established structure, and the conceptual cases are
illustrative. The working definition is oriented tothe social environment of the school; applying it toother age
periods and sociocultural contexts requires further justification. The proposed domain was examined through the
publications that describe them.

5. Conclusion

The concept analysis made it possible tocharacterise social adaptation as a dynamic process that takes shape
in the course of interaction with the social environment of the school, and todistinguish it from resources, contextual
conditions, manifestations at a given time and possible outcomes. Three theoretical guidelines, namely concrete
relationships, reciprocal influence, and dependence on time and context, were translated intocontent and interpretive
requirements for assessment. Toimplement these requirements, an author-developed content matrix, not yet
empirically validated, was proposed that combines four potentially overlapping social contexts with three forms of
manifestation. Its purpose is not toput forward a new factor structure but toprovide a theoretical basis for selecting
indicators and for subsequent content validation. The proposed classification should be tested in expert,
psychometric and, where necessary, longitudinal studies.
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1. GIRIS

Baglama, Tiirk halk miiziginin temel calgilarindan biridir. Mizrapla/parmakla c¢alinan telli calgilar grubuna
girmektedir. Tekne, ses tahtas1 ve sap olmak iizere ii¢ temel bilesenden olusur. Bunlara ek olarak; burgular, perdeler,
teller, alt esik, orta esik (koprii), Ust esik ve ses deligi gibi alt bilesenleri de vardir.

Tellerde meydana gelen titresimler kOpri araciligiyla ses tahtasina oradan da tekneye ve tekne igindeki havaya
iletilir. Baglama gibi telli ¢algilarda ses kalitesini etkileyen en 6nemli kisim ses tahtasidir. Ses tahtasinin akustik
Ozelliklerinin 6nceden tespit edilmesi, Uretilecek calginin tinisina dair 6nemli ipuglari elde edilmesini
saglamaktadir. Ayrica ses tahtasi ile tekne arasindaki baglantinin sekli ve montaj kalitesi de calginin akustik
performansini etkileyen temel unsurlar arasinda yer almaktadir. Montaj asamasinda ses tahtasi ile tekne arasinda
bosluk bulunmasi, baglantinin yeterince rijit ve homojen olmamasi, titresim enerjisinin ses tahtasindan tekneye
etkin bigimde aktarilmasini engelleyebilir. Bu durum, baglamanin rezonans davranigini etkileyerek akustik enerji
kaybina, frekans soniimlenmelerine ve ses siddetinde diisiise neden olabilmektedir.

Tiirkiye’de baglama yapimciligi, agirlikli olarak usta-cirak iliskisi seklinde nesilden nesile aktarilan ve goz karari
oOlgiilerle gdzlem ve deneyime dayanan bir liretim pratigi olarak gelisim gostermektedir. Her yapimcinin kendine
has yapim teknikleri ve hedefledigi ses karakterleri vardir. Yapim asamasinda genellikle geleneksel olgiiler
kullanilsa da yapimeidan yapimeiya farkliliklar goriilebilmektedir.

1.1. Arastirmanin Amaci

Bu ¢alismanin amaci, belirlenen dlgiitler dogrultusunda {iiretilen bir baglamanin yapim siirecini belgelemek ve bu
baglamadan alinan ses kayitlar1 iizerinden gerceklestirilen deneysel akustik analizlerle baglamanin frekans
spektrumu ve zarf davraniglar gibi temel akustik 6zelliklerini tespit etmektir.

2. BAGLAMANIN TASARIMI
2.1. iki Boyutlu Teknik Cizim

Baglamanin teknik detaylarinin yer aldigi iki boyutlu ¢izim, Sekil 1°de verilmistir. Burada isimlendirilen bolgelere
ait olgiiler ve ilgili diger bilgiler, bir sonraki boliimde daha ayrintili olarak sunulmustur.
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2.2. Baglama Bilesenlerinin Olciileri

Uretilen baglamanin bilesenlerine ait geometrik dlgiiler, Tablo 1°de

yer almaktadir.

Tablo 1. Baglama Bilesenlerinin Geometrik Olgiileri

Baglamanin bilesenleri Olgileri
Tekne boyu 41.4 cm
Tekne agzi genisligi (en genis yer) 24.2 cm
Tekne derinligi 25.5¢cm
Teknenin et kalinlig 4 mm

Sap boyu 39.54 cm
Sap kalinlig1 28-3.2cm
Ses tahtasi kalinlig1 3.5-3.8 mm
Burguluk boyu 22.3cm
Ses deligi cap1 4.4cm

Tel boyu (iist ve orta esik arasi) 71.24 cm
Kopru mesafesi 9.7cm
Baglamanin toplam uzunlugu 104 cm

2.3. Malzemeler ve Ozellikleri

Baglama yapiminda kullanilan malzemelerin se¢ciminde akustik performans, esneklik, dayaniklilik, rezonans ve
titresim iletim &zellikleri goz dniinde bulundurulmaktadir. Ornegin; ses tahtasinda diisiik yogunluklu ve elastik
agaglar, teknede orta yogunlukta ve mekanik dayanimi yiiksek agaglar, sapta ise yliksek sertlik ve dayaniklilik
gosteren agaglar tercih edilmektedir. Bu ¢aligmada tiretilen baglamanin tasariminda, akustik verimlilik oncelikli
hedef olarak belirlenmis olmakla birlikte, estetik ve ergonomik unsurlar da géz 6niinde bulundurulmustur. Baglama
bilesenlerinin yapildigi malzemeler ve bu malzemelerin 6zelliklerine iliskin bilgiler, Tablo 2’de yer almaktadir.

Tablo 2. Baglama Bilesenlerinin Malzemeleri ve Ozellikleri

Baglamanin
Bilesenleri
Tekne (yaprak tekne)

Ses tahtasi
Sap

Burgular
Perdeler

Malzemeler
Maun

Ladin

Kirmizi giirgen

Gul
Misina

Malzeme Ozellikleri

Orta yogunlukta, iyi mekanik dayanim,
dengeli ve tok rezonans karakteri

Diistik yogunluklu, elastik, yiiksek rezonans
kabiliyeti, etkili titresim iletimi

Yiiksek sertlik ve egilme direnci

Y iksek strtinme direnci

Esnek yapi
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Teller Celik ve strma  Yiiksek ¢ekme dayanimi, parlak tini, uzun
tinlama
Alt Girgen Yiiksek basing dayanimi, titresimi etkin
Esikler iletme
Orta (kopri) Kelebek Sert yapu, titresim iletimi yiiksek
Ust Simsir Cok yiiksek sertlik, tel asinmalarina dayanikli

3. BAGLAMANIN URETIMI
3.1. Teknenin ve Tekne Agzinin Hazirlanmasi

Uretimi yapilacak olan baglama icin temin edilen tekne, “U” profiline ve yaprak tekne formuna sahiptir. Uretim
Oncesinde simetri ve yapisal biitlinliik agisindan incelenen teknenin yiizeyindeki piiriizler azaltilarak kalinlik
farklar1 giderildi. Teknenin agiz kismi1 diizgiin ve simetrik bir bigimde alindiktan sonra ses tahtasiyla birlestirilmeye
hazir hale getirildi. Bkz. Sekil 2.

Sekil 2. Teknenin ve Tekne Agzinin Hazirlanmasi

3.2. Ses Tahtasinin Hazirlanmasi ve Tekneye Yapistirilmasi

Dikdortgen formdaki ses tahtasinin kalinligi, hedeflenen rezonans karakterine uygun olarak yaklasik 4.5mm’ye
getirildi. Titresim davranigini iyilestirmek amaciyla yiizey genelinde kalinlik esitlendi ve homojenlik saglandi. Ses
tahtasinda bombenin verilecegi taraf belirlendikten sonra tahtanin damar yapisina gére yon tayini yapildi. Ses
tahtasi, tekne agzina uygun formda kesildi ve yapistirildi. Bkz. Sekil 3.

Sekil 3. Ses Tahtasinin Hazirlanmasi ve Tekneye Yapistirilmasi
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3.3. Sapin Hazirlanmasi

Sap ylizeyinde kabaca bir diizgilinliik saglandiktan sonra sap 6l¢iileri isaretlendi ve bu isaretler bir cetvel yardimiyla

birlestirildi. Sapin tekneyle birlesecek olan ucuna ve sap kesitinin merkezine, matkap yardimiyla silindirik bir oyuk
acildi. Bkz. Sekil 4.

Sekil 4. Sapin Hazirlanmasi

3.4. Sapin Tekneye Montaj1

Sapin tekneye montaji, kavela yontemiyle yapildi. Bu yontem, hem sapin hem de teknenin takoz kisminin ayni
matkap ucu ile oyulmasi ve ardindan bu oyuklara uygun cap ve uzunluktaki silindirik ahsap bir ¢ubugun
yerlestirilmesi esasina dayanir. Kavela yonteminin uygulanabilmesi igin teknenin takoz kismindaki fazlalik
kesildikten sonra bu uca matkap yardimiyla silindirik bir oyuk ac¢ildi. Sapa agilan oyuga ahsap tutkali siiriildiikten
sonra silindirik ahsap ¢ubugun bir ucu buraya yerlestirildi. Diger ucu ise teknedeki oyuga yerlestirildi. Sabitleyici
metal bir gubuk altinda yapilan montaj islemi sonrasinda, sistem kurumaya birakildi. Bkz. Sekil 5.

Sekil 5. Sapin Tekneye Montajt
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3.5. Yiizey Diizeltme ve Yapisal Olciilendirme Islemleri

Teknenin dis kismina daha detayli bir yiizey diizeltme islemi uygulandi. Bu islem sonunda, tekne yiizeyinin daha
diizgiin ve piiriizsiiz olmasi saglandi. Tekne boyu referans alinarak sap boyu, tel boyu ve kopriiniin yeri hesaplandi.
Burguluk mesafesi isaretlendikten sonra sapin kirmasi yapildi ve sap tesviye edilerek esik pay1 verildi. Bkz. Sekil
6.

Sekil 6. Yiizey Diizeltme ve Yapisal Olgiilendirme Islemleri

3.6. Cila ve Son islemler

Tekne iizerinde arkaligin oldugu tarafa 44mm capinda bir ses deligi agildi. Baglamanin dis ylizeyini hem ¢evresel
faktorlerden korumak hem de estetik agidan goriiniimiinii iyilestirmek amaciyla yilizeye polyester cila atildi. Cila
kuruduktan sonra, farkli numarali zimparalar kullanilarak yiizeyde olusan piirtizler giderildi. Baglamanin yiizeyi,
keceye tutularak parlatildiktan sonra tiim yiizeye ahsap cilasi siiriilerek koruma ve parlatma amaciyla yapilan yiizey
islemleri tamamlandi. Bkz. Sekil 7.

Sekil 7. Cila ve Son Islemler

Son asamada; sap tizerinde burgularin yerlestirilecegi noktalar isaretlenerek delindi ve burgular kalemtirasla agildu.
Ust esigin yeri, ince uglu bir testere ile agildi ve montaji yapildi. Perdeler baglanip teller takildiktan sonra kopriinin
yeri ve yiiksekligi ayarlandi. Son olarak akordu yapilan baglamanin iiretim agamasi tamamlandi.

4. YONTEM

Uretilen baglamanin ses kayitlari, Ankara Miizik ve Giizel Sanatlar Universitesi’nin ses kayit stiidyosunda
almmustir. Kayitlarda, Neumann U87 genis diyafram kondenser mikrofon kullanilmistir. Calis pozisyonunda,
mikrofon baglamanin hemen 6n tarafina konumlandirilmig ve aradaki mesafe 30cm olacak sekilde ayarlanmistir.
Uretilen baglamaya, baglama diizeni do karar akordu ¢ekilmistir. Teller mizrap araciligiyla yukaridan asagiya dogru
bir kerede uyarilmis ve karar sesine ait ses kayitlart alinmustir.
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Baglamanin karar sesi kaydedildikten sonra, FFT (Fast Fourier Transform) analizi uygulanarak sesin spektrum
yapisi ¢oziimlenmistir. Sonrasinda dalga formu analiz edilerek zarf yapist incelenmis ve sinyalin ADSR (Attack,
Decay, Sustain, Release) evreleri degerlendirilmistir. Bu verilerin yan1 sira, sinyale ait RMS (Root Mean Square)
degeri hesaplanmistir. Bu analizlerden elde edilen veriler sayesinde, iiretimi yapilan baglamaya ait temel frekans,
harmonikler, zarf yapis1 ve RMS degeri gibi temel akustik 6zellikler tespit edilmistir.

5. BULGULAR VE TARTISMA

Bu boéliimde; tiretimi yapilanan baglamadan alinan karar sesi iizerinden frekans spektrumu, zarf yapist ve RMS
degerlerine ait veriler sunulmustur.

5.1. Frekans Spektrumu I¢in Elde Edilen Akustik Bulgular
Karar sesi i¢in elde edilen lineer ve logaritmik spektrum goriintiileri, Sekil 8’de ve Sekil 9’da sunulmustur.

Sekil 8. Karar Sesi i¢in Elde Edilen Lineer Spektrum Goriintiisi
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Sekil 8’de ve Sekil 9’da yer alan spektrum gorintiileri incelendiginde, dusiik frekans bolgesindeki (50Hz-300Hz)
genlik degerlerinin yaklagik olarak 100Hz’ten itibaren yiikselmeye basladigi goriilmektedir. 250Hz ile 300Hz
arasinda ise spektrum egrisinin ve dolayisiyla aktarilan akustik enerjinin 6zellikle bu bolgede maksimum degere
ulastig1 belirlenmistir. Bu durum, baglamanin karar sesinde bu frekanslarin baskin olmasina neden olmaktadir.

300Hz ile 3000Hz arasina denk gelen orta frekans bdlgesinde, genlik degerleri azalma egilimi géstermesine ragmen
belli frekanslarda tepe noktalarmin olustugu goriilmiistiir. Ozellikle 800Hz ve 2400Hz civarinda meydana gelen
tepe noktalarinin yiiksek genlikli olmalar1 ve genis bir alan1 kaplamalari dikkat ¢ekicidir. Yiiksek genlik degerleriyle
digerlerinden daha 6nde olan bu frekans bilesenlerinin, baglamanin karar sesinin algilanan ses siddetine daha fazla
katkida bulundugu diisiiniilmektedir. Ortaya ¢ikan bu gibi farkliliklar, baglamanin tinisinin sekillenmesine katkida
bulunarak baglamanin sesinin diger ses kaynaklarindan ayirt edilmesini saglamaktadir.

Yiiksek frekans bolgesi olarak tanimlanan ve 3000Hz ve {izerini isaret eden spektrum bolgesine bakildiginda, daha
dar araliklara yerlesmis ve genlik degerlerinin giderek azaldig1 ¢cok sayida tepe noktasinin olustugu goriilmektedir.
Yaklasik 15000Hz’ten itibaren genlik diisiislerinin daha belirginlestigi saptanmustir.
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Sekil 8’de ve Sekil 9°da yer alan spektrumlardan elde edilen 15 frekans bilesenine ait veriler Tablo 3’te yer
almaktadir.

Tablo 3. Spektrum Bilesenlerinin Frekanslar1 ve Diizeyleri

No Frekans (Hz) Duizey (dB)
1 46.87 -48.24
2 93.75 -47.14
3 140.62 -43.00
4 187.50 - 35.57
5 234.37 - 33.45
6 281.25 -30.37
7 328.12 -41.02
8 375.00 -40.48
9 421.87 - 45,53
10 468.75 - 49.07
11 515.62 - 40.52
12 562.50 -47.41
13 609.37 - 46.98
14 656.25 -50.50
15 703.12 -52.60

Tablo 3 incelendiginde, en yiiksek ses diizeyi 281.25Hz frekansi i¢in -30.37dB olarak belirlenmistir. Bu frekans,
spektrumda yer alan diger tiim bilesenler arasinda baskin frekans ya da baskin bilesen olarak adlandirilabilir. ikinci
en yiksek dizey 234.37Hz igin -33.45dB ve uguncil en yuksek diizey ise 187.50Hz igin -35.57dB olarak elde

edilmistir.

46.87Hz’ten 281.25HZz’e dogru ses diizeyinin giderek arttig1 ve 328.12Hz’e gecerken belirgin bir diisiis meydana
geldigi saptanmistir. 328.12Hz ile 703.12Hz araliginda ise ses diizeyinin diisiik seviyelerde dalgalanarak devam
ettigi gorilmiistiir.

Tablo 3’teki en yiiksek frekansl bilesenler 187.50Hz ile 328.12Hz araliginda yer almaktadir. Bu durum, titresim
sonucu olusan akustik enerjinin en ¢ok bu frekans araligina aktarildigini gostermektedir.

Tablo 3’te en yiiksek ses diizeyine sahip frekans 281.25Hz olarak elde edilmesine ragmen, bu frekans temel frekans
(birinci harmonik) degildir. Frekans spektrumlarinda temel frekans, genellikle en yiksek genlige sahip olan
frekanstir. Ancak bu arastirmada analiz edilen ses kaydi, baglamanin tek bir telinden elde edilmemistir. Baglama
tizerinde ¢ grup halinde bulunan toplam yedi telin ayn1 anda uyarilmasiyla olusan tel titresimleri ile ses tahtasi,
tekne ve tekne icerisindeki hava gibi yapilarin titresimlerinin birlesmesi sonucu ortaya ¢ikan toplam ses analiz
edilmistir. Dolayisiyla ayn1 anda titresen birden fazla yapinin temel frekanslari ile harmonikleri, karar sesi icrasi
sirasinda (st ste gelerek ayni spektrumda yerini almustir.

Birinci harmonige ait ses diizeyinin diisiikk ¢ikmasinda, sistemin bdylesine bir karmasik titresim 6zelligi
gostermesinin neden oldugu disiiniilmektedir. Bu dogrultuda, Tablo 3’te birinci sirada yer alan 46.87Hz
degerindeki frekans, temel frekans olarak adlandirilabilir. Bundan sonraki frekans bilesenleri de bu temel frekansin
tam sayili katlar1 seklinde ilerlediginden ikinci harmonik, Gglinct harmonik, dordunct harmonik vb. olarak ifade
edilebilir (Serway ve Beichner, 2015: 555).
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5.2. Zarf Yapisi icin Elde Edilen Akustik Bulgular

Baglamanin karar sesinin zarf yapisi i¢in elde edilen veriler, Sekil 10’da yer almaktadir.

Sekil 10. Karar Sesinin Zarf Analizi

ADSR analizi, sinyalin maksimum genlige ulastig1 attack evresini, genligin hizla azaldig1 decay evresini, genlik
degisiminin gorece yavas ilerledigi sustain evresini ve genligin kademeli olarak azalip sifira yaklastigi release
evresini kapsayan sinyal davranislarinin analizi anlamina gelmektedir (Onen, 2014:36).

Sekil 10’da yer alan verilere gore, tiim tellerin ayni anda uyarilmasindan hemen sonra genligin maksimum noktasina
cikmasi igin gegen siire diger bir ifadeyle attack siiresi, 77ms olarak Olgiiliirken, tel titresimlerinin tamamen
sonmesine kadar gegen siire 16.845s olarak ol¢iilmiistiir.

Attack evresinin ardindan, hizli ve diizenli bir genlik diisiisliniin meydana geldigi decay evresi gézlenmistir. Sustain
evresinde genlik degerlerinin diizenli olarak azalmaya devam ettigi, son evre olan release evresindeyse genligin
kademeli olarak diislip titresimin sona erdigi tespit edilmistir.

5.3. RMS Degeri i¢in Elde Edilen Akustik Bulgular

Baglamanin ii¢ tel grubunun mizrapla ayni anda uyarilmasi sonucu elde edilen karar sesine ait RMS diizeyleri
belirlenmistir. Bu diizeyler; sol kanal i¢in -34.4961dB, sag kanal i¢in -34.4956dB ve stereo sinyal icin -34.4958dB
olarak elde edilmistir. Sag ve sol kanal verileri arasindaki farkin ¢ok diisiik olmasi (0.0005dB), ses kaydina ait iki
kanaldaki etkin genlik diizeylerinin birbirine olduk¢a yakin oldugunu gostermektedir.

6. SONUC

Bu arastirmada, belirlenen olgiitler dogrultusunda bir baglama tasarlanip {iretilmis ve iiretilen baglamadan alinan
ses kayitlar1 analiz edilerek baglamanin frekans spektrumu ve zarf davraniglar gibi temel akustik 6zelliklerine ait
veriler elde edilmistir.

Yapilan deneysel akustik analizler sonucunda elde edilen frekans spektrumlart incelendiginde; sinyale ait genlik

dagiliminin frekansa gore degistigi, en yiiksek genlik degerlerinin disiik frekans bolgesi olan 250Hz ile 300Hz
arasinda ortaya ¢iktig1 goriilmiistiir.

Orta frekans bolgesinde genligi yiiksek olan karakteristik frekans bilesenleri olusurken, frekans degerleri arttik¢a
genlik degerlerinin diistiigii ve daha sik araliklarla kiigiik tepelerin meydana geldigi tespit edilmistir.

Spektrumun baskin frekansi olan 281.25Hz i¢in tespit edilen ses diizeyi, -30.37dB olarak 6l¢iiliirken, ikinci sirada
yer alan 234.37Hz igin -33.45dB ve iiciincii sirada yer alan 187.50Hz i¢in -35.57dB olarak elde edilmistir. Analizler
sonucunda, temel frekansin 46.87Hz oldugu ve harmoniklerin bu frekansin tam sayili katlarina esit degerler aldig
belirlenmistir.
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Karar sesine ait zarf yapisi verileri incelendiginde; attack siiresinin 77ms ve sesin tamamen sonmesine kadar gegen
toplam surenin 16.845s oldugu tespit edilmistir. Ses zarfinin decay, sustain ve release evrelerinde ¢ok fazla genlik
dalgalanmasinin olmadigi, genlik degerlerinde diizenli diisiisiin olustugu goriilmiistiir.

Karar sesine ait ses kaydinin RMS degerleri incelenmis; sol kanal i¢in -34.4961dB, sag kanal i¢in -34.4956dB ve
stereo sinyal icin -34.4958dB olarak elde edilmistir.

TESEKKUR

Bu aragtirmada kullanilan baglamanin {iretim agamasinda hem at6lyelerini kullanmama izin veren hem de baglama
yapimu konusundaki bilgi ve tecriibelerini benimle paylasan degerli baglama yapimcilari Ozkan Gezer ve Ercan
Polat’a; iiretimi yapilan baglamanin ses kayitlarini alan Ogretim Gérevlisi Yusuf Ozgiir Tire’ye ve akustik analizler
icin ihtiya¢ duyulan gorselleri hazirlayan Prof. Dr. Serdar Celik’e ¢ok tesekkiir ederim.
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1. GIRIS

Ozel gereksinimli bireyler, gelisimsel ozellikleri, 6grenme gereksinimleri ve cevresel diizenlemelere
duyduklari ihtiyag bakimindan akranlarindan anlaml diizeyde farklilasabilmektedir (MEB, 2018). Bu birey gruplar
icinde yer alan gorme yetersizliginden etkilenmis ¢ocuklar, yalnizca gorsel bilgiye erisimde degil; egitim, bakim,
toplumsal katilim ve bagimsiz yasam becerilerinin gelistirilmesi siireclerinde de ¢ok boyutlu destege gereksinim
duymaktadir (Kii¢likdzyigit vd., 2021; ASHB, 2021). Gorme yetersizliginden etkilenmis cocuga sahip olmak, aile
yasaminda duygusal, sosyal ve ekonomik ag¢idan 6nemli degisimlere yol agmakta; tani siirecinden itibaren ailelerin

bakim, egitim, tedavi ve uyum siireclerinde cesitli giicliiklerle karsilasmasina neden olmaktadir (Ozaydin vd., 2021;
Pistav Akmese vd., 2023).

Aile, ¢ocugun gelisimini en yakindan gozlemleyen ve c¢ocuga iliskin en kapsamli bilgiyi saglayan temel
sosyal yapi olarak ozel egitim silirecinde Onemli bir konuma sahiptir (Tavil, 2005). Bu nedenle ailelerin
degerlendirme, yonlendirme ve egitim siire¢lerine etkin katilimi, 6zel egitim hizmetlerinin niteligini artiran temel
unsurlardan biri olarak kabul edilmektedir (Goldman ve Burke, 2017). Aile ile okul ve uzmanlar arasindaki is
birligi, cocugun egitim siirecinin niteligini artiran 6nemli bir faktdrdiir (Addi-Raccah ve Grinshtain, 2022). Ozel
gereksinimli bireylerin egitim, erisilebilirlik ve toplumsal yasama katilim haklar1 ulusal ve uluslararasi
diizenlemelerle (IDEA, 1975; MEB, 1997; MEB, 2018; TBMM, 2005) giivence altina alinmigtir.

Tiirkiye’de destek hizmetleri Milli Egitim Bakanligi, Rehberlik ve Aragtirma Merkezleri (RAM), Aile ve
Sosyal Hizmetler Bakanligi, saglik kuruluslar1 ve yerel yonetimler aracilifiyla yiiriitilmektedir. Ancak destek
hizmetlerinin farkli kurumlar tarafindan parcali bicimde sunulmasi, ailelerin bilgi edinme, uygun kuruma
yonlendirilme ve hizmetlerden siireklilik i¢inde yararlanma siireclerini giiglestirebilmektedir (Pistav Akmese vd.,
2023; Enoch vd., 2022). ilgili alanyazindaki calismalarin dnemli bir béliimii 6zel gereksinimli cocuga sahip ailelerin
genel gereksinimlerine ya da bakim verenlerin yasadig1 giicliiklere odaklanmaktadir (ASPB, 2013; Kerkez ve
Okuyan, 2024; Ozaydin vd., 2021). Buna karsilik gérme yetersizliginden etkilenmis ¢ocugu olan velilerin
psikolojik, egitsel, sosyal, saglik ve ekonomik destek hizmetlerine erisim deneyimlerini birlikte ve biitiinciil bir
cercevede inceleyen ¢aligmalar sinirlidir. Bu arastirma, s6z konusu boslugu velilerin dogrudan deneyimlerine dayali
olarak derinlemesine incelemeyi amaglamaktadir.

1.1. Arastirmanin Amaci ve Alt Amaclari

Bu arastirmanin amaci, gérme yetersizliginden etkilenmis ¢cocugu olan velilerin destek hizmetlerine erisim
stirecine iligskin deneyimlerini incelemek, bu siirecte karsilastiklari giicliikleri ortaya koymak ve destek hizmetlerine
yonelik gereksinimlerini belirlemektir. Bu dogrultuda arastirmada asagidaki sorulara yanit aranacaktir:

1. Gorme yetersizliginden etkilenmis c¢ocuga sahip veliler destek hizmetlerine erisim siirecini nasil
deneyimlemektedir?

2. Veliler destek hizmetlerine erisim siirecinde hangi giigliiklerle karsilasmaktadir?
3. Velilerin psikolojik, egitsel, sosyal, saglik ve ekonomik destek hizmetlerine iligskin gereksinimleri nelerdir?

4. Velilerin mevcut destek hizmetlerine iliskin goriigleri ve beklentileri nelerdir?

2. YONTEM
2.1. Arastirma Modeli

Bu aragtirma, goérme yetersizliginden etkilenmis ¢cocugu olan velilerin destek hizmetlerine erisim siirecinde
yasadiklar1 deneyimleri, karsilastiklart giicliikleri ve gereksinimlerini derinlemesine incelemeyi amagladigindan
nitel aragtirma yontemiyle yiiriitiilecektir (Yildirim ve Simsek, 2021). Arastirmada, bireylerin belirli bir olguya
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iligkin yasanmis deneyimlerini ve bu deneyimlere ylikledikleri anlamlari ortaya ¢ikarmaya uygun olmasi nedeniyle
olgubilim deseni tercih edilmistir (Tekindal ve Uguz Arsu, 2020). Bu arastirmada incelenen olgu, gérme
yetersizliginden etkilenmis cocugu olan velilerin destek hizmetlerine erisim siirecinde yasadiklar1 deneyimlerdir.

2.2. Katihhmcilar

Arastirmanin katilimcilarini, Ankara ilinde yasayan, gdrme yetersizliginden etkilenmis cocugu olan ve
arastirmaya goniillii olarak katilmayr kabul eden 15 veli olusturacaktir. Katilimcilarin belirlenmesinde amagl
ornekleme yontemi kullanilacaktir. Katilimet se¢iminde; ¢ocugun gorme yetersizliginin saglik kurulu raporu ya da
RAM degerlendirme siireciyle belgelenmis olmasi, velinin ¢ocugun egitim, saglik, sosyal hizmet ya da ekonomik
destek hizmetlerinden en az birine basvuru veya yararlanma deneyimine sahip olmasi ve arastirmaya gonillii
katilim gostermesi temel Olgiitler olarak dikkate alinacaktir. Katilimer sayisi, olgubilim deseninin derinlemesine
veri toplama niteligi ve nitel arastirmalarda veri doygunluguna ulasma ilkesi dikkate alinarak 15 veli olarak
planlanmistir. Goriismeler slirecinde veri doygunlugu izlenecek; benzer yanitlarin tekrar etmeye baslamasi ve yeni
temalarin ortaya ¢ikmamasi durumunda veri toplama siireci sonlandirilacaktir. Goriigmeler, katilimcilarin uygunluk
durumuna gore yiiz yilize gerceklestirilecektir.

2.3. Veri Toplama Araclar ve Siireci

Aragtirmada veriler yar1 yapilandirilmis goriisme teknigi kullanilarak elde edilecektir (Yildirim ve Simsek,
2021). ilgili alanyazin ve arastirmanin alt amaglar1 dogrultusunda arastirmaci tarafindan yari yapilandirilmis
goriisme formu hazirlanacaktir. Goriisme formunda tam ve ilk yonlendirme siireci, egitim ve ozel egitim
hizmetlerine erisim, saglik ve rehabilitasyon hizmetlerinden yararlanma, psikolojik danismanlik ve rehberlik
hizmetleri, sosyal hizmetler ve ekonomik destekler, destek hizmetlerine erisimde karsilasilan giicliikler ile velilerin
beklenti ve 6nerilerine iliskin acik ug¢lu soru alanlarina yer verilecektir. Hazirlanan form, 6zel egitim ve nitel
arastirma alanlarinda galisan uzmanlarin goriislerine sunulacak; uzman geri bildirimleri dogrultusunda forma son
hali verilecektir.

Aragtirmaya baglamadan once gerekli etik kurul ve kurum izinleri alinacaktir. Katilimcilara arastirmanin
amaci, goriismenin kapsami, verilerin nasil kullanilacagi, gizlilik ilkeleri ve arastirmadan istedikleri zaman
ayrilabilecekleri aciklanacak; bilgilendirilmis goniilli onam formu imzalatilacaktir. Gorlismeler yiiz ylize
gerceklestirilecek, ses kaydi alinmayacak ve goriisme notlariyla kayit altina alinacaktir. Katilimeilarin kimliklerinin
gizliligini korumak amaciyla V1, V2, V3 gibi kodlar kullanilacaktir.

2.4. Verilerin Analizi

Goriismelerden elde edilen veriler icerik analizi yoluyla ¢dziimlenecektir (Alanka, 2024; Yildirim ve Simsek,
2021). Verilerin analizi, kodlanmas1 ve tematik olarak yapilandirilmasi stirecinde MAXQDA nitel veri analizi
programi kullanilacaktir. Analiz slirecinde Oncelikle ayrintili goriisme notlari diizenlenecek ve anlamli veri
birimleri belirlenecektir. Bu veri birimleri MAXQDA programina aktarilarak kodlanacak, iligkili kodlar kategoriler
altinda bir araya getirilecek ve temalar olusturulacaktir. Bulgular, dogrudan alintilarla desteklenerek sunulacaktir
(Yildinm ve Simsek, 2021). Gegerlik ve giivenirligi saglamak amaciyla inandiricilik, aktarilabilirlik, tutarlilik ve
dogrulanabilirlik Slgiitleri dikkate alinacaktir (Lincoln ve Guba, 1985).

3. BEKLENEN BULGULAR VE TARTISMA

Aragtirmadan elde edilecek bulgularin, gdrme yetersizliginden etkilenmis ¢ocugu olan velilerin destek
hizmetlerine erigim siireglerine iliskin deneyimlerini, karsilastiklar1 gii¢liikleri ve gereksinimlerini ortaya koymasi
beklenmektedir.

Alanyazindaki ¢alismalar dogrultusunda, velilerin tan1 ve ilk yonlendirme siirecinde bilgi edinme giigliikleri
yasadiklarinin ve rehberlik ihtiyact duyduklarinin belirlenmesi beklenmektedir (ASPB, 2013; Kiiglikdzyigit vd.,
2021). Egitim, saglik, sosyal hizmetler ve ekonomik desteklerin farkli kurumlar tarafindan parcali bigimde
sunulmasinin  kurumlar arasi koordinasyon eksikligine ve hizmet siirekliliginde giicliiklere yol acgtig
ongoriilmektedir (Enoch vd., 2022; Pistav Akmese vd., 2023). Ayrica velilerin psikolojik destek, sosyal destek ve
ekonomik destek gereksinimlerinin 6n plana ¢ikmasi; bakim yiikii ve ulasgim giigliiklerinin ifade edilmesi
beklenmektedir (Avsaroglu, 2018; Kerkez ve Okuyan, 2024).

4. SONUC

Bu arastirmanin, gorme yetersizliginden etkilenmis ¢ocugu olan velilerin destek hizmetlerine erigim
deneyimlerini ¢ok boyutlu bir yaklagimla goriiniir kilmas1 beklenmektedir. Elde edilecek sonuglarin; aile merkezli
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0zel egitim hizmetlerinin planlanmasi, erken yonlendirme mekanizmalarimin ve kurumlar arasi ig birliginin
glclendirilmesi, RAM siireglerinin iyilestirilmesi ve erisilebilir destek modellerinin gelistirilmesi hususlarinda
uygulayicilara ve karar vericilere dogrudan yol gosterici katkilar sunmasi hedeflenmektedir.
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1.Acdibii’l Mahlukdt Garaibii’l Mevcidit

Eski cografya ve seyahat eserleri Aca’ibii’l-Biildan, Aca’ibii’l-Hind ve Aca’ibii’l-Mahliikat olarak
adlandirilmistir. Arapca kokenli olan “acaib” kelimesi; hayret etmek, sasirmak ve alisilmisin disinda kalan seyler
karsisinda hayranlik duymak anlamlarini tasimaktadir. “Mahlikat” sdzcligii ise “yaratmak™ anlamindaki halaka
fiilinden tiiremis olup “yaratilmis varliklar” anlamina gelmektedir. Bu iki kelimenin birlesmesiyle olusan Acdibii’l-
MahlGkat ifadesi, genel anlamiyla “yaratilmig varliklarin hayret uyandiran ve alisilmigin disinda kalan 6zellikleri”
seklinde agiklanabilmektedir (Dubler,1960:203; Kut,1988:315; Ozay,2014:126).

Bunun yani sira, garaib kavrami nadir goriilen, alisilmigin disinda kalan ve insanda hayret uyandiran seyleri
ifade etmek icin kullanilmaktadir. Mevcldat sozciigii ise varliklar, mevcut olanlar ve yaratiklar anlamlarina
gelmektedir. Bu baglamda Acdibii’l-Mahliikdt ve Gardibii’l-MevcOdat ifadesi, yaratilmis varliklar ve mevcut
olanlar igerisinde hayret ve saskinlik uyandiran, olagan disi ve nadir goriilen unsurlart konu edinen bir anlam
cercevesine sahiptir (Develioglu,1993:967;Mottahedeh,1997:29; Ozay,2014:126; Kut,2019:17).

Terim olarak Acdibii’l-Mahliikat ve Gardibii’l-Mevcldat adi, islam diinyasinda 6zellikle Zekeriyya el-
Kazvini’nin cografya, kozmografya, tabiat olaylari, bilinmeyen topluluklar ve olaganiistii varliklara dair bilgileri
ansiklopedik bir diizen icerisinde ele aldig1 eseriyle yayginlik kazanmistir. Daha sonraki donemlerde ise benzer
konular1 igeren eserler i¢in kullanilan ortak bir ad haline gelmistir (Kut,1988:315; Giiney, 2006:4; Sarikaya,2010:1;
Gogebakan,2014:128).

1.1. Acaibii’l Mahlukdt Gardibii’l Mevciiddt Tiiriiniin Tarihsel Gelisimi

Acdibii’l-Mahlikat Gardibii’l-Mevc(dat tiird, Antik Yunan’a kadar uzanan derleme niteliginde bir eser tiirtidiir.
8. ve 9. ylizyillarda Abbasiler doneminde gerceklestirilen terciime faaliyetleriyle Antik Yunan diisiincesine ait
eserlerin Islam diinyasina aktarilmasi, Islam cografyaciigmin sistemlesmesinde onemli bir rol oynamistir.
Aristoteles, Theophrastus ve Batlamyus gibi diigiiniirlerin ¢aligmalar1 bu siiregte temel kaynaklar arasinda yer
alirken, Kazvini de eserlerini aralarinda Antik Yunan kaynaklarimin bulundugu yirmiden fazla eserden yararlanarak
olusturmustur (Lewicki, 1968: 865; Kecelioglu, 1997: 8).

Arap edebiyatinda Acdibii’l-MahlOkat gelenegi, farkli cografyalara iliskin gozlemler, tarihi ve astronomik
bilgiler ile olaganiistii varliklara dair anlatilarin bir arada ele alindigi eserlerle gelismistir. Eb Hamid el-Girnati’nin
Kitab el-Mu ‘rib ‘an Ba'‘d ‘Acd’ib el-Magrib ve Tuhfetii’I-EIbab ve Nuhbetii’l-A ‘cab adli eserleri, izzeddin Ibnii’l-
Esir’e atfedilen Tuhfetii’l- ‘Acdib ve Tuhfetii’l-Garaib ile ibnii’1-Verdi’nin Haridetii’l-Acdib ve Feridetii’I-Garaib
adli eseri bu gelenegin farkli donemlerdeki 6rnekleri arasinda yer almaktadir (Kut, 1988: 315-316; Ozdemir, 1994:
129; Varol, 2009: 69-70; Celik, 2019: 6-8; Aydin, 2021: 3-5).

Bu birikim, 13. yiizyilda Zekeriya el-Kazvini’nin Acdibii'I-Mahliikdt ve Gardibii'I-Mevcidat adli eserinde daha
sistemli bir kozmografya anlayist icerisinde yeniden sekillenmistir. Kazvini’nin AsariiI-Bildd ve Ahbarii’|-‘Ibad
adli eseri yedi iklim esasina gore diizenlenmis, yaklasik kirk kaynaktan yararlanilarak hazirlanmis kapsamli bir
cografya calismasidir. Yeryiizii, iklimler, iilkeler ve milletlerin yan1 sira canli ve cansiz varliklarin 6zellikleri, dikkat
cekici olaylar ve tarihi sahsiyetlere de yer verilmistir (Kowalska, 1967: 41; Lewicki, 1978: 865; Afshar ve
Bosworth, 1984: 696; Izgi, 2002: 160).

Kazvini’nin ikinci ve en taninmis eseri Acdibii'-Mahliikdt ve Gardibii’I-Mevcldat ise Arapga kaleme alinmisg
kapsamli bir kozmografya ¢aligmasi olup Cahiz’in Kitabii’l-Hayevan’i, Aristoteles’in Historia Animalium adli
eserinin Arapca terciimesi, Eb0 Hamid el-Girnati ve Muhammed b. Mahmid et-Tdsi’nin ¢alismalar1 basta olmak
tizere yaklasik yirmi kaynaktan yararlanilarak olusturulmustur. Eser, Batlamyus’un kozmolojik sistemi temelinde
dort mukaddime ve iki makaleden meydana gelmekte; ilk mukaddimede acdib, ikincisinde mahlikat, Gg¢unclstiinde
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garéib, dordlncisunde ise mevcldat kavramlari agiklanmaktadir (Lewicki, 1978: 866; Kut, 1985: 184; G6l, 2008:
2; Baskan, 2007: 18; Carboni, 2012: 16; Badiee, 1984: 97; Sesen, 1994: 907; Hees, 2006: 174; Yaman ve Karac¢ol,
2023: 275).

Fars edebiyatinda ise Acdibii’-Mahl(kat gelenegi, cografya ve kozmografya konularinin olagantstii varlik ve
olaylara iligkin anlatilarla bir araya getirildigi eserlerle devam etmistir. Ebii’l-Mueyyed-i Belhi’nin Acaibii’I-Buldan
ve Ahmed et-Tasi’nin 1175 yilinda kaleme aldig1 Acdibii’l-Mahliikdat ve Gardibii’l-Mevcidat adli eserleri bu
gelenegin énemli 6rnekleri arasinda yer almaktadir. 1547 yilinda Ibrahim Adil Sah’1n istegi iizerine hazirlanan ve
matercimi bilinmeyen Acdibii’I-Mahlikdat Gardaibii’l-Mevc(dat adli eser de gelenegin sonraki donemlerde devam
ettigini gostermektedir (Pertsch, 1859: 58; Kut, 1988: 316; Kecgelioglu, 1997: 15).

Cagatay edebiyatinda da Acaibii'I-MahlUkat tiriinde 6rnekler bulunmaktadir. Bennai b. Muhammed Herevi’nin
(1453-1512) Acd 'ibii’I-Mahlikat Terctimesi ile mitercimi bilinmeyen Acd 'ibii’I-Mahliikdit ve Garaibii’l-Mevcidat
bu 6rnekler arasinda yer almaktadir (Celik, 2019: 6-8).

Osmanli doneminde ise Acdibii’l-MahlOkat terciimeleri, basta Kazvini’nin eseri olmak iizere Iran
edebiyatindaki benzer metinlerden yararlanilarak olusturulmustur. Osmanli sahasinda tiiriin gelisimi, 6zellikle
metinlerin gorsel unsurlarla desteklenmesiyle farkli bir boyut kazanmigtir. Uzun siire Tiirkgedeki ilk terciimenin
Ahmed Bican’a (1400-1460) ait oldugu kabul edilmigse de F. Taeschner’in ¢alismalari sonucunda Tiirk¢eye yapilan
ilk tercimenin Ali b. Abdurrahman’a (6. 1397-98?) ait oldugu belirtilmistir. Ali b. Abdurrahman’a ait oldugu
diistiniilen eserin, Edirne’nin fethinden (1362) kisa bir siire sonra yazildigi ve miiellifin gbzlemlerinin yan1 sira
ozellikle Kazvini’nin eserinden yararlandig: diisiiniilmektedir (Kut,1985:186; izgi,1997:252).

Riikneddin Ahmed tarafindan I. Mehmed doneminde Tiirk¢eye terciime edilen Acdibii’l-Mahlikat, Ahmed
Tasi’nin Acdibii’I-Mahlikat ve Garaibii’I-Mevcldat adl1 eserinin terciimesi niteligindedir. Ahmed Bicéan tarafindan
Haci Bayram’in istegi iizerine 1453 yilinda Gelibolu’da yazilan Acdibii’l-MahlUkat ise Kazvini’nin ayn adli
eserinden farkli olarak dogrudan Arapg¢a metinden degil, Farsca terclimelerden yararlanilarak hazirlanmistir. Hace
Hatib Mahmad er-ROmi (1486-95? - 1565-66) tarafindan 1563 yilinda tamamlanan terciime ise Ibnii’l-Verdi’nin
Haridetii’l-Acdib ve Feridetii’l-Garaib adli eseri esas alinarak hazirlanmustir (Kut,1985:186; Ak,1997:63;
Sesen,2000:643).

Bu terciimelerin yani sira Mevlana Gimayi’nin Mir’dt-1 Ka'inat, Eyylb bin Halil’in Tezkiretii’I-Acaib ve
Tercimetii’l-Garaib, Hiiseyin b. Mehmed b. Mustafa’nin Mir’dt-1 ‘Acdyibii’l-Mahlikat ve Kesf-i Garayibii’l-
Mevcldat, Mehmed b. Mehmed Rodosizdde’nin Acdibii’l-Mahlikat ve R{zname-yi SanT Muhammed b.
Muhammed Sakir’in Acdibii’l-Mahliikat adli eserleri Osmanli edebiyatinda bu gelenegin devam ettigini
gostermektedir. Bu gelisim icerisinde Surlri tarafindan Sehzade Mustafa’nin istegi iizerine yazilan Acdibii’l-
Mahlikat ve Gardibii’l-Mevcdat terciimesi ise Osmanli sahasinda tiiriin metin ve gorsel unsurlar bakimindan
gelisimini gostermesi agisindan énemli bir yere sahiptir (Kut,1985:186;Ak,1997:63; G61,2008:5; Celik,2019:16).

2.1. Suriiri’nin Hayat1 ve Ilmi Kisiligi
Osmanli Imparatorlugu’nun klasik déneminde yasayan Surtri (1491-1562), 16. yiizyilin 6nde gelen alim ve
sairlerinden biridir. Asil adi Mustafa bin Sa‘ban es-Sur(ri er-Rimi kaynaklarda Muslihiddin lakabiyla da

anilmaktadir. “Surliri” mahlasini ilmi ve edebi faaliyetlerinde kullanmistir (Kegelioglu, 1997: 20; Elbir, 2003: 7;
Memedzade, 2009: 66).

1491 yilinda Gelibolu’da dogan Suriri, ilk egitimini Bursa’da Kara David Efendi’nin yaninda almistir. Daha
sonra Kadri Efendi, Nihali Cafer Celebi (6.1542), Taskopriizade Ahmed Efendi (1495- 1561) ve Fenarizade
Muhyiddin Efendi (1478/79-1548) gibi dénemin 6nemli alimlerinden ders gérmiistiir. Egitimini tamamladiktan
sonra 1521 yilinda Istanbul Bab Mahkemesi’nde naip olarak ilmiyedeki gorevine baslamistir. Ardindan cesitli
medreselerde miiderrislik yapmustir. 1523’te Gelibolu Saruca Pasa Medresesi’ne, 1526’da Piri Pasa Zaviyesi’nden
doniistlrilen medreseye ve 1537’de Kasim Pasa tarafindan yaptirilan medreseye miiderris olarak atanmuistir.
Yaklasik on yil Kasim Pasa Medresesi’nde gorev yapan Surtri, 1548 yilinda hocasi Fenarizdde Muhyiddin
Efendi’nin vefatinin ardindan bir siire gorevinden ayrilmis, daha sonra Kasim Pasa’nin istegiyle yeniden
miiderrislige donmiistiir (Akiin, 1997: 249; Giileg, 2001: 213; Bagci, 2015: 4).

Daha sonrasinda Sur(ri Kantni Sultan Stileyman’in 1548 yilindaki fermaniyla Sehzade Mustafa’ya Ogretmen
olarak atanmistir. Amasya’da Sehzade Mustafa’nin ilmi ve edebi ¢evresinde bulunan Suriri, onun yakin ¢evresinde
yer almigs ve bu donemde cesitli eserler ile siirler kaleme almistir. Sehzade Mustafa’nin 1553 yilinda idam
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edilmesinin ardindan biiyiik bir Gizlintii yasayan Suriri, yaklasik dokuz yil boyunca devlet gorevlerinden uzak bir
hayat stirmiistiir (Kut, 1988: 317; Elbir, 2003: 10; Atila, 2019: 69).

Surlird, 1562 yilinda vefat etmis ve kendi adina yaptirdigi mescidin haziresine defnedilmistir. Kaynaklarda,
hayati boyunca ¢ok sayida eser kaleme aldig1 ve 6zellikle belagat ile dini ilimler alanindaki ¢aligsmalariyla tanindigi
bilinmektedir (Tirkay, 1959: 44; Akun, 1997: 249; Guleg, 2002: 170; Elbir, 2003: 11).

Tercume-i Acaibii’l Mahlukat Garaibii’l Mevcidat

Surdri, Terclime-i Acaibii’l-Mahliikat ve Gardibii’l-Mevcidat adli eserini Sehzade Mustafa’nin hocaligini
yaptig1 donemde kaleme almistir. Eserin ortaya cikisi, Sehzade Mustafa’nin Mekkeli bir tliccardan temin ettigi
kitab1 SurGiri’ye terciime ettirmesiyle baslamistir (Akiin, 1997: 249; Baskan, 2007: 20; Kahya, 2008: 494; Kut,
2012: 14; Bage1, 2015: 13).

Kozmografik nitelikteki eser, Islami bilgi birikimi ve tasavvufi goriisiiyle yazmustir. ilk boliimde
gezegenler, burglar, sabit yildizlar, takvim ve fal ilmi gibi konularin yan1 sira gokytiziinde Tanr1’ya dua eden melek
tasvirlerine yer verilmistir. Ikinci béliimde ise Cin, Fars ve Hint denizleri ile bu bélgelerde bulunduguna inanilan
cesitli olaganiistii varliklar, insanlar ve hayvanlar ele alinmistir. Suriri, terciime sirasinda bazi boliimleri metinden
cikarirken kendi doneminin bilgi birikimine dayanan yeni unsurlar da eklemistir (Tiirkay,1959,26;
Meredith,1969:26; Kut,1988:317; Giileg,2001:230; Baskan,2007:21).

Eserin ikinci makalesi lizerinde ¢alistig1 sirada Sehzade Mustafa’nin 1553 yilinda ldiriilmesi, Surtiri’yi
derinden etkilemis ve eserin tamamlanamamasina neden olmustur. Metin “ziirafa” maddesinde yarim kalmis,
yaklasik bir buguk asir sonra Rodosizade tarafindan tamamlanarak 1685 yilinda Sultan IV. Mehmed’e sunulmustur
(Glileg,2001:230; Kut,2012:14).

2.2. Surir?’nin TercUme-i Acdibii’l Mahlukdt Gardibii’l Mevcidat (Washington Library of Congress
(G93.Q3185 1553) Niishast

Washington Library of Congress’te bulunan Suriri’ye ait Acdibii’l-MahlUkat ve Gardibii’l-MevcOdat
terclimesi, metin ve minyatiirleri bakimindan dikkat ¢ekici bir niishadir. Eserin zahriye kismi giiniimiize ulasmamig
olup bunun hazirlik siirecinde tamamlanmamis olmasi veya zaman igerisinde fiziksel nedenlerle kaybolmasi
miimkiindiir. Giris bolimiinde, Mekkeli bir tiiccarin Sehzade Mustafa’nin istegi iizerine kitab1 gonderdigi ve
Surtiri’den eseri aciklayip serh etmesinin istendigi belirtilmektedir. Bu ifade, calismanin yalnizca terciime
olmadigimi, miellif metni aciklayip bazi bolimleri ¢ikararak yeniden diizenledigini gostermektedir. Metinde
oncelikle acéib ve garéib kavramlar1 agiklanmakta, ardindan olaganiistii varliklar ve sira dis1 insan topluluklarina
iliskin anlatilara gegilmektedir. Bunlardan birinde, belden asagisi tek, tist kismu ise iki insan seklinde tasvir edilen
bir varliktan s6z edilmekte ve bu anlati bir minyatiirle desteklenmektedir. Niishadaki minyatiirler kimi yerlerde
metinle dogrudan ortligiirken, bazi sahnelerde anlatilan ayrintilarin birebir yansitilmadigi goriilmektedir. Bu durum,
gorsel programin yalnizca metni aktarmakla kalmadigini, nakkasin yorumunu da igerdigini gostermektedir.

LRTINE gl

Resim 1.Stret-i Hit,Acd’ibii’l-Mahliikat Gara’ibii’l-Mevciadat ,Loc G93.Q3185 1553, y.30a

Resim1’de gosterilen tasvir “Slret-i H(t” olarak adlandirilmaktadir. Metin niishada su sekilde yer
almaktadir: “Buna Balik takimyildizi derler. Suretinin tamanunin i¢inde olan yildizlart otuz dért tanedir. Suretin
disinda olan (ildizlarin sayist ise) dorttiir. Bu burcun, birbirine baglanmug iki balik suretinde oldugunu séylerler.
Birinin kuyrugu digerine baglanmistir ve (bu baglandiklari) iplige Haytii’l-Kettan (Keten iplik) derler.”

Niisha ’da yer alan tasvirde resim 11x7.5 ebatlarmda olup sahnenin merkezinde sayfanin ise alt kisminda
yer almaktadir. Yatay resim alaninda, 2 sira altin yaldizh ¢ergeve bulunmaktadir. Resimde kuyruklarindan birbirine
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bagli iki balik tasvir edilmistir. Baliklarin tizerinde, metinde belirtilen y1ldizlar bulunmaktadir. Metinle uyumlu bir
sekilde tasvir edilmistir. Baliklar mavi renkli fonun 6niinde durmaktadirlar.

A SR o

Resim 2. Secde Eden Melekler, Aca’ibii’l-Mahlikat Gara’ibii’l-Mevctdat, Loc G93.Q3185 1553, y.44b

Resim 2’de gosterilen tasvir “Secde Eden Melekler” olarak adlandirilmaktadir. Metin niishada su
sekilde yer almaktadir: “Ve bazi melekler siicuddadir ve anlardan siicud caizdir, bil ki vakidir ve bu halete
Hak tealanin kelam delil-i sarihtir ki buyurur: “Ve meleklere: 'Adem’e secde edin' dedik. Iblis hari¢ (hepsi)
secde ettiler. O ise, diretti ve kibirlendi, kafirlerden oldu.”’(Bakara,34)

Niisha ‘da yer alan tasvirde resim 11x7.5 ebatlarinda olup secde eden melekleri betimlemektedir. Tasvir
sahnenin merkezinde sayfanin ise alt kisminda yer almaktadir. Yatay resim alaninda, 2 sira altin yaldizh ¢erceve
bulunmaktadir. Kompozisyonda, iki sira halinde dizilmis melekler secde halinde tasvir edilmistir. Melekler,
kahverenginin cesitli tonlar1 ile turuncu ve mavi renkler tasiyan elbiseler giymektedirler. Bu giysilerin etekleri,
meleklerin ayaklarini tamamen ortecek kadar uzundur. Elbiselerin kisa tutulmus kollarinin altindan ise, i¢lerine
giydikleri daha uzun kollu kiyafetler fark edilmektedir. Kiyafetlerin her biri, tizerlerine 6zenle islenmis desenlerle
bezenmistir. Tamamu birbirine benzer basliklar takan meleklerden bazilarinin gozleri, bu derin ibadet anini ve
teslimiyeti vurgulamak istercesine kapali veya yar1 kapali olarak resmedilmistir. Kompozisyonun fonunu olusturan
acik mavi zemin iizerine daha koyu mavi renkte stilize edilmis bulutlar yer almaktadir.

7

Resim 3. Dogu Riizgari sureti Acd ibii’I-Mahlikat Gard 'ibii’I-Mevciidat, Loc G93.Q3185 1553y, y.93b

Resim 3’te gosterilen tasvir “Siret-i Bad-1 Saba” olarak adlandirilmaktadir. Metin niishada su sekilde yer
almaktadir: “Ama Sabd riizgdr imanhga yakindw. Giindiiziin ilk vakitlerinde eser; baglangicta serinlige
meyillidir, zira geceden sogumus yerlere temas edip sogukluk kazanmwr. Fakat serinlik siiresi kisadir. Ciinkii hemen
ardindan giines dogar, giines 1sinlari pegsi sira gelerek onu isutir ve iliman hale getirir. Hem denize hem karaya
temas ederek o yonden de tlimanhk kazanw. Bu, seher vakti esen meltemdir ki, insana hogs gelir, uyku getirir, bedeni
rahatlatir, gaml olant sevindirir. Biitiin duyulara uygundur. Sairlerin onu methetmesi bu yiizdendir. ”

Niisha’da yer alan tasvirde 10x6.5 ebatlarindaki resim Bad-1 Saba suretini betimlemektedir. Tasvir sahnenin
sag ust kosesinde sayfanin ise alt kisminda yer almaktadir. Yatay resim alaninda, 2 sira altin yaldizli ¢erceve
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bulunmaktadir. Resimde biiyiik bir bulut kiimesinin ortasinda, agzindan riizgar iifleyen insan basi tasvir edilmistir.
Agizdan ¢ikan bu riizgar, sag alt kdseye dogru yayilan ince, koyu ¢izgilerle yapilmistir. Figiirlin saglar1 yoktur;
kaslar1 daha diiz bir sekilde betimlenmistir. Bagin yanlarindan ¢ikan kanatlar goriilmektedir. Kanatlarin baga yakin
kisimlari turuncu, ug kisimlari ise yesil renktedir. Resmin alt kisminda ise, yesil renkli bes yaprakli bitki motifleri
yer almaktadir.

Resim 4. Basi olmayan insan sureti, Acd ibii'I-Mahlikat Gara 'ibii’I-Mevcidat, Loc G93.Q3185 1553y y.111b

Resim 4’te gosterilen tasvir “SQret-i Adem ki Baslart Yoktur” olarak adlandirilmaktadir. Metin niishada su
sekilde yer almaktadir: “Ve bu adada bir tiir insan daha vardir ki, baslar: yoktur ve gozleri gogiislerindedir.”

Niisha’da yer alan tasvirde 9.5x6.5 ebatlarindaki resim bagsiz insani betimlemektedir. Figlr sahnenin
merkezinde sayfanin ise list kisminda yer almaktadir. Yatay resim alaninda, 2 sira altin yaldizli gergeve igerisinde
bulunmaktadir. Resimde, metinde anlatildig1 lizere bagsiz bir erkek figiir tasvir edilmistir. Figiiriin gozleri, burnu
ve agzi gogsiiniin lizerine yerlestirilmistir. Kollar1 viicuduna oranla belirgin bi¢imde biiyiik ¢izilmis ve iki yana agik
bir sekilde betimlenmistir. Uzerinde herhangi bir giysi bulunmayan figiir, tamamen ¢iplak halde resmedilmistir.
Zemin ise yer yer ii¢ yaprakli bitki motifiyle bezenmistir.

Resim 5. Baykus basl balik, Aca ibii’I-Mahlikat Gard ibii’l-Mevcidat, LOC G93.Q3185 1553y, y.121b

Resim 5’te gosterilen tasvir “Baykus Baslu Balik ~ olarak adlandirilmaktadir. Metin niishada su sekilde
yer almaktadir: “Ve orada bir tir balik olur, biitiin organlar: balik gibidir ama basi baykus bagi gibidir.”

Niisha’da yer alan tasvirde 10x5.3 ebatlarindaki resim baykus bash bir baligi betimler. Figiir sahnenin
merkezinde sayfanin ise alt kisminda yer almaktadir. Yatay resim alaninda, 2 sira altin yaldizli ¢ergeve icerisinde
bulunmaktadir. Resimde, metne uygun bir anlatim vardir. Burada basi bir kediyi andiran tuhaf bir balik tasvir
edilmistir. Ancak figiiriin yiizii, zamanla olusan deformasyonlar nedeniyle belirginligini yitirmistir. Ana rengi gri
olan bu canlinin pullar1 ve yilizgecleri daha koyu bir renk kullanilarak belirginlestirilmistir. Kuyrugu hafif bir
kivrimla yukar1 dogru uzanan balik, agik mavi bir fon 6nilinde konumlandirilmistir.

Sonug
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Acaibii’l-Mahlikéat geleneginin farkli donem ve cografyalardaki gelisimi, bu eserlerin yalnizca mevcut
bilgilerin aktarildigi metinler olmadigini, her terciime ve yeniden diizenleme siirecinde yeni bir anlam kazandigini
gostermektedir. Bu gelenegin Osmanli sahasindaki 6nemli 6rneklerinden biri olan SurGri’nin Acdibii’I-Mahl(kat ve
Garaibii’l-Mevcidat terciimesi de 16. yiizy1l Osmanli sanat ortaminin anlasilmasi bakimindan ayri bir yere sahiptir.

Surtri’nin eseri, Kazvini’nin metninin yalnizca Tirk¢eye gevrilmesiyle siirli kalmamustir. SurGri’nin
metne yaptigt miidahaleler, agiklamalar ve eklemelerle yeniden sekillenmistir. Sehzade Mustafa’nin istegi
dogrultusunda hazirlanan eserin, Surdri’nin ilmi ve edebi birikimini yansitan bu yonii, niishanin yalnizca bir
terciime olarak degerlendirilmemesi gerektigini gostermektedir. Ozellikle eserde yer alan minyatirler, metinde
anlatilan olaganiistii ve mitolojik varliklarin 16. yiizy1l Osmanli sanatindaki karsiliklarini incelemek agisindan
onemli bir gorsel kaynak olusturmaktadir. Bu niishadaki tasvirlere bakildiginda, metinde yer alan varliklarin her
zaman dogrudan ve birebir bicimde gorsellestirilmedigi goriilmektedir. Baz1 tasvirlerde metindeki anlati agik
bicimde takip edilirken, baz1 érneklerde nakkasin metinde verilen 6zellikleri yeniden yorumladigr anlagilmaktadir.
Ozellikle aligilmis bigimlerinin diginda tasvir edilen varliklar, dénemin hayal diinyasinmn sinirlarmi gostermesi
bakimindan dikkat ¢ekicidir. Bu durum, minyatiirlerin yalnizca metni agiklayan yardimci unsurlar olmadigini, ayni
zamanda anlatinin gorsel olarak yeniden kurulmasinda etkin bir rol {istlendigini diisiindiirmektedir. Bu baglamda
Suriri’nin Acdibii’l-Mahllkat niishasi, 16. ylizy1l Osmanli minyatiir sanatinda olaganiistii ve mitolojik varliklarin
nasil tasavvur edildigini ortaya koyan 6nemli bir 6rnek olarak degerlendirilmektedir. Niishada yer alan varliklar,
ejderhalar, deniz canlilar1 ve melekler gibi tasvirler, donemin nakkasinin bilinmeyen ve olaganiistii olani
gorsellestirme bigimine iligkin onemli bilgiler sunmaktadir. Dolayisiyla Surdri’nin eseri, yalnizca Ac@ibii’l-
Mahllkat geleneginin Osmanli sahasindaki devamini gostermekle kalmamaktadir. Ayni zamanda bu niishada
anlatilan diinyanin, dénemin tasvir anlayisi i¢inde nasil sekillendigini gostermesi bakimindan da dnem tagimaktadir.
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1. GIRIS

Egitim, literatlirde kabul gérmiis geleneksel tanimiyla, kiside bireysel yasantilar yoluyla, kasitli ve istendik davranis
degisiklikleri olusturma siirecidir (Ertiirk, 1972:12). Giincel yasamda bu istendik davranig degisiklikleri ve bireyin
kimlik kazanimi yalnizca okul, simif ve laboratuvar gibi kapali ortamlar ile siirli kalmamaktadir. Kisinin
dogumundan itibaren ev, aile, kiiltiir, topluluk, dil, dijital icerikler, sanatla kurulan iliskiler, kitaplar, arkadas
gruplari, okul dig1 organizasyonlar gibi her tiirlii mecra kisinin egitim hayatina dahil olan ve kimlik edinimini
sekillendiren 6nemli Ogelerdir. Dolayisiyla egitimin bizzat hayatin kendisini kapsayan biitlinclil bir yapiya
dontismesi, okulla sinirlandirilmasindan daha nitelikli bir egitim siireci ortaya koymaktadir (Schubert, 2010:14-16).

Alanyazinda, genisletilmis bir egitim vizyonu olusturulmast Kamusal Pedagoji (Public Pedagogy) kavrami
etrafinda tartisilmaktadir. Kamusal pedagoji genel baglamiyla; sokagin, kent meydanlarinin, herkesin erigebilecegi
her ¢esitte kamusal alanin aktif 6grenme ortami oldugunu ve insanlarin diinyay1 okuma deneyimini sekillendirmede
ogretici rol istlendigini savunmaktadir (Sandlin vd., 2011: 338-339). Kavramin onciilerinden olan Giroux’ya
(2004:62-64) gore de ogretme ve 6grenme sadece dgretmenlerin inisiyatifinde olan bir eylem degildir. Kiiltiir ve
mekansal pratikler 6grenmeyi siireklilikle yeniden iireten toplumsal bir deneyim haline getirmektedir. Ozetle;
kiiltiirel alanlarin (miizeler, anitlar, parklar, vb.) birer egitim alani oldugu ve insanlarin bu ortamlarda vatandaslik,
aidiyet, toplumsal kimlik gibi kavramlar1 informal yollarla 6grendikleri vurgulanmaktadir. Aslinda i¢inden gecip
gittigimizi diisiindigiimiiz kamusal alanlar bize sessizce yeni seyler katan ve 6greten gizli egitmenler olarak iglev
gormektedir.

Kamusal alanlarin gizli egitimsel rollerinin nitelikli hale getirilmesi i¢cin bu mekanlarin 6nemli 6l¢iide kurgulanmasi
gerekmektedir. Bireyde duyussal bir tecriibe yaratarak anlam iiretimini ortaya ¢ikarmasi noktasinda fiziki
ortamlarda igerigi planlanarak kurgulanmis kamusal sanat pratikleri kilit bir rol iistlenmektedir. Erken donem
kamusal sanat 6rnekleri genellikle kent meydanlarinda anitsal heykeller formunda olup tek tarafli bir mesaj verme
gayesiyle karsimiza ¢ikmigken (Engin, 2020: 59-81); cagdas kamusal sanat pratikleri insan etkilesimine 6nem
vererek izleyici katilimini merkeze almaktadir. Bu yapi, sanat uygulamasini anlamin ortaklasa tretildigi eylemsel
bir hale doniistiirmustiir. Bishop'un (2005:6-13) yerlestirme sanatinda izleyicinin fiziksel deneyimine yaptigi vurgu,
etkilesimli sanat uygulamalarinin deneyim boyutunun incelenmesi agisindan bir temel sunmaktadir.

Literatiire bakildiginda, sanat egitiminin informal ve formal yapilarda genellikle miize/galeri etrafinda sikistig1 ya
da okul miifredatlarinin siirlart i¢inde kaldig1 goriilmektedir. Etkilesimli kamusal sanatin bir egitim igerigi olarak
kullamilabilirligini degerlendiren calismalarin yeterli diizeyde arastirilmadig tespit edilmistir. Ogrenmenin okul
otesinde kamusal alanda da siirdiiriilen bir siireci kapsadigi esasi goz onlinde bulundurularak bu arastirmada su
sorulara yanit aranmaktadir:

1. Etkilesimli kamusal sanat uygulamalari, alimlayicinin O6grenme silirecini nasil deneyimsel hale
getirmektedir ve duyussal 6grenme nasil sekillenmektedir?

2. Etkilesimli kamusal sanat uygulamalari, hangi 6zellikleri araciligiyla okul disi/informal 6grenme ortami ve
icerigi olusturma potansiyeli tagimaktadir?

2. YONTEM

Belirlenen aragtirma sorularina verilecek yanitlari saglam bir temele oturtmak amaciyla bu ¢alismada nitel aragtirma
yaklagimi kullanilmistir. Aragtirma konusu olan olgunun kendi baglami iginde biitiinciil olarak incelenmesini
saglamak i¢in (Creswell, 2013:52,133) ilgili literatiir taranmuis, segilen sanat uygulamalarina iligkin dokiimanlar
incelenmis ve elde edilen veriler betimsel analiz yontemiyle ¢ézliimlenmistir. Calismada incelenen belgeler; sanatgi
ve proje ekiplerinin resmi web sayfalarinda yer alan proje agiklamalari, proje gorselleri ve video dokiimantasyonlari
ile ¢alismalara iliskin akademik yayin ve etki degerlendirme raporlarindan olusmaktadir. Calisma grubu izleyici
katilimint merkeze alan, bireyi zihinsel ve bedensel olarak eserin bir pargasi haline getiren gesitli etkilesimli
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kamusal sanat uygulamalar iizerinden amagh 6rnekleme yoluyla belirlenmistir (Biiyiikoztiirk vd., 2017:91). Bu
kamusal sanat uygulamalari sirasiyla; Michael Pinsky- Pollution Pods, Rafael Lozano-Hemmer- Border Tuner,
Daily tous les jours- 21 Swings isimli ¢alismalardir. Bu eserlerin se¢im Olgiitleri su kapsamda belirlenmistir:
kamusal alanda bulunmasi, izleyici katilminin eserin isleyisinin merkezinde olmasi, katilimcinin
bedensel/zihinsel/sosyal olarak etkilesime girmesi, 6grenme deneyimi agisindan analiz edilebilecek yeterli
dokiimantasyonun bulunmasi. S6z konusu eserler estetik formlarindan 6te; izleyiciyi eylemsel bir siirece dahil etme
bigimleri, katilimcida tetikledikleri duyussal 6grenme ve kentsel alani informal egitim igerigine doniistiirme
potansiyelleri baglaminda incelenmistir.

3. BULGULAR
3.1. Birinci Alt Amaca Yonelik Bulgular

Aragtirmanin birinci alt amaci kapsaminda incelenen etkilesimli kamusal sanat uygulamalarinin izleyicinin
Ogrenme siirecini nasil deneyimsel ve duyussal bir boyuta tagidigi betimsel analiz yontemiyle incelenmistir.

3.1.1. Michael Pinsky- Pollution Pods (Kirlilik Kapsiilleri)

Bu kamusal sanat uygulamasi ilk olarak 2017 yilinda Norveg’te bulunan halka agik bir parkta sergilenmistir
(Pinsky, 2017b). Sonrasinda birgok sehirde de sergilenen bu eser, aslinda sanatin insanlara fiziksel olarak bir seyler
hissettirebilmesinin 6nemini anlatir niteliktedir.

Gorsel 1. “Pollution Pods”, Michael Pinsky, Katilimc1 Kamu Sanati1 Yerlestirmesi, Trondheim (Norveg), 2017
(Pinsky, 2017a).

Eser; Tautra, Londra, Yeni Delhi, Pekin ve Sao Paulo olmak iizere bes bolgenin hava kalitesini simile eden,
birbirine baglanmig bes jeodezik kubbeden olusmaktadir (Burki, 2018:416). Ziyaretgiler kubbelerin igine sirasiyla
hava kirliligi en az olan kentten en ¢ok olan kente dogru girerek bu sehirlerin kokusunu, nemini, sicakligimi ve
kirliligini bir nevi oradaymis gibi tiim duyu organlariyla deneyimleyebilmektedir. Sehirlerdeki toksik gazlari,
katilimcilarin fiziksel bir zarara ugramadan tecriibe edebilecegi bir sistem olusturulmustur. Katilimcilarin fiziksel
tecriibelerinden elde edilen raporlarda Londra kubbesindeki dizel kokusunun genzi yakmasi ve ziyaretgileri
hapsirtmasi; diger tarafta Yeni Delhi kubbesinin ise gozleri rahatsiz edecek kadar sicak ve puslu oldugu
gorilmektedir (Burki, 2018:416).

Bu kamusal sanat deneyiminde, kubbelerin icerisinde vakit gegiren ziyaretcilerin igeride uzun sure kalamadiklar
gbzlemlenmistir (Hunt, 2018). Bu durum, hava kirliliginin onlenmedigi takdirde insan yasamini nasil
etkileyebilecegini somut bir bigimde gostermistir. Avrupa’da gergeklestirilen sergilerde =ziyaretciler, hava
kalitesinin uygun olmadigi sehirlerde yasayan insanlarin maruz kaldigi kaginilmaz ve bogucu hava kalitesini
deneyimleyerek, bu kosullarda yasamanin nasil bir durum oldugunu direkt olarak tatma firsati bulmuslardir.

Sommer vd. (2019) tarafindan yiiriitiilen arastirmada, eseri deneyimleyen 2.662 ziyaret¢inin verileri ortaya
konmustur. Pollution Pods’u deneyimlemis bireylerin ¢evresel sorunlara yonelik eylem niyetlerinin arttig1; tizlinti,
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caresizlik, 6fke gibi duygularin ortaya ¢ikarak farkindalik ve sorumluluk bilincine dair bir fitil atesledigi
belirlenmistir. Dolayistyla eserin yarattig1 fiziksel rahatsizligin duyussal 6grenmeyi ortaya ¢ikararak bireylerin
olaylar1 kiiresel bir sistem igerisinde yeniden degerlendirmesine yol agtig1r sdylenebilir. Cevre sanatinin da
amaclarindan olan, “bireyin eylemlerinin kendi ¢evresi ve kiiresel cevredeki yansimalarini gérmesi” bu eylemlerin
sonuglar1 arasinda psikolojik ve duygusal bir bag kurmasini saglamaktadir. Deneyimsel ve duyussal 6grenmenin
getirisi olarak insanlarin eseri deneyimlemesinin ardindan iklim degisikligini uzak bir gelecekteymis gibi
gormekteyken anlik bir sok yasayarak bunun gercek bir tehdit olmasiyla karsilagmstir.

3.1.2. Rafael Lozano-Hemmer — Border Tuner (Simir Akortcusu)

Amerika Birlesik Devletleri’nin El Paso (Teksas) sehri ve Meksika’nin Ciudad Juarez sehirleri cografi ve tarihsel
olarak eskilerde kardes kent olarak goriilmekteydi. Fakat 2006 yilinda ¢ikarilan Secure Fence Act yasasi ve sinir
giivenligi politikalar1 dogrultusunda insa edilen bu iki sehir arasindaki tarihsel ve sosyal birlikteligi kisitlamigtir
(Erb, 2009: 98-126). Buna sebebiyet veren konularin arasinda sertlesen go¢ politikalari, sinir giivenligi endiseleri
ve ulus-devlet ideolojileri bulunmaktadir. Bu izolasyonun sonucunda ise kiiltiirel, ekonomik ve akrabalik baglar
gibi bir¢ok konuda insanlar arasinda bir iletisimsizlik engeli olusmustur. Tarih bdyle seyrederken Rafael Lozano-
Hemmer 2019 yilinda bu biiyiik 6l¢ekli sanat uygulamasini ortaya koymus ve sinirin iki yakasini birbirine
baglayarak bir iletisim ag1 olusturmustur (Lozano-Hemmer, 2019).

Eserde El Paso ve Juarez i¢inde bulunan {iger istasyon yer almaktadir. Bu istasyonlardaki katilimcilarin kendilerinin
yonlendirebilecegi bir cark sistemi bulunmaktadir. Insanlar yonlendirme carklarimi cevirerek gokyiiziindeki 151k
hiizmesini yonlendirmektedir. iki 151k hiizmesi havada kesistiginde sistem otomatik olarak iki istasyon arasinda
canl, anlik ve ¢ift yonlii 151k ve ses kanali baglantisim saglayarak smir Stesi iletisimi baslatmaktadir. Iletisim
esnasinda katilimcilarin sesinin siddeti, gokyiiziine yansiyan 11k koprisiiniin parlakligini arttirip azaltarak mors
alfabesi benzeri bir yanip sonme efekti ile senkron islemektedir (Lozano-Hemmer, 2019).

Gorsel 2. "Border Tuner", Rafael Lozano-Hemmer, Katilimc1 Kamu Sanati1 Yerlestirmesi, Bowie High-School
(El Paso, ABD) / Parque Chamizal (Ciudad Juarez, Meksika), Relational Architecture 23, 2019, Proje Gorlintuleri
(Lozano-Hemmer, 2019).

Eserin egitsel potansiyeline odaklanildiginda siir politikalarinin bireylerde yaratmaya calistigi “6teki” algisini
duyular ve direkt temas araciligiyla yikmasi eserin giiclii bir duyussal 6grenme ¢iktisi sagladigi soylenebilir. Uzun
zamandir sinirin iki ucunda bulunan halkin birbiriyle spontane bir diyaloga girememesi insanlarda derin bir iletisim
achgr yaratmigtir (Kramer Canhim, 2026). Yillardir birbirleri icin “tehlikeli” ve “yabanci1” olarak kodlanmig
insanlar, insani bir temas kurma ihtiyacini bu eser yoluyla karsilama firsati bulmuslardir (Erb, 2009: 98-126). Kimi
zaman planl diyaloglar kurulmus; bunlara sairler, miizisyenler, tarihgiler eslik etmis kimi zaman da giindelik
haliyle konusmalar yapilarak aslinda ortak varolusa dair kiiltlirlerarasi bir etkilesim kurulmustur. Pratigin
uygulandig1 siire boyunca gegen tiim diyaloglar ve performanslar belgelenerek projenin web sitesinde bir arsiv
haline getirilmis ve zamansiz bir hafiza olarak hala erisilebilmektedir.

3.1.3. Daily tous les jours- 21 Swings/21 Balancoire (21 Salincak)

21 Swings isimli interaktif kamusal alan projesi, Kanada merkezli bir tasarim kolektifi olan Daily tous les jours
tarafindan 2011 yilinda Montreal'in Quartier des spectacles bolgesinde hayata gecirilmistir. Kentsel alanda bulunan
bu 21 salincak form bakimindan standart bir kent mobilyas: goriintlisiine sahiptir, fakat bu aslinda bir kamuflaj
olarak islev gormektedir. insanlar salincaga bindiklerinde salinim hareketlerinin bir sese ve renge dniistiigiinii
deneyimlediginde merak duyarak etkilesim kurmaya devam etmislerdir. Her salinim, piyano, gitar, arp vb. gibi
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cesitli enstrumanlarin tinilarini ortaya ¢ikarmaktadir. Farkli renkler de hangi enstriimanin ¢alindigini gostererek
katilimcilart farkli salincaklar1 denemeye tesvik etmektedir (Daily tous les jours, 2011). Esere egitsel agidan
bakildiginda, bireyler yanindaki bir baska insanin hizina ve ritmine ayak uydurmak icin kendi beden hareketini
degistirmekte ve sozsiiz iletisim yoluyla 6grenmeyi motor-duyusal bir eylemle gergeklestirmektedir. Projede
senfonik, uyumlu ve estetik bir melodiyi ortaya ¢ikarabilmenin yolu birden fazla kiginin senkronize sekilde
sallanmasiyla saglanmaktadir. Bu mekanizma, is birliginin bedensel eylem araciligiyla deneyimlenmesine olanak
vermektedir.

Gorsel 3. 21 Balancoires (21 Swings), Daily tous les jours, Quartier des spectacles, Montreal, Kanada, 2011
(Daily tous les jours, 2011).

Ozellikle yetiskinlerin kamusal alandaki resmiyetini ve sosyal bariyerlerini kirmak igin ¢ocukluk nostaljisi ile
oyunsal hale gelen giiglii duyussal tetikleyiciler kullanilmasi; aidiyet, nese ve saskinlik gibi pozitif duyussal
reaksiyonlar ortaya ¢ikarmistir (McLelland, 2023: 1-8). Katilimcilar eylemlerinin kolektif bir grupla birlestiginde
¢ok daha giizel sonuglar dogurdugunu, sokakta tim bedenleriyle muzik yapmis gibi hissettiklerini dile
getirmiglerdir. Bunlarim yaninda sehri yeniden canlandirmaya yonelik yapilandirilmis olan bir enstalasyon
oldugundan, katilimcilar sehirlerinin gururunu yasadiklarini defalarca belirtmislerdir (Daily tous les jours, 2011).

3.2.ikinci Alt Amaca Yonelik Bulgular

Aragtirmanin ikinci alt amaci dogrultusunda, kamusal alandaki etkilesimli sanat uygulamalarinin okul dis1 egitim
igeriklerine nasil doniisebilecegi incelenmistir.

3.2.1. Kamusal Mekanin Ogrenme Ortam Olarak Kullanilmas:

Incelenen kamusal sanat drneklerinde 6grenme ortaminin galeri, miize, okul gibi belirlenmis egitim ortamlarindan
styrilip; kamusal kullanima acik, halkin her kesiminin erisebildigi bir mekanda sunuldugu goriilmektedir. Bu
eserlerin nerede ve nasil bir 6grenme ortami sunduguna dair ortak ¢ikarim yapildiginda ise her eser i¢in gegerli olan
su bulgular ortaya konmustur:

Eserler tek tip bir sanat formundan uzakta ve sergilenme yontemi de klasik olandan farkli gériinmektedir. Tamami
sanat galerisinin disinda bulunmaktadir. Bu sergileme bi¢imi, katilimcidan sanati ve etkilesimi deneyimleyebilmek
igin 6zel bir ¢aba ya da motivasyon talep etmemektedir. Orneklerin tamaminda eser, giindelik yasama
eklemlenmistir. Boyle erisilebilir bir formda sunulan eseri goriip merak eden, rastgele karsilasan ya da anlam
vermeye c¢alisan insanlar, potansiyel bir katilime1 olmaya itilmistir. Ustelik katilim i¢in 6zel sanatsal bir bilgi
birikimi gerektirmemektedir. Nihayetinde fiziksel mekan katilimcilarin ve izleyenlerin eylemlerine gore yeniden
islev kazanmaktadir.

Eserlerin etkilesim tiirlerine ve ortaya konulan 6grenme igerigine bakildiginda eserler su sekilde siniflandirilabilir:
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Tablo 1. Eserlerin Etkilesim Bicimleri ve Ortaya Cikan Ogrenme Icerikleri

Eser Etkilesim bi¢imi Ortaya c¢ikan 6grenme igerigi

Pollution Pods Duyusal/bedensel Hava kirliligi, cevresel sonuglar, kisisel sorumluluk

Border Tuner  Karsilikli iletisim Dinleme, karsilasma, sinir ve “Oteki” anlatilarinin sorgulanmasi
21 Swings Eszamanli bedensel hareket s birligi, koordinasyon, dinleme

Goriildigi tizere 6grenme igeriginin sadece sozel veya gorsel bilgi aktarimi bigiminde sunulmadigi; katilimcinin
gercgeklestirdigi eylemin kendisinin 6grenme siirecinin tasiyicisi haline geldigi ortaya konmustur. Bu dogrultuda,
incelenen etkilesimli kamusal sanat uygulamalarinda kamusal mekanin erisilebilirligi, gilindelik yasama
eklemlenmesi ve katilimeinin eylemini merkeze almasi; 6grenme igeriginin bedensel deneyim, karsilikli iletisim ve
ortak eylem yoluyla ortaya ¢ikmasina olanak veren ortak bir 6zellik olarak belirlenmistir.

4. SONUC

Bu arastirmanin sonucunda, etkilesimli kamusal sanat uygulamalarmin 6grenme deneyimini dogrudan katilim ve
deneyim yoluyla sekillendirdigi ortaya koyulmustur. Pollution Pods 6rneginde ekolojik bilginin dogrudan bedenin
hayatta kalma refleksleri lizerinden 6grenildigi goriilmektedir. Bir kentin i¢inde baska kentleri tatmanin, normlari
alt ust edip hava kirliliginin vahametini bedensel hafizaya kaziyarak bir deneyimsel 6grenme pratigi sundugu
sOylenebilir. Border Tuner uygulamasinda fiziksel olarak ayrilmis iki alan arasinda kurulan canli iletisim,
karsilasma ve diyalog deneyimini one ¢ikarmaktadir. 21 Swings ise bireysel bedensel hareketlerin diger
katilimeilarin hareketleriyle eszamanli hale gelmesi iizerinden is birligi ve koordinasyona dayali bir deneyim
olusturmaktadir. Bu 6rnekler birlikte degerlendirildiginde, etkilesimli kamusal sanatin katilimecinin gergeklestirdigi
eylemi, anlamin ve deneyimin olusumunda belirleyici bir unsur haline getirdigi goriillmistiir.

Duyussal boyutta ise sanat eserinin katilimciyr gilindelik yasamda karsilasmadigi ya da soyut diizeyde
degerlendirdigi olgularla direkt olarak iliskiye soktugu belirlenmistir. Pollution Pods ¢evresel sorunlari fiziksel
rahatsizlik ve duygusal tepki tizerinden deneyimlenebilir hale getirmisken, Border Tuner sinir Gizilerek ayrilmis
topluluklar arasinda dogrudan iletisim kurulmasina imkan tanimustir. 21 Swings ise ortak eylem, oyun ve mizikle
sosyal bir deneyim olusturmustur. Esas itibariyla incelenen orneklerde duyussal boyut, 6grenme iceriginden
bagimsiz bir unsur olarak degil, katilimcinin konuya iliskin deneyim kurma yapisinin bir pargasi olarak ortaya
¢ikmustir.

Etkilesimli kamusal sanat uygulamalarinin 6grenme ortami ve igerigi olusturmasinda ise kamusal mekanin
belirleyici bir unsur oldugu sonucuna ulasilmistir. Incelenen uygulamalarin galeri, miize veya okul gibi belirlenmis
egitim ortamlarinin diginda, ginlik hayatin devam ettigi ve farkli cinsiyette, yasta, farkli demografik yapilardan
kullanicilarin erisimine agik alanlarda gerceklestirilmesi, sanat eserini 0zel olarak sanat deneyimi yasamaya
yonelmemis bireylerin karsilasabilecegi bir konuma tasimaktadir. Yani sira, eserlerin mekan icindeki kurgulari,
katilimcinin hareketini, iletisimini ve diger katilimcilarla kurdugu etkilesimi bigcimlendirmektedir. Bu da kamusal
mekanin islevini eserin sergilendigi bir arka plan olarak sinirlamadan, 6grenme deneyiminin gerceklesme
kosullarini olusturan bir unsur haline getirmektedir.

Arasgtirmanin neticesinde, etkilesimli kamusal sanat uygulamalarindaki egitsel potansiyel; eser, katilimci ve
kamusal mekan arasindaki etkilesimin bir arada olusturdugu deneyim kapsaminda ortaya ¢ikmaktadir. Katilimcinin
esere hem fiziksel hem zihinsel bakimdan dahil olmasi, diger insanlarla iliski kurmasi ve rastlantisal olarak kentin
ortasinda belirli bir konuya iliskin deneyim yasamasi, 6grenme siirecini formal egitim ortamlarimin diginda
gergeklesen bir yapiya tasimaktadir.

Sonuglar kamusal pedagoji kavrami ¢ergevesinde degerlendirildiginde, incelenen sanat uygulamalarinin okul
disinda gerceklesen Ogrenme siireglerinin somut Orneklerini olusturdugu goriilmektedir. Kamusal pedagoji,
O0grenmenin yalnizca formal egitim kurumlari igerisinde gerg¢eklesmedigini; giindelik yasam, kiiltiirel alanlar ve
kamusal mekanlarin da bireylerin diinyayr anlamlandirma siire¢lerinde pedagojik islev iistlenebilecegini ortaya
koymaktadir. Incelenen orneklerde de bahsi gegen pedagojik islev, kamusal mekdnin sanat araciligtyla
yapilandirilmasi ve katilimcinin eyleme direkt dahil edilmesiyle goriinur hale gelmektedir.

Sonug olarak, arastirmada incelenen etkilesimli kamusal sanat uygulamalarinin kamusal mekani deneyimsel
O0grenme ortamina, katilimer eylemini 6grenme siirecinin tasiyicisina ve sanatsal etkilesimi ise 6grenme igeriginin
olusumunda etkili bir araca doniistiiren bir yap1 sergiledigi sonucuna varilmstir. Bir bagka deyisle etkilesimli
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kamusal sanat, egitim ile giindelik yasam arasindaki bagin yeniden diisiinlilmesine olanak veren ve kamusal
pedagoji baglaminda degerlendirilebilecek bir 6grenme pratigi olarak ortaya ¢ikmaktadir.

5. ONERILER

Sanat egitimi; okul, sinif ve miize ile sinirlandirilmadan parklar, meydanlar ve yaya alanlar1 gibi kamusal mekanlari
aktif dgrenme ortamlar1 olarak degerlendirmelidir. Ogrenciler kamusal sanat uygulamalarmi pasif bigimde
gozlemlemek yerine dogru sekilde yonlendirilerek; hareket, ses, is birligi ve mekansal kesif yoluyla eserin isleyisine
dogrudan katilmaya tesvik edilmelidir. Ayrica egitim siiregleri salt bilgi aktarimindan ziyade deneyime
dayandirilmalidir. Gorsel sanatlar egitimi ¢evre, sosyoloji, miizik ve yurttaslik gibi ¢esitli alanlarla disiplinlerarasi
bir formatta planlanabilir. Egitimcilerin kamusal alanda tasarlayacaklar1 etkinliklerde mekan; erisilebilirligi,
kapsayicilig1 ve giinliik hayatla kurdugu iliski baglaminda 6grenmeyi bigimlendiren temel bir unsur olarak ele
almmalidir.

Ogretmen yetistirme programlarinda “kamusal pedagoji” ve “okul dis1 6grenme” konularina daha fazla yer
verilerek, Ogretmen adaylarinin sanatin okul disindaki islevleri ilizerine kuramsal ve uygulamali deneyim
kazanmalar1 desteklenebilir. Bununla beraber okullar, yerel yonetimler, sanatgilar ve kiiltiir kurumlari/dernekleri
arasinda is birlikleri gelistirilip yasanan ¢evrenin sorunlarina yonelik 6grencilerin kendi katilimc1 sanat projelerini
tasarlamalar1 ve liretmeleri saglanabilir. Egitim siireglerinin degerlendirmesinde ise yalnizca ortaya ¢ikan sanatsal
uriine degil; 6grencinin mekani kullanma bigimine, diger katilimcilarla kurdugu iligkiye ve siire¢ igindeki yansitici
diisiincelerine (gilinliikler, gozlemler, goriismeler vb.) odaklanilmalidir. Sanat egitimi, estetik beceri kazandirmakla
beraber 6grencilerin kamusal yasamin ne demek oldugunu 6grenmesi, yabancilarla ve farkliliklarla karsilagsmast,
iletisim kurma becerisi kazanmasi ve bir arada yasama Kkiiltiiriinii deneyimlemesi agisindan araci olarak
konumlandirilabilir.

Arastirmacilar icinse, gelecekte iiretilecek calismalarda dogrudan katilimcilarla (gézlem, odak grup, goriisme vb.)
ampirik saha arastirmalar1 yapilabilir. Ulkemizde ya da farkli kiiltiirel yapilarda ve iilkelerde gerceklestirilen
etkilesimli sanat pratikleri karsilagtirmali olarak incelenebilir; kamusal sanat ile informal/deneyimsel 6grenme
arasindaki teorik baglantilar analiz edilebilir.
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1. INTRODUCTION

Green investments compete for the resources that SMES need to maintain operations. Financing conditions constrain
transformation (OECD, 2024), while limited expertise and time coexist with motives such as cost reduction and
customer expectations (Hillary, 2004; Revell et al., 2010). Existing studies offer SME implementation frameworks
and training-based pilots (Dey et al., 2022; Maher et al., 2023). The question addressed here is how SMEs can
prioritize green projects when an environmentally important option is not ready for implementation.

Green transformation refers to changes in processes, products, or business models intended to reduce environmental
burdens. Strategic prioritization means comparing and revising alternatives against explicit objectives and resource
constraints. The contribution is a decision architecture that distinguishes among a non-compensable compliance
boundary, strategic priority, and implementation readiness. It retains important but unfinished projects on a resource
development agenda. Andersén (2023) already links green resource orchestration with dynamic capabilities;
combining these perspectives is therefore not presented as a new theoretical connection. The analysis concerns one
firm’s investment decisions, not national or regional transformation outcomes.

2. THEORETICAL FRAMEWORK

2.1. Environmental Strategy and Resource Management

The resource-based view relates competitive advantage to resources and their use (Barney, 1991). The natural-
resource-based view incorporates pollution prevention, product stewardship, and sustainable development (Hart,
1995; Hart & Dowell, 2011). Resource and contextual contingencies limit any assumption that green investments
necessarily generate financial returns (Russo & Fouts, 1997; Aragén-Correa & Sharma, 2003). This perspective
identifies the environmental problem a project addresses but cannot, on its own, determine which investment should
take precedence.

Dynamic capabilities concern integrating and reconfiguring resources as conditions change (Teece et al., 1997;
Eisenhardt & Martin, 2000); sensing, seizing, and transforming support opportunity evaluation and revision(Teece,
2007). Resource orchestration explains structuring, bundling, and leveraging resources for implementation (Sirmon
et al., 2007, 2011).Allocation over time matters under resource constraints (Lee & Kim, 2021),and green resource
orchestration addresses economic and environmental value together(Andersén, 2023). Recent SME research
connects green process innovation and financial performance through resource orchestration (Appiah et al., 2025).
Financial benefits nevertheless remain distinct from measured environmental outcomes.

2.2. SME Context and Green Investment Choices

Projects may involve process efficiency, product design, or business model change (Bocken et al., 2014, 2016;
Schaltegger et al., 2016). Circularity alone does not establish lower overall environmental burdens (Geissdoerfer et
al., 2017). SME innovation and circular practices face organizational, financial, and collaborative barriers (Bos-
Brouwers, 2010; Rizos et al., 2016), which should be evaluated separately rather than reduced to one budget
indicator(Mishra et al., 2022). Bricolage and affordable loss can explain limited experiments(Baker & Nelson,
2005; Sarasvathy, 2001),but do not justify postponing mandatory obligations.

Environmental responses reflect external demands, managerial interpretation, and different competitiveness,
responsibility, and legitimacy motives (Delmas & Toffel, 2008; Oliver, 1991; Bansal & Roth, 2000). In SMEs,
owner-manager time, multiple staff responsibilities, and assessment costs can limit formal evaluation (Hillary,
2004; Bos-Brouwers, 2010). Record-keeping should therefore scale with risk and complexity. Supply-chain
collaboration and cluster conditions may change available resources and strategies (Carissimi et al., 2023; Ferasso
et al., 2024). Table 1 compares research emphaseswithout claiming that the distinctions it presents are
unprecedented.
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Table 1. Comparison With Related Literature
Approach Established Emphasis Decision Distinction Here

Green resource

: Resource processes and Compliance boundary and separate
orchestration dynamic capabilities riority and readiness records
Andersén (2023) y P priority
SME framework§ Circular adoption and Separate project value from
Dey et al. (2022); Maher transformation support immediate startabilit
etal. (2023) PP y
Busm_ess model . - Pilot information informs
experiments Learning and environmental . L

, allocation; completion differs from
Bocken et al. (2021); Das  assessment outcomes
et al. (2022)
3. METHOD

This conceptual paper uses theory synthesis (Jaakkola, 2020) based on purposively selected literature. Foundational
strategy studies explain mechanisms; SME studies identify contextual limits; business model research defines
project scope; methodological work informs conceptual design. Recent research was selected for its direct relevance
to resource constraints, allocation, pilot learning, and environmental assessment. The number of sources does not
imply saturation or comprehensive coverage. Bibliographic records were checked against publisher and university
records. Without a predefined database search and screening protocol, the study is not a systematic review or meta-
analysis (Snyder, 2019).

The analysis separates concepts, compares prior approaches, maps complementary mechanisms, and derives
conditional propositions. Organizational learning supports the three principal perspectives by explaining how pilot
information is absorbed and applied (Cohen & Levinthal, 1990; March, 1991; Bocken et al., 2021). It is not
introduced as a fourth general theory. Table 2 summarizes this synthesis. Compliance is a normative scope
condition, not a theorem of the natural-resource-based view. No empirical data were collected; the propositions and
illustrative scenarios are untested.

Table 2. Theoretical Foundations and Model Components
Foundation Mechanism Component and Proposition

Natural-resource-based view
Hart (1995); Hart & Dowell
(2011)

Dynamic capabilities
Teece (2007); Eisenhardt &

Environmental burdens Environmental contribution and
inform objectives alignment; P1, P4

Interpret opportunitiesand  Review alternatives and

Martin (2000) update choices horizons; P1, P3, P4
gﬁz(])g;cgt(;rlcrzgzt{it){on Structure, bundle, and Readiness and allocation; P2,
Andersén (2023) leverage resources P3
Supporting learning
ggﬁgﬁng Tevinthal (1990); Interpret and apply pilot Pilots and reallocation; P3;

' information option-value rationale for P4

March (1991); Bocken et al.
(2021)

4. CONCEPTUAL MODEL AND PROPOSITIONS

4.1. Compliance Boundary and Project Assessment

The model operates at three levels: the firm’s portfolio, individual projects, and successive allocation decisions
within projects. Mandatory compliance and urgent risk mitigation first define the discretionary decision space.
Resource shortages do not make an obligation optional; funding or technical support may be necessary.
Discretionary scheduling must not obstruct compliance. Figure 1 shows proposed decision flows rather than
validated causal paths; completion and environmental success remain separate. Table 3 lists assessment criteria, not
a validated scale.
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Table 3. Suggested Criteria for Green Projects

Criterion Decision Question Assessment Input
EnV|r_onn_1entaI Which burden should decrease? Baseline energy, water, materials,
contribution and waste
Strategic fit How does the project support Cust_omer, product, and process
strategy? requirements
Feasibilit Can resources be supplied Finance, staff time, expertise,
y together? maintenance

How could subsequent choices Pilot measures and transferable

Learning potential improve? knowledge

Figure 1. Green Investment Decision Process in SMEs
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Before evaluating alternatives, the owner-manager and technical lead record environmental objectives, strategic
priorities, unacceptable harms, and minimum liquidity conditions. Outside expertise is sought for uncertain or
difficult-to-reverse choices. Financial and environmental gains may coincide conditionally (Porter & van der Linde,
1995; Ambec et al., 2013); both should be monitored separately (Dyllick & Hockerts, 2002).

The assessment has two passes. First, options that meeting minimum boundaries are compared with respect to
environmental contribution and strategic fit, and learning and investment dependencies are also considered. An
option that is at least as good on every criterion is preferred when it adds no cost or dependencies. Conflicting
criteria require an explicit explanation of the objective that is sacrificed. Second, financial resources, staff time,
technical expertise, and maintenance are assessed jointly for readiness. Unready projects retain their strategic
priority while resources are developed or the project is redesigned.

Ready projects are scheduled around shared staff, production shutdowns, and prerequisite investments. Monitoring
may precede equipment replacement when information is required for that investment. Uncertain benefits are
recorded as ranges; a preference that reverses under alternative assumptions prompts further information or a
suitable pilot (Das et al., 2022).Each decision records its rationale, readiness gap, responsible person, and review
date. This procedure makes choices reviewable without guaranteeing an optimal portfolio.

4.2. Staged Allocation and Testable Relationships

Reversible discretionary projects may begin with a pilot whose baseline, measurement period, success criteria, and
responsible person are specified in advance. Learning requires absorption and application of information (Cohen &
Levinthal, 1990), repeated experimentation (Bocken et al., 2021), and attention to exploration—exploitation balance
(March, 1991; Coelho et al., 2024). Unfavourable outcomes, burden shifting, and differences between pilot and
scaled conditions inform continuation, redesign, or stopping. Pilot counts alone do not demonstrate learning.
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Proposition 1: Among SMEs with comparable initial capacity and data reliability, documenting objectives and
conflicts among criteria before selection is positively associated with independently assessed portfolio alignment;
this relationship weakens when assessment time exceeds available managerial time.

Transparency makes conflicts visible, but it may impose excessive costs. Process indicators should capture pre-
decision records, and independent assessors should evaluate project contributions without seeing selection scores.
Identical process and outcome ratings would obscure this distinction.

Proposition 2: Controlling for initial capacity and scope, the positive relationship between coordinated financial,
technical, and human resource readiness and completion within scope and schedule is stronger when task
interdependence is high.

Resource complementarity concerns coordinated use, not mere abundance. Funding cannot fully replace installation
expertise or maintenance capacity. The mechanism follows orchestration and allocation over time (Sirmon et al.,
2007, 2011; Andersén, 2023; Lee & Kim, 2021). Resource amounts, readiness, complexity, and completion require
separate indicators.

Proposition 3: In reversible discretionary projects with measurable and transferable results, structured review of
pilot information before subsequent allocation is negatively associated with later rework and avoidable resource
losses; this relationship weakens as pilot and scaled conditions diverge.

Review behaviour is observed during discussions of data, negative findings, and revised assumptions. Outcomes
comprise subsequent rework hours, unusable materials, and adaptation costs. Avoidability should be judged against
technical benchmarks recorded before implementation. Experimentation supports the learning mechanism (Bocken
etal., 2021); the directional outcome relationship remains a theoretical expectation. Irreversible projects and urgent
compliance are excluded.

Proposition 4: Among SMEs with comparable liquidity pressure and candidate projects, considering future
technical options and resource dependencies alongside payback is associated with a larger portfolio share of projects
with high long-term environmental transformation potential, relative to payback-only selection; the difference
narrows when short-payback projects also enable such transformation.

A short payback period does not imply low transformation potential. Independent technical assessment should use
a common horizon, activity scenario, and uncertainty range to evaluate absolute burden reduction, dependence
changes, and infrastructure lock-in (Das et al., 2022). Project-count share can serve the primary indicator, with
budget share used as a sensitivity check. Speculative future benefits are not automatically preferable to liquidity-
preserving gains. Table 4 separates the proposed explanatory and outcome indicators.

Table 4. Levels of Analysis and Independent Indicator Suggestions

Level Explanatory Indicator Separate Outcome
P1 Pre-decision records; Independent goal contribution
Firm/portfolio  assessment/available time assessment without selection scores

. Separate readiness indicators; task  Delivery records: scope and schedule
P2 Project - .

interdependence compliance

P3 Decision Review before allocation; Later rework, material loss, adaptation
period pilot/scale differences costs
P4 Horizon and technical option Independent transformation-potential
Firm/portfolio  assessment project share

5. DISCUSSION

The model applies existing theory to a specific allocation problem: important projects can lack readiness, while
readily implemented projects can have limited strategic value. Compliance boundaries, priority records, and
readiness assessments jointly prevent early exclusion of valuable options. The proposed relationships explain
selected decision and implementation processes, rather than all determinants of environmental success. Neither
documented decisions nor completion establish environmental effectiveness.

Environmental problems create entrepreneurial opportunities (Dean & McMullen, 2007; Cohen & Winn, 2007),
but capabilities develop over time (Sharma & Vredenburg, 1998). SME adoption frameworks and support
programmes (Dey et al., 2022; Mabher et al., 2023), together with supply-chain and cluster research (Carissimi et
al., 2023; Ferasso et al., 2024), indicate that dependencies can extend beyond the firm. Partners constitute
implementation conditions here rather than a separate regional outcome model.
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Table 5 presents two hypothetical resource scenarios for the same manufacturing SME and its projects. Compliance
resources have already been reserved; equipment replacement is assumed to address an important burden;
monitoring supplies information and reusable packaging depend on return logistics. The scenarios contain neither
firm data nor numerical effects. Decisions prioritize burden reduction; monitoring is prioritized only when its
information is needed to prepare the replacement investment.

Table 5. Two Illustrative Resource Scenarios

Project or Decision A Resource and Data Gaps SRR EHE G e

Data
Equipment High priority; finance and High priority; finance and
replacement maintenance gaps maintenance ready
oo Limited pilot supplies missing Existing data sufficient; extra
Energy monitoring . - I .
information monitoring need not come first

Check total burdens and actual

Reusable packaging Find a return-logistics partner reuse cycles

. Monitoring pilot — update Replacement may start first if
Implementation . . L .
order estimates and close gaps — technical and liquidity conditions

suitable replacement are met

Priority/readiness ~ Delayed start does not imply low  Readiness can change timing
distinction strategic value without changing objectives

Managers can maintain proportionate portfolio records documenting rationale, resource gaps, responsibilities, and
review dates. Support bodies can diagnose whether finance, expertise, or measurement constrains implementation
(Mishra et al., 2022). Local environmental priorities and technology affect the assessment; managerial experience
and access to experts may change its net benefit. These practical recommendations remain untested.

6. CONCLUSION

The framework separates mandatory compliance, strategic priority, readiness, completion, and environmental
outcomes. It offers reasoned comparisons and staged resource development without prescribing one technology
sequence. Limitations include purposive sampling, lack of empirical testing, and incomplete consideration of
sectoral differences. Capacity, experience, customer pressure, and financial resources can jointly influence
decisions and outcomes; selection effects and reverse causality require attention.

Future research should begin before selection and continue through implementation. P1 and P4 concern portfolios,
P2 concerns projects, and P3 concerns successive decisions. Repeated projects or periods within firms are not
independent observations. Longitudinal comparative cases, or multilevel analysis with sufficient data, can combine
decision records, allocation documents, interviews, and independent technical measurements. Failed, deferred, and
stopped projects should be included. Absolute burdens and intensity require consistent baselines, activity volumes,
and boundaries. Observational comparisons alone do not establish causality.
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1. GIRIiS

Glinlimiiz bilgi toplumunda bilisim ve iletisim teknolojilerinde yasanan bas dondiiriicti gelismeler, bilginin
iretim, islenme ve eskime hizin1 benzeri gortilmemis bir noktaya tagimistir. Bireylerin 6rgiin egitim yillarinda
edindikleri niteliklerin yasam boyu mesleki ve kisisel stirdiiriilebilirliklerini korumada tek basina yeterli kalmamasi,
O0grenmenin yasam boyu siiren esnek ve dinamik bir siireg oldugunu savunan hayat boyu 6grenme yaklagimini 6ne
cikarmistir (Gtileg vd., 2012; Samanct ve Ocakci, 2017). Hayat boyu 6grenme; yas, toplumsal statii veya egitim
durumu siirlamasi olmaksizin, bireylerin kisisel gelisimlerini desteklemek, istihdam edilebilirliklerini korumak ve
toplumsal degisime uyum saglamalarini kolaylastirmak amaciyla yiiriittiikleri tiim formal, nonformal ve informal
ogrenme etkinliklerini kapsayan biitiinciil bir anlayistir (European Commission, 2001; Giindogan, 2003).

Yetiskin egitimi ise hayat boyu 6grenme semsiyesi altinda, yetiskin bireylerin degisen ekonomik, yonetsel
ve teknolojik sartlara uyum saglamalarini, bilgi ve becerilerini slirekli giincellemelerini hedefleyen yapilandirilmig
egitim faaliyetlerini ifade eder (Kaya, 2016). Malcolm Knowles’in yetiskin 6grenmesi (andragoji) kuraminin da
vurguladig iizere yetiskinler; kendi 6grenme siireclerini yonlendirme 6zerkligine sahiptirler, zengin yasam ve
meslek deneyimlerini 6grenme kaynagi olarak siirece dahil ederler ve soyut kuramlardan ziyade dogrudan problem
cdzmeye ve gercek yasam gereksinimlerine odakli uygulamali 6grenme yasantilarini tercih ederler (Knowles, 1984;
McGrath, 2009).

Son yillarda Dérdiincii Sanayi Devrimi'nin en gii¢lii aktorii olarak 6ne ¢ikan yapay zeka ve ozellikle tiretken
yapay zeka teknolojileri, kurumsal karar alma mekanizmalarina kadar genis bir yelpazede doniistiiriicii bir rol
oynamaktadir (Akduman ve Oztiirk, 2025). Yonetsel baglamda yapay zeka, karmasik veri setlerini analiz etme,
ongorusel simllasyonlar Giretme ve rasyonel analiz olanagi saglama yetenekleriyle yoneticileri ikame eden bir unsur
degil; onlarin biligsel sinirlarini genigleten tamamlayici bir bilissel ortak konumundadir (Davenport ve Ronanki,
2018; Oztiirk, 2025; Shrestha vd., 2019). Yoneticilerin bu teknolojileri is yasamlarinda islevsel kilabilmeleri ise
sistemlerin ¢alisma mantigin1 kavrama, araglar1 amagl ve etik bicimde kullanma ve ¢iktilar elestirel slizgegten
gecirebilme yetkinligini ifade eden yapay zeka okuryazarligina sahip olmalarin1 gerektirmektedir (Long ve
Magerko, 2020; Long vd., 2021).

Ancak kurumsal karar alma mekanizmalarinda stratejik sorumluluklar {istlenen ileri yas grubu yoneticiler,
hizl dijital doniistim karsisinda belirgin bilissel ve duygusal uyum bariyerleriyle karsilasabilmektedirler (Cedefop,
2020; Chen vd., 2023). Bu gruptaki yetiskinler siklikla teknolojiye iligskin bilinmezlik kaygisi, hata yapma
korkusundan kaynaklanan 6z yeterlik diisiikliigii, veri giivenligi ¢ekinceleri ve geng kusaklara kiyasla adaptasyon
stiresinin uzamasi gibi engeller yasamaktadirlar (Cedefop, 2020; Seren, 2025). Mevcut yapay zeka egitimlerinin
genellikle geng niifusun 6grenme aliskanliklarina gore kurgulanmasi ve andragojik ilkelere yeterince duyarli
olmamasi, ileri yastaki yoneticilerin doniisiimiin disinda kalmasi riskini dogurmaktadir (Adarkwah, 2024; Storey
ve Wagner, 2024). Bu baglamda, 20 yoneticiye yonelik olarak ADDIE modeli ¢er¢evesinde kurgulanan 6 haftalik
(12 saatlik) uygulamali "Temel Yapay Zeka, Araglarin Kullanimi ve Yapay Zeka Okuryazarligi" egitim
programinin yetiskinlerin teknoloji kabulii ve yoOnetsel karar siirecleri {izerindeki etkilerinin incelenmesi
hedeflenmektedir (Kan ve Sahin, 2023; Knowles, 1984).

1.1. Arastirmanin Amaci ve Alt Problemleri

Bu arastirmanin temel amaci; hayat boyu 6grenme ve yetiskin egitimi baglaminda, ileri yastaki 20 yoneticiye
yonelik olarak kurgulanan 6 haftalik (12 saatlik) uygulamali "Temel Yapay Zeka, Araglarin Kullanimi ve Yapay
Zeka Okuryazarligl" egitim programinin katilimcilarin yapay zeka teknolojilerine yonelik tutumlari, 6z yeterlik
diizeyleri, teknoloji kabulii ve adaptasyon siirecleri ile yonetsel karar alma bakis agilart lizerindeki etkilerini
derinlemesine incelemektir (Adarkwah, 2024; Akduman ve Oztiirk, 2025). Bu ana amag¢ dogrultusunda su alt

problemlere yanit aranacaktir:
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1. Katilimeilarin 6 haftalik egitsel miidahale oncesindeki yapay zeka algilari, kullanim durumlart ve bu
teknolojiye iliskin tasidiklar1 temel beklenti ve ¢ekinceler nelerdir?

2. Yoneticilerin 6 haftalik egitim siiresince yapay zeka araclarini 6grenme ve uygulama asamalarinda
karsilastiklar1 kolayliklar ile bilissel, teknik ve duygusal zorluklar nelerdir?

3. Egitim sonrasinda yoneticiler, 6grendikleri yapay zeka araglarini yonetsel kararlarinda, is siireclerinde
veya giinliik yasamlarinda hangi diizeyde ve ne sekilde islevsel kilmaktadir?

4. Uygulanan egitim programi, ileri yas grubundaki yoneticilerin yapay zeka teknolojilerini kullanmaya
yonelik 6z yeterlik ve adaptasyon algilarinda nasil bir degisim yaratmigtir?

5. Egitim sonrasinda yoneticilerin yapay zeka kullanimiyla ilgili (etik, veri giivenligi, bilgi dogrulamasi ve
stire¢ bagimlilig1 riski acilarindan) tasimaya devam ettikleri kaygi ve tereddiitler nelerdir?

6. leri yas grubundaki yetiskinlerin ve ydneticilerin yapay zekaya etkin uyum saglayabilmesi icin gelecekte
tasarlanacak andragojik egitim modellerine iliskin katilimc1 6nerileri nelerdir?

2. YONTEM

2.1. Arastirma Deseni

Bu arastirma, nitel aragtirma yaklasimina dayali durum calismasi (case study) deseniyle tasarlanmistir
(Creswell, 2013; Yin, 2003). Durum caligmasi, giincel bir olgunun veya egitsel miidahale siirecinin sinirlar
belirlenmis bir baglamda "nasil" ve "neden" sorulari ¢er¢cevesinde derinlemesine incelenmesine olanak tanimaktadir
(Karatas, 2015; Merriam, 2015). Bu arastirmada incelenen durum; 6 haftalik uygulamali yapay zeka egitim
miidahalesine katilan ileri yastaki 20 yoneticinin 6grenme, adaptasyon ve yonetsel doniisiim yasantilaridir.

2.2. Calisma Grubu

Aragtirmanin ¢alisma grubunu, amacli 6rnekleme yaklasimiyla belirlenen 6’s1 kadin (%30) ve 14’1 erkek
(%70) olmak tizere toplam 20 kurumsal yonetici olusturmaktadir (Baltaci, 2018; Palinkas vd., 2015). Katilimcilarin
belirlenmesinde su dl¢iitler esas alinmustir: (a) kronolojik yas ortalamasinin 60 ve tizerinde olmasi, (b) kurumsal bir
yapida aktif yonetici/lider pozisyonunda bulunmasi ve (c) tasarlanan 6 haftalik (12 saatlik) "Temel Yapay Zeka,
Araglarin Kullanimi ve Yapay Zeka Okuryazarligl" egitim programini eksiksiz tamamlamis olmasi. Katilimcilarm
kimlik bilgilerini gizli tutmak amaciyla her bir katilime1 K1, K2, ..., K20 seklinde kodlanmistir (Yildirim ve Simsek,
2018).

2.3. Veri Toplama Araci ve Egitsel Miidahale Siireci

Arastirmada veri toplama araci olarak, arastirmaci tarafindan gelistirilen ve uzman gortsleri dogrultusunda
yapilandirilan yari yapilandirilmig goriisme formu kullanilmistir (Baltact, 2017; Biytikoztiirk vd., 2017). Form,
demografik bilgileri igeren birinci bolim ile egitim miidahalesinin biligsel, duygusal ve yonetsel etkilerini
degerlendiren 6 acik u¢lu sorudan olusan ikinci béliimden meydana gelmektedir. Kapsam gegerligi i¢in yetiskin
egitimi, egitim teknolojileri ve 6lgme-degerlendirme alanindan 3 uzmanin goriisii alinmustir.

Egitsel miidahale, ADDIE 6gretim tasarimi modeli gergevesinde 6 hafta (haftada 2 saat, toplam 12 saat)
olarak kurgulanmistir (Kan ve Sahin, 2023). Dersler %30 kuramsal akis, %50 iki kisilik akran destekli uygulamali
atolye ve %20 yansitici tartigma seklinde yiritilmistiir (Knowles, 1984; McGrath, 2009). Miifredat; yapay zekaya
giris ve biligsel bariyerleri kirma (demystification), prompt miithendisligi, yonetsel karar destek sistemleri ve veri
analitigi, gorsel/sunum araglar1 (Gamma Al, Canva), etik/haliisinasyon yonetimi (Perplexity Al) ve nihai yonetsel
vaka projelerinden olusmaktadir (Akduman ve Oztiirk, 2025; Laupichler vd., 2022). Veriler, egitimin
tamamlanmasinin ardindan yiiz yiize ve ¢evrim i¢i ortamlarda 35-50 dakikalik birebir goriismelerle toplanacaktir.

2.4. Verilerin Analizi

Goriismelerden elde edilen verilerin analizinde nitel igerik analizi yontemi benimsenecektir (Bengtsson,
2016; Miles ve Huberman, 1994). Verilerin analizi, kodlanmasi ve tematik olarak yapilandirilmasi siirecinde
MAXQDA nitel veri analizi programi kullanilacaktir (Kuckartz ve Ridiker, 2019; Turan, 2025). Desifre edilen
goriisme metinleri MAXQDA programina aktarilarak agik ve eksenel kodlama siirecleri yiiriitiilecek, gorsel kod
matrisleri ve tematik modeller olusturulacaktir. Arastirmanin inandiricilik, aktarilabilirlik, tutarlilik ve teyit
edilebilirlik boyutlarini giivence altina almak i¢in bagimsiz uzman kodlamasi ve kodlayicilar arasi giivenirlik
analizleri gerceklestirilecektir (Lincoln ve Guba, 1985; Miles ve Huberman, 1994).
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3. BEKLENEN BULGULAR VE TARTISMA

Arastirmadan elde edilecek bulgularin, ileri yastaki yoneticilerin yapay zeka teknolojilerini 6grenme
dinamiklerini, yasadiklar1 biligsel ve duygusal doniisiimleri somut bicimde ortaya koymasi beklenmektedir
(Adarkwah, 2024; Cedefop, 2020). Bu baglamda 6ne ¢ikmasi dngoriilen bulgular sunlardir:

1. Egitim Oncesinde yoneticilerin yasadigi hata yapma korkusu, teknolojik kaygi ve 06z yeterlik
disiikliigiiniin; giivenli atolye ortami (safe sandbox) ve sadelestirilmis 6gretim dili sayesinde egitim siirecinde
yerini yliksek motivasyon ve 0z yeterlige biraktig belirlenecektir (Bandura, 1977; Laupichler vd., 2022).

2. Yoneticilerin tiretken yapay zeka araclarini (ChatGPT, Claude, Gemini, Perplexity) yonetsel yazismalarda,
veri analizinde ve stratejik senaryo degerlendirmelerinde bir "biligsel ortak" olarak iglevsel kildiklari tespit
edilecektir (Davenport ve Ronanki, 2018; Shrestha vd., 2019).

3. Katilimcilarin egitim sonrasinda da kurumsal veri gizliligi (KVKK), algoritmik haliisinasyon riski ve insan
gozetimi (human-in-the-loop) gerekliligi konularinda bilingli bir etik hassasiyet tasimaya devam ettikleri ortaya
konacaktir (Adelakun, 2022; Storey ve Wagner, 2024).

4. SONUC

Bu aragtirma, kurumsal karar mekanizmalarinda gorev alan 60 yas grubundaki yetiskinlerin dogru andragojik
ilkeler ve yapilandirilmis bir Ogretim tasarimi sunuldugunda en ileri yapay zeka araglarini basariyla
benimseyebileceklerini ve yonetsel sureglerine entegre edebileceklerini gdstermeyi hedeflemektedir (Adarkwah,
2024; Knowles, 1984). Calismadan elde edilecek sonuglarin; MEB Hayat Boyu Ogrenme Genel Miidiirliigii, Halk
Egitimi Merkezleri, yerel yonetimler ve kurumsal akademilere ileri yas gruplarina yonelik andragojik yapay zeka
egitim programlari, miifredatlart ve etik kilavuzlart gelistirme konusunda metodolojik bir sablon sunmasi
beklenmektedir (Storey ve Wagner, 2024; Yesilbas Ozeng ve Basaran, 2024).
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1. GIRIS

Pozitron Emisyon Tomografisi-Bilgisayarli Tomografi (PET-BT), niikleer tip ve radyolojik goriintiileme
alanlarinda yaygin olarak kullanilan, fonksiyonel ve anatomik bilgiyi tek bir ¢ekimde birlestiren, primer ve
metastatik kanserlerin belirlenmesinde etkili olan hibrit bir goriintileme sistemidir. PET-BT cihazi, pozitron yayici
radyoaktif izotoplar kullanarak biyolojik siireglerin {i¢ boyutlu haritalarini olustururken, ayni zamanda BT
(Bilgisayarli Tomografi) bileseni araciligiyla yiliksek ¢ozlniirliiklii anatomik goriintiiler elde eder. Bu sayede hem
metabolik aktivite hem de morfolojik yap1 es zamanli olarak degerlendirilebilir.

PET bileseni, genellikle *®F (Flor-18) ile isaretlenmis Florodeoksiglukoz (FDG) gibi radyoaktif izleyicilerin
kullanilmasiyla, hiicresel diizeyde metabolik aktiviteyi 6l¢er. Pozitron yayici radyoizotop, viicutta pozitron salinimi
gerceklestirdikten sonra bir elektrona ¢arpar ve bu etkilesim sonucunda 511 keV enerjili iki gama fotonu olusur.
Bu fotonlar birbirlerinin zit yoniinde yayilir ve dedektor halkalari tarafindan eszamanli olarak algilanir. BOylece
bilgisayar ortaminda {i¢ boyutlu goriintii saglanir (Sekil 1.1).

Sekil 1.1 PET gortntileme fizigi: 8F ve anhilasyon
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PET-BT teknolojisinin temel avantaji, tek bir gekimde hem morfolojik hem de fonksiyonel bilgi saglayarak
tanisal dogrulugu artirmasi, goriintiileme siiresini kisaltmasi1 ve radyasyon dozunu optimize etmesidir. Ancak
metalik implantlar, dis protezleri veya cerrahi materyaller gibi yiiksek yogunluklu materyaller, BT bileseninde
metal artefaktlara neden olarak PET goriintii kalitesini dolayli yoldan etkileyebilmektedir. Bu nedenle son yillarda,
Metal Artefakt Azaltma (MAR) teknolojilerinin entegrasyonu PET-BT sistemlerinin performansini artirmada
onemli bir gelisme olarak dne ¢ikmustir.

Pozitron Emisyon Tomografisi-Bilgisayarli Tomografi (PET-BT), metabolik bilgiyi BT’nin anatomik
cozlinlrligiiyle birlestiren hibrit bir goriintiileme yontemidir. Onkolojik incelemelerde yaygin kullanilan sistemde
BT wverileri anatomik degerlendirmeye ve PET goriintiilerinin ateniiasyon diizeltmesine katki saglar. Metal
implantlar ve protezler, BT de 151n sertlesmesi ve sagilma gibi etkilerle ¢izgilenme ve sinyal kaybi artefaktlarina
yol agabilir; bu bozulmalar anatomik degerlendirmeyi giiclestirebilir ve atentiasyon diizeltmesi iizerinden PET
gorantulerini etkileyebilir (Van der Vos vd., 2017:1867-1872).
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Metal Artefakt Azaltma (MAR) algoritmalari, metal kaynakli bozulmalari saptayip projeksiyon verilerinde
diizeltme ve yeniden yapilandirma adimlar1 uygulayarak goriintii artefaktlarini azaltmayi hedefler. Farkli MAR
yaklasimlarinin goriintii kalitesine katkisi ve sinirliliklart literatiirde incelenmistir (Selles vd., 2024). Bununla
birlikte, goriintii rekonstrilksiyonunda kullanilan bir algoritmanin teknisyen dozunu dogrudan degistirdigi
varsayilamaz. Olasi iliski, ¢ekim protokolii, BT parametreleri, tekrarli ¢ekim gereksinimi, islem siiresi ve ¢alisanin
hasta yaninda gecirdigi siire gibi etmenlerle baglantili olabilir.

MAR uygulanmayan polikromatik goriintiilerle karsilastirildiginda, bu yontem BT sayisal degerlerinin daha dogru
elde edilmesini ve goriintii kalitesi ile tanisal giivenin artirilmasini saglarken, ayni zamanda protez c¢evresindeki
yumusak dokularin ve proteze bagli komplikasyonlarin daha ayrintili degerlendirilmesine, kortikal kemik yapilarin
ve kemik-protez ayriminin daha net ortaya konulmasina ve pelvik organlarin daha giivenilir bigimde incelenmesine
olanak tanimaktadir (Sekil 1.2)(Selles vd., 2024).

Sekil 1.2 Bilateral kal¢a protezi bulunan bir hastanin pelvis BT goriintiisiinde, konvansiyonel rekonstriiksiyon ile
O-MAR algoritmasi uygulanmig goriintiiniin karsilagtiritlmast

PET-BT calisanlarinin maruziyeti, radyofarmasétik hazirlama ve uygulama, hastanin pozisyonlandirilmast ve
goriintiileme siirecindeki farkli gérevlerden etkilenebilir. Onceki ¢alismalar, calisan dozunun gorev ve hasta
yonetimi basamaklar1 dikkate alinarak degerlendirilmesinin dnemine isaret etmektedir (Roberts vd., 2005:44-47;
Salah vd., 2024:111078; Nagamoto vd., 2024:¢75052). Bu ¢aligmanin amaci, PET-BT ¢ekimlerinde MAR’1n agik
ve kapali oldugu gruplarda teknisyen dozimetre degerlerini karsilastirmak ve gozlenen farklar1 yontemsel
sinirliliklar ¢ergevesinde degerlendirmektir.

2. YONTEM

Calisma, Ondokuz Mayis Universitesi Tip Fakiiltesi Hastanesi Niikleer Tip Anabilim Dali PET-BT
Unitesinde yiiriitiilmiistiir. Goriintiilemelerde GE Discovery IQ Gen 2 PET-BT cihazi kullanilnustir. Orneklem, 83
MAR kullanilan hasta ve 83 MAR kullanilmayan hasta ¢ekimi olmak iizere toplam 166 hastadan olusmustur. Hasta
endikasyonlari farkli onkolojik ve klinik incelemeleri kapsamistir. Her iki grupta ayni sayida hasta degerlendirilmis;
¢cekim oncesinde elde edilen scout goriintiisii degerlendirilerek hastada metalik implant, protez veya diger metalik
materyallerin bulunup bulunmadigi kontrol edilmistir. Scout goriintlisiinde metalik materyal saptanmasi
durumunda, metal kaynakli artefaktlarin azaltilmasi amaciyla MAR protokolii aktif hale getirilmistir ve gekimlerde
BT tiip akim1 50-120 mA olarak ayarlanmigtir. Metalik materyal bulunmayan hastalarda ise BT tiip akimi1 150-300
mA araliginda birakilmis, sabit ¢ekim protokolii uygulanmustir.

Tiim hastalara FDG’nin bobrek yoluyla atilimimi arttirmak i¢in 6 saat boyunca a¢ kalmasi, sadece Su
igebilecegi talimat1 verilmistir. Radyofarmasdtik madde intravendz olarak uygulanmis ve her hasta uygulamadan
60. dakikada ¢ekime alinmustir.

Calismaya dahil edilen hastalar, farkli onkolojik ve klinik endikasyonlarla PET-BT incelemesine
yonlendirilmis bireylerden olusmaktadir. Bu endikasyonlar arasinda meme kanseri, akciger kanseri, malign
melanom, tiroid kanseri, rektum kanseri, bobrek kanseri, multipl miyelom, Non-Hodgkin lenfoma (NHL), Hodgkin
lenfoma (HL), mide kanseri, larenks kanseri, osteosarkom, kondrosarkom, paraganglioma ve gesitli néroendokrin
timorler yer almaktadir. Ayrica bazi hastalarda malignite taramasi, kardiyak viabilite degerlendirmesi ve
enfeksiyon odagi arastirilmasi amaciyla yapilan PET-BT incelemeleri de ¢alismaya dahil edilmistir.

Teknisyen maruziyeti, RADKOR tarafindan saglanan optik olarak uyarilmis liminesans (OSL) kisisel
dozimetrelerle degerlendirilmistir. Ol¢iim degiskenleri, derin doku maruziyeti i¢in Hp(10) ve yiizeysel doku
maruziyeti i¢in Hp(0,07) kisisel doz esdegerleridir. Dozimetreler, sadece MAR aktif veya MAR pasif iken
kullanilmis, kursun cam arkasindaki goriintii odasinda teknisyenin omuz hizasindan 6l¢iim alinmistir. Onun disinda
dozimetreler kursun zirhli kabinda muhafaza edilmistir. Giinliik is akigindaki radyasyondan, teknisyenlerin hasta
pozisyonlama sirasindaki maruz kaldiklar1 radyasyondan etkilenmemistir.
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3. BULGULAR VE TARTISMA

MAR’l1 ve MAR’s1z PET-BT taramalari sirasinda niikleer tip teknisyeninin kisisel dozimetre ile 6lgiilen radyasyon
maruziyeti Tablo 3.1° de gosterilmistir. Hp(10) ol¢iimii MAR kullanilan ¢ekim grubunda 0,20 mSv, MAR
kullanilmayan grupta 0,15 mSv olarak kaydedilmistir. MAR grubundaki 6l¢tim 0,05 mSv (%33,3) daha ytiksektir.
Hp(0,07) dlgtimleri sirastyla 0,21 mSv ve 0,13 mSv olup mutlak fark 0,08 mSyv, ytizdesel fark %61,5’tir. Bu degerler
Olclim doneminde kaydedilen grup toplamlarini temsil eder; hasta basina doz veya bireysel teknisyen doz dagilimi
olarak yorumlanmamalidir. Calismada MAR’l1 grupta iki doz esdegeri de daha yiiksek ol¢iilmiistiir.

Tablo 3.1. MAR’l1 ve MAR’si1z gruplarda teknisyen dozimetre dlgtimleri

Doz esdegeri MAR’h MAR’s1z Mutlak fark Y Uzdesel fark
Hp(10) 0,20 mSv 0,15 mSv +0,05 mSv +%33,3
Hp(0,07) 0,21 mSv 0,13 mSv +0,08 mSv +%61,5

Not: Her grup icin birer toplam dozimetre dl¢imi bulundugundan doz farklart icin anlamlilik testi
uygulanmamigtir.

MAR'li ve MAR'siz ¢ekimlerde teknisyenlerin radyasyon doz esdegerlerinin grafiksel karsilastirmast Sekil 3.1'de
gosterilmistir.

Sekil 3.1 MAR'li ve MAR'siz PET-BT ¢ekimlerinde teknisyen radyasyon dozlar
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Sekil 3.1'de goriildiigii lizere, MAR'l1 ¢ekimlerde hem Hp(10) hem de Hp(0,07) degerleri MAR's1z ¢ekimlere
gore daha yliksek bulunmustur. Bu sonuglar, MAR'l1 ve MAR's1z ¢cekimler arasinda teknisyenlerin dlgiilen kisisel
doz esdegerleri agisindan farklilik bulundugunu géstermektedir.

MAR literatiiriiniin temel odagi metal kaynakli goriintii artefaktlariin azaltilmasi ve anatomik yapilarin
degerlendirilmesidir (Selles vd., 2024; Van der Vos vd., 2017:1867—-1872). Bu ¢alisma ise MAR kullanilan ve
kullanilmayan PET-BT is akislarinda teknisyen maruziyetini betimsel olarak karsilastirmaktadir. Goriintii kalitesi
veya tanisal performans dogrudan dlgiilmediginden, bu sonuglar MAR’1n goriintii kalitesi yararlarina iligkin kanit
olarak yorumlanmamalidir.

4. SONUC VE ONERILER

Bu ¢aligmada, 166 hastanin PET-BT ¢ekimlerinden elde edilen verilerde MAR’l1 ve MAR’siz gruplarin her
birinde 83 hasta yer almistir. Elde edilen bulgular, MAR teknolojisinin kullanildigi ve kullanilmadigi PET-BT
cekimlerinde teknisyen radyasyon maruziyetinin farklilik gosterebildigini ortaya koymustur. Teknisyen dozimetre
Ol¢iimleri MAR grubunda Hp(10) igin 0,20 mSv ve Hp(0,07) igin 0,21 mSv; MAR’s1z grupta ise sirasiyla 0,15 mSv
ve 0,13 mSv olarak bulunmustur. Bu sonuglar, ¢alisma kosullarinda MAR teknolojisinin kullanildigi ¢cekimlerde
teknisyenin Olgililen radyasyon maruziyetinin MAR kullanilmayan c¢ekimlere gore daha yiiksek oldugunu
gostermektedir.
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Bu ¢alismanin bulgulart dogrultusunda MAR teknolojisinin klinik uygulamalarda kullaniminda yalnizca
goriinti kalitesi degil, goriintiileme siirecinin is akisi ve ¢alisan radyasyon giivenligi tizerindeki olas1 etkileri de goz
oniinde bulundurulmalidir. MAR kullanilan ¢cekimlerde teknisyen radyasyon maruziyetinin daha yiiksek bulunmas1
nedeniyle, MAR uygulamasinin teknisyen dozunu azaltacagi yoniinde dogrudan bir beklenti olusturulmamalidir.

Teknisyen radyasyon giivenligi agisindan ise goriintilleme protokoliiniin miimkiin oldugunca
standartlastirilmasi, hastanin ¢ekim Oncesinde uygun sekilde hazirlanmasi ve pozisyonlandirilmasi, gereksiz
yeniden konumlandirmalarin azaltilmasi ve teknisyenin radyoaktif hastanin yakininda gegirdigi siirenin miimkiin
oldugunca azaltilmasi1 onemlidir. Bdylece MAR kullamimindan bagimsiz olarak teknisyenlerin radyasyon
maruziyetinin zaman, mesafe ve zirhlama (korunma) ilkeleri dogrultusunda en diisiik diizeyde tutulmasina
katki saglanacaktir. (G. Abikhzer vd., 2024)

Gelecekte yapilacak ¢aligmalarda, teknisyen radyasyon dozunun hasta bazinda ayr1 ayri 6lgiilmesi ve her bir
hastaya ait fiziksel Ozellikler ile goriintiileme parametrelerinin bu doz degerleriyle eslestirilmesi daha ayrintili
istatistiksel degerlendirmelerin yapilmasina katki saglayacaktir.

Gelecekteki caligmalarda farkli PET-BT cihazlarinda ve daha genis hasta gruplarinda MAR teknolojisinin
teknisyen radyasyon maruziyeti tizerindeki etkisinin degerlendirilmesi dnerilmektedir. Ayrica hastaya uygulanan
radyofarmasotik aktivite, hastanin boy uzunlugu, ¢cekim siiresi, teknisyenin hastaya yakin ¢aligma siiresi ve yeniden
konumlandirma gereksinimi gibi faktorlerin sistematik olarak kayit altina alinmasi, MAR teknolojisinin teknisyen
radyasyon maruziyeti iizerindeki dogrudan ve dolayli etkilerinin daha ayrintili bigimde ortaya konulmasini
saglayabilir.
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1. Giris

Ofis iglerinin yayginlagmasi ve ekranli araglarin kullanimzi; uzun siireli oturma, tekrarlayan klavye ve fare kullanimi,
statik durus ve siirekli ekrana maruz kalma gibi ergonomik riskleri onemli mesleki saglik sorunlarina
donustiirmiistiir. Ergonomik riskler yalnizca fiziksel ekipmanla simirli olmayip; is yiikii, dikkat gereksinimleri,
zihinsel yorgunluk, mola diizenlemeleri ve orgiitsel destek gibi biligsel ve orgiitsel boyutlar: da kapsamaktadir.

Is yerinde hatali durus ve uzun siireli statik yiiklenme; boyun, sirt, bel bdlgesi, omuzlar ve iist uzuvlar etkileyen
agr1 ve fonksiyonel bozukluklarla iligkilendirilmektedir. Literatiir, ergonomik riskler ile kas-iskelet sistemi
bozukluklari arasindaki baglantiy1 agiklamak {izere hem biyomekanik hem de psikososyal yaklagimlar sunmaktadir
(Armstrong ve ark., 1993; Lang ve ark., 2012). Ayrica, hareketsiz calismanin saglik {izerindeki olumsuz etkileri ve
0zel miidahalelere duyulan ihtiyag siklikla vurgulanmaktadir (Bailey, 2021).

Sorunlar ortaya ¢iktiktan sonra ergonomik miidahaleler uygulamak yerine, erken risk tespiti ve surekli izlemeye
dayali proaktif bir yaklasim benimsemek, calisan sagligint korumak acisindan hayati 6nem tasir. Bu sistematik
derlemede yer alan kaynaklar; fiziksel aktivite, durus egitimi, ergonomik diizenlemeler ve fizyoterapi gibi
miidahalelerin agri, fonksiyonel kapasite, yasam kalitesi ve fiziksel uygunluk ile ilgili sonuglarla iliskili oldugunu
gostermektedir.

Bu calismanin 6zgiin katkisi, fiziksel ergonomi uygulamalarimi bilissel ve orgiitsel ergonomi ile biitiinlesik bir
yonetim ¢ergevesinde birlestiren bir model olan BPEYM'nin gelistirilmesidir. Model; calisan sagligi, is
performansi, personel memnuniyeti ve kas-iskelet sistemi bozukluklarimi temel ¢iktilar olarak ele alirken;
ergonomik farkindalik, egitim ve teknoloji kullanimini destekleyici mekanizmalar olarak konumlandirmaktadir.
Calisma, ergonomik riskler ve Onleyici uygulamalara iligkin literatiir temelli kanitlar1 sistematik olarak
sentezlemeyi ve bu senteze dayanarak, ofis ¢alisanlarinda akut ve kronik durus bozukluklarini 6nlemeye yonelik
pratik bir yonetim modeli 6nermeyi amaglamaktadir.

2. Materyal ve yontem
2.1. Arastirma deseni

Calisma, sistematik derleme ve model gelistirme temelli bir yaklasimla yiiriitiilmiigtiir. Raporlama siirecinde
PRISMA 2020 protokoll kullanilmistir. PRISMA 2020; sistematik derlemelerin gerekgesi, yontemleri, ¢alisma
sec¢imi, veri ¢ikarma, sentez ve sinirliliklarinin sunumunda seffafligi saglamak amaciyla gelistirilmis bir ¢er¢evedir
(Page ve ark., 2021).

2.2. LiteratUr tarama sureci

Tarama islemi, Yiiksekogretim Kurulu (YOK) Ulusal Tez Merkezi ve Google Akademik (Google Scholar)
kullanilarak gergeklestirilmistir. Tiirkge olarak, ergonomi, ergonomik risk, kas-iskelet sistemi rahatsizliklari,
postiir, calisan sagligi, ofis c¢alisanlari, saglik calisanlari, egzersiz, fizyoterapi ve ergonomik egitim anahtar
kelimeleri; Ingilizce olarak ise bunlarin karsiligi olan ergonomics, ergonomic risk, musculoskeletal disorders,
posture, occupational health, office workers, healthcare workers, exercise, physiotherapy ve ergonomic training
terimleri kullanilmistir. Ayrica, tespit edilen c¢aligmalarin kaynakcgalari incelenerek ilave yayimlara ulasilmaya
calisilmisgtir.

2.3. Dahil etme ve harig tutma kriterleri

Tiirkce veya Ingilizce yayimlanmis akademik ¢alismalar; tam metin formatinda erisilebilir olmalar1 ve ergonomik
riskler, kas-iskelet sistemi rahatsizliklar1 (KSSR), postiir, fiziksel egzersiz/fizyoterapi, ergonomi egitimi, is sagligi
veya ¢alisan sagligi konularindan en az biriyle dogrudan ilgili olmalari durumunda ¢alismaya dahil edilmistir. Tam
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metnine erisilemeyen, konusu ilgisiz olan, yalnizca konferans bildiri 6zetinden olusan, akademik niteligi belirsiz
olan ya da metodolojisi veya bulgular1 yetersiz diizeyde aciklanan ¢alismalar ise hari¢ tutulmustur.

2.4. Calisma secimi ve sentezi

Secim siireci; basliklarin, 6zetlerin ve tam metinlerin incelenmesini kapsamis ve sonucunda 20 calisma dahil
edilmistir. Bu ¢aligmalarin 11' tez, 9'u ise makale, derleme veya akademik kitap boliimii niteligindeydi. Caligmalar
T1-T11 ve M1-M9 seklinde kodlanmistir. Metodolojik heterojenlik nedeniyle meta-analiz yapilmamis; bunun
yerine tematik karsilastirma ve sistematik yorumlama gerceklestirilmistir.

Sekil 1. Calismalarin secim ve sentez siirecinin sematik gosterimi

Asama

Akademik kaynaklarin belirlenmesi ve taranmasi

Baslik/6zet incelemesi — tam metin degerlendirmesi

Dahil etme/diglama 6lgiitlerine gore segim

Nihai sentez: 20 ¢alisma (11 tez + 9 makale/derleme/kitap boliimii)

2.5. Olciim ve veri cikarma araclar:

Calismalardan; yayin tiirdi, yil, calisma orneklemi veya baglami, temel degiskenler, kullanilan 6l¢im araglart ve
baslica sonuglara iliskin bilgiler derlenmistir. Literatiir taramas1; Cornell Kas-iskelet Sistemi Rahatsizliklar1 Anketi
(Cornell MSD), CMDQ, ROSA, RULA, REBA, BAUA, SF-36/SF-12, DASH ve VAS gibi araglarin kullanildigini
ortaya koymustur. Olgiim araglarinin cesitliligi, calismalar arasinda dogrudan karsilastirma yapma imkanini
sinirlamustir.

Ol¢iim araci Temel kullanim alan Derlemedeki roli
CMDQ / Cornell KiS Kas-iskelet sistemi yakinmalary “-2"* Ve bolgesel yakinmalarin
degerlendirilmesi

Masa-sandalye-ekran diizeninin

ROSA Ofis/ekranli is istasyonu riski . N . .
risk degerlendirmesi
RULA / REBA Postir ve fiziksel yiik Postlral ve biyomekanik
risklerin degerlendirilmesi
SF-36 / SF-12 Yasam kalitesi Ergonomik mudanalelerin
genel saglik ¢iktilar:
DASH Ust ekstremite islevi US} ekstremlte fan3|yonunun
degerlendirilmesi
VAS Agn siddeti Ml}dahale.once@/ sonrasi agri
degerlendirmesi
3. Bulgular
3.1. Dahil Edilen Cahsmalarin Genel Ozellikleri
Ozellik Sonug
Toplam ¢alisma 20
Tez 11
Makale/derleme/akademik kitap bolima 9
Sentez yontemi Tematik karsilastirma ve sistematik yorumlama
Meta-analiz Yapilmadi
Ergonomik risk, KIS yakinmalari, postiir,
Temel temalar egzersiz/fizyoterapi, ofis kosullari, saglik/tiretim

calisanlari, 6l¢lim yontemleri

Dahil edilen ¢alismalar gesitli sektorleri ve ¢alisma ortamlarii kapsamaktadir. Bu gesitlilik, ergonomik risklerin
farkli mesleklerde nasil ortaya ciktigini gdzlemlemeyi miimkiin kilmig; ancak is organizasyonu ve Olgiim
araglarindaki heterojenlik, nicel bir sentez yapilmasini gii¢lestirmistir.
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3.2. Ergonomik riskler ve kas-iskelet sistemi rahatsizhiklar:

Sentez ¢aligmalari, ergonomik riskler ile kas-iskelet sistemi rahatsizliklari arasinda tutarli bir iligki oldugunu ortaya
koymaktadir. En sik etkilenen bolgeler bel, boyun, sirtin iist kismi, omuzlar ve tist uzuvlardir. Uzun siireli statik
duruslar, yetersiz tasarlanmis is istasyonlari, tekrarlayan hareketler, yetersiz molalar ve bireysel 6zelliklere uygun
olmayan is ekipmanlar1 baslica risk faktorlerini olusturmaktadir.

Ofis calisanlar1 i¢in masa-sandalye hizasi, monitdr yiiksekligi, klavye ve fare konumlandirmasi ile uzun siireli ve
kesintisiz ekran basi ¢alisma siireclerinin yonetimi gibi faktorler kritik 6neme sahiptir. Hareketsiz ¢aligma
aliskanliklarinin yayginligi ve bunlarla iligkili saglik etkileri, ergonomik miidahalelerin fiziksel aktivite ve aktif
mola stratejileriyle desteklenmesi gerektigini gostermektedir (Bailey, 2021).

Ergonomik riskleri yalnizca biyomekanik yiik baglaminda aciklamak yetersizdir. Sistematik derlemeler, isle ilgili
psikososyal stres faktorlerinin de kas-iskelet sistemi rahatsizliklariyla iliskili oldugunu géstermistir (Lang ve ark.,
2012). Bu nedenle, BPEYM cercevesi dahilinde bilissel ve orgiitsel ergonomi boyutlarinin ayr1 ayr1 tanimlanmast
uygun gorilmiistiir.

3.3. Fiziksel egzersiz, fizyoterapi ve ergonomik egitim

Literatir, ergonomik miidahalelerin fiziksel egzersiz ve egitime dayali unsurlarla desteklenmesinin 6nemini
vurgulamaktadir. Postiir ve nefes egzersizleri, Pilates, omuz stabilizasyon egzersizleri, mikro egzersizler ve aktif
mola uygulamalart; agri, islevsellik, postiir, fiziksel uygunluk ve yasam kalitesi gibi sonuclar acisindan
degerlendirilmistir. Is yeri fiziksel aktivite programlarima iliskin sistematik bir derleme, bu tiir yaklagimlarin kas-
iskelet sistemi agrilar1 konusunda fayda saglayabilecegini de ortaya koymaktadir (Moreira-Silva ve ark., 2016).

BPEYM modelinde, fiziksel egzersiz temelli yaklagim {i¢ asamada yapilandirilmistir: giinliik is akigina entegre
edilen mikro egzersizler, daha yapilandirilmis orta siddetli egzersizler ve aktif fiziksel aktivite programlari. Bu yaps;
statik calisma siirelerini bolmeyi, kas gerginligini azaltmay1 ve postiir farkindaligini artirmay1 amaglamaktadir.

3.4. Proaktif ve bttncul ergonomik yénetim modeli

BPEYM modeli ii¢ temel boyuttan olusmaktadir: fiziksel ergonomi, biligsel ergonomi ve orgiitsel ergonomi.
Ergonomik farkindalik, ergonomik egitim ve teknoloji kullanimi, destekleyici veya araci degiskenler islevi
gormektedir. Calisan sagligi, is performansi, personel memnuniyeti ve kas-iskelet sistemi rahatsizliklari ise sonug
degiskenleri olarak tanimlanmustir.

Boyut Kapsam Beklenen sonug
[s istasyonu, masa-sandalye, . .
Fiziksel ergonomi monitor, klavye-mouse, postur, Fiziksel zorlanma ve KIS

tekrarlayict hareket yakinmalarinda azalma

Zihinsel i yiikii, dikkat, ekran

Bilissel ergonomi yorgunlugu, coklu gérev, insan- s performansinda iyilesme
bilgisayar etkilesimi
Calisma saatleri, mola diizeni, is o

. . e .. . Calisan memnuniyetinde

Organizasyonel ergonomi yiikii, yonetici destegi, ergonomi ..
kaltdrd iyilesme

Ergonomi farkmdalis Riskleri tanima ve dogru Kﬂoruyucu Qavramslarln
davranis giclenmesi

Ergonomi egitimi Bilgi, tutum ve davranis Modelin siirdiiriilebilirligi
degisikligi

Teknoloji kullanimi Ei;r}l:tlcﬂar, dijital kontrol, risk Erken uyar ve siirekli izleme
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[ _ Biligsel ergonomi ]
) Fiziksel ergonomi Zihinsel yilk « [ekran » dikkat Organizasyonel ergonomi
Is istasyonu pMekipman Mola « ig W yonetici destegi

Butd

Ergonomi Ygh@étim Modeli

Ergonomi m«:mdahgl Teknnlo\ﬁ*kullamml
Ergononyi egitimi

[Clktllar: calisan saglig « is performansi = calisan memnuniyeti * KiS yaklnma\arl]

Sekil 2. BPEYM'nin kavramsal yapisi

3.5. Korelasyon Bulgulari
Calisan

Degisken Calisan saghg Is performansi memnuniyeti KIS yakinmalari
Fiziksel ergonomi  0,58*** 0,41%** 0,39*** -0,52***

Bilissel ergonomi  0,44*** 0,55*** 0,42%** -0,36***
Organlzalsyonel O 46*** O 49*** 0 61*** _0 40***
ergonomi ' ' ' '

Ergonoml O 53*** 0 47*** 0 45*** _0 48***
farkindaligi ' ' ' '

Ergonomi egitimi ~ 0,42*** 0,38*** 0,36*** -0,34***
TeknOIOJI O 35*** 0 40*** 0 33*** _0 31***
kullanimi ' ' ' '

*#% p<0,001. Korelasyon katsayilar1 kaynak caligmadaki model sonuglarina dayanmaktadir.

3.6. Cahisan Saghgim Yordayan Regresyon Modeli

Degisken B SH Beta ! b

Sabit 0,842 0,214 — 3,934 <0,001
Fiziksel - 0,386 0,061 0,392 6,328 <0,001
ergonomi

Bilissel _ 0,181 0,058 0,176 3,121 0,002
ergonomi

Organizasyonel 0,203 0,055 0,214 3,691 <0,001
ergonomi

Ergonomlv 0.247 0,064 0,236 3,859 <0,001
farkindalig

Model istatistiksel olarak anlamlidir (R=0,704; R>=0,496; diizeltilmis R*=0,486; F=47,921; p<0,001). Bagimsiz
degiskenler c¢alisan sagligindaki varyansin yaklasik %49,6'sin1 agiklamaktadir. En gliglii standartlagtirilmig
yordayici fiziksel ergonomidir (Beta=0,392).
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3.7. KIS Yakinmalarim1 Yordayan Regresyon Modeli

Degisken B SH Beta t p

Sabit 5,214 0,236 — 22,093 <0.001
Fiziksel _ 0412 0,067 -0,349 -6,149 <0,001
ergonomi

Ergonomlv -0,286 0,071 -0,225 -4,028 <0,001
farkindalig

Ergonomi 0,193 0,055 -0,188 -3,509 0,001
egitimi

Teknoloji 0,142 0,052 -0,134 2,731 0,007
kullanim

KIS yakinmalarina iliskin model anlamhdir (R=0,621; R>=0,386; diizeltilmis R>=0,373; F=30,651; p<0,001).
Degiskenler KIS yakinmalarindaki varyansin %38,6'sin1 agiklamaktadir.

4. Tartisma

Bu sistematik derleme, ergonomik risklerin ¢alisan saglig1 ve kas-iskelet sistemi rahatsizliklarinin (KSSR) ortaya
c¢ikisi agisindan ¢ok boyutlu bir risk alani olusturdugunu gostermektedir. Bulgular, fiziksel calisma ortamryla iligkili
risklerin yan1 sira bilissel ve drgiitsel faktdrlerin de dikkate alinmasi gerektigini vurgulamaktadir. Ozellikle fiziksel
ergonomi, caligsan sagligi ve kas-iskelet sistemi rahatsizliklar1 arasindaki gii¢lii iliski, proaktif ergonomi
yonetiminde is istasyonunun merkezi roliiniin altin1 ¢izmektedir.

Fiziksel ergonominin g¢alisan sagligi agisindan olumlu, kas-iskelet sistemi rahatsizliklari agisindan ise olumsuz bir
yordayici olmasi; masa-sandalye hizalamasi, monitdr yiiksekligi ayari, klavye ve fare yerlesimi ile statik duruslarin
azaltilmas1 gibi miidahalelerin temel eylem alanlarini olusturdugunu gostermektedir. Ancak, ergonomik
miidahaleyi yalnizca ekipman degisimi meselesi olarak gormek yetersizdir; dogru davraniglarin zaman iginde
stirdiiriilmesi agisindan calisanlarin  ergonomi konusundaki farkindaligi ve egitim diizeyleri biiyiikk Onem
tasimaktadir.

Biligsel ergonomi ile is performansi arasindaki anlamli iligki, ekran tabanli ¢caligma ortamlarinda zihinsel is yiikii
ve dikkat yonetiminin en az fiziksel ergonomi kadar onemli olabilecegini gostermektedir. Gorsel yorgunluk, ayni
anda birden fazla isle ugragsma (multitasking), dijital araglarin kullanilabilirligi ve kesintisiz ¢aligma siireleri gibi
faktorler is performansini etkileyebilir. Bu nedenle, proaktif ergonomi yonetiminin kapsami, fiziksel is
istasyonunun 6tesine gecerek dijital ig siireclerini de icine alacak sekilde genisletilmelidir.

Orgiitsel ergonominin ¢alisan memnuniyetiyle en giiclii korelasyonlardan birini gostermesi, ergonominin orgitsel
diizeyde ele alinmasi gerekliligini vurgulamaktadir. Mola planlamasi, is yiikii dengelenmesi, yonetim destegi ve
ergonomi kiiltiirii; bireysel ergonomik davraniglarin orgiitsel karsiliklarini olusturur.

Literatiirdeki yontemsel gesitlilik, 6nemli bir kisithilik teskil etmektedir. Farkli ¢alisma desenlerinin ve olgtim
araclariin kullanilmasi, etkilerin dogrudan karsilagtirilmasini karmasik hale getirmektedir. Bu nedenle, mevcut
kanitlarin bir meta-analiz yerine tematik bir sentez yoluyla degerlendirilmesi uygun goriilmiistiir. Standartlagtirtlmig
Olctim protokolleri kullanan gelecekteki arastirmalar ve daha uzun takip siirelerine sahip miidahale galismalari,
BPEYM'nin nedensel etkilerinin degerlendirilmesi agisindan kritik 6neme sahip olacaktir.

Modelin bir diger temel 6zelligi, teknoloji kullaniminin destekleyici bir bilesen olarak ele alinmasidir. Dijital
hatirlaticilar, ergonomi kontrol listeleri ve risk izleme araglari, proaktif bir yaklagimin siirekliligini destekleyebilir.
Ancak, teknoloji kullanimmin modeldeki en diigiik ortalama puanlara sahip degiskenler arasinda yer almasi, bu tiir
aracglarin is yeri ergonomisi yonetiminde heniiz yeterince yerlesmedigini gostermektedir.

5. Uygulama Cercevesi

Asama Uygulama Beklenen ¢ikti
Ofis diizeni, ekipman, ¢alisma
1. Mevcut durum analizi kosullar1 ve ¢alisan geri Risklerin gorindr hale gelmesi

bildiriminin degerlendirilmesi
Fiziksel, bilissel ve
2. Risk haritas1 organizasyonel risklerin
siniflandirilmast
Donanim diizenleme, egitim,
mola ve egzersiz plani

Oncelikli risk alanlarmin
belirlenmesi
3. Miidahale plan1 Risk azaltma programi
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Caligan katilim1 ve yonetici

4. Uygulama destegiyle miidahalelerin Davranis ve cevre degisikligi
yurutilmesi
Periyodik ergonomik

5. Izleme degerlendirme, geri bildirim ve Suireklilik ve erken uyart

teknoloji destekli takip
Sonuglara gore modelin

giincellenmesi Surduralebilir ergonomi kiltlrd

6. Stirekli iyilestirme

6. Sonuglar ve Oneriler

Bu ¢aligma, ergonomik risklerin ofis ¢alisanlar1 arasinda durus sorunlar1 ve kas-iskelet sistemi problemleriyle
iligkili oldugunu ve 6nleyici yaklasimlarin ayn1 anda fiziksel, bilissel ve orglitsel boyutlari ele almas1 gerektigini
gostermektedir. Bu sistematik incelemenin bir pargasi olarak yirmi ¢alisma degerlendirilmistir; fiziksel egzersiz,
fizyoterapi, durus egitimi, ergonomi egitimi ve isyeri degisiklikleri, calisan sagligin1 desteklemek icin temel
uygulamalar olarak ortaya ¢ikmustir.

BPEYM modeli, sorunlar ortaya ¢ikmadan dnce riskleri belirlemek, miidahale 6nceliklerini belirlemek ve sonuglari
stirekli olarak izlemek i¢in tasarlanmis dongiisel bir ¢erceve sunmaktadir. Model, farkli sektorleri, yas gruplarini
ve ¢alisma diizenlemelerini igeren daha biiyiik 6rneklemler Uzerinde test edilmeyi gerektirir.

Uygulama ile ilgili olarak, asagidaki onlemler Onerilmektedir: bireysel antropometrik oOzelliklere gore is
istasyonlarimin yapilandirilmasi, uzun siireli hareketsiz davramisi azaltmak i¢in mikro mola sistemlerinin
getirilmesi, ergonomi egitiminin kurumsallastirilmasi, is akisina egzersizlerin (kisa, orta veya aktif) entegre
edilmesi, biligsel is yiikiiniin degerlendirilmesi ve yonetim desteginin artirilmasi. Modelin etkinligi, kas-iskelet
sistemi rahatsizliklari, is performansi, ¢alisan memnuniyeti, devamsizlik gibi gostergeler kullanilarak gelecekte
yapilacak uzun vadeli ¢calismalarda degerlendirilmelidir.

7. Etik beyan

Bu ¢alisma, daha 6nce yayimlanmig tezler, makaleler, derlemeler ve akademik kitap bdlimlerinin sistematik bir
incelemesine dayanmaktadir. Insan katilimcilardan dogrudan veri toplanmamus, herhangi bir deneysel islem
gerceklestirilmemis ve kisisel veri kullanilmamistir. Derginin gonderim kurallar1 gerektiriyorsa, ilgili kurumsal etik
kurulundan alinan muafiyet veya onay kararia iliskin bilgilere de yer verilmelidir.

8. Cikar ¢catismasi

Yazarlar, bu ¢alismayla ilgili herhangi bir ¢ikar ¢atismasi bulunmadigini beyan ederler.

9. Finansman
Calisma, kurum veya kuruluglardan herhangi bir finansal destek almamustir.

10. Yazar katkilari

[Yazar katkilari, derginin yazar katkilarina iliskin politikas1 (6rnegin, CRediT veya esdeger standartlar)
dogrultusunda, génderimden 6nce belirtilmelidir.]

11. Veri erisilebilirligi

Calisma; sentezlere, literatiir taramasina ve model analizine dayanmaktadir. Ham katilimci verilerini igeren yeni bir
veri seti olusturulmamustir.
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1. GIRIS

Kiiresellesme siirecinin hiz kazanmasi, teknolojik ilerlemeler, internet kullaniminin yayginlasmasi, tiiketici
tercihlerindeki doniisiim ve hizli kentlesme gibi gelismeler, tilkeler arasindaki ekonomik ve ticari etkilesimi 6nemli
Olclide artirmistir. Bu gelismeler dogrultusunda kiiresel pazarlarda rekabetin giderek yogunlagmasi, iilkelerin
uluslararasi ticarette daha giiclii bir konum elde edebilmeleri icin rekabetcilik diizeylerini gelistirmelerini ve
srdirlebilir rekabet avantaji olusturmalarini 6nemli bir gereklilik haline getirmistir (Isik vd., 2020).

Tiirkiye ve komsu iilkelerin lojistik performansiin degerlendirilmesinde, iilkelerin lojistik altyap1 ve hizmet
kapasitelerini farkli boyutlar izerinden karsilastirmaya imkan saglayan Lojistik Performans Endeksi (LPI) 6nemli
bir gosterge olarak one cikmaktadir. Diinya Bankasi tarafindan gelistirilen LPI; glimriik islemlerinin etkinligi,
ulastirma ve lojistik altyapisinin niteligi, lojistik hizmetlerin yetkinligi, gonderilerin izlenebilirligi ve sevkiyatlarin
zamaninda gergeklestirilmesi gibi temel boyutlart dikkate alarak iilkelerin lojistik performansini 6l¢mektedir (Silva
vd., 2026). S6z konusu boyutlar, Tiirkiye ve komsu ftilkelerin lojistik sistemlerinin mevcut durumunun analiz
edilmesi ve uluslararasi ticaret ile tasimacilik faaliyetlerine iliskin stratejik kararlarin desteklenmesi agisindan nem
tagimaktadir. LPI kapsaminda farkl kriterlerin birlikte degerlendirilmesi, iilkelerin genel performans siralamasini
dogrudan etkileyebilmekte ve kriterlerin goreli 6nem diizeylerindeki degisimler siralama sonuglarinda farkliliklara
yol agabilmektedir. Bu nedenle, Tiirkiye ve komsu iilkelerin lojistik performans siralamalarinin incelenmesi,
bolgesel lojistik rekabet guictiniin ve ticari baglantilarin gelistirilmesine yonelik politika ve stratejilerin belirlenmesi
agisindan onem arz etmektedir.

Bu c¢aligmanin amaci, Tirkiye ve komsu iilkelerin lojistik performanslarii Cok Kriterli Karar Verme
(CKKV) yontemleri araciligiyla degerlendirmektir. Arastirmada kullanilan veriler, Diinya Bankasi tarafindan 2023
yilinda yayimlanan LPI raporundan elde edilmistir. Calisma kapsaminda, degerlendirme kriterlerinin agirliklar:
SIWEC-M yontemi kullanilarak belirlenmis, elde edilen kriter agirliklart dogrultusunda ALPAS yontemi
araciligryla alternatif tilkelerin lojistik performanslarina iliskin siralamasi gergeklestirilmistir.

2. LITERATUR TARAMASI

Bu bolumde, literatiirde lojistik performans kavramini ele alan arastirmalar incelenmektedir. Son bes yilda
lojistik performans Uzerine gergeklestirilen secilmis ¢alismalarin genel bir 6zeti Tablo 1’de sunulmaktadir.

Tablo 1: CKKV yontemleri kullanilarak yapilan LPI ¢alismalari

Yazar(lar) Yil Orneklem Yontemler
Ulutas ve Karakoy 2021  Gegis Ekonomi Gri SWARA ve Gri MOORA
iilkeleri
Stojanovi¢ ve Puska 2021 Korfez tlkeleri is CRITIC ve MABAC
birligi konseyi
iilkeleri
Mesic¢ vd. 2022 Bati Balkan iilkeleri  CRITIC ve MARCOS
Tirkoglu ve Duran 2023  RCEP iilkeleri WASPAS, CRITIC ve GIA
Miski¢ vd. 2023  AB tlkeleri MEREC ve MARCOS
Oguz 2023  LPI raporunun ilk 10 EDAS ve TOPSIS
sirasinda  bulunan
ilkeler
Calik vd. 2023  OECD iilkeleri Pisagor AHS, Bulanik AHS, AHS,
VIKOR, CODAS ve TOPSIS
Pehlivan vd. 2024 G20 tlkeleri TOPSIS ve Kiimeleme Analizi
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Ju vd. 2024  AB iilkeleri CRITIC, MEREC, Entropi ve
Bulanik ROV

Ozekenci 2025 OECD iilkeleri SD, CRITIC, LOPCOW, MEREC,
CRADIS

Paksoy ve Karatay 2025 OPEC iilkeleri Entropi, CRITIC, TOPSIS, CoCoSo

Keklik vd. 2026 OECD iilkeleri MEREC, LOPCOW, MOORA

Balalan ve Ulutas 2026  G8 tlkeleri PSI, SV, SD, MEREC, PROVAN

3. METODOLOJi

Bu boliimde ¢alismada kullanilan SIWEC-M ve ALPAS yontemleri tanitilacaktir. SIWEC-M yontemi kriter
agirliklarinin hesaplanmasinda, ALPAS yontemi iilkelerin siralanmasinda kullanilacaktir.

3.1 SIWEC-M Yontemi

SIWEC yontemini gelistiren Puska vd. (2024), orijinal modelde karar matrisi degerleri arasindaki biiyiik
farkliliklarin kriter agirliklarinda dengesizlige neden olabilecegini belirtmistir. Bu dogrultuda, normalizasyon
stirecinde yapilan diizenleme ile agirliklarin daha dengeli ve tutarli bicimde belirlenmesi amaclanmistir. Nesnel
agirliklandirma yontemi olarak gelistirilen SIWEC-M yonteminin uygulama adimlar1 asagida sunulmustur (Ulutag
ve Demirbasg, 2025: 1451):

Adim 1: Karar matrisinin olusturulmasi. Y 6ntemin ilk asamasinda, alternatifler ve kriterlerden olusan karar
matrisi Denklem (1) dogrultusunda olusturulur.

ai; Q12 * QAin
A= : : : 1)

Am1 Am2 *** Omn

Adim 2: Karar matrisi, Denklem (2) kullanilarak normalize edilir. Bu agamada her kriter degeri, ilgili kriterin
en yiiksek degerine boliinerek standartlagtirilir.

@

Cij = maxj(a;)
Adim 3: Standart sapma degerlerinin hesaplanmasi. Oncelikle her bir alternatif igin standart sapma degerleri

belirlenir. Daha sonra bu degerler, normalize edilmis karar matrisi degerleriyle ¢arpilarak yeni normalize edilmis
degerler elde edilir. Hesaplama siireci Denklem (3)’te gosterilmektedir.

dij = Cij x std. devj (3)
Adim 4: Carpilmis normalize edilmis degerlerin toplami, Denklem (4) kullanilarak hesaplanir.

Sij = i di; (4)

i=1
Adim 5: Kriter agirliklarinin belirlenmesi. Son agamada, her bir kriterin nihai agirlik degeri Denklem (5)
kullanilarak hesaplanir.

.
Wisw-m = = 5)
Zj:lsij

3.2 ALPAS (ALternative Prioritization and Assessment System) Y ontemi

Ulutas vd. (2025), tarafindan alternatiflerin degerlendirilmesi amaciyla gelistirilen ALPAS y0Onteminin
asamalart asagidaki gibidir (Ulutas vd., 2025).

Adim 1: Karar matrisinin olusturulmasi. Denklem (1).
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Adim 2: Denklem (1)’de yer alan karar matrisi degerleri, Denklem (6) ve (7) esas alinarak normalize
edilmektedir.

A aij

t; = max(ag) eger j € BN (6)
A min(a;; o .
t; = # eger j€CS (7

Adim 3: Denklem (8)’de verilen islem adimi uygulanarak agirliklandirilmis normalize karar matrisi elde
edilir.

Tij = Wjcm X tjj 3

Adim 4: Denklem (9) ve (10)’da verilen islem adimlari uygulanarak her bir alternatif i¢in ideal ve anti-ideal
cozlmler belirlenir.

L= max(rij) egerj € BN, L; = min (rij) egerj € CS 9)
AL; = min (r;;) egerj € BN,  L;j = max (r;;) egerj € CS (10)
Adim 5: Denklem (11)’de verilen islem adimi uygulanarak her bir alternatifin fayda degeri hesaplanir.

n
rii+1 AL; +1
Bizz (73 )_( j ) (11)
j=1

Adim 6: Denklem (12)’de verilen islem adimi kullanilarak her bir alternatifin birlesik gli¢ degeri (C;)
hesaplanir.

Ci= @ X Sl + D+B x (Mg + D) " (12)
Denklem (12)’de yer alan a ve 8 parametreleri 0,5 olarak alinir.
Adim 7: Denklem (13)’te verilen islem adim1 uygulanarak her bir alternatifin nihai puani hesaplanir.
P,=( XB; +w X (; (13)
Denklem (13)’te yer alan { ve w parametreleri 0,5 olarak alinir.
En yuksek puana sahip alternatif, en uygun alternatif olarak belirlenir.

4. UYGULAMA

Bu ¢alismanin amaci, Tiirkiye ve Tiirkiye nin komsu iilkelerinin lojistik performanslarint CKKV yontemleri
araciligiyla degerlendirmektir. Bu kapsamda Tiirkiye, Irak, Iran, Yunanistan, Ermenistan, Bulgaristan, Giircistan
ve Suriye alternatif iilkeler olarak ele alinmustir. Ulkelere iliskin degerlendirme verileri, Diinya Bankas1 tarafindan
yayimlanan 2023 yili LPI raporundan elde edilmistir (Diinya Bankas1, 2023). Ulkelerin lojistik performanslarinin
degerlendirilmesinde LPI kapsaminda yer alan temel boyutlardan yararlanilmistir. Diinya Bankasi tarafindan
gelistirilen LPI; glimriik islemlerinin etkinligi (C1), ulastirma ve lojistik altyapisinin yeterliligi (C2), uluslararasi
sevkiyatlarin gerceklestirilme diizeyi (C3), lojistik hizmetlerin kalitesi (C4), sevkiyatlarin zamaninda
tamamlanmas: (C5) ve gonderilerin izlenebilirligi (C6) gibi temel boyutlar {izerinden {ilkelerin lojistik
performanslarini dlgmektedir. Arastirmada s6z konusu 6l¢iitlerin tamamu fayda yonlii olarak degerlendirilmistir.
CKKYV analizinin ilk asamasinda, degerlendirmede kullanilan kriterlerin goreli 6nem diizeylerinin belirlenmesi
amaciyla SIWEC-M yontemi kullanilmistir. Ardindan SIWEC-M yontemi araciligiyla elde edilen kriter agirliklar
ALPAS yontemine aktarilmis ve bu dogrultuda Tiirkiye ile komsu {ilkelerin lojistik performanslarina iligkin nihai
siralama gerceklestirilmistir. LPI 2023 verilerinden yararlanilarak olusturulan baglangi¢ karar matrisi Tablo 2’de
sunulmaktadir.

Tablo 2: Karar Matrisi

C1 C2 C3 C4 C5 C6
Turkiye 3 3,4 3,4 3,5 3,6 3,5
Irak 2,1 2,2 2,5 2,2 3 2,4
Iran 2,2 2,4 2,4 2,1 2,7 2,4
Yunanistan 3,2 3,7 3,8 3,8 3,9 3,9
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Ermenistan 2,5 2,6 2,2 2,6 2,7 2,3
Bulgaristan 3,1 3,1 3 3,3 3,5 3,3
Gurcistan 2,6 2,3 2,7 2,6 3,1 2,8
Suriye 2,2 2,2 2,3 2,2 2,5 2,3

4.1 SIWEC-M Yontemi Uygulanarak Kriter Agirhklarinin Elde Edilmesi

Karar matrisinde yer alan degerlendirme kriterlerine ait degerler, Denklem (2) kullanilarak standartlastirilmis
ve karsilastirilabilir bir forma dontstiiriilmiistiir. Bu islem sonucunda elde edilen normalize edilmis karar matrisi
Tablo 3’te sunulmaktadir.

Tablo 3: SIWEC-M Yontemi ile Elde Edilen Normalize Karar Matrisi

C1 Cc2 C3 C4 C5 C6

Turkiye 0,9375 0,9189 0,8947 0,9211 0,9231 0,8974
Irak 0,6563 0,5946 0,6579 0,5789 0,7692 0,6154
Iran 0,6875 0,6486 0,6316 0,5526 0,6923 0,6154
Yunanistan 1 1 1 1 1 1

Ermenistan 0,7813 0,7027 0,5789 0,6842 0,6923 0,5897
Bulgaristan 10,9688 0,8378 0,7895 0,8684 0,8974 0,8462
Glrcistan  0,8125 0,6216 0,7105 0,6842 0,7949 0,7179
Suriye 0,6875 0,5946 0,6053 0,5789 0,6410 0,5897

Denklem (3)-(5) kullanilarak degerlendirme kriterlerinin agirlik katsayilart belirlenmistir. Elde edilen kriter
agirliklar: Tablo 4°te gosterilmistir.

Tablo 4: SIWEC-M Yontemi ile Elde Edilen Kriter Agiliklart

C1 C2 C3 C4 C5 C6
WisiwEc-m 0,1834 0,1603 0,1588 0,1592 0,1794 0,1589
Rank 1 3 6 4 2 5

Tablo 4’te yer alan SIWEC-M yoOntemi sonuclarma gore kriter agirliklarimin  siralamasi:
C1>C5>C2>C4>C6>C3 seklinde gerceklesmistir. Hesaplanan sonuglara gore en énemli kriter olarak C1 (gumrik
islemlerinin etkinligi) kriteri olurken en 6nemsiz kriter C3 (uluslararasi sevkiyatlarin gerceklestirilme diizeyi)
olarak belirlenmistir.

4.2 ALPAS Yontemi Uygulanarak Alternatiflerin Siralanmasi

Tiirkiye ve Tiirkiye’nin komsu iilkelerinin lojistik performanslarini ac¢isindan siralanmasinda ALPAS
yontemi kullanmistir. Tablo 3’te yer alan baglangi¢ karar matrisine kriterlerin hepsinin fayda yonli olmasi
sebebiyle Denklem (6) uygulanarak karar matrisi normalize edilir. Tablo 5, ALPAS yontemi ile normalize edilmis
karar matrisini belirtmektedir.

Tablo 5: ALPAS Yo6ntemi ile Normalize Edilmis Karar Matrisi

C1 C2 C3 C4 C5 C6

Turkiye 0,9375 0,9189 0,8947 0,9211 0,9231 0,8974
Irak 0,6563 0,5946 0,6579 0,5789 0,7692 0,6154
Iran 0,6875 0,6486 0,6316 0,5526 0,6923 0,6154
Yunanistan 1 1 1 1 1 1

Ermenistan 0,7813 0,7027 0,5789 0,6842 0,6923 0,5897
Bulgaristan 0,9688 0,8378 0,7895 0,8684 0,8974 0,8462
Gircistan 0,8125 0,6216 0,7105 0,6842 0,7949 0,7179
Suriye 0,6875 0,5946 0,6053 0,5789 0,6410 0,5897

Denklem (8) dogrultusunda gergeklestirilen hesaplamalar sonucunda agirliklandirilmis normalize karar
matrisi olusturulmustur. Ardindan, Denklem (9) ve (10) kullanilarak ideal ve anti-ideal ¢oziim degerleri
belirlenmistir. Agirliklandirilmis normalize karar matrisi ile ideal ve anti-ideal ¢6ziimlere iliskin sonuglar Tablo
6’da sunulmaktadir.
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Tablo 6: Agirliklandirilmis Normalize Karar Matrisi, ideal ve Anti-Ideal Coziimler

C1 C2 C3 C4 C5 C6

Tarkiye 0,1719 0,1473 0,1421 0,1466 0,1656 0,1426
Irak 0,1204 0,0953 0,1045 0,0922 0,1380 0,0978
Iran 0,1261 0,1040 0,1003 0,0880 0,1242 0,0978
Yunanistan 0,1834 0,1603 0,1588 0,1592 0,1794 0,1589
Ermenistan 0,1433 0,1126 0,0919 0,1089 0,1242 0,0937
Bulgaristan 0,1777 0,1343 0,1254 0,1382 0,1610 0,1345
Gurcistan  0,1490 0,0996 0,1128 0,1089 0,1426 0,1141
Suriye 0,1261 0,0953 0,0961 0,0922 0,1150 0,0937

L 0,1204 0,0953 0,0919 0,0880 0,1150 0,0937

AL; 0,1834 0,1603 0,1588 0,1592 0,1794 0,1589

Denklem (11) dogrultusunda gerceklestirilen hesaplamalarla her bir ilkeye ait fayda degeri ( B;)
belirlenmistir. Fayda degerlerinin elde edilmesinin ardindan, Denklem (12) kullanilarak iilkelerin birlesik giic
degerleri (C;) hesaplanmistir. Son asamada ise Denklem (13) araciligiyla her bir iilkenin nihai performans skoru
(P;) elde edilmistir. Ulkelere iliskin hesaplanan fayda degerleri (B;), birlesik giic degerleri (C;) ve nihai skorlar
(P;) Tablo 7°de sunulmaktadir.

Tablo 7: ALPAS Yo6ntemi Sonuglart

B; C; P; Rank
Turkiye 0,1984 4,0344 2,1164 2
Irak -0,2626 3,8781 1,8078 6
Iran -0,2758 3,8735 1,7989 7
Yunanista
n 0,3392 4,0833 2,2113 1
Ermenista
n -0,2166 3,8934 1,8384 5
Bulgarista
n 0,1216 4,0081 2,0649 3
Gircistan -0,1253 3,924 1,8994 4
Suriye -0,3146 3,8607 1,7731 8

Tablo 7’de hesaplanan ALPAS yontemi sonuglarina gére LPI degerleri agisindan {ilkelerin siralamasi:
Yunanistan>Tiirkiye>Bulgaristan>Giircistan>Ermenistan>Irak>iran>Suriye seklinde gerceklesmistir.

5. SONUC

Lojistik sistemlerin etkinligi, uluslararasi ticaretin siirdiiriilebilirligi ve {ilkelerin kiiresel rekabet giicii
iizerinde belirleyici bir rol iistlenmekte olup, LPI bu performansin farkli boyutlar iizerinden karsilastirilmasina
olanak saglayan dnemli bir gosterge niteligindedir. Bu dogrultuda ¢alismada, Tiirkiye ve komsu tilkelerin lojistik
performanslari, LPI 2023 verileri temelinde SIWEC-M ve ALPAS yontemlerinin biitiinlesik olarak kullanildig1 bir
CKKYV yaklagimiyla analiz edilmistir. SIWEC-M yontemi sonuglari, kriterlerin lojistik performans zerindeki
goreli etkilerinin farklilagtigin1 ortaya koymus; kriter Onem siralamasi C1>C5>C2>C4>C6>C3 seklinde
gerceklesmistir. Buna gore giimriik islemlerinin etkinligi (C1) en yiiksek agirliga sahip kriter olarak belirlenirken,
uluslararasi sevkiyatlarin gergeklestirilme diizeyi (C3) en diisiik agirlikli kriter olmustur.

ALPAS yontemiyle elde edilen nihai siralama ise
Yunanistan>Tiirkiye>Bulgaristan>Giircistan>Ermenistan>Irak>iran>Suriye seklinde gerceklesmistir.
Yunanistan'in ilk sirada yer almasi, incelenen {ilkeler arasinda LPI kriterleri bakimindan en yiiksek performansa
sahip oldugunu gosterirken, Tiirkiye'nin ikinci sirada bulunmasi tilkenin bolgesel dlgekte giiclii bir lojistik konuma
sahip oldugunu ortaya koymaktadir. Buna karsilik, siralamanin alt basamaklarinda yer alan tilkeler agisindan lojistik
altyapr, glimriik siiregleri, sevkiyatlarin zamanindaligt ve lojistik hizmetlerin gelistirilmesine yonelik
iyilestirmelerin rekabet¢i konumun giiclendirilmesine katki saglayabilecegi degerlendirilmektedir.

Calismanin bulgulari, Tiirkiye ve komsu tlkelerin lojistik performanslarinin yalnizca tek bir gosterge
tizerinden degil, birbirleriyle etkilesim igerisinde bulunan coklu kriterler g¢er¢evesinde degerlendirilmesinin
gerekliligine isaret etmektedir. Ozellikle giimriik islemlerinin etkinliginin en yiiksek agirliga sahip olmasi, bdlgesel
ticaret akiglarinin kolaylastirilmasi ve sinir gegis siireclerinin etkinlestirilmesinin lojistik rekabet a¢isindan dncelikli
alanlar oldugunu gostermektedir. Bu kapsamda elde edilen sonuglarin, Tirkiye'nin bdlgesel lojistik konumunun
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guclendirilmesine yonelik politika gelistirme siire¢lerine ve komsu {lilkelerle gergeklestirilen ticari ve lojistik
faaliyetlerin etkinliginin artirilmasina katki saglayabilecegi diisiiniilmektedir. Bununla birlikte, ¢aligmanin LPI
2023 verileriyle ve belirlenen iilke grubu ile sinirli olmasi nedeniyle gelecekteki arastirmalarda farkli LPI
donemlerinin karsilastirilmasi, alternatif agirliklandirma ve siralama yontemlerinin kullanilmasi ve sonuglarin
duyarlilik analizleriyle test edilmesi 6nerilmektedir.
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1. Introduction

Sustainable economic development is not determined only by the availability of natural resources, capital, or
entrepreneurial activity. It also depends on the quality of institutions through which public policies are designed
and implemented. Legal certainty, predictable administrative procedures, transparency, accountability, and access
to effective remedies influence the decisions of citizens, firms, and investors. In this sense, public administration is
not merely a technical apparatus of the state; it is part of the institutional environment within which economic
activity takes place.

For Kosovo, this relationship is particularly important. The country has undertaken continuous reforms in public
administration, public financial management, digital service delivery, and the approximation of governance
practices with European standards. Recent OECD/SIGMA assessment shows a mixed but generally improving
picture: Kosovo performs above the Western Balkan average in several areas, including organisation and
accountability, service delivery and digitalisation, and public financial management, while important weaknesses
remain in policy implementation, administrative justice, service standards, public-sector employment, and
procurement (OECD/SIGMA, 2025).

The central problem addressed in this paper is the gap that may emerge between formal legal reform and practical
administrative performance. The adoption of laws is a necessary condition for institutional development, but it does
not automatically guarantee effective implementation. Administrative capacity, inter-institutional coordination,
professional competence, digital interoperability, oversight, and public trust determine whether legal rules produce
the intended economic and social effects.

This paper therefore examines how legal and administrative frameworks can support sustainable economic
development in Kosovo and identifies the main challenges that limit their effectiveness. It also considers
opportunities arising from administrative simplification, digitalisation, improved public financial management, and
stronger accountability mechanisms. The analysis follows the conceptual direction established in the accepted
abstract and uses a qualitative, document-based approach.

2. Literature Review and Conceptual Framework

Administrative law establishes the rules within which public authorities exercise their powers and interact with
individuals and legal entities. Its relevance to economic development lies in the fact that administrative decisions
affect licences, permits, taxation, public procurement, investment projects, access to information, public services,
and many other areas of economic life. When procedures are clear and consistently applied, transaction costs and
uncertainty can be reduced. When they are slow, fragmented, or unpredictable, they can become an obstacle to
investment and business development.

Good governance complements the legal dimension by emphasizing the quality of institutional behaviour. Legality,
transparency, accountability, participation, effectiveness, and responsiveness are closely connected. Rexhepi and
Dzurovski, in their work on administrative law and good governance in Kosovo, emphasize that transparency and
accountability remain central principles even as public administration becomes increasingly digital. Their analysis
is especially relevant because technological modernisation can improve efficiency while simultaneously creating
new demands for legal safeguards, explainability, and institutional responsibility (Rexhepi & Dzurovski, n.d.).

Dzurovski’s research also links public finance, institutional support, and digitalisation. His work on public-finance
support for digitalisation of small and medium-sized enterprises illustrates the broader argument that public policy
and financial instruments can shape the capacity of firms to modernise and compete (Dzurovski, 2020). This
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perspective is useful for Kosovo because sustainable development requires both a predictable regulatory
environment and public policies capable of supporting productive transformation.

The relationship between public investment and sustainable development is also visible in sectoral studies from
Kosovo. Tahiri and Luta (2025), examining sustainable tourism development in the Sharr Mountains region, find
that public investment has an important role in infrastructure, business support, and environmentally responsible
development. Although tourism is only one sector, the study illustrates a broader institutional point: public
investment generates stronger development effects when it is accompanied by coordinated governance, appropriate
infrastructure, and long-term sustainability objectives.

Similarly, Kovagi et al. (2023) discuss sustainable development in Kosovo through the specific problem of waste
management, showing that legal, institutional, environmental, and implementation dimensions are interconnected.
Taken together, these studies support the view adopted in the present paper: sustainable economic development
should not be treated as a purely macroeconomic outcome, but as a result shaped by governance quality and
institutional implementation.

3. Legal and Administrative Context in Kosovo

3.1. Rule of law, administrative procedure and accountability

Kosovo’s constitutional and legal order provides a formal basis for legality, transparency, access to public
information, protection of rights, and oversight of public administration. These principles are economically relevant
because they affect the predictability of state action and the confidence of citizens and businesses in administrative
institutions. A modern administrative system must ensure not only that decisions have a legal basis, but also that
procedures are understandable, proportionate, timely, and open to review.

The practical challenge is implementation. The OECD/SIGMA 2025 monitoring report notes that Kosovo has made
progress across several public-administration areas, but also identifies the need to strengthen the effectiveness of
policy implementation and administrative justice, improve performance management, and continue reducing
administrative burdens for citizens and businesses. This distinction between formal rules and implementation is
central to the present analysis.

3.2. Public administration reform and service delivery

Administrative reform can contribute to economic development when it reduces unnecessary procedural steps,
clarifies institutional responsibilities, improves professional capacity, and makes public services easier to access.
For businesses, the cumulative effect of small administrative burdens can be significant. Repeated requests for the
same information, non-interoperable databases, unclear deadlines, and inconsistent interpretations of rules increase
the time and cost of compliance.

Kosovo has launched reforms aimed at administrative burden reduction and digital service delivery. OECD/SIGMA
reports that service delivery and digitalisation are among the areas in which Kosovo performs above the Western
Balkan average, although service standards and systematic performance management still require further
development (OECD/SIGMA, 2025).

3.3. Digitalisation and public financial management

Digitalisation is one of the clearest opportunities for improving the interaction between legal rules, administrative
practice, and economic activity. The IMF (2025) notes that Kosovo has developed extensive digital infrastructure
and the e-Kosova portal, while also modernising elements of public financial management through GovTech. At
the same time, the IMF identifies non-integrated information systems, digital-skills limitations, cybersecurity risks,
and coordination problems as barriers to realising the full benefits of digital transformation.

The economic significance of interoperability is substantial. When institutions exchange reliable data securely,
citizens and businesses can avoid repeatedly submitting information already held by the state. Digitalisation can
therefore reduce administrative costs, shorten processing times, improve traceability, and support transparency.
However, as Rexhepi and Dzurovski argue in the context of Al-based administrative decision-making,
technological efficiency should not replace legal safeguards. Digital systems must remain compatible with legality,
accountability, transparency, and the protection of individual rights.

4. Methodology

The study uses a qualitative and analytical research design. This approach is appropriate because the research
question concerns the functioning and interaction of legal norms, administrative institutions, governance principles,
and economic-development objectives rather than the measurement of a single quantitative relationship.
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The analysis is based on four groups of sources: (1) relevant legal and constitutional principles governing public
administration; (2) institutional and strategic documents concerning public-administration reform, digitalisation,
and public financial management; (3) assessments produced by international institutions, particularly
OECD/SIGMA and the International Monetary Fund; and (4) academic literature related to administrative law,
good governance, public finance, sustainable development, and the Kosovo context.

The analytical procedure consisted of identifying recurring themes in the sources and grouping them into five
dimensions: legal certainty, institutional capacity, transparency and accountability, administrative efficiency, and
digital transformation. These dimensions were then assessed in terms of their potential contribution to, or constraint
on, sustainable economic development. The study does not claim to measure causal effects statistically; instead, it
provides an institutionally grounded interpretation of the conditions under which legal and administrative reform
can support development.

5. Results and Discussion

5.1. Formal reform is necessary but implementation determines impact

A recurring issue in the reviewed material is the distance between formal reform and day-to-day implementation.
The more important issue is whether adopted rules are consistently implemented across institutions and over time.
A business environment may appear well regulated on paper while remaining difficult in practice if procedures are
delayed, institutional responsibilities overlap, or administrative decisions are inconsistent.

This finding corresponds with the OECD/SIGMA assessment, which recognises progress but continues to identify
implementation and performance-management weaknesses. Sustainable economic development therefore requires
attention to the institutional chain that connects legislation, secondary regulation, administrative procedures,
staffing, information systems, oversight, and actual service delivery.

5.2. Administrative efficiency affects economic confidence

Administrative efficiency matters to the economy in very practical ways. Direct effects include the time and cost
required to obtain services, permits, documents, or administrative decisions. Indirect effects include perceptions of
predictability, fairness, and institutional credibility. When firms can anticipate how rules will be applied, they are
better able to plan investments and allocate resources.

Administrative simplification should therefore be understood as an economic-development policy rather than only
an internal government reform. Reducing unnecessary steps, standardising procedures, publishing clear guidance,
and setting measurable service standards can improve the relationship between institutions and users.

5.3. Transparency and accountability support institutional trust

Transparency allows citizens and businesses to understand how public decisions are made, while accountability
creates mechanisms for correcting errors and addressing misuse of authority. These principles are especially
important in areas with significant economic consequences, including public procurement, public investment,
taxation, licensing, and the allocation of public resources.

The analysis suggests that transparency is most effective when it is embedded in administrative processes rather
than treated only as a publication requirement. Digital records, traceable workflows, reasoned decisions, accessible
complaint procedures, and proactive publication of relevant information can jointly strengthen accountability. This
is consistent with Rexhepi and Dzurovski’s emphasis on legality, transparency, and accountability as core
safeguards of good administration.

5.4. Digitalisation creates opportunities but requires coordination

Kosovo’s recent digital progress creates a concrete opportunity to improve public services. The IMF reports broad
digital connectivity, development of the e-Kosova platform, and increasing use of GovTech solutions. Yet the same
analysis shows that several public-sector information systems remain insufficiently integrated. This means that
technological investment alone cannot guarantee administrative efficiency.

A coordinated digital architecture can reduce duplication and create faster, more transparent services. At the same
time, digitalisation introduces new governance responsibilities related to cybersecurity, data protection, access,
digital skills, and automated decision-making. The legal and administrative framework must therefore evolve
together with technology.

5.5. Public investment and sustainable development require institutional quality

Public investment can support infrastructure, local development, competitiveness, and sectoral transformation, but
its impact depends on project selection, implementation quality, transparency, and long-term planning. Tahiri and
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Luta’s (2025) study of the Sharr Mountains demonstrates how public investment can support infrastructure and
sustainable economic activity in a concrete Kosovo context. The broader implication is that the effectiveness of
investment is inseparable from governance.

The same logic applies beyond tourism. Public resources should be linked to clear development objectives,
transparent procedures, measurable results, and institutional responsibility. Sustainable development is

strengthened when public investment decisions consider economic, social, and environmental effects together.

Table 1. Key legal-administrative dimensions and their development implications

Main institutional issue
Consistent rules, reasoned
decisions, effective remedies
Simplified procedures, clear
deadlines, service standards
Access to information, traceable
decisions, oversight
Professional staff, coordination,
implementation capacity
Interoperability, e-services,
cybersecurity, digital skills
Transparent allocation,
procurement and monitoring

Dimension
Legal certainty

Administrative efficiency
Transparency & accountability
Institutional capacity
Digitalisation

Public financial management

Potential economic effect
Lower uncertainty and stronger
investment confidence

Lower compliance costs and
faster business interaction
Higher trust and reduced
governance risk

More reliable policy execution

Faster services, lower transaction
costs, better data use

More effective use of public
resources

6. Main Challenges

Several challenges appear repeatedly across the institutional assessments and literature reviewed. First,
implementation capacity remains uneven. Laws and strategies may establish appropriate objectives, but their impact
is reduced when institutions lack sufficient human resources, coordination mechanisms, data systems, or monitoring
capacity.

Second, administrative fragmentation can create duplication and uncertainty. Where institutional responsibilities
are not sufficiently coordinated, citizens and businesses may face multiple procedures for related services. This is
particularly important in digital transformation, where separate information systems can reproduce administrative
fragmentation in electronic form.

Third, administrative justice and effective remedies remain essential. Economic actors need confidence that
administrative decisions can be reviewed within a reasonable period and according to clear legal standards. Delayed
or ineffective remedies weaken legal certainty.

Fourth, public procurement and public financial management require continuous attention because they connect
public resources with market opportunities and investment. OECD/SIGMA identifies remaining challenges in
procurement regulation and the efficiency of the procurement review system.

Finally, digital transformation creates a capacity challenge. New platforms require not only software and
infrastructure but also trained personnel, cybersecurity, interoperability, data governance, and inclusive access for
users with different levels of digital skills.

7. Opportunities and Policy Recommendations

Priority Recommended action Expected contribution
1. Strengthen implementation Every major legal or strategic More consistent reform outcomes
mechanisms reform should be accompanied by

clear institutional responsibility,
implementation indicators,
timelines, and periodic
evaluation.

Procedures affecting citizens and
businesses should be reviewed
for duplication, unnecessary
documentation, unclear
deadlines, and avoidable in-
person interactions.

2. Accelerate administrative Lower administrative burden

simplification
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3. Improve interoperability of Digital transformation should Faster and more coherent services
public systems prioritise secure data exchange

and common standards so that

digitalisation reduces, rather than

reproduces, administrative

fragmentation.
4. Strengthen transparency by Public institutions should Greater accountability and trust
design integrate traceability, publication,

reason-giving, complaint

mechanisms, and audit trails into

administrative and digital

processes.
5. Develop professional Continuous training should Higher institutional effectiveness
administrative capacity connect legal knowledge, policy

implementation, digital skills,
public finance, ethics, and service

orientation.
6. Improve administrative justice ~ Timely and effective review of Stronger legal certainty
and remedies administrative decisions is

necessary for legal certainty and

public confidence.
7. Link public investment to Investment planning should Better value and sustainability of
measurable sustainable outcomes  combine economic efficiency investment

with social and environmental

objectives and transparent

monitoring.
8. Support evidence-based Institutions should use More adaptive and effective
governance administrative data, user policy

feedback, performance indicators,
and independent evaluations to
improve policy design and
service delivery.

8. Conclusion

This study examined the relationship between legal and administrative frameworks and sustainable economic
development in Kosovo. The analysis confirms the central proposition of the accepted abstract: effective legislation
is important, but its developmental value depends on institutional capacity, transparency, accountability,
administrative efficiency, coordination, and consistent implementation.

Kosovo has made meaningful progress in public-administration reform, service delivery, digitalisation, and public
financial management. At the same time, recent institutional assessments show that implementation gaps,
administrative justice, service standards, procurement, coordination, and capacity continue to require attention.
These are not isolated administrative issues. They directly influence the predictability and quality of the
environment in which citizens and businesses make economic decisions.

Digitalisation provides one of the strongest opportunities for the next phase of reform. The e-Kosova platform,
broader digital infrastructure, and GovTech initiatives can reduce transaction costs and improve service
accessibility. However, digital progress must be accompanied by interoperability, cybersecurity, professional
capacity, legal safeguards, and accountability. Technological modernisation should therefore strengthen, rather than
weaken, the principles of good administration.

Sustainable economic development therefore requires an integrated approach. Legal reform, administrative
modernisation, public investment, digital transformation, and accountability should be treated as connected
components of institutional development. For Kosovo, strengthening these connections can contribute to a more
predictable business environment, more effective use of public resources, stronger institutional trust, and
development that is economically viable and sustainable over the long term.
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1. GIRIS

Telli calgilar grubuna giren baglama, yandan bakildiginda yarim armuda benzeyen bir tekne formuna sahiptir.
Miizisyenlerin ve baglama yapimcilariin farkli tin1 arayislarinin bir sonucu olarak, zaman igerisinde farkl
biyukluk ve formdaki teknelere sahip baglamalar denenmistir. Baglama gibi telli ¢algilarda sesin olusum ve yayilim
stireci ile ¢algimin karakteristik tinisinin olusmasinda en énemli etkiye sahip olan kisim, ses tahtasidir. Tellerde
meydana gelen titresimlerin ses ¢ikisini arttirmak icin teller, koprii araciligiyla genis bir multirezonant yiizeye sahip
olan ses tahtasina baglanir. Bu baglamda, ¢calginin akustik 6zellikleri hakkinda dogru bir degerlendirme yapabilmek
icin Oncelikle ses tahtasinin titresim davranislarinin tespit edilmesi gereklidir.

Bazi ¢alg1 yapimcilar, calgi yapim siirecinde ses tahtalarinin akustik 6zelliklerini tespit ederek elde ettikleri veriler
dogrultusunda galismalarina yon vermektedir. Calgiya yapistirilmadan 6nce ses tahtalarinin rezonans frekanslarimin
belirlenmesi amaciyla ses tahtalar {izerinde yapilan bolgesel kalinlastirma ve inceltme iglemleri, serbest plaka
akordu (free plate tuning) olarak adlandirilmaktadir. Bu asamada elde edilen veriler, yapimi tamamlanmis ve
tellenmis calginin sesi hakkinda énemli ipuglari verebilmektedir. Akordu yapilmis ses tahtalarinin kullanilmasi hem
daha yiiksek ses kalitesine sahip ¢algilarin iiretilmesine olanak saglamakta hem de yapimciya zaman ve malzeme
agisindan tasarruf etme imkani sunmaktadir.

Ses tahtasinin yapiminda kullanilan malzemenin cinsi, kiitlesi, esnekligi ve ses tahtasinin geometrisi gibi yapisal
ozellikler, titresim davranisi {izerinde dogrudan etkili olan faktorlerdir (Ozgiiven, 2008: 216). Bu ¢alismada, 3 farkl
malzemeden iiretilen ses tahtalarinin baglamanin zarf yapisi lizerindeki olasi etkileri aragtirtlmistir.

1.1. Arastirmanin Amaci

Arastirmanin amaci; Kanada sediri, koknar ve ladin agaglarindan {iretilen ses tahtalariin baglamanin zarf yapisi
tizerindeki etkilerini ortaya koymaktir.

1.2. Deneysel Baglamanin Ozellikleri

Bu arastirma kapsaminda, deneysel baglama olarak adlandirilan bir tek baglama kullanilmis ve ti¢ farkli ses tahtasi
bu baglamaya sirayla takilmistir. Deneysel baglamanin tekne, ses tahtasi ve sap kisimlarinda kullanilan malzemeler
ile bu malzemelerin 6lgllerine ait bilgiler Tablo 1°de yer almaktadir.

Tablo 1. Baglama Bilesenlerinin Malzemeleri ve Olgiileri

Baglamanin Bileseni Bilesen Malzemesi Bilesen Olciisii
Tekne Ardig (yaprak tekne) Tekne boyu 40cm
Ses Tahtasi Kanada sediri, koknar, Kalinliklari 3.5mm
ladin
Sap Akgurgen Sap boyu 39cm
1.3. Uygulama Asamasi

Ayni ebatlarda ve dikdortgen formda Kanada sediri, kdknar ve ladin kiitiikklerinden 3 adet ses tahtasi temin
edilmistir. Deneysel baglamanin tekne agzi profil olgiileri alinarak ii¢ ses tahtasi bu profile uygun formda
kesilmistir. Baglamaya ilk olarak Kanada sedirinden yapilan ses tahtas1 takilmistir. Baglama tellendikten sonra
stiidyo ortaminda ses kayitlart alinmistir. Kayit alindiktan sonra deneysel baglamaya zarar vermeden Kanada
sedirinden yapilan ses tahtas1 sokiilmistiir. Bu islemin kolay yapilabilmesi i¢in ses tahtasinin tekneye yapistiriima
asamasinda boncuk tutkal kullanilmistir. Kanada sedirinden sonra baglamaya sirayla koknar ve ladin ses tahtalar
takilmis ve stiidyo ortaminda ses kayitlar1 alinmigtir. Deneysel baglamada tiim yapisal bilesenler sabit tutularak,
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sadece ses tahtasinin malzemesi degistirilmistir. Bu sayede, elde edilen sonuglar tizerinde sadece ses tahtalarmin
etkisinin belirlenmesi hedeflenmistir. Ug¢ farkli ses tahtasinin baglamaya takilmig ve tellenmis hallerinin fotograflari
Sekil 1°de yer almaktadir.

Sekil 1. Farkli Ses Tahtalar1 Takili Baglamalar

Kanada Sediri Koknar Ladin

2. YONTEM

Arastirmada ihtiya¢ duyulan ses kayitlari, Ankara Miizik ve Giizel Sanatlar Universitesi’nin ses kayzt stiidyosunda
almmustir. Her bir ses tahtasi igin ayni kayit zinciri kullanilmigtir. Kayit siirecinde Neumann U87 genis diyafram
kondenser mikrofon kullanilmistir. Belli bir standardi yakalamak adina mikrofonun konumu her seferinde sabit
tutulmus, mikrofon ile teller arast mesafe 30cm olarak sabitlenmistir. Baglamanin akordu her ses tahtasi i¢in ayni
sese ¢ekilmis (baglama diizeni si karar) ve ayni tezene ile ayni ¢alim teknigi kullanilmistir. Baglamaya her defasinda
ayni marka tel (Volume Professional Concert Strings, Baglama Strings) takilmistir. Baglamanin her bir tel grubu
mizrapla uyarilarak acgik tel kayitlar1 alinmistir. Her bir ses tahtasi icin alinan ses kayitlar1 tizerinden akustik
analizler yapilmigtir. Baglamanin her bir teli ayr1 ayr kaydedilmistir. Elde edilen kayitlar iizerinden zarf analizi
(envelope analysis) gerceklestirilmistir. Zarf yapis1 genelde ADSR olarak bilinir. Bu kisaltma; attack (atak), decay
(distis), sustain (strdirme) ve release (birakma) kelimelerinin bas harflerinin bir araya gelmesiyle olusur.

Attack: Sesin kaynaktan yayilmaya baslamasindan sonra maksimum genlige ulasana kadar gecen siireyi ifade eder.
Decay: Sinyalin maksimum genlik noktasindan uzama seviyesine diisene kadar gegen stiredir. Sustain: Sinyalin
belli bir siire boyunca uzadigi ve genligin gorece korundugu asamay1 ifade eder. Release: Bu kisim ise ses
sinyalinin iyice azaldig1 ve artik duyulmaz hale geldigi boliimiin siiresini gosterir (Onen, 2014:36). ADSR evreleri
i¢in hazirlanan 6rnek bir sema, Sekil 2’de yer almaktadir.

Sekil 2. ADSR Evreleri

Attack Decay Sustain Release Zaman

ADSR daha cok, elektronik miizik aletlerinin sinyal yapisi igin tanimlanmis kavramlar biitiiniidiir. Bu arastirmada
kullanilan deneysel baglama, elektronik bir ¢algi olmadigi i¢in zarf analizlerinde elde edilen grafikler Sekil 2’ deki
gibi keskin ve belirgin ¢izgilerle birbirinden ayrilamamaktadir. Baglamanin ii¢ tel grubunun her birinden alinan ses
kayitlarmin zarf yapisina tek tek bakilmis ve farkli malzemelerden {iretilen ses tahtalari ig¢in bu degerlerin nasil
degistigi, birbiriyle kiyaslanarak degerlendirilmistir.
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3. BULGULAR ve TARTISMA
3.1. Kanada Sediri Ses Tahtasi icin Elde Edilen Akustik Bulgular

Baglamaya Kanada Sediri ses tahtasi takili iken alt, orta ve iist tellerden elde edilen spektrumlara ait veriler Tablo
2’de yer almaktadir.

Tablo 2. Kanada Sediri Ses Tahtas1 Takili Iken Elde Edilen Spektrumlar

Alt Tel

Orta
Tel

Ust Tel

3.2. Koknar Ses Tahtasi icin Elde Edilen Akustik Bulgular

Baglamaya kdknar ses tahtasi takili iken alt, orta ve iist tellerden elde edilen spektrumlara ait veriler Tablo 3’te yer
almaktadir.
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Tablo 3. Kéknar Ses Tahtas1 Takili Iken Elde Edilen Spektrumlar

Alt Tel

Orta
Tel

Ust Tel

3.3. Ladin Ses Tahtas1 i¢in Elde Edilen Akustik Bulgular

Baglamaya ladin ses tahtasi takili iken alt, orta ve {ist tellerden elde edilen spektrumlara ait veriler Tablo 4’te yer
almaktadir.
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Tablo 4. Ladin Ses Tahtas1 Takili iken Elde Edilen Spektrumlar

Alt Tel

Orta Tel

Ust Tel

Tablo 2, Tablo 3 ve Tablo 4’te yer alan alt tel verileri kendi iginde kiyaslandiginda; maksimum genlige en hizl
ulasan ses tahtasinin ladin, en ge¢ ulasanin ise koknar oldugu goriildi. Sedir ve kdknari decay evrelerinin belirgin
oldugu ve genlik degerlerinde hizli bir diisiis meydana geldigi, ladinde ise bu evrede daha yumusak bir gegis oldugu
tespit edildi. Sedir ve ladinin sustain evrelerinin birbirine benzedigi, koknarda ise bu evrenin genlik degerlerinin
daha diisiik seviyede devam ettigi belirlendi. Sedir ve ladinin release evrelerinin de benzer oldugu, kdknarin ise
diisiik genlik degerlerine daha ¢abuk ulastigi goriildii. ADSR evrelerinin tamamini kapsayan toplam tinlama siireleri
acisindan alt teller birbiriyle kiyaslandiginda; en uzun siire tinlayan ses tahtasi sedir, en kisa siire tinlayan ise ladin
olarak tespit edilmistir.

Orta teller kendi iginde kiyaslandiginda; maksimum genlige ulasma hizlar1 agisindan kdknar ve ladinin birbirine
¢ok yakin degerler aldig1, sedirin ise maksimuma biraz daha ge¢ ulastig1 goriildii. Sedirin decay evresinde goriilen
genlik degerlerindeki azalmanin, koknar ve ladine gore daha hizli oldugu belirlendi. Diisiik genlikli devamlilik
bolgesi olan sustain bolgesinde ¢ok biiyiik genlik kaybinin goriildiigii ses tahtasi sedir olurken, nispeten daha yiiksek
genliklerde ve daha uzun tinlayan ses tahtasinin koknar oldugu belirlendi. Ladinin sustain evresinin ise sedire daha
yakin davrandigi saptandi. Release evresine en hizli ulagan sedir, en ge¢ ulasan ise kdknar olarak tespit edildi. Zarf
yapilarinin bu asamasinda, koknarin genlik degerlerinin diger ikisinden daha yiiksek degerde oldugu goriildi.
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Toplam tinlama stireleri agisindan orta teller birbiriyle kiyaslandiginda, en uzun siire tinlayan ses tahtas1 koknar, en
az tinlayan ise ladin olarak tespit edilmistir.

Ust teller kendi icinde kiyaslandiginda; koknar ve ladinin attack siirelerinin birbirine esit oldugu saptandi. Kanada
sedirinin ¢ok hizli bir attackla maksimum genlige ulastig1 ve attack siiresinin 1ms oldugu goriildii. Diger tiim
kayitlar icerisinde maksimum genlige en hizli ulasan yapmin sedir iist tel oldugu belirlendi. Ust tellerin decay
evrelerinde diger tellerde oldugu gibi keskin bir diisiisiin olmadig1, bunun yani sira {i¢ telde de birbirine benzer ve
uzun sustain kuyruklarimin ve kademeli azalan release davraniglarinin meydana geldigi goriildii. Toplam tinlama
stireleri agisindan iist teller birbiriyle kiyaslandiginda; sedir ve kdknarin tinlama siirelerinin birbirine ¢ok yakin
degerler aldigi, ladinin ise en kisa tinlama siiresine sahip olan ses tahtasi oldugu belirlendi.

Her ii¢ ses tahtasi icin elde edilen spektrumlar {izerinden Slgiilen attack siiresi ve toplam tinlama siiresi verilerine
ait bilgiler Tablo 5’te yer almaktadir.

Tablo 5. Ug Ses Tahtasinin Attack ve Toplam Tinlama Siirelerine Ait Veriler

Ses Tahtalari Teller Attack Suresi Toplam Sure (s)
(ms)
Kanada sediri Alt Tel 20 16.498
Orta Tel 39 14.826
Ust Tel 1 19.069
Koknar Alt Tel 63 13.124
Orta Tel 24 22.0
Ust Tel 8 19.52
Ladin Alt Tel 10 12.446
Orta Tel 25 13.254
Ust Tel 8 17.371

Tablo 5’te yer alan veriler incelendiginde; ladinin alt, orta ve iist tellerinden alinan kayitlara ait attack siirelerinin
Kanada sediri ve koknara gore daha tutarli oldugu belirlendi. Kanada sediri ve koknarin alt, orta ve iist tel gruplari
icin daha daginik attack siireleri 6l¢iilmiistiir. Maksimum genlige en hizli ulasan tel, 1ms ile Kanada sediri iist tel
olmustur.

Her bir ses tahtasinin attack siirelerine bakildiginda; iist tellerin, alt ve orta tellerden daha hizli davrandigr ve
maksimum tepe noktasina daha kisa siirede ulastigi goriilmiistiir.

ADSR evrelerini kapsayan toplam tinlama stireleri kiyaslandiginda, en uzun siire titresim yapan telin kdknar orta
tel (22.0s), en kisa siire titresim yapan telin ise ladin alt tel (12.446s) oldugu tespit edilmistir. Toplam siirelerin
ortalamasina bakildiginda ise en uzun siire tinlayan ses tahtasinin koknar ve en kisa siire tinlayanin ladin oldugu
saptanmistir.

4. SONUC

Bu arasgtirmada; Kanada sediri, koknar ve ladin agaclarindan iiretilen baglama ses tahtalarinin baglamanin zarf
yapisi iizerindeki etkileri tek tek aragtirilmis ve elde edilen bulgular birbiriyle kiyaslanarak degerlendirilmistir.

Farkli ses tahtalar1 i¢in elde edilen spektrum yapilari incelendiginde; baglama yapiminda farkli malzemelerden
tiretilen ses tahtasi kullaniminin, baglama sesinin zarf yapisi {izerinde anlamli farkliliklara neden oldugu tespit
edilmistir.

Aragtirma sonunda;

e her bir ses tahtas1 i¢in maksimum genlige en hizli ulasan, diger bir ifadeyle attack siiresi en kisa olan tellerin
st teller oldugu,

e alt, orta ve iist tellere ait attack siirelerinin en dengeli dagildigr malzemenin ladin oldugu,

e sinyallerin ADSR evrelerini kapsayan toplam tinlama siirelerine bakildiginda, en kisa siire tinlayan (en
cabuk sonen) ses tahtasinin ladin oldugu

tespit edilmistir.
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1.INTRODUCTION

Liquid droplets moving on inclined solid surfaces are encountered in nature and in a wide range of
engineering applications. The motion of a droplet is governed by the interaction of gravitational, capillary, viscous,
and surface adhesion forces. Contact angle hysteresis plays an important role in determining the motion of a droplet
on an inclined surface. The gravitational force acting along the inclined surface promotes droplet motion, whereas
adhesion and surface-tension-related forces associated with the contact line resist this motion. Therefore, the motion
and velocity of a droplet depend on the balance between these competing forces(Ahmed et al., 2014);(Wang &
Zhao, 2021).

The dynamic behavior of droplets on inclined surfaces has been investigated using both experimental and
theoretical approaches. Ahmed et al. investigated the spreading and sliding behavior of droplets on inclined
substrates and demonstrated that contact angle hysteresis significantly affects droplet displacement and sliding
velocity. Their experimental analysis showed that droplet velocity can be estimated from the variation of droplet
position with time, with the slope of the position-time relationship providing an estimate of the sliding
velocity(Ahmed et al., 2014). The inclination angle is also an important parameter because increasing inclination
enhances the gravitational driving force acting along the surface. Previous experimental studies have demonstrated
that droplet size and surface inclination influence droplet motion and deformation. Yilbas et al. reported that the
motion of water droplets on inclined surfaces is strongly influenced by the balance between gravitational and
adhesion forces, while droplet size also affects the resulting droplet behavior (Yilbas et al., 2017).

Droplet motion on inclined surfaces is relevant to several engineering applications, including surface
cleaning, condensation, coating, and fluid transport. Understanding droplet behavior is particularly important in
applications involving condensation heat and mass transfer, where the movement of droplets can affect condensate
transport and removal from solid surfaces (Wang & Zhao, 2021). Water droplets moving on inclined hydrophobic
surfaces have also been investigated for self-cleaning applications, particularly for removing dust from surfaces
such as solar energy devices. In these applications, the inclination angle and droplet characteristics influence the
motion and removal behavior of the droplets(Yilbas et al., 2017).

Although numerous studies have focused on the theoretical modeling and complex interfacial behavior of
sliding droplets, simple experimental investigations under controlled inclination conditions remain useful for
characterizing droplet transport. In the present study, the sliding behavior of water droplets on an inclined surface
is experimentally investigated at three predetermined inclination angles of 39.2°, 45°, and 64°. The droplet motion
is recorded during the sliding process, and the displacement and sliding time are evaluated to determine the average
sliding velocity. The results are used to investigate the effect of inclination angle on the sliding behavior of water
droplets.

2. EXPERIMENTAL METHOD
2.1. Experimental Setup

An experimental setup was constructed to investigate the sliding behavior of water droplets on an inclined
surface. The setup consists of an inclined test surface and support elements used to establish three different
inclination configurations. A rectangular support piece was placed against the inclined surface to maintain each
configuration at a fixed position. The three configurations used in the experiments are shown in Figure 1.

The inclination angle of each configuration was determined from its geometric dimensions. For a right-
triangular configuration, the inclination angle was calculated using:
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where 0 is the inclination angle, H is the vertical height, and L is the horizontal projection of the inclined section.

For the first configuration, H = 82 cm and L = 40 cm, giving an inclination angle of approximately 64°. For
the second configuration, H = 80 cm and L = 80 cm, resulting in an inclination angle of 45°. For the third
configuration, H =80 cm and L = 98 cm, resulting in an inclination angle of approximately 39.2°.

The actual length of the inclined surface was determined from the geometric relationship:
S=.(H* + L? (2
where S represents the length of the inclined section.

The gravitational force acting on a droplet can be decomposed into normal components and parallel to the
inclined surface. The component acting in the direction of droplet motion is given by:

Fgll )y=m g sin(0) (3)

where m is the droplet mass and g is the gravitational acceleration. Thus, increasing the inclination angle
increases the gravitational driving component acting along the surface.

Figure 1. Experimental setup showing the three different inclination configurations.
2.2. Experimental Procedure

Water droplets were placed on the upper portion of the inclined test surface and allowed to move downward
under the effect of gravity. The droplet motion was recorded using a video camera. The same test surface and
experimental procedure were maintained for all three inclination configurations.

The recorded videos were used to determine the position and travel time of the droplet. For a selected travel
distance S¢, the average sliding velocity was calculated as:

S
Vg = @

where ¥ is the average sliding velocity, S¢ is the distance traveled by the droplet, and At is the corresponding
sliding time.

In addition to the average velocity, the gravitational driving acceleration associated with each inclination
angle can be expressed as:
ag, 1 = g sin(0) 5)

This parameter was used to provide a theoretical basis for comparing the gravitational driving conditions
corresponding to the three experimental configurations.

For comparison, the ideal velocity of an object moving along an inclined surface without resistance can be
expressed as:

Vigear= v/ 2 8 Sasin(0) (6)

However, the motion of a real water droplet is affected by surface adhesion, viscous dissipation, contact-line
effects, and other resistive forces. Therefore, this expression is considered only as a theoretical reference for
evaluating the influence of the gravitational component rather than as a direct prediction of the experimental droplet
velocity.
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2.3. Data Analysis

The experimentally determined sliding times and average velocities were compared for the three inclination
angles of 39.2°, 45°, and 64°. The gravitational driving component was also calculated for each configuration
according to Eq. (5).

The relationship between the inclination angle and droplet velocity was evaluated to determine whether the
increase in the gravitational driving component resulted in a corresponding increase in the experimentally measured
sliding velocity. The experimental results were subsequently presented in tabular and graphical form to facilitate
comparison between the three inclination conditions.

3. RESULTS AND DISCUSSION

The sliding behavior of the water droplets was investigated at three different inclination angles of 39.2°, 45°,
and 64°. The volume of each individual water droplet was maintained at 0.1 mL for all experimental conditions.
The average sliding time obtained for each inclination condition is presented in Table 1.

At an inclination angle of 39.2°, the initial 0.1 mL water droplets did not immediately move downward on
the inclined surface. Additional 0.1 mL droplets were subsequently placed individually at different positions
adjacent to the initial droplets. The droplets remained independent from each other and were not placed on top of
one another. Following these additional placements, downward motion was observed. The average sliding time for
the 39.2° configuration was approximately 7.63 s.At an inclination angle of 45°, downward motion occurred more
rapidly. The average sliding time was approximately 2.20 s. The considerable reduction in sliding time compared
with the 39.2° condition indicates that the increase in inclination angle enhanced the downward motion of the water
droplet.

At the highest inclination angle of 64°, the droplet moved considerably faster along the inclined surface. The
average sliding time was calculated from three measurements and was found to be 0.64 s, with a standard deviation
of 0.13 s. The relatively small standard deviation indicates that the measurements at this inclination angle were
reasonably consistent.

Table 1. Average sliding time of water droplets at different inclination angles

Inclination angle (°) Droplet volume (mL) Average sliding time (s) Standard deviation (s)

39.2 0.1 7.63
45.0 0.1 2.20
64.0 0.1 0.64 0.13

3.1. Effect of Inclination Angle on Droplet Motion

The results show a clear decrease in the average sliding time with increasing inclination angle. The average
sliding time decreased from 7.63 s at 39.2° to 2.20 s at 45° and further decreased to 0.64 s at 64°. Therefore, the
droplet moved substantially faster as the inclination angle increased.

The gravitational force component acting in the direction of the inclined surface can be expressed as:

where m is the droplet mass, g is the gravitational acceleration, and 6 is the inclination angle. The
corresponding values of sin(0) are approximately 0.633, 0.707, and 0.899 for 39.2°, 45°, and 64°, respectively.
Thus, the driving component of gravity increases progressively with inclination angle.

The change in sliding time is consistent with this increase in the gravitational driving component. The ratio
of the average sliding time at 39.2° to that at 64° is approximately 11.9, indicating that the droplet required
considerably more time to travel along the inclined surface at the lowest inclination angle.

The behavior observed at 39.2° is also noteworthy because the initial individual droplets did not immediately
slide. Additional 0.1 mL droplets were placed individually at different positions on the surface, while maintaining
their independence from one another. Downward motion was subsequently observed. Since the present study does
not directly investigate the mechanism responsible for this behavior, this observation is reported as an experimental
finding without assigning a specific physical mechanism.

Overall, the experimental results demonstrate that increasing the inclination angle substantially reduces the
sliding time of water droplets on the investigated surface. The effect becomes particularly pronounced when the
inclination angle increases from 45° to 64°.
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3.2. Comparison with the Gravitational Driving Effect

The observed variation in sliding time can be evaluated in relation to the gravitational component acting
along the inclined surface. As the inclination angle increases, the component of gravitational force parallel to the
surface increases according to sin(0). For the three experimental configurations, sin(0) is 0.633, 0.707, and 0.899
for 39.2°, 45°, and 64°, respectively.

The increase in the gravitational driving component is accompanied by a substantial reduction in the
measured sliding time. The average sliding time decreases from 7.63 s at 39.2° to 2.20 s at 45° and further to 0.64
s at 64°. This behavior indicates that the inclination angle is an important parameter governing droplet transport on
the investigated surface.

However, the relationship between inclination angle and sliding time is not expected to be strictly linear. The
motion of a liquid droplet involves not only the gravitational driving force but also resistance associated with the
interaction between the droplet and the solid surface. Contact-line pinning, surface adhesion, viscous dissipation,
and changes in droplet shape can influence the resulting motion. Therefore, the experimental sliding time represents
the combined effect of the gravitational driving force and the resistive mechanisms acting on the droplet.

The particularly large reduction in sliding time between 45° and 64° suggests that the increase in the
gravitational driving component becomes increasingly effective at higher inclination angles. At 64°, the
gravitational component is approximately 26% greater than that at 45°, whereas the measured mean sliding time
decreases by approximately 71%. This difference demonstrates that the droplet response is not governed solely by
the magnitude of the gravitational component.

3.3. Experimental Uncertainty and Repeatability

The repeatability of the measurements was evaluated using the three measurements obtained at an inclination
angle of 64°. The measured sliding times were 0.73 s, 0.50 s, and 0.70 s, giving an average value of 0.64 s and a
standard deviation of 0.13 s. The relatively low variation among these measurements indicates that the observed
sliding behavior was reasonably repeatable under the 64° condition.

For the 39.2° and 45° configurations, a single representative sliding-time value was used because the
available experimental observations did not provide an equivalent number of repeated measurements under the
same conditions. Therefore, a standard deviation was not calculated for these two inclination angles. This distinction
is maintained in Table 1 to avoid assigning statistical uncertainty where repeated measurements were not available.

The experimental results should therefore be interpreted primarily in terms of the observed trend in sliding
time with inclination angle rather than as a statistical comparison between independently replicated datasets. Further
repeated measurements at each inclination angle would be required for a more comprehensive statistical assessment
of the variability in droplet sliding behavior.

3.4. Numerical Analysis

To further evaluate the experimental observations, a simplified numerical analysis was performed using the
geometric dimensions of the inclined configurations and the experimentally measured sliding times. The analysis
was based on the measured travel distance along the inclined surface and the corresponding sliding time for each
inclination condition.

The length of the inclined surface was first calculated from the vertical height and horizontal projection using:
S=vH?+1? (7
where is the inclined-surface length, is the vertical height, and is the horizontal projection.

The experimental average sliding velocity was calculated from the inclined-surface length and the measured
sliding time as:
S

Vexp = T—— 8
exp texp ( )

where is the experimentally measured sliding time.

ag = gsin® 9)

The gravitational acceleration component acting parallel to the inclined surface was calculated using:

where g=9.81m/s? and @ is the inclination angle.
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To evaluate the overall motion of the droplet from the measured travel distance and sliding time, an
equivalent experimental acceleration was calculated by assuming an initial velocity of zero:

(10)

28

a =
eq tgxp

Here, represents an equivalent acceleration obtained from the measured travel distance and total sliding time.
It does not imply that the actual droplet acceleration remained constant throughout the motion.

For comparison, the theoretical sliding time corresponding to frictionless motion under the gravitational
component was calculated as:

28
gsiné

(11)

Ltheoretical =

An effective resistance coefficient was also calculated by comparing the equivalent experimental acceleration
with the gravitational acceleration component:

_ 1 _ _%eq
Herr = 1 gsinf (12)

The calculated parameters for the three inclination conditions are presented in Table 2.

Table 2. Numerical evaluation of water droplet sliding at different inclination angles

Inclinationangle (°)  S(M)  tep(S) Ve (M/S)  ag (M/s?) Aeq (M/S?)  tiheoretical (S) Meff
39.2 1.265 7.63 0.166 6.200 0.043 0.639 0.993
45.0 1.131 2.20 0.514 6.937 0.468 0.571 0.933
64.0 0.912 0.64 1.426 8.817 4.455 0.455 0.495

The numerical results show that the gravitational acceleration component parallel to the inclined surface
increases systematically with inclination angle. The value of a, increases from 6.200 m/s? at 39.2° to 6.937 m/s? at
45° and reaches 8.817 m/s? at 64°. This increase represents the increasing gravitational driving effect acting in the
direction of droplet motion.

The equivalent experimental acceleration also increases substantially with inclination angle. The calculated
values are 0.043 m/s2, 0.468 m/s?, and 4.455 m/s2 for 39.2°, 45°, and 64°, respectively. Thus, although the equivalent
experimental acceleration is lower than the corresponding gravitational acceleration component for all three
conditions, its magnitude increases considerably as the inclination angle increases.

A comparison of the equivalent experimental acceleration with the gravitational acceleration component
provides an additional indication of the resistance to droplet motion. The 24 ratio is approximately 0.007, 0.067,

and 0.505 for 39.2°, 45°, and 64°, respectively. Therefore, apprOXImater 0 7% of the gravitational acceleration
component is reflected in the equivalent motion at 39.2°, whereas this value increases to approximately 50.5% at
64°.

The theoretical sliding times calculated without considering resistance are 0.639 s, 0.571 s, and 0.455 s for
39.2°, 45°, and 64°, respectively. These values are considerably lower than the experimentally measured sliding
times of 7.63 s, 2.20 s, and 0.64 s. The difference between the theoretical and experimental values demonstrates
that the actual droplet motion is strongly affected by resistance mechanisms associated with the droplet—surface
interaction.

The effective resistance coefficient decreases from 0.993 to 0.933 at 45° and 0.495 at 64°. This indicates that
the relative influence of resistance on the droplet decreases as the inclination angle increases. The lowest effective
resistance is therefore obtained at 64°, where the gravitational driving component and equivalent experimental
acceleration are also the highest.

The experimental average velocity shows the same overall trend. The calculated velocity increases from
0.166 m/sat 39.2°t0 0.514 m/s at 45° and 1.426 m/s at 64°. The simultaneous increase in a, , a.q and v,,, together
with the reduction in sliding time, provides a consistent numerical description of the experimentally observed
acceleration of droplet motion with increasing inclination angle.
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It should be emphasized that is defined here as an effective resistance coefficient and should not be interpreted
as a conventional solid—solid friction coefficient. The parameter represents the overall resistance inferred from the
measured droplet motion and may include the combined effects of surface adhesion, contact-line resistance, viscous
dissipation, and other interfacial effects.

4. CONCLUSIONS

An experimental investigation was conducted to examine the sliding behavior of 0.1 mL water droplets on
an inclined surface at three different inclination angles of 39.2°, 45°, and 64°. The droplet motion was recorded,
and the average sliding time was determined for each inclination condition. The average sliding time decreased
substantially with increasing inclination angle, from 7.63 s at 39.2° to 2.20 s at 45° and 0.64 s at 64°. At 64°, three
measurements resulted in an average sliding time of 0.64 + 0.13 s. The corresponding experimental average velocity
increased from 0.166 m/s at 39.2° to 0.514 m/s at 45° and 1.426 m/s at 64°. The numerical analysis showed that the
gravitational acceleration component parallel to the inclined surface increased from 6.20 m/s? at 39.2° to 8.82 m/s?
at 64°. The equivalent experimental acceleration also increased considerably, from 0.043 m/s2 at 39.2° to 4.455
m/s2 at 64°. This increase in equivalent experimental acceleration was consistent with the experimentally observed
reduction in sliding time and increase in average droplet velocity. The frictionless theoretical sliding times were
calculated as 0.639, 0.571, and 0.455 s for 39.2°, 45°, and 64°, respectively. These values were lower than the
experimentally measured sliding times, indicating that the actual droplet motion was affected by resistance
mechanisms associated with the droplet—surface interaction. The effective resistance coefficient decreased from
0.993 at 39.2° to 0.933 at 45° and 0.495 at 64°. This trend indicates that the relative influence of resistance on
droplet motion decreased as the inclination angle increased. The effective resistance coefficient should be regarded
as a parameter representing the overall resistance to droplet motion rather than as a conventional solid—solid friction
coefficient. Overall, both the experimental and numerical results demonstrate that increasing the inclination angle
promotes faster downward transport of water droplets. The combined evaluation of sliding time, experimental
velocity, gravitational acceleration component, equivalent experimental acceleration, and effective resistance
coefficient provides a quantitative basis for characterizing droplet motion on the investigated inclined surface.
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